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[bookmark: _GoBack]Oral Cancer (OC) is one of the few life threatening conditions of the oral cavity.  There is an increasing number of cases in younger adults and women in particular; this is in contrast to the historical higher prevalence normally observed in older males. Despite the visibility of the oral cavity, late diagnosis of OC is common, and has one of the highest morbidity and mortality rates of all cancers. Surgical excision is the most effective treatment and is often combined with chemotherapy and/or radiotherapy, although these show only modest improvements in survival. Late stage diagnosis is attributed to the asymptomatic nature of the disease in its early stages and patients’ reticence to consult with a medical professional until the tumour becomes symptomatic.  Early diagnosis and treatment would significantly reduce mortality from OC. Therefore, the option of utilising a biomarker to signal the early stages of the disease would be of immense benefit. Despite the extraordinary large number of potential candidate biomarkers, to date, there remains ambiguity and controversy as to their diagnostic potential. The potential convenience of saliva as a source of biomarkers in physiological and pathophysiological states, forms a solid platform for its clinical utility. Studies on glycosylation alterations have demonstrated their regulatory role in cancer development and progression, opening areas for biomarker discovery and therapeutic targets (Pinho and Reis, 2015). Therefore, the high content of glycoproteins in saliva makes this biofluid an obvious object for further investigation with regard to its diagnostic capabilities in OC. 
This is the first study to fully characterise the salivary glycome. To determine if salivary N-glycans have biomarker potential in OC a variety of techniques, including Hydrophilic Interaction Liquid Chromatography, coupled with sub 2 μm UPLC analysis, exoglycosidase digestions and Mass Spectrometry were employed. It was demonstrated that saliva contains a highly abundant and complex N-glycomic profile. Of the identified structures, the most prevalent were neutral in charge followed by smaller proportions of  monosialylated and disialylated structures, with most structures showing different levels of fucosylation.
Further analysis using isotopic labelling demonstrated both quantitative and qualitative changes within the salivary glycome. From the myriad of potential differences between the healthy salivary N-glycome and that of patients with different levels of dysplasia/OC, a number of glycan structures have been identified as putative biomarkers. 
The complexity of OC, modest response to current chemotherapeutics as well as the increased observation of resistance to current chemo/radiotherapeutics in OC (da Silva et al., 2012, Lee et al., 2013), particularly in patients suffering a recurrence, highlight a status quo that limits the ability of successfully treating OC. These issues also demonstrate that a ‘one for all’ chemotherapeutic is unlikely to have effective results in all patients, supporting a personalised OC treatment strategy. 
Since the serendipitous discovery of Bovine/Human α-lactaluminin Made Lethal to Tumour (BAMLET/HAMLET) there has been an increased interest in understanding the ability of α- lactalbumin to form a cytotoxic complex. The extensive literature on the complex, demonstrates both the in vitro and in vivo tumouricidal activity, in many different cancers and pathologies. This study demonstrates, for the first time, that BAMLET has the potential to disrupt dysplastic as well as oral cancerous cells, suggesting a novel use in OC. BAMLET utilises a combination of cell death mechanisms, including apoptosis and autophagy, exhibiting a significantly lower EC-50 in dysplastic cell lines. This suggests that BAMLET may be a useful treatment for oral dysplasias. The different effective doses between the two cancer cell lines tested, indicate that its efficacy may be patient dependent supporting its potential in personalised medicine.
Collectively, the results presented in this thesis demonstrate the complexity of the salivary glycome and biomarker potential of salivary N-glycans in the diagnosis of dysplasia and OC. The identification of a non-toxic alternative  to chemotherapy is also an exciting development and may lead to improved outcomes and quality of life (QOL) for patients should clinical trials be undertaken in the future.
The novel findings presented in this work have expanded the boundaries of research into OC. Several new research opportunities are posed which will enhance the current knowledge base in OC through the search for both novel biomarkers and novel treatments. Future investigations in these areas will potentially lead to the implementation of point of care diagnostic tests in general practice to address the issue of late diagnosis. Improved survival and QOL for OC patients may also be achieved through the availability of alternative chemotherapeutic strategies.
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GENERAL INTRODUCTION












1. [bookmark: _Toc377297258]Introduction
Oral cancer (OC) is one of the most common cancers, ranking 6th in the global scene (Rethman et al., 2010). Compared to other malignancies and despite its high ranking, public awareness of OC and its risk factors remains low (Sankeshwari et al., 2016, Monteiro et al., 2012); while to the medical and scientific professionals it remains a poorly understood disease both at the cellular and molecular level. It translates into a major cause of concern for the healthcare services, accounting for more than 405,000 diagnosis worldwide and 211,000 deaths annually (Johnson, 2001, Parkin et al., 2005, Hertrampf et al., 2012). OC is a multi-factorial disease resulting from a combination of causal and predisposing genetic factors (see section 1.3), leading to the accumulation  of aberrant growth signals that may translate into OC in certain people (Pavia et al., 2006). Anatomically the oral cavity (Fig. 1.1.) forms the beginning of the alimentary canal and it is a vital and complex structure with nutritional, respiratory, and communicative functions. OC is a subset of head and neck cancer (HNC) and refers to all malignancies arising from the lips, tongue, mouth, oropharynx, piriform sinus and hypopharynx. It is well documented that of all OCs 90% are Oral Squamous Cell Carcinoma (OSCC), arising from the oral mucosal lining, hereafter referred to as OC (Neville and Day, 2002). 
Demographically there are major differences in the prevalence of OC. In general OC is most common in Asia, where in certain areas such as Southeast Asia it comprises the main type of cancer, and 32-40% of all malignancies in India, compared to 3-5% in the western population (Gillison, 2007, Tanaka and Tanaka, 2011). The high prevalence of OC in these areas is related to betel quid chewing, inverted smoking and chewing a mixture of tobacco, areca, nut, lime and spices in a variety of combinations. 
[image: ]
[bookmark: _Toc372327454][bookmark: _Toc372382484][bookmark: _Toc372383137]Fig. 1.1. Anatomy of the Oral Cavity  
Anatomical regions of the oral cavity showing areas where OC may be found based on Patel and Shah (2005).

The causative factors of OC in the western population are mainly smoking, drinking and Human Papillomavirus (HPV) infections, although other factors may contribute to its onset. Thus the contribution of each risk factor is region dependent. The risk of developing OC is higher in males and the probability of developing the disease increases with age, with patients over the age of 60 being at highest risk (Zini et al., 2010). The traditional view of the people at risk, i.e. aging men, is becoming outdated. A recent study has demonstrated that in Ireland there has been an increase in the number of females diagnosed with OC with a overall lifetime risk 0.5% for males and 0.7% for females (Ali et al., 2016).
It seems that there is a change in the age pattern of OC onset, since there are concerns regarding the number of patients diagnosed with OC under the age of 40. A substantial increase of 60% in tongue cancer has been diagnosed in patients under the age of 40, in the past 30 years (Tanaka and Tanaka, 2011), a change which may be attributed to certain environmental/lifestyle factors. 
Currently most OCs are detected in the late stages when they cause symptoms or when lesions are detected during a dental examination. The gold standard confirmation of OC is a tissue biopsy followed by a histopathological examination of the tissue. It is unfortunate that most OCs are asymptomatic in the early phases since the probability of successfully treating an early phase cancer is significantly higher compared to OC post-metastatic change. To put this into perspective, patients diagnosed with stage I OC have a survival rate of 80%, compared to 20% survival rate if the OC is diagnosed in stage III (Shah, 2011). Patients that develop OC are also at an increased risk for developing a secondary cancer and patients that have had successful treatment of OC have up to a 20-fold increased risk of developing a second cancer (Seoane Leston and Diz Dios, 2010). According to the WHO, OC stands out as a cancer with the highest mortality ratio compared to other malignancies with a significant death rate at five years from diagnosis at 45%-60% (Petersen, 2009, Elashoff et al., 2012b). This is mainly attributed to the late stage diagnosis despite advances in surgery, radiotherapy and chemotherapy. The significance of early detection is not only relevant to the patient’s quality of life (QOL) but also to the medical costs involved in treating an early versus late diagnosed cancer. Early diagnosis can be achieved by employing national screening programs and also identifying reliable biomarkers. In Ireland, for example, the “Mouth Cancer Awareness day” has been implemented and it aims at mainly increasing awareness rather than screening the entire population. In 2012, the Dublin Dental University Hospital saw 1661  patients and diagnosed 5 OCs (McCarthy et al., 2014). Conversely, the use of saliva for detecting a number of diseases is not novel, though its use has been disputed over the years, due to lower levels of certain markers when compared to blood or urine (Malamud, 2011). Many of these issues have been resolved through new sensitive technologies (Miočević et al., 2017). Thus, there has been a renewed interest the value of salivary diagnostics and it is possible that it can prove useful in the early diagnosis, prognosis and follow up of patients post-treatment in many diseases, not just OC (Javaid et al., 2016). 













1.1. [bookmark: _Toc377297259]Oral Cancer: Initiation, Invasion and Metastasis
1.1.1. [bookmark: _Toc377297260]Biology of the oral epithelium related to Oral Cancer
The oral cavity is lined with epithelium, which is a constantly renewing cell population. The oral cavity consists of stratified squamous epithelium- areas comprising the masticatory mucosa (gingiva and hard palate), usually subjected to mechanical forces due to mastication, have keratinized epithelium. Areas of the oral cavity, including the floor of the mouth and buccal regions, are lined with non-keratinized epithelium, giving this tissue more flexibility as required by speech, mastication and bolus formation. The rigidity of the masticatory mucosae is provided by a tight attachment to the underlying tissue by a collagenous connective tissue, or lamina propria, compared to a more elastic and flexible connective tissue of the lining mucosae. The dorsum of the tongue comprises a specialized epithelium composed of both keratinised and non-keratinised epithelium (Squier and Kremer, 2001b).
The rate of epithelial cell production is proportional to the rate of epithelial cell loss, which occurs through two mechanisms: shedding/desquamation of cells from the surface or apoptosis. Since the oral cavity is lined with different types of epithelia there are differences in the rate of proliferation between them. The rate of proliferation of basal keratinocytes is higher in non-keratinized epithelium than in keratinized epithelium (Squier and Kremer, 2001a). The differential rate of proliferation clarifies why regions such as the floor of the mouth and the ventral surface of the tongue, that are lined with thin non-keratinized epithelium, have a faster turnover compared to the thick keratinized epithelium areas of the hard palate and gingiva. Cell proliferation takes place in the basal and parabasal layers of the oral epithelium, also named the progenitor cell compartment, which consists of a small population of tissue specific stem cells (undifferentiated) and a large population of transient-amplifying cells (undifferentiated) (Costea et al., 2006). Mitotic division of the transient-amplifying cells can give rise to two daughter cells that can either form new transient amplifying cells that remain in the niche or can give rise to two daughter cells that can differentiate into keratinocytes (Feller et al., 2013). Rationally there is an increased risk of cytogenetic mutations in cells that have a rapid turnover compared to those that have a lower rate of cell division and thus such epithelium is more prone to alterations. It is immediately evident that the correct balance between proliferation and apoptosis is crucial and that slight imbalances in either of the processes, due to the accumulation of defects in their respective pathways, can give rise to neoplasias. 
Currently there are two theories that aim to describe the process of oral field cancerisation which “hypothesizes that the entire epithelial surface of the upper aero-digestive tract has an increased risk for the development of (pre) malignant lesions because of multiple genetic abnormalities in the whole tissue region” (van Oijen and Slootweg, 2000). The classical view is that large areas of the oral mucosa are affected by the long-term effects of carcinogens. This theory postulates that multifocal tumours can develop as a result of independent mutations that are not genetically related (polyclonality theory). Furthermore cells in the vicinity of malignant cells are histologically abnormal, consequently responsible for local recurrences (Angadi et al., 2012). The polyclonality theory initially described by Slaughter et al.,  (1953) is based upon findings that the mucosa of smokers in OC possessed alterations not present in non-smoking patients. Continual exposure of oral mucosal cells to carcinogens increases the risk for developing multiple independent premalignant and malignant lesions from the accumulation of genetic alterations of oncogenes and tumour suppressor genes e.g. p53. This theory has been used to describe the development of cancer in other organ systems such as the cervix, breast, skin, colon and the bladder (Dakubo et al., 2007). 
The second theory (clonal/monoclonal theory) states that a single cell is transformed which subsequently forms one large, extended premalignant field by clonal expansion and gradual replacement of normal mucosa. In this field of various subclones two separate tumours can develop after the accumulation of additional genetic alterations. Both tumours have the same clonal origin and share at least one genetic event that occurred before the initial clonal expansion (Feller et al., 2013). Migration of already genetically transformed cells could occur through (i) micrometastasis (e.g. saliva) or (ii) through intraepithelial migration of the progeny of initially transformed cells (van Oijen and Slootweg, 2000). This theory excludes metastatic cells from OC migrating through blood/lymphatic system as they typically settle in the lung or lymph nodes they encountered during their journey and do not lead to tumour deposits further progressing to cancer (Angadi et al., 2012). In the monoclonal theory, the origin of the precursor cell is as yet unknown though it is possible it can arise from a tissue specific stem cell or its progenitor cell that has acquired epigenetic and/or genetic alterations. Alternatively, it may also be possible that during embryogenesis a stem cell could acquire a precancerous phenotype that can subsequently differentiate into a tissue specific cancer cell. It is also plausible that a mature keratinocyte may undergo cytogenetic alterations causing its dedifferentiation into the analogue of an immature progenitor/stem cell that can express the aberrant intracellular pathways and transcription factors of a tissue specific cancer stem cell phenotype (Bjerkvig et al., 2005). Similar to other tumours, OC is likely to consist of a heterogeneous population of cancer stem cells, cancerous transit-amplifying cells and post-mitotic cancerous cells at different stages of abnormal differentiation to continually nourish the growth of the tumour.  Transit amplifying cells possess the capability of continual cell proliferation, being the main culprits in tissue invasion and destruction. However they cannot sustain tumour growth alone since their ability for cell renewal is limited. In contrast, post-mitotic cancerous keratinocytes at different stages of differentiation have no proliferative capacity (Feller et al., 2013). Thus, combinations of different cancerous cell types work in tandem to sustain the growth of the tumour through multiplication of cells with a cancer stem cell phenotype and by the uncontrolled proliferation of monoclonal cancerous transit-amplifying cells.
Regardless of the initial event, transformed cells spread laterally creating a field of cancerisation that increases at a rate dependant on the cellular multiplication of that specific environment. This may give rise to precancerous oral lesions such as leukoplakia and erythoplakia. Importantly, the probability of progression of a precancerous to a cancerous cell varies between each individual and it is impossible to distinguish genetically or histomorphologically between cells that will give rise to cancer and those that will always remain in the same state. However, it is known that cells that become committed to the pathway of cancerisation will progress to cancer at varying speeds from as little as six months to eight years (Kim and Califano, 2004).
One of the biggest problems related to OC is that the primary treatment, in most cases surgical removal of the lesion, may not eradicate all the malignant cells and thus may explain at least in some cases recurrence and secondary tumours. Another possibility is that certain genetic traits may be responsible for recurrence/secondary tumours.

1.1.2. [bookmark: _Toc377297261]Carcinogenesis
In the normal process of cell proliferation, differentiation and apoptosis, precise regulation of positive and negative signalling is crucial, since slight deviations can result in (pre)malignant lesions. The multistep process of carcinogenesis is driven by abnormalities in proto-oncogenes, tumour suppressor genes and growth factors causing a perpetual mitogenic stimulation (Scully, 1992). This process is defined by three steps (i) initiation, (ii) promotion and (iii) progression (Pitot et al., 1991). Non-silent genetic modification such as a point mutation; chromosomal aberration and re-arrangements; loss of heterozygosity (LOH); gene copy number changes in a proto-oncogene, tumour suppressor gene or growth factors, cause dysregulation in their normal function. The overall result is that such initiated cells divide uncontrollably owing to the acquired growth advantage. The initiated cells convert to malignant cells by additional or multiple genetic alterations and produce primary tumours. The multi-step process of oral carcinogenesis (Fig. 1.2) initially begins with premalignant lesions, followed by carcinoma in situ, and invasive carcinoma, hence the clinical classification of (i) premalignant tumours, (ii) primary tumours and (iii) metastasis. Premalignant lesions are described by the presence of dysplasia, hyperplasia or leukoplakia, which are further explained in section 1.2. 
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[bookmark: _Toc372327455][bookmark: _Toc372382485][bookmark: _Toc372383138]Fig. 1.2. Clinical (A) and histological (B) views of oral carcinogenesis 
Clinical (A) and histological (B) view of oral carcinogenesis in a patient with magnification at 200X and 400X. Histologically (C), the healthy mucosa shows a clear boundary referred to as the basement membrane between the oral mucosa and the underlying mucosal layers beneath. Enlarged nuclei can be seen as well as abnormal tissue architecture as leukoplakia develops, which can occur simultaneously with dysplasia or in the absence of dysplasia. Oral cancer is characterised by the ability of cancer cells to breach  the basement membrane and invade the surrounding tissue. A patient may have a single lesion but with multiple different pathologies. 

1.1.3. [bookmark: _Toc377297262]Invasion and metastasis
A distinct characteristic of OC cells is their ability to invade foreign tissues where they form metastatic foci at distant locations in the body. In the early stage of invasion the tumour cells become detached from the primary tumour and migrate to adjacent tissue, most commonly reaching the lymphatic and blood vessels from where they are easily dispersed throughout the body, extravasate and initiate metastasis. Spreading of the tumour cells is caused by the removal of the extracellular matrix that in turn is caused by a number of degradation enzymes produced by either the tumour cells or the cells of the host tissue. Matrix metalloproteinases (MMPs) have the potential role in helping cancerous cells to invade through the extracellular matrix (Thomas et al., 1999). It is believed that the first step in tumour cell invasion is the breach of the basement membrane that separates the epithelial and mesenchymal compartments via the destruction of type IV collagen, laminin and proteoglycans. 
Metastasis can be related to the size, thickness and anatomical site of the primary tumour and usually develops in the ipsilateral cervical lymph nodes (Godden et al., 2002). Lower lip and floor of the mouth tumours may firstly involve the submental nodes, whereas tumours of the base of the tongue, advanced tumours and tumours that occur near the midline may show contralateral or bilateral cervical metastasis. The presence of metastases in the neck lymph nodes is the most significant prognostic and survival factor in patients with OC (Godden et al., 2002, Lin et al., 2012). The nodes involved are firm, enlarged and non tender upon palpation and if the tumour has perforated the capsule of the involved node and invaded the surrounding connective tissue the node feels fixed and immovable. Distant metastasis can also occur in any part of the body, though the predominant organs affected are the lungs, followed by the prostate, liver and bones (Neville and Day, 2002, Kumaran et al., 2012).
Histologically invasive carcinoma is graded into three types: well differentiated, moderately well-differentiated and poorly differentiated (Fig. 1.3). Well differentiated tumours are regarded as low-grade and they closely resemble their native tissue. Poorly differentiated or high grade tumours show significant cytomorphologic atypia and share little or no resemblance to the native squamous epithelium. Furthermore high grade tumours are known to have a tendency for regional metastasis and poor prognosis (Kumaran et al., 2012).
Clinically, OC is staged using the following criteria: (i) the size of the primary tumour, (ii) status of regional lymph nodes and the presence/absence of metastasis. This is known as the TNM classification of Malignant Tumours (TNM) system, being the current system used in the diagnosis of OC (Fig. 1.3) (Edge and Compton, 2010). Staging of the tumour is valuable for choosing the treatment protocol and also for prognosis prediction purposes. 
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Current TNM classification (A), staging of oral cancer (B) and histological classification (C) of OC (Patel and Shah, 2005).
1.2. [bookmark: _Toc377297263]Phenotype of Premalignant lesions and OC 
OC may be preceded by premalignant/malignant lesions each with its own characteristics and thus a brief description of each is given below and the clinical view given in Fig. 1.4. Noteworthy is that only in 50% of all OCs the disease is preceded by premalignant lesions such as leukoplakia, erythroplakia and oral submucous fibrosis while the rest do not show any clinically abnormal mucosa (Speight, 2007). The transformation rate depends on each individual lesion type but can range from 0 to 20% in 1-30 years. To date, there are no guides to determine the significance of any of the individual lesions that may progress to cancer, or may never do so, nor are the molecular mechanisms underlying this transition known (Bindhu et al., 2006). Currently, potentially malignant lesions are assessed histopathologically using haematoxylin and eosin to stain for the presence of architectural and cytological changes (Speight, 2007). 
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[bookmark: _Toc372327457][bookmark: _Toc372382487][bookmark: _Toc372383140]Fig. 1.4. Clinical view of precancerous and cancerous lesions
Clinical views of: (1) leukoplakia, (2) Erythroplakia, (3) Squamous Cell Carcinoma, (4) Nicotine Stomatitis, (5) Verroucous Carcinoma and (6) Tobacco Pouch Keratosis modified from Neville and Day, (2002).
1.2.1. [bookmark: _Toc377297264]Leukoplakia
Leukoplakia is defined as “a white patch or plaque that cannot be characterised clinically or pathologically as any other disease” (Carnelio et al., 2011). The lesion is more commonly seen in middle aged and older men with a prevalence of 8% in men over the age of 80 years compared to only 1% in men under the age of 30 years. However, females over the age of 70 years have a 2% prevalence of presenting with a leukoplakia lesion (Bouquot and Gorlin, 1986). Types of leukoplakia are differentiated by appearance. In the early stages leukoplakia (thin leukoplaia) is a slightly elevated greyish-white plaque either well defined or gradually blending into the surrounding tissue. With time the lesion becomes thicker and whiter sometimes with a leathery appearance or with surface irregularities. The appearance of the lesion can also be used in a predictive manner of the likelihood of a lesion being dysplastic or malignant which in most cases is signalled by the thickness of the lesion (Neville and Day, 2002).
1.2.2. [bookmark: _Toc377297265]Erythroplakia
Erythroplakia is the clinical term that refers to a red patch that cannot be defined clinically or pathologically as any other condition (Carnelio et al., 2011). This type of lesion is more common in older men and it has the appearance of a red macule or plaque with a soft velvety texture (Neville and Day, 2002). The anatomical locations where this type of lesion is commonly found include: the floor of the mouth, lateral tongue, retromolar pad, and soft palate. The lesion can be well defined or may in some cases blend into the surrounding tissue. A combination of erythroplakia and leukoplakia can also form a mixed lesion. In most cases erythroplakia is asymptomatic, however, in some cases patients describe symptoms of sore and burning sensations. Erythroplakia is less common than leukoplakia though in most cases these lesions are more aggressive (Neville and Day, 2002). 
1.2.3. [bookmark: _Toc377297266]Nicotine Stomatitis/ Tobacco Pouch Keratosis
Nicotine stomatitis is a thick hyperkeratosis lesion, sometimes with a fissured surface, on the palatal mucosa and is mostly associated with pipe smoking and reverse smoking- a type of smoking whereby the lit end of the cigarette or cigar is being placed in the mouth. Reverse smoking is a common practice in certain areas such as Southeast Asia and South American countries. These practices can cause a severe heat related alteration of the palatal mucosa, reverse smokers’ palate, which is some cases may be associated with malignant transformation. However the lesion in general is not considered premalignant and it disappears with smoking cessation (Neville and Day, 2002). 
Tobacco pouch keratosis refers to a lesion caused by the practice of smokeless tobacco such as snuff or chewing tobacco. This lesion occurs at the site where the tobacco is being held although it can extend to adjacent mucosa. The type of lesion depends on the amount and duration of tobacco usage as well as the individual’s susceptibility. The lesion shows hyperkeratosis and acanthosis (the thickening of the prickle cell layer) of the mucosal epithelium though the lesions rarely show dysplasia. Similar to nicotine stomatitis, the lesion is reversed within 6 weeks of tobacco cessation (Neville and Day, 2002). 
1.2.4. [bookmark: _Toc377297267]Oral Squamous Cell Carcinoma
Oral Squamous Cell Carcinoma (OSCC) is often preceded by a leukoplakic, erythroplakic lesion (or a mix of the two). The mucosal surface may develop superficial ulceration with time. The lesion can be described as an exophytic mass with a fungating or papillary surface or it can be an endophytic mass characterised by a depressed ulcerating surface with a raised rolled border. The early lesion is only slightly associated with discomfort, though as the lesion increases the pain and discomfort become more accentuated. The most common anatomical site of SCC is the tongue, with over 40% of presenting with such a lesion, followed by the floor of the mouth and less often found in areas such as the gingival mucosa, buccal mucosa, labial mucosa and the hard palate (Campo-Trapero et al., 2008, Tanaka and Tanaka, 2011). The histopathological risk regions are the combined regions of the lateral tongue and floor of the mouth forming a horseshoe shaped region. This may be from carcinogens introduced in the oral cavity mixing with the saliva then pooling in the bottom of the mouth and therefore the region may be continually assaulted. These regions are lined with thin, nonkeratinized mucosa and thus may be more vulnerable to carcinogenic attacks.
SCC can also grow on the lip vermilion and the oropharynx. The latter carcinomas are clinically similar to cancers found in the oral cavity. Most commonly cancers arise on the lateral soft palate, tonsillar regions and base of the tongue. These tumours are usually discovered late when they have become significantly enlarged. Due to the anatomical regions where these cancers are found symptoms include dysphagia (swallowing difficulty), odynophagia (painful swallowing) and otalgia (pain in the ear).
1.2.5. [bookmark: _Toc377297268]Verrucous Carcinoma
Verrucous Carcinoma also known as Ackerman’s tumour or Buschke-Lowenstein tumour is a rare well-differentiated variant of SCC associated with smokeless tobacco, betel nut chewing and smoking (Pravda et al., 2011). The lesion has specific clinical and histological characteristics and it is commonly found in the buccal mucosa, mandibular alveolar crest, gingiva and tongue, mostly correlated to the site of where one keeps the tobacco. The lesion is a thick white warty, exophytic growth attached by a broad base plaque similar in appearance to a cauliflower; it grows slowly and locally, invading nearby mucosa though not likely to metastasize. Clinical diagnosis of the lesion can be difficult and it is important to note that verrucous carcinoma can develop from leukoplakic lesions and can transform to SCC (Alkan et al., 2010).

1.3. [bookmark: _Toc377297269]Oral Cancer: Risk factors
Development of OC is triggered by a combination of environmental and genetic factors that may exert their effect over a long period of time and thus through different stages (Fig.1.5). The main factors underlying OC are smoking and alcohol consumption. Tobacco and alcohol use cannot explain all OCs and thus it is hypothesized that there are a number of other causative factors, including genetic predisposition, immunodeficiency, diet and viral infections. Furthermore such cases tend to be more aggressive and have poor prognosis.
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[bookmark: _Toc372327458][bookmark: _Toc372382488][bookmark: _Toc372383141]Fig. 1.5. Main risk factors for oral cancer cancer
Risk factors for oral cancer include smoking, drinking, HPV infections and genetic factors.
1.3.1. [bookmark: _Toc377297270]Tobacco Smoking & Chewing
Smoking is a believed to be the main risk factor for developing OC accounting for 75% of all cases (Petersen, 2009) and 42% of OC mortalities (Jemal et al., 2011). Unfortunately in developing countries more young adults take up the habit which may have a dramatic effect on the number of OCs in the future (Freedman et al., 2012, Thomas, 2011). Cigarettes contain more than 5000 chemicals of which more than 100 have been found to be dangerous and initiators of various pathologies (Talhout et al., 2011, Sasaki, 2013). Smoking can be performed through different methods such as using various forms of pipes, cigars, filter, non-filter, beedi, smokeless tobacco, inverted smoking etc. Individuals that indulge in this habit are six times more likely to develop OC compared to non-smokers. Additionally, smokers of pipes and cigars are at an increased risk compared to cigarette smokers (Murugan et al., 2012) probably due to the direct effect of the heat generated upon the mucosa. The harmful effects of tobacco are due to the N-nitroso compounds, polycyclic aromatic hydrocarbons (PAH) and 4-(methylnitrosoamino)-1-(3-pyridyl)-1 butanone (NNK) that are found in cigarettes and are known carcinogens. These compounds can induce mutations in a number of genes, particularly by G-T transversions (Lea et al., 2007). Continual exposure of the oral mucosa to carcinogens cause genetic changes in epithelial cells which eventually may lead to genomic instability followed by premalignant and malignant lesions. It is also possible that tobacco may promote carcinogenesis through the activation of the epidermal growth factor receptor (EGFR) and its downstream pathway.
Throughout the globe, tobacco and betel quid chewing is a widespread habit though extremely notorious in certain regions, including South and Southeast Asia where approximately 600 million people practice this custom (Murugan et al., 2012). People chew tobacco, betel leaf, betel fruit and areca nut and slaked lime paste alone or as a mixture. Combining tobacco chewing with betel nut and slaked lime are known high risk factors for OC. Furthermore there are also commercial available products that contain the above-mentioned constituents for instance pan-masala, gutka, flavoured tobacco and khaini. 
Smoking marijuana may also be involved in OC since it contains the same carcinogens as the tar from tobacco though a definite relation between the two has not yet been compiled considering the subject is quite controversial (Zhang et al., 1999). Certain studies even suggest that smoking marijuana moderately may even decrease the risk of developing the disease as it also contains cannabinoids, which have been recognised for their anti tumour, analgesic and euphoric effects (Rosenblatt et al., 2004, Liang et al., 2009). 

1.3.2. [bookmark: _Toc377297271]Alcohol
Alcohol presents as another high risk factor for OC as well as for other diseases including hepatic cancer, colon cancer and breast cancer to name a few (Kuper et al., 2000, Lin et al., 2011). 16% of OC deaths are attributed to heavy alcohol consumption (Jemal et al., 2011). The practice of alcohol drinking is seen throughout the world and worryingly the number of young adults that take up the habit is increasing (Gillison, 2007, Freedman et al., 2012). Alcohol and smoking, although independent risk factors, behave in a synergistic manner, significantly increasing the risk of developing OC up to fifteen fold. The direct and local contact of alcohol on the mucosal tissue is believed to enhance the penetration of carcinogenic compounds through the cell membranes, which in turn have been damaged and changed in the molecular composition by alcohol (Pöschl and Seitz, 2004). Chronic alcohol consumption results in the atrophy and lipomatous metamorphosis of the parenchyma of the parotid and submaxillary gland which results in a defective flow and increased viscosity of saliva (Pöschl and Seitz, 2004). This causes a knock-on effect on the mucosal surface, which is inadequately rinsed and thus exposed to higher concentrations of carcinogens over a longer period of time. Following alcohol ingestion alcohol is absorbed in the blood where it is initially metabolized by the enzyme alcohol dehydrogenase (ADH) to acetaldehyde followed by its rapid conversion to acetate, by other enzymes such as cytochrome P450IIE1 and eventually it is converted to carbon dioxide and water (Bullock, 1990). Furthermore acetaldehyde can be produced in high levels from microbial oxidation of ethanol by the oral microflora (Homann et al., 2000). Although alcohol itself is not a carcinogen accumulating evidence depicts acetaldehyde as highly toxic, mutagenic and carcinogenic (Homann et al., 1997, Lachenmeier and Monakhova, 2011). Alcohol may promote carcinogenesis through the following mechanisms: (i) it may relate to nutritional deficiencies associated with heavy drinking, (ii) through the effects of contaminants in alcoholic drinks, (iii) the reduction of O2 availability and the induction of microsomal enzymes that may enhance the metabolic activation of tobacco or other carcinogens and (iv) the ability of alcohol to solubilise carcinogens or enhance their exposure and penetration in the oral tissues. 

1.3.3. [bookmark: _Toc377297272]Oncogenic Viruses
OC has been linked to certain viruses including human Papilloma Virus (HPV) which is also the main trigger of cervical cancer (Murugan et al., 2012). HPV infection is associated with sexual behaviour and infection with the virus is a risk factor for OC (Gillison, 2007). There are over 100 types of HPV, of which 40 are linked to lesions of the genital tract (Tornesello et al., 2008). In OC the two predominant causative types are HPV-16 and HPV-18, highlighted by their detection in malignant lesions (Grimminger and Danenberg, 2011). Of all HPV positive OC, 90% are HPV-16 positive (Gillison, 2008). It is believed that the virus alone and/or in association with carcinogens present in tobacco could contribute to carcinogenesis. This finding is based on studies which demonstrated that the frequency of HPV in oral carcinomatous epithelium is higher compared to normal oral mucosa. Furthermore it has been shown that HPV-16 may be linked to the p53 mutation, a frequent event found in OSCC. The mechanism through which HPV is thought to mediate its action is by integration into the host cell chromosomes, where HPV oncoproteins such as E-6 binds to p53 and inactivate the tumour suppressor activity by promoting p53 degradation. The HPV E-7 protein interacts with the retinoblastoma gene (Rb) resulting in its altered tumour suppressor activity. The end result of HPV infection is uncontrolled cell division and impaired apoptosis. 
Geographical differences in HPV infections were also reported and are closely linked to lifestyle differences such as sexual behaviour and lifetime number of oral-genital contact (Gillison, 2007). 
Another important aspect is that HPV tumours are significantly different from toxin-induced tumours in multiple biological aspects, for example variations of expression of different cell cycle proteins (p16, EGFR and survivin) (Roepman et al., 2005). Other viruses, such as Epstein-Barr Viruses (EBV), have been associated with African Burkitt’s lymphoma and nasopharyngeal carcinoma, although they have not been linked to oral carcinoma tissue or cells (Gulley, 2001). Human Herpes Viruses (HHV), Cytomegalo Virus and Vericella Zoster Virus (VZV) have been associated with OC but further studies are required to determine their significance in OC.
1.3.4. [bookmark: _Toc377297273]Diet
In the last few years there has been an increased interest in the possible link between food and the development of OC. Subsequently it has been revealed that food intake is of major importance in all cancers. Dietary deficiencies or imbalances, have been correlated to 35-55% of all human cancers and to 15% of oropharyngeal cancers according to the WHO (Petersen, 2009). Consumption of vegetables, fruits, antioxidants, tea and fibre were shown to diminish the risk of developing OC (Soler et al., 2001, Pavia et al., 2006), since they prevent the activation of carcinogens and increase their detoxification, especially the effects of tobacco. Furthermore a large cohort study performed by (Hildebrand et al., 2013) found an inverse correlation between the consumption of caffeinated coffee and the risk of oral and pharyngeal cancer, regardless of smoking and alcohol intake. Conversely alongside alcohol intake is the consumption of food high in monosaturated fat, red or processed meat, frying or broiling foods and even employing microwave cooking increase the risk of developing OC (Taghavi and Yazdi, 2007).
1.4. [bookmark: _Toc377297274]Treatment
Treatment of OC is considered at a multidisciplinary level though on an individual basis and depends on three factors: tumour factors, patient factors and physician factors (Fig. 1.6.). Nowadays a team of specialists including pathologists, radiologists, surgeons, radiation oncologists and medical oncologists as well as general dentists, dental hygienists, nurses, speech pathologists, prosthodontists and nutritionists analyse the particulars of each case and derive the best possible treatment modality for each patient (Ord and Blanchaert, 2001). The primary objective of OC treatment is to remove the tumour and to prevent metastasis. Secondary goals include preservation or restoration of anatomical form and physiological function of the oral cavity causing the least amount of sequelae possible (Shah and Gil, 2009). In cases of incurable disease the main focus shifts to improving QOL until the patient’s death (Deng et al., 2011). To date the standard treatment, surgery with or without radiation therapy/chemotherapy, offered to patients diagnosed with OC is based on stage predicting indices and on histological grading (Kumaran et al., 2012). It is immediately evident that this type of diagnosing, especially in the stage determination phase, is subjective and each lesion will respond differently to treatment, thus increasing the complexity of the disease (Nagler, 2009, Shpitzer et al., 2009). Furthermore, surgical removal of the lesion is not sufficient to prevent recurring disease and in most cases it is not feasible to remove all areas demonstrating molecular alterations. Thus, patients may also have radiotherapy and/or chemotherapy, a modality that shows the best survival rates at the expense of increased complications and morbidity (Ord and Blanchaert, 2001). The importance of providing an optimal treatment is of utmost significance since it has direct implications not only to the patient’s QOL, but also on the treatment team that may have to provide additional care where complications occur due to unnecessary surgery/medication. Therefore a discussion of the current treatment modalities is necessary in order to understand the implications, the limitations and the balance between them.
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[bookmark: _Toc372327459][bookmark: _Toc372382489][bookmark: _Toc372383142]Fig. 1.6. Treatment strategies in oral cancer
Oral Cancer treatment depends on tumour parameters and on the opinion of a treatment team. General options at different stages of oral cancer are surgery+/- neck dissection with or without radiation therapy/chemotherapy that can result in a number of undesirable complications.


1.4.1. [bookmark: _Toc377297275]Surgery 
Surgery presents as the dominant treatment modality and aims to remove the tumour while optimising aesthetic form and preserving aerodigestive function, including respiration, mastication, dental health, swallowing and speech. The type of surgery performed depends on a number of factors including the size, the depth and the location of the tumour (Day et al., 2003). Owing to advanced imaging technologies such as computerized tomography (CT) and magnetic resonance imaging (MRI), better determination of the possible mandible invasion, extent of the primary tumour and the possibility of lymph node infiltration can be made (Ord and Blanchaert, 2001). Depending on the individual’s tumour parameters, surgery can be performed through the transoral or transcervical route. Consequently surgeons can use craniofacial approaches involving osteotomies of the maxilla and mandible, which can be “swung out” from the surgical field to give access to otherwise restricted areas. In cases where the mandible or maxilla are also affected, a decision is made whether madibulectomy or maxillectomy is necessary. Surgery without any adjunctive therapy is only given in cases of accessible early stage OC (stage 1/2), with no lymph node spread (N0) and no clinical or radiographic evidence of metastasis (M0) (Deng et al., 2011). Patients with positive neck lymph nodes undergo radical neck dissection, while those with negative node neck that have a 20% chance of developing metastasis undergo elective selective neck dissection. The method of choice is supraomohoid neck dissection that removes lymph nodes level I, II, and III (Fig. 1.7.). In cases of tongue cancer level IV lymph nodes may also removed (Ord and Blanchaert, 2001). 
Advances in reconstructive microvascular surgeries as well as in the use of osseointegrated implants improve functionality and aesthetics. Microvascular free tissue flaps allow the transfer of skin to reconstruct the postablative defect in an attempt to improve the patients QOL (Shah and Gil, 2009).
          [image: ]
[bookmark: _Toc372327460][bookmark: _Toc372382490][bookmark: _Toc372383143]Fig.1.7. Location of nodal levels in the neck
Nodal levels include: Level I- submental and submandibular nodes; Level II -the superior spinal accessory, the superior jugular and the jugulo digastric nodes; Level III- midjugular nodes; Level IV- jugular omohyoid and inferior jugular; Level V- inferior spinal accessory and transverse cervical; Level VI- pretracheal and paratracheal nodes; Level VII- intraclavicular and anterior mediastal (thymic) (Patel and Shah, 2005). 

1.4.2. [bookmark: _Toc377297276]Radiation Therapy
As mentioned above surgery may also be combined with postoperative radiation therapy (RT) at the primary site and/or the neck region. RT aims to kill rapidly dividing cells by disrupting their DNA, although the process cannot differentiate between cancerous and non cancerous cells (Mazeron et al., 2009). Radiation doses of approximately 60 Gray (Gy) are divided into 30 daily fractions of 2 Gy each over a six week period (Epstein et al., 2012). Advances have been made in the area of RT to improve the effectiveness, the local control rates, disease specific survival rates and QOL. Hyperfractionation (higher doses) and accelerated fractionation (more frequent doses), three dimensional conformal radiation therapy (3D-CRT) and intensity modulated radiotherapy (IMRT) are all techniques of delivering RT (Epstein et al., 2012). IMRT is a relatively new technique in the delivery of a homogenous dose of radiation at the target site but consists of a spatially non-uniform radiation exposure from various points of reference that minimizes radiation exposure to healthy tissue (Ord and Blanchaert, 2001). In stage III and IV OC patients, surgery with RT has shown the best survival rates but it is associated with increased complications and morbidity. RT alone is given only in a few cases such as when the tumour site is inoperable, if the patient refuses surgery or as a palliative treatment in advanced/terminal cases.

1.4.3. [bookmark: _Toc377297277]Chemotherapy
Chemotherapy has recently become an adjuvant therapy for OC. Although not a curative treatment it aims to destroy rapidly diving malignant cells in order to control tumour spread and metastasis (Deng et al., 2011). Chemotherapy can be given prior to and post surgery as well as concurrently with RT. Cisplatin is the drug of choice, showing survival benefits, but other drug alternatives are now available, such as methotrexate, 5-fluorouracil, hydroxyurea, platinum derivatives, anthracyclines, plant alkaloids and taxoids (Day et al., 2003). Chemotherapy using a combination of such drugs has shown high response rates though these effects are counter balanced by greater toxicity and no effect on overall survival rates. 

1.4.4. [bookmark: _Toc377297278]Emerging Therapies
Targeted therapies are the latest treatment modality for OC. Cetuximab; an IgG1 monoclonal antibody targets the ligand-binding domain of EGFR that is abnormally activated in OC (Reuter et al., 2007, Deng et al., 2011). Furthermore, radiation causes an increase in the expression of EGFR in cancerous cells, which in turn causes cancerous cells to become more resilient to treatment. Other treatment strategies being studied are cancer vaccines, gene therapy, biological therapy and immunotherapy (Ord and Blanchaert, 2001, Neville and Day, 2002).

1.4.5. [bookmark: _Toc377297279]Cancer related Pain and Therapy Complications
Among all other therapy related side effects, pain is directly associated with the actual cancerous lesion and its intensity increases with the progression of the cancer. Pain is the second major concern to all patients, after survival. OC causes intense pain at the primary site which then results in a domino effect on all other physiological functions of the oral cavity such as swallowing, speech and mastication (Viet and Schmidt, 2012). Considering that the oral cavity is continuously passively and/or actively functioning, pain seriously affects the QOL of such patients. Pain is managed with analgesics and neuroleptics, with opiates being the gold standard for pain relief (Day et al., 2003, Epstein et al., 2012). Patients with head and neck cancer require the highest doses of opiates compared to other cancers and, disappointingly the drugs become ineffective with the progression of the cancer or once tolerance develops. Opiates can also cause opioid–induced hyperalgesia, causing more pain rather than providing relief. The debate continues as high doses of opiates cause more side effects, including nausea, vomiting, constipation, respiratory depression and an overall decrease in QOL. Surgical removal of the lesion causes near total relief of pain, indicating that the carcinoma and its microenvironment are the source of pain. Unfortunately, even if cancer pain is abolished with surgery, it is not suitable for all patients to undergo surgery. Mediators of pain in the oral cavity have been identified and include Endothelin-1, proteases and Nerve Growth Factor (Viet and Schmidt, 2012).  Oral analgesics remain the preferred mode of pain control, but progresses to intraventricular or intrathecal administration of opioids, with or without local anaesthetics for severe pain (Dios and Lestón, 2010).  A recent preclinical rodent study carried out by Chodroff et al.,(Chodroff et al., 2016) showed the novel involvement of Brain-derived neurotrophic factor (BDNF) signalling in oral cancer induced pain. Furthermore the study shows the novel use of a tyrosine kinase B inhibitor, providing a new treatment target in OC pain management. 
Furthermore cancer therapy related pain is a major concern since it is caused by strategies taken to combat the tumour. Sequelae depend on the initial tumour staging and thus on treatment strategy. Surgery itself may cause significant complications for the patient’s QOL, since the removal of any anatomical part of the oral cavity impairs orofacial function (Shah and Gil, 2009). RT complications depend on the site of treatment, total dose, dose per fraction, time for total dose, addition of chemotherapy, volume of radiation field, proximity of tumour to critical structures, age, general physical condition and radiation technique. Acute side effects include lack of energy, mucositis, radiation dermatitis, xerostomia, infection as well as saliva and neurosensory changes. Late complications include persistent mucositis, xerostomia, laryngeal edema (epiglottis and arytenoids), hypothyroidism, skin changes, hair loss and changes in speech and deglutition (Day et al., 2003, Deng et al., 2011). The cost benefit relation between therapy and related side effects is not precisely delineated but it is most likely dependent on each particular case. Significant advances have been made regarding surgical techniques that allow for the restoration of form and function. Soft tissue free flaps such as the radial forearm and thigh allow for the reconstruction of soft tissue defects permitting a closer to normal orofacial function. The same is true for RT that employs IMRT to minimise the extent of damage to non-cancerous tissue.
The details of all side effects is beyond the scope of this thesis but an appreciation of the complexity of OC cannot be concluded without considering the numerous factors that make it such a painful and life debilitating malignancy. The ability of detecting OC in its early stages is thus of paramount importance as all the pain and side effects would be minimal if the cancer is found in its infancy. Two methods could be employed in achieving this aim, one of which relies on the ability of the dentist or primary care physician to detect early signs of OC and the other relies on scientific research to detect reliable biological indicators of the disease. 











1.5. [bookmark: _Toc378541359][bookmark: _Toc377297280]Carcinogenic pathways in oral cancer 
The use of molecular markers to diagnose oral precancerous and cancerous lesions is by no means a new concept. Recent advances in modern screening techniques has opened the door and enabled identification of relevant targets aiming to exploit their potential for early cancer detection. Biomarkers that would signal early changes in the epithelium would impact significantly on patients, positively correlating to better prognosis, quality of life (QOL) and lower treatment costs. The demand for clinically reliable biomarkers has led to a proliferation in the literature of possible targets at a genetic, mRNA, protein and metabolomic level, the vast majority of which, unsurprisingly, are intrinsically linked to the aberrant growth of cancer cells. The list of genetic alterations that occur in dysplastic or cancerous cells is long and includes point mutations, deletions, translocations, amplifications, methylations, microsatellite instability and loss of heterozygosity. Although this growing list of possible biomarkers is extensive, significantly there is currently little transfer of this knowledge into the clinical setting. Standing proof is that tests to date have not shown to have a significant impact on  the risk of dying from cancer. Encouragingly a new salivary test for OC, SaliMark was released in 2014, though its impact on the disease remains to be seen. SaliMark tests for DNA biomarkers and the scientific validity is based on a study by Elashoff et al.,  (2012a) that demonstrated significant changes in seven mRNA and three protein markers, among which IL-8 and subcutaneous adipose tissue (SAT) showed the best sensitivity and specificity. 
The most sought-after targets are predominately involved in deregulated molecular events that occur in OC and/or participate in cell signalling, growth, survival, motility, angiogenesis and cell cycle control (Fig. 1.8.). Since alcohol and smoking are significant risk factors it is also hypothesized that an individual’s susceptibility to cancer may be attributed to variability in enzymatic activities of metabolic genes. This following section describes a number of the deregulated molecular events that occur in OC with reference to future biomarkers (summarised in Fig 1.8).
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[bookmark: _Toc372327461][bookmark: _Toc372382491][bookmark: _Toc372383144]Fig. 1.8. Deregulation events in oral cancer and potential biomarkers
Hypothesized initiation events in the onset of oral cancer and acquired capabilities of transformed cells (A) Summary of a number of deregulated events that have potential use as biomarkers for the detection of OC (B) 

1.5.1. [bookmark: _Toc378541360][bookmark: _Toc377297281]Self sufficient growth stimulatory signalling
1.5.2. [bookmark: _Toc378541361][bookmark: _Toc377297282]EGFR, HER-2, Her-3, Her-4 and EGF
Signal transduction pathways are undoubtedly deregulated and a main focus for understanding the pathologic route leading to cancer. Accordingly epidermal growth factor receptor (EGFR) is one of the most studied oncogenes and a target for the treatment of OC. The epidermal growth factor family of transmembrane tyrosine kinase receptors (ErbB receptors) includes homodimers or heterodimers of four receptors: EGFR (c-ErbB or Her), c-ErbB-2 or Her-2, c-ErbB-3 or Her-3 and c-ErbB-4 or Her-4. EGFR is involved in many cellular functions such as proliferation, differentiation and survival (Dutta and Malty, 2007). Eleven ligands are known to bind the erbB receptors including epidermal growth factor (EGF) and transforming growth factor α (TGF- α). Ligand binding triggers autophosphorylation and activation of multiple intracellular signalling cascades including RAS-RAF-MAPK, PI3K/AKT, mTOR, JAK and STAT pathways (these biochemical routes are often active in OC even without EGFR increased activity). The knock-on effects are transcription of genes responsible for a variety of cellular activities, including modulation of apoptosis, cell growth, angiogenesis, cell adhesion, cell motility and invasion. 
Under basal conditions EGFR is present, albeit at low levels, on the surface of all cells. In patients with OC an increase of 42% to 58% in EGFR expression has been reported (Laimer et al., 2007a), while 90%-100% of all head and neck squamous cell carcinomas (HNSCCs) show increased levels of EGFR. Its biomarker potential has been strengthened with studies demonstrating high expression of EGFR in leukoplakic lesions to be associated with development of OSCC (Ries et al., 2013, Mahendra et al., 2014).
Although aberrant EGFR function could be linked to genetic mutations it has been shown that such events are dependent on ethnicity with 0-4% in whites and 7% in Asians (Schwentner et al., 2008, Ribeiro et al., 2014). Additional mechanisms of EGFR overexpression are related to the interlinked relationship between EGFR and COX-2; both resulting in inhibition of apoptosis and induction of angiogenesis. Activation of EGFR has a positive feedback on COX-2 through the MAPK- pathway, while prostaglandins produced by COX-2 result in EGFR activation. 
Taken together these studies show that overexpression of EGFR is a hallmark of OC and an independent prognostic marker that correlates with worse prognosis, advanced tumour stage and poor treatment outcome (Laimer et al., 2007a, Reuter et al., 2007, Rautava et al., 2008). The clinical applicability of EGFR was investigated by (Weigum et al., 2010) through the potential of a nano-bio-chip sensor technique in exfolative cytology specimens targeting both biochemical and morphological changes, including EGFR labelling intensity. This study provided a proof of principle and suggested that increased EGFR in conjunction with cytomorphometry, to be of predictive value in OC. 
Since EGF is secreted in human saliva its salivary levels were examined to determine the prognostic value for leukoplakic lesions and OC (Jaeger et al., 2015) and (Bernardes et al., 2010). Both studies concluded that salivary EGF could not be used as a salivary biomarker as it fails to detect significant changes in healthy versus disease state. However lower levels of EGF in saliva may indicate a higher susceptibility for OC development (Bernardes et al., 2010).
Her-2 is an interesting adjunct to the EGFR family. While it is a recognised epithelial proto-oncogene, and is increased in a number of cancers including breast, gastrointestinal, kidney, prostate, and lung tumours, studies examining its role in OC have failed to come up with a definitive involvement. Although there were no increases in Her-2 gene expression, increases of 3% to 41% in Her-2 immunoreactivity were found in OC (Rautava et al., 2008). Other studies have also described Her-2 protein overexpression in OC (Shintani et al., 2004, Pannone et al., 2013). Despite contradictory results, the predominant belief is that Her-2 does not contribute to carcinogenesis in the oral epithelium. Consequently it appears to be of very little prognostic and therapeutic relevance (Seifi et al., 2009, Hanken et al., 2014). Lack of overexpression in saliva has ruled it out as a possible salivary biomarker (Sardari et al., 2012). A recent preliminary study performed by Pannone et al., (2013) concluded that Her-3 and Her-4 and a comparatively lower level of Her-2 are overexpressed in cases of OC and is the first study demonstrating increased levels of Her-4 in OC. Corroborating this finding, Kobayashi et al.,  (2013) demonstrated that Her-4 was the only member of the family to be increased in patients with oral leukoplakia. In contrast Sheu et al.,  (2009) found a decreased number of Her-4 copy genes and thus expression levels in OC compared to normal tissues. The somewhat contradictory evidence provided to date clearly demonstrates that further studies are needed in order to clarify the role of these receptors in order to determine their clinical significance and/or therapeutic potential. 

1.5.3. [bookmark: _Toc378541362][bookmark: _Toc377297283]Cyclin D1
Cyclin D1 (CCND1), located on chromosome 11q13, is a proto-oncogene and a key regulatory protein in the transition from G1 to S phase of the cell cycle. CCND1 has significant involvement in numerous other cellular processes including migration and metabolism. The CCND1 gene is positively regulated by PIN1, which increases phosphorylation of the Retinoblastoma protein subsequently inducing S phase. Due to the self sufficient growth signals in cancer cells CCDN1 levels are raised and results in G1-S transition becoming uncontrolled. CCDN1 is overexpressed in 25-% to 75% of cases and it is believed to occur early in the process of oral carcinogenesis (Grimminger and Danenberg, 2011, Ramakrishna et al., 2013). Furthermore CCDN1 is overexpressed in most tobacco-related OCs and is found to be correlated with aggressive clinicopathological features such as advanced age, tumour stage, lymph node metastasis as well as aggressive DNA pattern (aneuploidy and high S phase) (Das et al., 2011). 
In Asian populations a single nucleotide polymorphism in the CCND1 gene (A870G) is a known factor in increased risk of OC (Huang et al., 2006, Wang et al., 2013b). This polymorphism results in an alternatively spliced protein product that lacks the threonine 286 phosphorylation site required for nuclear export and ubiquitin-mediated degradation (Lu et al., 2003). Both the overexpression and the CCND1 polymorphism have been investigated as potential OC biomarkers and are considered strong candidates for this purpose (Shpitzer et al., 2009, Tsai et al., 2011, Noorlag et al., 2015). Shpitzer et al. (2009) examined the expression level of CCDN1 in OC and found that a significant increase was detectable in saliva at very high sensitivity levels, thus making it a potential biomarker of early carcinogenesis. 

1.5.4. [bookmark: _Toc378541363][bookmark: _Toc377297284]RAS gene
Mutations in the RAS gene family are frequently associated with the development of a number of human cancers with each tumour type showing a predisposition to one of the RAS isoforms e.g. H-RAS, K-RAS and N-RAS (Murugan et al., 2012). The RAS oncogenes encode for a family of cell membrane associated proteins (p21/RAS) involved in the transduction of signals involved in cellular growth, migration, adhesion, cytoskeleton integrity, differentiation and survival. RAS proteins are activated by growth factor stimulation leading to binding of GTP to RAS. Activated RAS allows for downstream events of several signalling cascades including PI3K/AKT and MAPK. Activated AKT encourages cell survival through inhibition of apoptosis and activation of nuclear factor-kappa B (NF-κB). Studies have shown that RAS is the most frequently mutated gene in OC with 20% of cases showing a RAS mutation (Murugan et al., 2012). The conversion of normal RAS to an activated oncoprotein is usually accomplished through point mutations. The H-RAS isoform is predominantly mutated in contrast to K-RAS and N-RAS isoforms in OC. Interestingly, in high prevalence areas, H-RAS mutations have been reported in 35% of OC cases, whereas in countries with lower prevalence, this type of mutation is only seen in 5% of the patients (Murugan et al., 2012). One hypothesis suggests mutations caused by betel quid chewing and reverse smoking drive the initiation of OC. Although targeting downstream effectors of RAS has been suggested, its use as a biomarker remains to be clarified.
1.5.5. [bookmark: _Toc378541364][bookmark: _Toc377297285]PI3K/NF- kB
Phosphoinositide 3-kinase (PI3K) is a heterodimeric lipid kinase, involved in cellular signalling pathways including cell proliferation, differentiation, adhesion and apoptosis. PI3K activation can occur through receptor tyrosine kinases (RTKs) such as EGFR, insulin receptor or via active RAS. The reversion of PI3K to its inactive diphosphate form is achieved by phosphatase and tensin (PTEN) homologue. Upon phosphorylation of PI3K, plasma proteins such as AKT become activated by mammalian target of rapamycin (mTOR). Reports have demonstrated that the PI3K–AKT axis is involved in oral carcinogenesis (Sheu et al., 2009), via inhibition of apoptosis through activation of NF-kB. Furthermore it is believed that the PI3K pathway harbours three times as many mutations compared to the RAS/MAPK and JAK/STAT pathways in HNSCC (Lui et al., 2013). Although targeting the pathway holds promise for effective treatments, PI3Ks ability to serve as a biomarker remains to be determined. 
NF-κB is a ubiquitous nuclear transcription factor that participates in a wide range of cellular processes such as cell proliferation, survival and apoptotic processes associated with physiological and pathological conditions linked with inflammation, immunoregulation and cancer. NF-κB can be activated by the classical pathway by viral, bacterial, chemical, carcinogenic and ROS or through the non-canonical pathway by stimuli of the Tumour Necrosis Family (lymphotoxin B, BAFF and CD40L) mediated by NF-κB Inducing Kinase (NIK). In HNSCC both pathways appeared to be activated, correlating with altered levels of protein expression, even in dysplasia, indicating its potential role as a biomarker. Some of the effectors of activated NF-κB are chemokines and cytokines that not only help sustain growth but also confer advantages for tumour growth in the microenvironment by stimulation of inflammatory cell infiltration and angiogenesis. In HNSCC, IL-1α, Interleukin 6 (IL-6), Interleukin 8 (IL-8), granulocyte-macrophage colony-stimulating factor (GM-CSF), growth-regulated oncogene-1 (GRO-1), and vascular endothelial growth factor (VEGF) have all been shown to be participate in response to NF-κB activation (Chen et al., 2008). 
Along with NF-κB’s ability to inhibit apoptosis it can induce chemoresistance through suppressing the apoptotic potential of chemotherapeutic agents and radiotherapy. This is evident in oral carcinogenesis through gradual overexpression of the protein with progressing stages of OC (Bindhu et al., 2006) coupled to the promotion of Bcl-2 expression, an anti-apoptotic protein. A role for NF-κB in oral carcinogenesis is further demonstrated through the activation of signal transducer and activator of transcription 3 (STAT-3) without EGFR involvement. Another layer of complexity arises as studies have demonstrated that NF-κB is responsible for the enhanced expression of MMP degradative enzymes in many tumours, which may be linked to the ability of tumours to metastasize through the breakdown of supporting structures. Solid tumours that grow 1-2 mm3 in the absence of vascularisation experience hypoxia through ineffective angiogenesis, vascular collapse or both (Harris, 2002, Vilen et al., 2013) and can lead to NF-kB activation. Hypoxic conditions stimulate metabolic adaption conferring tumours with a survival advantage along with concomitant activation of hypoxia inducible factor (HIF1), thus activating transcription factors such as NF-kB and p53 and in respect to NF-kB activation inducing the proliferation of the cancer cell. 

1.5.6. [bookmark: _Toc378541365][bookmark: _Toc377297286]STAT-3
Signal transducers and activators of transcription (STATs) are a 7-member family of cytoplasmic tyrosine kinases associated with the JAK/STAT pathway. They are activated via extracellular signalling proteins including growth factors, cytokines, hormones and peptides and upon activation translocate to the nucleus regulating the transcription of genes responsible for cell proliferation, differentiation and apoptosis. STATs are phosphorylated by JAKs leading to the formation of homo-STAT and hetero-STAT dimers, tyrosine phosphorylation and subsequent nuclear translocation where they serve as transcription factors (Rawlings et al., 2004). Numerous studies have shown the involvement of STAT-3 and STAT-5 in promoting cell survival and hence supporting carcinogenesis (Siavash et al., 2004). In OC, Shah et al. (2006) concluded that STAT-3 activation is an early event and further demonstrated the correlation of high STAT-3 expression with poor differentiation of the tumour, lymph node metastasis and low survival. Inhibition of STAT-3 was shown to be a potential target for future therapeutics (Nagumo et al., 2011). In HNSCC it was found that activation of STAT-3 is involved in cellular resistance to radiation (Masuda et al., 2002). Although fewer studies are available on STAT-5, it is believed to activate cyclin D pathway in tobacco related OC (Mishra and Das, 2005). In contrast, STAT-1 is believed to induce cell cycle arrest and to promote apoptosis through activation of the CDK inhibitor, p21 and caspase-1. STAT-1 was shown to be a possible prognostic marker of OC whereby high levels of STAT-1 were correlated with negative lymph node status and better prognosis (Laimer et al., 2007b, Rao et al., 2010). Although further studies are required to understand STAT’s involvement in OC a recent study has shown that in patient derived xenograft a JAK1/2 inhibitor (AZD1480) was able to inhibit STAT-3 signalling and thus show a potential therapeutic target in HNSCC (Sen et al., 2015). 

1.6.1. [bookmark: _Toc378541366][bookmark: _Toc377297287]Abnormality in anti-growth signals
1.6.2. [bookmark: _Toc378541367][bookmark: _Toc377297288]p16 INK4A/ P14ARF 
p16INK4A (p16) and p14ARF (p14) are cell cycle regulatory proteins encoded by the CDKN2A gene. The two proteins are alternate splice variants of the CDKN2A gene located on chromosome 9p21. Both of these proteins function as inhibitors of the cell cycle. p16INK4A inhibits the phosphorylation of E2F-retinoblastoma complex through binding regulatory cyclin-dependent kinases CDK4 and CDK6 thereby preventing transition into the S phase. In contrast p14 activates the tumour suppressor gene p53 by inhibiting MDM2, an ubiquitin ligase that targets p53 for degradation leading to cell cycle arrest or apoptosis. Active p53 induces p21 expression (an inhibitor of the CDK1) preventing progression from G2 to mitosis (Leemans et al., 2011, Perez-Sayans et al., 2011). Viral regulatory genes of HPV such as E6 and E7 are capable of inactivating p53 and pRb, respectively, thus bypassing cell cycle checkpoints (Al-Kaabi et al., 2014). 
Inactivation via hypermethylation of P16INK4A and p14ARF has been confirmed in dysplastic and OCs and thus indicate that hypermethylation occurs early in the process of carcinogenesis. Reduced expression and of p16INK4a correlates with advanced OC stages and its gene silencing increases the risk of mortality (Pérez-Sayáns et al., 2015). Although p16INK4A is thought to be a surrogate marker for HPV positive OC, recent studies have failed to confirm its ability to predict premalignant progression (Nankivell et al., 2014) and (Isayeva et al., 2015). Further studies on P16INK4A and P14ARF are needed to determine their biomarker potential and clinical applicability for OC (Sailasree et al., 2008, Al-Kaabi et al., 2014). 
1.6.3. [bookmark: _Toc378541368][bookmark: _Toc377297289]P53/ P21/ P27
The p53 tumour suppressor gene is a well-documented gene implicated in OC but also in many other types of cancer (Largey et al., 1993, Olivier et al., 2002). 50% of OC patients posses a p53 gene with a mutation; the underlying reason for this discrimination is as yet unknown. p53 is essential in regulating cell cycle progression, differentiation, DNA repair and apoptosis (Olivier et al., 2002). Thus under normal conditions, any damage to cellular DNA results in p53 halting the cell cycle progression and if the damage is irreversible apoptosis can be triggered. Consequently significant mutation (be it gain or loss of function) of p53 results in impairment of all its functions leading to uncontrolled cell growth, increased cell survival and genetic instability. Several mechanisms are  responsible for p53 associated mutations including (i) loss of heterozygosity of p53, (ii) tobacco- carcinogenic induced mutations of the coding region of the p53 gene or (iii)  the rapid destruction of its protein product by viral oncoproteins (Largey et al., 1993). Modification of p53 function in the absence of mutations is also possible through inactivation by ubiquitin-dependant degradation caused by either binding of the E6 protein from HPV or the cellular MDM2 protein, which in turn is inactivated by p14ARF tumour suppressor protein. Immunohistochemical analysis of p53 and Ki-67 (a cellular marker for proliferation) revealed that higher expression of both proteins in OCs, suggesting biomarker potential (Verma et al., 2014). Corroborating evidence of p53 detection is saliva was shown by (Agha-Hosseini et al., 2015) confirming significantly higher levels in patients with OC compared to controls. Other important regulators of the cell cycle include cyclin-dependent kinases (CDKs) and cyclin-dependent kinase inhibitors (CDKIs), such as p21 and p27. Increased expression of both p21 and p27 was found in OC correlating to a significantly poorer clinicopathological outcome (Zhang et al., 2013). A study carried out suggests that combined expression of p53 and p21 may predict lymph node metastasis (Yanamoto et al., 2002), which may benefit early detection of OC.

1.7.1. [bookmark: _Toc378541370][bookmark: _Toc377297290]Evasion of apoptosis
1.7.2. [bookmark: _Toc378541371][bookmark: _Toc377297291]Bcl-2, Bax
The B-Cell Lymphoma-2 (Bcl-2) family comprises cell death antagonists (Bcl-2, Bcl- XL, Mcl-1 and A1) and death agonists, (Bax, Bak, Bcl-XS and Bad) which are expressed on most cells at different ratios dictating cell fate. Regulation of apoptosis, and hence cell survival, is achieved through oscillation of mitochondrial outer membrane permeability. Bcl-2 moderates apoptosis by inhibiting the release of cytochrome C from the mitochondria, through the blockade of specific mitochondrial channels preventing downstream caspase activation and cell death. This ability of cells to evade apoptosis is regarded as a cancer hallmark and the biomarker potential of apoptotic mediators has been investigated over the years. Studies are ambiguous as to their potential use as prognostic markers in OC with some showing that expression of Bcl-2, Bcl-XL and Bax correlate with better overall survival and lower recurrence rate (Camisasca et al., 2009); while others were unable to show an association between increased Bcl-2 and survival, yet others were contradictory and found increased Bcl-2 expression to correlate with poor survival and neck metastasis in OC. Overexpression of Bcl-XL in cases of tongue cancer correlates with clinical progression, suggesting it as a suitable candidate for assessment of prognosis (Zhang et al., 2014). Further complications include an observation that tumours expressing increased levels of Bax and low levels of Bcl-2 have an improved prognosis. Oral cell lines show increased gene expression in anti-apoptotic compared to pro apoptotic members of Bcl-2 (Mallick et al., 2009), which may have implications in OC prognostics and diagnostics.

1.7.3. [bookmark: _Toc378541372][bookmark: _Toc377297292]Survivin
Survivin, a member of the inhibitor of apoptosis (IAP) family is a 16.5 kDa protein and an important regulator of cellular proliferation and apoptotic cell death (Li et al., 1999) that is not expressed in terminally differentiated adult tissues (Su et al., 2010). Increased expression of survivin has been detected in OC as well as in cancers of the lung, rectum, breast, pancreas and prostate. Survivin is induced in tumours cells during the G2/M phase of the cell cycle, peaking during mitosis. One hypothesis postulates that survivin may facilitate tumour cells’ passage through mitosis, evading cell cycle check-points (Lu et al., 1998, Li et al., 1999). Furthermore up-regulation of survivin observed in premalignant lesions suggests deregulation occurs early in the carcinogenic process (Khan et al., 2009). These findings advocated the potential survivin has as a biomarker, by identifying precancerous lesions with a higher chance of metastasizing (Lo Muzio et al., 2003, Xie et al., 2015). Moreover, increased expression of survivin was correlated to poorer prognosis and induction of chemoresistance, thereby presenting as a possible therapeutic target (Su et al., 2010). Although increased levels of survivin have been detected in the saliva of OC, patients its use as a single biomarker is believed to be insufficient for early detection of OC (Santarelli et al., 2013). 




1.8. [bookmark: _Toc378541374][bookmark: _Toc377297293]Immortalization
Cell immortalization is the ability of a cell to replicate indefinitely, a mechanism associated with telomeres (Kim et al., 2001), which stabilize and protect chromosomal ends from degradation. Human telomeres consist of a number of repeat sequences (5’-TTAGGG-3’) (Bishop, 1991) which progressively shorten after each replicative cycle, eventually reaching a critical length inducing the cell to stop dividing, thus becoming senescent. This process results in limiting the lifespan of individual cells. However cells that undergo many rounds of cell division e.g. embryonic cells, stem cells, germ cells, have the ability to regenerate the length of its telomere using telomerase, a ribonucleoprotein complex consisting of the catalytic protein subunit, human telomerase reverse transcriptase (hTERT), and the RNA template, hTR (Bishop, 1991). Telomerase recognises the ends of telomeres and adds additional repeat sequences through reverse transcription thus elongating the telomeric DNA and maintaining chromosomal telomere length. The enzymatic process is dependent on the levels of hTERT expression that is detected in most human cancers, but not in non-malignant somatic cells. The direct link between telomerase and immortalization generated much interest not only in cancer therapy but also in cancer detection, as 80%-90% of cancers showed reactivation of telomerase (Sebastian et al., 2005). Furthermore telomerase activity is easily measured in body fluids that bathe tumours and to date increased expression of telomerase has been demonstrated in leukoplakia and OC (Palani et al., 2011). Kim et al. (2001) investigated telomerase levels in different stages of OC and demonstrated that increased telomerase activity is an early event in oral carcinogenesis, asserting its usefulness as a biomarker (Hess and Highsmith, 2002). It has been postulated that the mechanism through which hTERT promotes carcinogenesis is by inducing epithelial mesenchymal transition (EMT) which results in loss of cell-cell contact and increased motility (Zhao et al., 2015). Despite these findings and its potential importance in OC, clinical tests for telomerase activity have not been implemented in dentistry. Telomerase activity was shown to be detected in saliva although further studies are needed to confirm its biomarker potential (Zhong et al., 2005). Using the lysate of tumour tissue, Mori et al., (2013) described an electrochemical technique to show the effectiveness of a minimally invasive method for telomerase detection that could be used for early diagnosis of OC. 
1.9. [bookmark: _Toc378541375][bookmark: _Toc377297294]Angiogenesis
1.9.1. [bookmark: _Toc378541376][bookmark: _Toc377297295]Vascular Endothelial Growth Factor (VEGF) 
Angiogenesis is a key hallmark of cancer and plays a significant role in its development. VEGF consists of six members including VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, and placental growth factor, and three receptors, including VEGF receptor (VEGFR)-1 (Flt-1), VEGFR-2 (KDR/Flk-1), and VEGFR-3 (Rosen, 2005). VEGF members are involved in mediating angiogenesis and lymphangeogenesis with notable involvement in vascular permeability, endothelial cell growth and differentiation (Grimminger and Danenberg, 2011). Vascular permeability allows for fibrin deposition in the extracellular matrix, forming a scaffold for migrating endothelial cells (Rosen, 2005). VEGF-A (or VEGF) can exist as a homodimer or can heterodimerize with VEGF-B or non-VEGF factors. VEGF-A and –B are responsible for angiogenesis and lymphangiogenesis through activation of VEGFR-1 and VEGFR-2. VEGF-C and VEGF-D which are ligands for VEGFR2 and VEGFR-3, promote permeability of the vasculature, increased migration and endothelial cell proliferation (Rosen, 2005). VEGFRs are found on tumour cells, tumour cells from the tumour microenvironment and endothelial tumour cells (Margaritescu et al., 2009). In OC patients, overexpression of VEGF has been detected in serum and higher levels of VEGF are associated with lymph node metastasis (Shang et al., 2002). 
The prognostic and diagnostic value of VEGF expression in patients with OC is debatable due to conflicting results. A meta-analysis study carried out by Zhao et al. (2013), aimed at clarifying the association between VEGF expression and its prognostic potential in OC, concluded that VEGF expression detected by immunohistochemical (IHC) methods correlates to increased survival and disease free state. Similarly, Astekar et al. (2012) concluded that VEGF as well as micro-vessel density (MVD) correlates to the clinical characteristics of OC, suggesting that increased expression relates with disease progression and are suitable indicators of OC progression. The levels of VEGF in serum and saliva were investigated by Upile et al. (2009) demonstrating significant differences between healthy and cancer patients, suggesting a non-invasive method for predicting disease outcomes. On the contrary, Friedrich et al. (2010) found that the levels of VEGF in patients with OC varies significantly between individuals and would not be a suitable biomarker for initial diagnosis. Although in HNSCC there was VEGF overexpression, no relation was found between tissue expression, serum levels and the salivary levels, undermining its biomarker potential (Andisheh-Tadbir et al., 2014). Simultaneous determination of increased levels of VEGF and decreased levels of IL-17A in serum could be used as diagnostic markers for OC (Ding et al., 2015).
A VEGF nucleotide polymorphism (936 C > T) may predict increased susceptibility although validation of this finding is needed through larger cohort studies (Mandal et al., 2013). 

1.9.2. [bookmark: _Toc378541377][bookmark: _Toc377297296]COX-2
Cyclooxygenase (COX) enzymes exist as two isoforms, COX-1 and COX-2 respectively, and are differentially expressed in various tissues and serve different functions in the body. Interestingly, the two isoforms show 60% amino acid sequence similarity even though they are derived from two distinct genes located on different chromosomes and encoded by different size mRNAs (Funk et al., 1991, Kujubu et al., 1991). COX-1 is an enzyme constitutively expressed in most tissues, participating in numerous physiological functions including cytoprotection in the stomach, vasodilation in the kidney and production of pro-aggregatory prostanoid thromboxane (Urade, 2008). 
In contrast, COX-2 is a pro-inflammatory enzyme involved in a range of processes including the conversion of arachidonic acid to prostaglandins and thromboxanes; as well as having a role in cell proliferation, angiogenesis and apoptosis. COX-2 is not normally expressed in normal tissue but its expression is induced at sites of inflammation. As a result, synthesis of COX-2 is triggered by mediators of inflammation such as cytokines and growth factors, but also by tumour promoters and transcription factors. In the disease state, the overall effect of COX-2 overexpression is cancer growth through inhibition of apoptosis and immune surveillance, promotion of angiogenesis, invasiveness and metastasis (Urade, 2008). Numerous studies have demonstrated this effect in cancers of the lung, colon, stomach, breast, oesophagus, pancreas, urinary bladder, prostate, head and neck and OC (Tomozawa et al., 2000, Khuri et al., 2001, Vallbohmer et al., 2010). The role of COX-2 in OC was investigated by Pandey et al. (2008) who concluded that elevated COX-2 protein expression is seen in OC patients. Furthermore inhibition of COX-2 resulted in G0/G1 cell cycle arrest, a halt in angiogenesis, VEGF, prostaglandin E2 production and CDK inhibitor P21 expression (Sawaoka et al., 1999, Toyoshima et al., 2002). To date there is no consensus regarding the validity of COX-2 as a prognostic biomarker in OC, with some studies presenting a relationship between COX-2 and overall survival, while others fail to demonstrate such correlation (Mohammad et al., 2011, Wang et al., 2014) and (Atula et al., 2006), respectively. 

1.10. [bookmark: _Toc378541378][bookmark: _Toc377297297]Invasion and metastasis
1.10.1. [bookmark: _Toc378541379][bookmark: _Toc377297298]Cadherins
Cadherins are a superfamily of calcium dependent trans-membrane proteins of which E-cadherin, found on all epithelial cells, and N-cadherin expressed on neural tissues, fibroblasts, skeletal muscle and endothelial cells, are most abundant (Matsuyoshi and Imamura, 1997, Hashimoto et al., 2012). Cadherins are adhesion molecules with roles in a variety of processes, including development, morphogenesis, organogenesis and carcinogenesis (Di Domenico et al., 2011). Their characteristic role as adhesive molecules is crucial in establishing and maintaining epithelial stability. In the cancerous state one distinctive feature is that cells gain a migratory capacity. In this process, cancer cells at the invasive front undergo a morphological change from epithelial cells to mesenchymal-like cells, a process known as epithelial mesenchymal transition (EMT). This process subsequently favours migration, invasion and metastasis, and yields chemoresistance and stem cell-like features. A hallmark of EMT is the cadherin switch, which describes the process of decreased E-cadherin and increased N-cadherin expression. It was suggested that the cadherin switch is necessary for increased motility but not for morphological changes that occur in EMT (Maeda et al., 2005). The involvement of other cadherins is known to play a role in EMT (Bauer et al., 2009). Some controversy exists regarding the cadherin switch per se, with some studies showing no such event occurring in OC (Ukpo et al., 2012); suggesting that a simple loss of E-cadherin is responsible for OC progression (Hashimoto et al., 2012). In contrast, other studies have shown that loss of E-cadherin, as well as aberrant N-cadherin expression, to be directly associated with progression in OC, clinicopathological parameters and low p53 levels (Pyo et al., 2007, Wang et al., 2009, Fan et al., 2013). The mechanisms through which inactivation of E-cadherin is achieved is through either promoter hypermethylation or transcription inhibition via repressors such as SNAIL, SLUG or SIP1 (Peinado et al., 2004, De Craene et al., 2005).
Given their significant role in OC the potential use of cadherins as biomarkers has yet been investigated. To date N-cadherin and E-cadherin, as well as other types of cadherins, are hypothesized to provide both predictive and prognostic information presenting as strong biomarker candidates (Di Domenico et al., 2011, Chaw et al., 2012). Further enhanced notion of using E cadherins for the diagnosis of OC was shown by von Zeidler et al. (2014) demonstrating decreasing levels, even in stages of dysplasia.

1.10.2. [bookmark: _Toc378541380][bookmark: _Toc377297299]Matrix metalloproteinases
Matrix metalloproteinases (zinc metalloenzymes) are a 24-member family of extracellular proteins subdivided into different groups based on structural characteristics and substrate specificity and include: collagenases, gelatinases, stromelysins, membrane type MMPs and new MMPs (Thomas et al., 1999, Kuropkat et al., 2002). Expression of MMPs is regulated by growth factors, hormones and other chemical agents including EGF, TGF-α1, TGF-β, Keratinocyte Growth Factor (KGF), PDGF, IL1-α, IL-1β, TNF-β and Hepatocyte Growth Factor (HGF) (Thomas et al., 1999). Under normal physiological conditions MMPs migrate through tissue barriers to participate in developmental and healing processes. Cancer cells use similar mechanisms to degrade the extracellular matrix, facilitating migration and metastasis. Increased MMP expression has been observed in OCs and also in many other different types of cancer and is associated with tumour behaviour and prognosis (Thomas et al., 1999, Egeblad and Werb, 2002). Gelatinases (MMP-2 and -9), stromelysins (MMP-3, -10, -11), collagenases (MMP-1 and-13), and membrane type MMPs (MT1-MMPs) are believed to be involved in the invasive process occurring in OC. The initiating step of tumour invasion is thought to be the destruction of the basement membrane, which separates the epithelial and mesenchymal cell compartments, by MMP-2 and MMP-9. In OC, upregulation of TGF-β1 results in induction of SNAIL, a transcription factor of MMP-9, leading to EMT. Increased mobility follows as cancerous cells undergo morphological changes, reducing their intracellular and cell matrix adhesions. OC progression is likely to be maintained by the stromelysins as tumour margins show expression of MMP-3, whereas MMP-10 and -11 are linked to tumour differentiation and local invasion. In contrast to previous understanding of MMPs in OC, recent research indicates that MMP-3 and MMP-9 in particular have both promoting and inhibiting roles in cancers, dependent on the specifics of each cancer (size, location, stage) (Egeblad and Werb, 2002, McCawley et al., 2004, Vilen et al., 2013). 
The use of MMPs as potential cancer biomarkers has been examined in many cancers and a detailed review was published by Roy et al., (2009). Others have concluded that MMPs are robust and reliable biomarkers for the detection of OC and suggested that MMP-1 and MMP-10 (Yen et al., 2009) and MMP1 and MMP3 (Stott-Miller et al., 2011), qualify as possible tumour and salivary biomarkers (Wong et al., 2015). 

1.11. [bookmark: _Toc378541381][bookmark: _Toc377297300]Genes involved in xenobiotic metabolism
Xenobiotic metabolism plays an important role in the activity and detoxification of carcinogens from tobacco, alcohol and other compounds. Polymorphic variation due to exposure to such compounds and their metabolites may result in alterations in activity of xenobiotic metabolising enzymes, possibly leading to carcinogenic processes. A polymorphic variation in the CYP1A1 gene, a member of the cytochrome P450 superfamily of enzymes, coding for the aryl hydrocarbon hydroxylase involved in the xenobiotic metabolism pathway, has been implicated in OC, possibly serving as a risk factor (Liu et al., 2015). Similarly, the glutathione-S–transferase family codes for enzymes responsible for the detoxification of carcinogens. Polymorphisms in the glutathione-S-transferase-M1 and T1 (GSTM1 and GSTT1) have been identified in patients with OC but they are not thought to be risk factors for developing the disease (Amtha et al., 2009). Other polymorphisms in N-acetyltransferase-1 and -2 (NAT-1/ 2), responsible for the metabolism of tobacco carcinogens, were investigated in their potential role in oral carcinogenesis. No correlation was found, indicating that on their own they do not contribute to the carcinogenic process (Majumder et al., 2012). There are many discrepancies between studies regarding the association of these polymorphisms and OC, which could be related to demographics. A meta-analysis confirmed that the GSTM1 may be associated with OC in Asians but not Caucasians (Zhang et al., 2011). 
It has also been shown that individuals carrying the alcohol dehydrogenase type 3 (ADH3) allele have an increased alcohol/tobacco risk for developing OC (Peters et al., 2004). ADH3 is a fast metabolising enzyme involved in the oxidation of alcohol to acetaldehyde. Peters et al., (2004) concluded that in their study no such association could be made, though the ADH3 genotypes were associated with different survival and recurrence rates (Wang et al., 2005). 
1.12. [bookmark: _Toc377297301]Conclusion
Oral carcinogenesis is a complex multistep process characterized by genetic mutations, aberrant expression, and chaotic cellular growth. From the multitude of unregulated mechanisms there have been many components that were hypothesized to have biomarker potential as illustrated in this review. To date oral lesions are examined histologically where intra and inter observer interpretation remains a significant variable. OC is preceded in 67% of cases by premalignant lesions, of which leukoplakia is the most common. Of these lesions 1-18% show malignant transformation to OSCC. The most useful biomarker/s would thus be ones that could identify oral pre-malignant lesions. Recent trends are to use saliva over other biofluids, not only because it is in direct contact with the cancer, but also due to its ease of collection and minimal invasiveness. Pitfalls that need to be addressed in order to fully exploit the power of saliva are related to the knowledge of the carcinogenic process, but also to the fluid manipulation. Understanding the highly variable composition of saliva between patients, differentiating between patients that have chronic oral inflammatory diseases or other types of cancers but also standardization of saliva collection, processing and storage remain issues to be clarified. 














[bookmark: _Toc377297302]Study Motivation 
Post-translational modifications (PTMs) are a mechanism of protein regulation of physical, chemical and biological properties, in eukaryotes. Glycosylation forms a complex, yet tightly regulated, method of adding new properties to a protein. As with any physiological process,  dysregulation of glycosylation  can also cause pathological changes. Aberrant glycosylation has been demonstrated in OC, in processes related to cell adhesion and cytoskeletal dynamics and to carcinogenesis signalling. 
The quest to understand oral carcinogenesis and finding biomarkers to detect OC, led to a renewed interest in the potential of saliva (Yakob et al., 2014). Compared to other biofluids, saliva has many advantages, such as the ease of collection, being minimally invasive and allowing for repeated sampling, and also because it is in direct contact with the oral lesion. 
To date, there have been no studies investigating the N-glycome of whole saliva in individuals with oral precancerous and cancerous lesions. Recent advances in the analysis of N-glycans rely on analytical techniques including HILIC-UPLC and mass spectrometry based methods, and are employed in this thesis in Chapter 3 and Chapter 4. The application of isotopic labelling for relative quantitative and qualitative analysis of glycans provides a powerful method to detect changes between different samples and is demonstrated in Chapter 4. 
Currently, multidisciplinary treatment strategies provide a more successful approach to combat OC compared to the use of general protocols where a single defence strategy i.e. surgery alone is used. In the future, a multi-dimensional strategy of early diagnosis and personalised treatment is proposed. With the overall aim of improved survival, prognosis,and QOL for OC patients,  new and effective therapeutics are needed. Earlier detection would imply that surgery would not necessarily be required in many cases and thus treatment would rely upon suitable alternatives. One such example is investigated in Chapter 5, providing a new and exciting potential treatment for oral precancerous and cancerous lesions. 


































CHAPTER 2
GENERAL MATERIALS AND METHODS







2. [bookmark: _Toc377297303]General Methodology
2.1. [bookmark: _Toc377297304]Sources of Reagents
All reagents and consumables were obtained from Sigma Aldrich and Cruinn respectively, unless otherwise stated. 

2.2. [bookmark: _Toc377297305]Preparation of Solutions
Solutions were prepared according to the required specifications. Aqueous solutions were prepared using ultra pure water from the Millipore Direct –Q3 model water purification system. Weighing was performed using the Mettler College analytical balance for substances less than 5g while a Mettler Top-Loading balance (Model K7T) was used for bigger volumes. 

2.3. [bookmark: _Toc377297306] pH DETERMINATION 
pH measurements were performed using a Corning 240 pH meter. The pH meter was calibrated before use using standard buffers of pH 4,7 and 10. Adjustments to required pH values were performed using solutions of NaOH or HCl.

2.4. [bookmark: _Toc377297307]Pipetting 
Measurement of solutions up to the volume of 5ml were pipetted using a set of Eppendorf automatic pipettes, which were calibrated regularly. Volumes larger than 5ml were pipetted using the automatic pipette gun.

2.5. [bookmark: _Toc377297308]Centrifugation
The Eppendorf Centrifuge 5415R and were used to centrifuge small volumes and large volumes respectively. The centrifuges were temperature controlled when required. 

2.6. [bookmark: _Toc377297309]Vacuum Centrifugation
Speed Vacuum centrifugation was performed using temperature controlled High Speed vacuum connected to a pump.
2.7. [bookmark: _Toc377297310]Sterile Conditions & Incubations
Sterile work and cell culture work was performed in a NUAIRE Laminar Flow Hood Cat II (Thermo Electron Corporation- EN12469-2000). Incubations were carried out in a preheated water bath (Grant- JB Aqua 5 Plus) or in a heating block (temperature and rotation controlled) depending on the volume. 

2.8. [bookmark: _Toc377297311]Spectrophotometric analysis
2.8.1. Cell based assays: Absorbance and Fluorescent spectrophotometric assays were carried out using a SPECTRAmax PLUS Microplate spectrophotometer in 96 well plates. Experiments were set up according to the required protocols for each individual experiment. Plates were shaken 5 sec before readings. 

2.8.2. Quantification of RNA/Protein by spectrophotometer: RNA preparations were quantified using the ND-1000 (NanoDrop Technologies). The NanoDrop apparatus was initialized and blanked with dH2O. For each sample 1µl was added to the pedestal and the absorbance was read at 260nm or 280nm respectively. 

2.9. [bookmark: _Toc377297312]Protein Determination
Protein determination was carried out using the Quick Start Bradford Protein Assay Kit from Bio-Rad. Protein concentrations were performed in 96 well plates in triplicate where a series of dilutions ranging from 0 to 2 mg/ml Bovine Serum Albumin (BSA) were used as standards. Unknown concentrations were prepared neat and at dilutions of 1:10 or 1:2. The final volume of the sample was 5 μL to which 150 μL Bradford reagent was added. The plate was incubated at room temperature in darkness for 10 min followed by spectrophotometric absorbance readings at 595 nm. Unknown concentrations were obtained from interpolation on the standard protein curve using Microsoft® Excel 2007 software. 

2.10. [bookmark: _Toc377297313]Protein Precipitation
Ethanol precipitation (EtOH) / Tricholoroacetic acid precipitation (TCA): Equal volume of sample and acid were combined. Samples were then left on ice for 10 min followed by 5 min centrifugation at 13200 RPM at 4°C.

2.11. [bookmark: _Toc377297314]Determination of cell Density and Trypan Blue exclusion
Cell numbers and viability were determined using the Trypan Blue exclusion assay in association with the Automated Cell Counter (Invitrogen Countless™) in accordance to the manufacturers guidelines. The principle of counting cells using Trypan blue is that the cell membrane of live cells is impermeable to the trypan blue dye. Trypan blue was mixed with the cell suspension in a 1:1 ratio, allowed to rest for 2 min followed by pipetting half the suspension in a Countless™ Chamber Slide (Invitrogen). The live cell count and density were recorded. 
2.1. [bookmark: _Toc377297315]Cell Visualisation
Cell growth and viability were examined regularly under the Nikon Eclipse TS100 light microscope regularly using the 10X or 40X objectives. 
2.2. [bookmark: _Toc347047059][bookmark: _Toc377297316]ORIGIN, GROWTH AND MAINTENANCE OF CELL LINES
2.2.1. [bookmark: _Toc377297317]Cell lines origin
TR146 Oral Squamous Cell Carcinoma cell origin: Tr146 cells were bought from (HPA cultures, UK). TR146 is tumour cell line derived from a human female (67 years) buccal mucosa with the following characteristics: cells derived from undifferentiated non-keratinized stratified epithelium sharing many morphological and functional characteristics of normal mucosa.

Ca9.22 Oral Squamous Cell Carcinoma cell origin: Ca9.22 cells were bought from (Health Science Research Resources Bank, Osaka, Japan). Ca9.22 cell line is derived from a human male gingiva showing increased expression of EGFR and contains a p53 mutation at codon 248.

DOK Dysplastic Cell origin: DOK cells were obtained from (HPA cultures, UK). The DOK cell line is characteristic of a dysplastic oral keratinocyte cell and is associated with in vivo lesions showing mild/moderate dysplasia. It was isolated from the dorsal tongue of a 57-year-old male-heavy smoker. After a squamous-cell carcinoma was removed from the patient, the remaining dysplasia was subsequently removed. The cells have an increased expression of p53.

2.2.2. [bookmark: _Toc377297318]Media Preparation
Media was prepared in a BioQuell microbiological class II safety cabinet. Media was stored at 4°C and warmed to 37°C in a water bath prior use.

TR146 Cells Medium: the TR146 cells were maintained in DMEM + GlutaMAX TM-1 (Life Technologies) supplemented with Foetal bovine serum (FBS) (10%) and Pen/Strep (1%).

Ca9.22 Cells Medium: the TR146 cells were maintained in MEM (Sigma) supplemented with FBS (10%), Penicillin/Streptomycin (1%) and 200mM L-Glutamine (1%).

DOK Cell Medium: the DOK cells were maintained in DMEM + GlutaMAX TM-1 (Life Technologies) supplemented with FBS (10%), Pen/Strep (1%) and 200mM L-Glutamine (1%) and Hydrocortisone (5μg/ml).

2.2.3. [bookmark: _Toc347047060][bookmark: _Toc377297319]Maintenance of cell lines
Ca9.22, TR146 and DOK cells were cultured in a humidified atmosphere of 95 % air/5 % CO2, calibrated to 37°C, and maintained in the MEM and DMEM medium, respectively.

Cells Passaging: All cells were passaged regularly  they reached ~70-80% confluence. Culture medium was removed from cells and cells were rinsed with Phosphate Buffered Saline (PBS). Trypsin was added to detach cells for ~5 min at 37°C following by the addition of equal amount of media to inactivate the enzyme. Cells were centrifuged for 5 min at 1200 RPM. The pellet was re-suspended in the required volume of media (1:3 split ratio for laboratory stock). Visualisation under the microscope followed to ensure cells have been passed successfully. Cells were placed in the incubator at 37°C.

Cell Thawing: Cells for long-term storage were kept in liquid Nitrogen. Cells kept in cryotubes were removed from liquid nitrogen and were quickly warmed in a water bath at 37°C for ~1 min. Cells were transferred to the Falcon tube containing full serum medium and were centrifuged at 1200RPM for 5 min. Cells were grown in full serum media until confluent and then transferred to larger flasks. 

Cell Freezing: Cells were grown to the required confluency, trypsinized and centrifuged as per previously described protocol. The supernatant was discarded and the pellet was resuspended in the appropriate cell line medium. Cells were counted and ~ 1million cells/ml were added to each cryogenic vial along with DMSO (10%). Vials were placed in a Mr. Frosty (a cryotube holder that is designed to achieve a rate of cooling very close to -1°C/min required for successful cell cryopreservation,and recovery) at -80°C overnight followed by their transfer in liquid N2 for long term storage.





CHAPTER 3
Saliva, Salivary proteins and N-Glycosylation: 
Initial characterisation of salivary glycans & a preliminary study of salivary glycans of OC patients








3. [bookmark: _Toc377297320]Saliva, Salivary proteins and N-Glycosylation
3.1. [bookmark: _Toc377297321]Introduction
Mammalian proteins can undergo posttranslational modification (PTM) through the attachment of organic and inorganic moieties bringing with them more complex structures and conferring functions. Glycosylation reflects a complex orchestrated mechanism required to generate a carbohydrate PTM, in a coordinated effort involving organelles, glycosyltransferases, nucleotide sugars and nucleotide sugar transporters, further explained in section 3.2  (Stowell et al., 2015). Glycosylated cell membrane proteins, collectively known as the glycocalyx, can cover the surface of cell membranes or they can be found as secreted glycoproteins. The carbohydrate content ranges from 1% to over 85% by weight in certain proteins. Interestingly more than 1% of the total genome encodes for the approximately six hundred molecules involved in oligosaccharide synthesis (Varki and Varki, 2007). Glycoproteins are formed when oligosaccharide or glycan chains are covalently attached to a polypeptide backbone. Glycosidic linkages contribute to the complexity of glycosylation, with three different hexoses capable of forming over 1000 different triscaccharides. The precise linkage between the sugars of glycoproteins is of fundamental importance in determining the structure and function of these molecules. Glycosylation plays an important role in many processes including (1) modulation of physicochemical properties such as solubility, viscosity, charge, conformation, denaturation and binding sites for bacteria and viruses, (2) protection against proteolysis, (3) affecting proteolytic processing of precursor proteins to smaller products, (4) involvement in biological activity, (5) involvement in the insertion into membranes- intracellular migration, sorting and secretion, (6) affecting embryonic development and differentiation and (7) affecting sites of metastasis selected by cancer cells. Although over 200 monosaccharides are found in nature only eight are commonly found in the oligosaccharide chains of glycoproteins. The most common monosaccharides found attached to mammalian proteins are shown in Fig. 3.1. and include D-mannose (Man or Hexose), D-galactose (Gal or Hexose), D-glucose (Glc or Hexose), L-fucose (Fuc or deoxyhexose), N-acetylglucosamine (GlcNAc or HexNAc), N-acetylgalactosamine (GalNAc or HexNAc) and N-acetylneuraminic acid (sialic acid, NeuAc or Sia). N-acetylneuraminic acid can carry one or more additional substitutions at the hydroxyl groups on C-4, C-7, C-8 and C-9 (O-acetyl, O-methyl, O-sulfate, O-lactyl or phosphate groups). 
Depending on the nature of the linkage between their polypeptide chain and their oligosaccharide chains, glycoproteins can be divided into three groups: (1) those containing an O-glycosidic linkage involving the side chain of serine or threonine and a sugar such as N-acetylgalactosamine (GalNAc), (2) those containing an N-glycosydic linkage involving the amide nitrogen of aspargine and N-acetylglucosamine and (3) those linked to the carboxyl terminal amino acid of a protein via a phosphoryl-ethanolamine moiety joined to a glycan which in turn is linked via glucosamine to phosphatidylinositol (PI), referred to as glycophosphatidylinositol anchored glycoproteins. 
Aberrant N-linked and O-linked glycosylation, in cell surface proteins or circulating proteins, has been found in all types of cancer, correlating with the progression and metastatic potential of cancer (Hauselmann and Borsig, 2014). The focus of this study is on N-glycans in saliva. This is becasuse the study of O-linked glycosylation is associated with a number of limitations among which is the lack of primary amino acid consensus sequence, the lack of specific enzymes and difficulties in releasing O-glycans. These limitations have directed most technological advancements towards the study of N-glycans, hence the focus on N-linked glycosylation.
The complete set of glycans, attached to proteins, lipids or proteoglycans, in cells and tissues is referred to as the glycome. In this thesis the use of  ‘salivary glycome’ refers specifically to N-glycans attached to proteins found in saliva. The nature of the proteins can be either of ductal origin or from cellular origin. To get a complete view of the salivary N-glycome in order to discriminate between individuals without OC and individuals with OC, whole saliva was used.  Even though epithelial cells are found in saliva along with a myriad of other components, only the proteins found in saliva were precipitated and deglycosylated. Specific gland salivary analysis and comparison between ductal saliva, oral and whole saliva was not performed in this study. Future analysis of salivary proteins based on origin will undoubtedly provide a simplification of the salivary glycome and will give insight into the mechanisms of normal oral physiology and pathology.
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[bookmark: _Toc372327462][bookmark: _Toc372382492][bookmark: _Toc372383145]Fig. 3.1. Structure and nomenclature of monosaccharides
Structures and nomenclature of the most common monosaccharides found in mammalian glycoproteins. The structures on the bottom row are N-linked and O- linked attachments found in glycoproteins (Esko et al., 2009)

N-linked glycosylation is distinguished by the presence of a sugar chains linked at asparagine (Asn) in the consensus sequence Asn-X-Ser/Thr where X can be any amino acid excluding proline. Five different types of glycosidic linkages have been identified though the most common is N-acetylglucosamine linked to asparagine. The complexity of N-glycosylation resides at least in part to the non-template driven process. All N-glycans share a common core structure formed from two N-acetylglucosamine residues followed by three mannoses. The GlcNAcβ1-4GlcNAc is also referred to as the chitobiose core. Three main types of N-linked oligosaccharides can be described including complex, hybrid or high mannose all sharing the common core structure but differing in their outer branches. Complex structures can contain mono, di, tri, tetra and even penta antennary structures. High mannose structures typically include oligosaccharides that have two to six additional mannoses attached to the core structure. Hybrid structures contain features of both of the other two classes. Specific arrangement of glycans also known as glycan epitopes have significant importance in blood group determination and specific structures have been shown to be altered in cancer. Fig.3.2 displays the most common oligosaccharides found in mammalian glycoproteins and their symbolic representation and used throughout this study.
Understanding the function of glycans and their changes in physiological and pathophysiological conditions has been complicated by challenges associated with their analysis and characterisation. Site occupancy and the particular carbohydrate sequence and linkages can vary considerably and thus contributes to heterogeneity and diversity.
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[bookmark: _Toc372327463][bookmark: _Toc372382493][bookmark: _Toc372383146]Fig. 3.2. Graphical representation of glycans 
Commonly used symbols and abbreviations for glycans, N-acetylglucosamine (A), Mannonse (M), Galactose (G), Fucose (F) and Sialic Acid (S). Common epitopes include Ley, SLex and STn. N-glycans can form three types of structures high-mannose, hybrid or complex structures. Complex structures can form bi, tri- and tetra- antennary structures.
3.2. [bookmark: _Toc377297322]Biosynthesis of N-glycans
Biosynthesis of N-glycans occurs in the endoplasmic reticulum (ER) and Golgi apparatus (GA) of eukaryotic cells and is an energetically elaborate process driven by glycosyltransferases and glycosylhydrolases. Assembly of the lipid-linked precursor N-glycan and subsequent oligosaccharide processing are controlled by highly specific enzymes. The sugars are initially attached to a Dolichol-pyrophosphate-oligosaccharide (Dol-P-P-oligosaccharide) backbone with the general structure Dol-P-P-GlcNAc2-Man9Glc3, pathway depicted in Fig. 3.3,  followed by the en bloc transfer to a suitable Asn residue of acceptor apoglycoproteins during their synthesis on membrane-bound polyribosomes. To form high-mannose structures only the Glc residues plus certain peripheral Man residues are removed. To form complex type glycans, the Glc residues and four Man residues are removed by glycosidases. The sugars characteristic of complex glycans (GlcNAc, Gal, NeuAc) are added by the action of individual glycosyltransferases in the Golgi. Hybrid chains are formed by partial processing, forming complex chains on one arm and Man structures on the other arm.

Assembly & Transfer of Dolichol-P-P-oligosachharide
1. Phosphorylation of dolichol in a reaction catalyzed by dolichol kinase and using ATP as the phosphate donor to form Dol-P.
2. Dolichol-P-P-GlcNAc is the key lipid that acts as an acceptor for other sugars in the assembly of Dol-P-P-oligosaccharide. It is synthesized in the ER from Dol-P and UDP-GlcNAc.
3. A second GlcNAc residue is added to the first using UDP-GlcNAc as the donor.
4. Five Man residues are added using GDP-mannose as the donor.
5. Four additional Man residues are added using Dol-P-Man as the donor.
6. Three glucose residues are donated by Dol-P-Glc.
The complete oligosaccharide is then transferred from the dolichol precursor to the asparagine in the Asn-X-Ser/Thr sequon with the aid of a protein complex OST. The chaperone calnexin and calreticulin then facilitate the correct folding of the protein. When the protein is folded correctly, all three glucoses as well as one mannose are enzymatically removed from the glycoprotein prior to transfer to the Golgi for further processing.
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[bookmark: _Toc372327464][bookmark: _Toc372382494][bookmark: _Toc372383147]Fig. 3.3. Synthesis of dolichol P-P-GlcNAc2Man9Glc3
Dolichol (red squiggle) phosphate (Dol-P) located on the cytoplasmic face of the ER membrane receives GlcNAc-1-P from UDP-GlcNAc in the cytoplasm to generate Dol-P-P-GlcNAc. Dol-P-P-GlcNAc is extended to Dol-P-P-GlcNAc2Man5 before being “flipped” across the ER membrane to the lumenal side. Four mannose and three glucose residues are added  on the lumenal face of the ER membrane. The oligosaccharide id transferren en bloc to the poly-peptide backbone using oligosaccharide transferase (Esko et al., 2009).

Processing of the oligosachharide
1. Early phase: Removal of the first Glc residue by Glucosidase I and the next two using Glucosidase II. In cases of high mannonse structures processing may stop here or up to four Man residues may be removed.
2. To form complex chains, four Man residues are removed using Mannosidase 1, Man1-A, B, C. 
3. A GlcNAc residue is added to the Man residue of the Man α1-3 arm by GlcNAc transferase1.
4. Man residue is removed by Golgi α-mannosidase II resulting in the common three mannose structure common to all N-glycans.
5. Late phase: to assemble a typical complex oligosaccharide chain, additional sugars must be added. GlcNAc structures are added using GlcNac transferase II. Other residues such as Gal, Fuc or NeuAc are added by the specific galactosyl, fucosyl and sialyl transferases respectively.
The assembly of Dol-P-P-oligosaccharide occurs on both the cytoplasmic and luminal surfaces of the ER membranes. Addition of the oligosaccharide to the protein occurs in the rough ER during or after translation. Removal of the Glc and some of the peripheral Man residues also occurs in the ER. Vesicles containing glycoproteins bud off in the ER and are transported to the cis Golgi. Each residue is added in a specific location in the Golgi as indicated by the differential location of enzymes; α-mannosidase I is located mainly in the cis Golgi, GlcNAc-transferase I in the medial Golgi and Fucosyl, Galactosyl and Sialyl transferases in the trans Golgi. 
Terminal Sialic Acids are most commonly N-acetylneuraminic acid in mammals and can either be α2-3 or α2-6 linked to their adjacent galactose residues. Fucose modification by (FucT) can be either at the reducing terminal core or to one of the antennary GlcNAc residues. Schematic representation of N-glycan processing is shown in Fig. 3.4. 
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[bookmark: _Toc372327465][bookmark: _Toc372382495][bookmark: _Toc372383148]Fig. 3.4. Processing of N-glycans
N-glycoprotein processing following transfer of the 14-sugar Glc3Man9GlcNAc2 glycan to protein. Sequential trimming of glucose and mannose residues in the ER and Golgi by glucosidases and mannosidases, followed by re-glycosylation in the cis, medial and trans-Golgi via N-acetylglucosaminyl-transferases (GNT-I, II, IV, V), galactosyltransferases (GalT), sialyltransferases (ST) and fucosyltransferases (FucT) (Mittermayr, 2013).




3.3. [bookmark: _Toc377297323]Oral Cancer : The glycosylation paradigm 
Neoplastic transformation changes cellular functions that impact growth, survival, cellular migration, metastasis and general behaviour of affected tissues. Genetic, as well as epigenetic modifications, are responsible for neoplastic transformation. Of particular interest has been glycosylation, since many cancer cells exhibit different profiles of oligosaccharide chains on their surfaces, some of which may play a role in cancer progression and metastasis (Nardy et al., 2016). Despite the complexity of glycosylation, under normal physiological conditions glycosylation is a highly reproducible and cell specific process. Changes in glycosylation are indicative of the pathological status of cells, thus, having possible implications on many biological processes (Xia et al., 2009). Altered glycosylation has been associated with cancer and is an avenue for potential discovery of glycan-based biomarkers (Ruhaak et al., 2013). 
Altered glycosylation of N-linked glycans in cancer is typically associated with β1-4 branching, facilitated by β1, 6-N-acetylglucosaminetransferase 5 (Gnt5). The increased expresssion of glycosyltransferases and nucleotide sugar transporters have been linked to hypoxic condition, such as experienced by tumours (Koike et al., 2004, Shirato et al., 2011). In every cancer type upregulation of glycosyltranserases has been detected, leading to expression of common epitopes such as Lex, Ley, sLex/sLea, Thomsen-nouvelle antigen (Tn) and sialyl-Tn (sTn) (Pinho and Reis, 2015, Ho et al., 2016, Lau and Dennis, 2008). With respect to OC, upregulation of Ley was correlated to poor prognosis of OC patients. A study in OC cell lines by Lin et al., (2015), demonstrated increased levels of Ley expression on EGFR resulting in the stabilization of the receptor and activation of downstream signalling pathways resulting in increased cell migration. 
Increases in the fucose content of glycans has also been reported in cancer.  Aberrant fucosylation is linked to the distruption of cell-cell interactions and also to the modification of growth factor receptor functions, ultimely contributing to metastasis (Miyoshi et al., 2008). In oral precancerous and cancerous lesions, the level of fucose, fucosylated proteins and FucT activity was shown to be increased in serum (Shah et al., 2008, Kumar et al., 2015, Manchil et al., 2016). Increased fucosylation is believed to be associated with nicotine forming nitrosamine like carcinogenic metabolites (Shah et al., 2008).  
Furthermore, increased sialyation, usually α2,6 sialyation attributed to increased St6Gal1 sialyltransferase upregulation, has been detected in the clinical setting as well as in experimental models and is associated with a metastatic cell phenotype.  Recently Achalli et al., (2017), demonstrated increased levels of sialic acid in both serum and saliva of patients with oral precancerous and canceorus lesions. Increased levels of sialic acid in saliva has also been demonstrated by Chaudhari et al., (2016), reinforcing the active involvement of glycosylation in oral carcinogensis. 
Aberrant N-glycosylation is tightly linked to the ability of cancer cells to metastasize.  Epithelial cellular organization is, in part, controlled by adherens junctions (AJs) and tight junctions (TJs), which are responsible for cell-cell adhesion and  barrier function, respectively. Interestingly, reduced N-glycosylation of E-cadherin participates in the stabilization of adherens junction by interaction with protein phosphatase 2A (PP2A) subsequently promoting tight junction assembly.  In contrast, increased glycosylation results in destabilization and intracellulalar disruption which is characteristic of cancer spreading (Nita-Lazar et al., 2010). Regulation of the E-cadherin N-glycosylation is mediated by the DPAGT1 gene, which encodes for the N-acetylglucosamine 1-phospho-transferase (GPT). GPT participates in the first step of the synthesis of the lipid-linked oligosaccharide by catalyzing the transfer of GlcNAc from UPD-GlcNAc to dolichol phosphate producing dolichol-PP-GlcNAc. GPAGT1 mediates and it is mediated by the Wnt/β-catenin signalling. Aberrant GPAGT1 induction results in repression of E-cadherin based adhesion, driving carcinogenis.  In oral carcinogenesis, dysregulation of the DPAGT1, E-cadherin and canonical Wnt signalling is believed to be an active mechanism (Varelas et al., 2014). 
Lastly, aberrant glycosylation has been linked to the ability of cancer cells to escape the immunosurveillance mechanism (Nardy et al., 2016). Increased sialylation has been shown to be the mechanisms through which tumor evasion is achieved. Hyperpsialylation of the Fas receptor (CD95) weakens binding to the Fas-ligand (CD95L) (Lee et al., 2006), blocking the downstream activation of caspases and consequently the apoptotic pathway that would normally lead to cell death (Hauselmann and Borsig, 2014). 















3.4. [bookmark: _Toc377297324]Oral Cancer: The role of saliva
The mixed fluid in the mouth (whole saliva) is a complex biofluid composed of secretions from the salivary glands, gingival crevicular fluid (depending on the periodontal status of each individual), non-adherent oral bacterial, food debris, desquamated epithelial and blood cells, as well as traces of medications or chemical products (Humphrey and Williamson, 2001). The parotid, submandibular and sublingual glands (Fig. 3.5.) secrete 90% of saliva whereas the remaining 10% is produced by minor salivary glands including the lingual, labial, buccal, palatine and glossopalatine (Dodds et al., 2005). The acini of secretory glands are classed as serous, seromucous or mucous. The acini of the parotid gland are mainly serous and seromucous, the submandibular glands are seromucous and the sublingual are mainly mucous, determining the type of saliva produced. The acini of the minor salivary glands have different features dependent on their location (Fábián et al., 2007). 
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[bookmark: _Toc372327466][bookmark: _Toc372382496][bookmark: _Toc372383149]Fig. 3.5. Anatomical location of the three major salivary glands
Anatomy of the three major salivary glands include the (1) parotid glands located opposite the maxillary first molars, (2) the submandibular  and (3) sublingual glands located on the floor of the mouth (Nieuw Amerongen et al., 2007). Minor glands (not shown) are located in the lower lip, tongue, palate, cheeks and pharynx.
Saliva formation is a two stage process whereby the acinar cells first secrete an aqueous plasma-like primary fluid, followed by modification during its passage through the water impermeable ductal cell system (Dodds et al., 2005).
Saliva is an important constituent of the oral cavity playing a key role in a variety of functions including: (i) maintaining oral and dental health through the facilitation of remineralisation of teeth, modulating the adhesion of microorganisms to teeth and other oral surfaces, (ii) participating in the ingestion and digestion of food and (iii) mediating taste sensation. Saliva can be divided into two categories, unstimulated and stimulated saliva, where the former refers to saliva produced under resting conditions and the latter referring to saliva produced after certain stimuli such as chewing. The resting saliva flow rate is approximately 0.25-0.35 mL/min whereas the flow of stimulated saliva increases to 1-3 mL/min (de Almeida et al., 2008). The contribution from each gland in unstimulated saliva is 65-70% from the submandibular glands, 20% from the parotid glands, 7%-8% from the sublingual and <10% from the minor glands (Fábián et al., 2007).  
Saliva contains both organic and inorganic components, supplemented with components that originate from blood serum, from intact or destroyed mucosal and immune cells, and from intact or destroyed oral microorganisms that together result in a complex mixture of a variety of constituents. The inorganic constituents of saliva include water (~94% of saliva), bicarbonate, phosphate, sodium, chloride, potassium and calcium. Other components include proteins, carbohydrates, lipids and ions that interact to fulfil its functions. The protein content of whole saliva varies from 0.5 to 3.0 mg/ml, although individual salivary glands produce saliva with different protein concentrations. Parotid saliva has 0.4 to 4.0 mg/ml protein content, while submandibular and sublingual saliva have a protein concentration ranging from 0.6 to 1.5 mg/ml (Fábián et al., 2007).  To date more than 2400 proteins have been characterized in whole saliva. There are approximately 200-300 distinct salivary proteins produced by the salivary glands, while the rest either originate from serum, or from mucosal and/or immune cells and microorganisms. Proteins of gland secretion represent 85% by weigh of the salivary proteome and include α- amylase, carbonic anhydrase, histatins, mucins, proline-rich proteins (acidic, basic and basic glycosylated), statherin, P-B peptide and salivary-type (S-type) cystatins (Castagnola et al., 2011a). The protein and peptide contribution in saliva from different  salivary glands is shown in Table 3.1. 
[bookmark: _Toc372382562][bookmark: _Toc372383695]Table 3.1. Different contributions of salivary proteins and peptides 
	Peptide or Family
	Parotid glands
	SM/SL glands
	Plasma exudate
	GCF

	Acidic PRP (all the isoforms) 
	****
	***
	 
	 

	 
	 
	 
	 
	 

	Basic PRP 
	****
	 
	 
	 

	 
	 
	 
	 
	 

	Basic glycosylated PRP 
	***
	 
	 
	 

	 
	 
	 
	 
	 

	Histatin 3 
	****
	***
	 
	 

	 
	 
	 
	 
	 

	Histatin 1 
	****
	***
	 
	 

	 
	 
	 
	 
	 

	Statherin 
	****
	****
	 
	*

	 
	 
	 
	 
	 

	P–B peptide 
	**
	****
	 
	*

	 
	 
	 
	 
	 

	‘‘S-type’’ cystatins 
	*
	****
	 
	 

	 
	 
	 
	 
	 

	Amylase 
	****
	* 
	 
	 

	 
	 
	 
	 
	 

	MG1 
	 
	****
	 
	 

	 
	 
	 
	 
	 

	MG2 
	 
	***
	 
	 

	 
	 
	 
	 
	 

	Albumin (HSA) 
	 
	 
	**
	**

	 
	 
	 
	 
	 

	Thymosins β4 and β10 
	 
	 
	? 
	**

	 
	 
	 
	 
	 

	-Defensins 1–4 
	 
	 
	*
	**



Modified from Messana et al., 2 (2008)
P- Parotid gland, SM-submandibular glands, SL- sublingual glands, GCF- gingival crevicular fluid, HAS- human serum albumin, **** asterix indicating high contribution, *** medium contribution, ** low contribution, * very low contribution, ? unknown contribution

Proteins found in saliva are associated with specific functions, though some proteins may have multiple functions. Of the proteins found in saliva 21% are related to immunity, 1.6% to protein replication and reparation, 4.8% to cell mobility and secretion, 2.3% to transcription and ribosomes, 4.2% to cell multiplication and cell cycle, 9.7% with signal transduction, 5.2% with metabolism and 7.1% with the cytoskeleton and endomembrane. The remaining 28.7% are proteins of uncertain function and 15.4% of completely unknown function (Wu et al., 2009, Castagnola et al., 2011b). Salivary proteins also have a large amount of bound carbohydrates, with most proteins having a 10-40% carbohydrate content whereas some can have up to 80% of the total molecule e.g. mucins. The most important constituents are aminosugars, galactose, mannose and sialic acid (N-Acetylneuraminic acid), N-Acetylgalactosamine, N-Acetylglucosamine and glucuronic acid. The total amount of protein bound carbohydrate is 300-400 µg/ml of which sialic acid constitutes 50-100 µg/ml. The carbohydrate content of proteins is important in increasing the viscoelasticity of saliva, prevention of proteolysis, prevention of acid precipitation and labelling/antigen function. The function, origin, gene and main protein formed as well as the main PTMs from the major salivary glands are shown in Table 3.2. 
[bookmark: _Toc372382563][bookmark: _Toc372383696]Table 3.2. Families of major salivary proteins: principal function, origin, genes, name of mature proteins, and main posttranslational modifications (PTMs) 
	Family
	Origin
	Function
	Gene
	Mature Protein
	PTMs

	α-amylase
	P/SM/SL
	Antibacterial, digestion, tissue coating 
	AMY1A 
	α-Amylase 1 
	Disulfide bond, N-glycosylation, phosphorylation, proteolytic cleavages 

	
	
	
	
	
	

	
	
	
	
	
	

	Acidic PRPs 
	P/SM/SL
	Lubrication, mineralization, tissue coating 
	PRH1, PRH2 
	Db-s, Pa, PIF-s, Pa 2-mer, Db-f, PIF-f, PRP-1, PRP-2, PRP-3, PRP-4, P–C peptide 
	Disulfide bond, further proteolytic cleavages, phosphorylation, protein network 

	
	
	
	
	
	

	Basic PRPs 
	P
	Binding of tannins, tissue coating 
	PRB1, PRB2, PRB3, PRB4 
	I-1, II-2, CD-IIg, IB-1, IB-6, IB-7, IB-8a (Con1-/+), P–D, P–E, P–F, P–J, P–H, PRP Gl 1–8, protein N1, salivary PRP Po 
	Disulfide bond (Gl 8), further proteolytic cleavages, N- and O-glycosylation, phosphorylation, protein network 

	
	
	
	
	
	

	Glycosylated PRPs 
	
	Antiviral, lubrication 
	
	
	

	
	
	
	
	
	

	Carbonic anydrase VI 
	P/SM
	Buffering, taste 
	CA6
	Carbonic anhydrase 6 
	Disulfide bond, glycosylation 

	
	
	
	
	
	

	Cystatins 
	P/SM/SL
	Antibacterial, antiviral, mineralization, tissue coating 
	CST1, CST2, CST3, CST4, CST5 
	Cystatin SN, cystatin SA, cystatin C, cystatin S, cystatin D 
	Disulfide bond, O-glycosylation, phosphorylation, sulfoxide, truncated forms 

	
	
	
	
	
	

	Histatins
	P/SM/SL
	Antifungal, antibacterial, mineralization, wound-healing 
	HTN1, HTN3 
	Histatin 1, histatin 2, histatin 3, histatin 5, histatin 6 
	Further proteolytic cleavages, phosphorylation, sulfation 

	
	
	
	
	
	

	Lactoferrin
	All salivary glands
	Antibacterial, antifungal, antiviral, innate immune response 
	LTF 
	Lactoferrin
	Disulfide bond, glycosylation, phosphorylation 

	
	
	
	
	
	

	Lysozyme 
	P
	Antibacterial
	LYZ 
	Lysozyme C 
	Disulfide bond

	
	
	
	
	
	

	
	
	
	
	
	

	Mucins 
	All salivary glands
	Antibacterial, antiviral, digestion, lubrication, tissue coating 
	MUC5B, MUC19, MUC7 
	Mucin-5B, mucin-19, mucin-7 
	Disulfide bond, N- and O-glycosylation, phosphorylation 

	
	
	
	
	
	

	Peptide P–B 
	P
	Not- defined
	SMR3B (PROL3) 
	Proline-rich peptide P–B 
	Proteolytic cleavages 

	
	
	
	
	
	

	
	
	
	
	
	

	Statherins
	P
	Inhibits crystal formation, lubrication, mineralization, tissue coating 
	STATH 
	Statherin, statherin SV2 
	Phosphorylation, proteolytic cleavages, protein network 

	
	
	
	
	
	

	
	
	
	
	
	


Modified from Castagnola et al., (2011a)
PRP proline-rich protein, P -parotid, SM -submandibular, SL- sublingual, GCF gingival crevicular fluid 

 The lipid content of whole saliva ranges from 10-100 µg/mL, most of which is of glandular origin and is believed to be involved, among other things, in dental plaque and caries formation (Tomita et al., 2008). Other molecules found in saliva are nucleic acids (DNA, RNA), hormones, growth factors, neurotransmitters, amino acids, urea, lactate, citrate, vitamins, creatinine, prostaglandins, chemical constituents of foods, cosmetics, tooth pastes and dental materials. Saliva thus provides an informative body fluid containing an array of analytes that can be used as biomarkers (Nagler, 2009). 
The clinical utility of saliva has been demonstrated by its utilisation to determine levels of various substances such as hormones and drugs. Salivary analysis has also been used for detection of viral, bacterial and other systemic diseases. In terms of OC it can be an extraordinary non-invasive method for monitoring concentrations of biomarkers, not only for diagnostic purposes, but also for prognostic evaluation and post-treatment recurrenence evaluation. Furthermore, the clinical utility of saliva compared to other body tissues is based on the ease of sample collection, storage, transport, cost effectiveness, availability of large sample volume for analysis and repeated sampling for monitoring over long periods of time (Castagnola et al., 2011b). 
However it is important to note that each individual is likely to have a different protein composition in saliva (Cabras et al., 2009). Variation in the salivary content is linked to the normal circadian variations, stress, inflammation, infection and hormonal changes. Variability in the protein content amongst individuals can be linked to different polymorphic phenotypes and to strain-species differences in protein-microbial interaction (Rudney, 1995, Humphrey and Williamson, 2001). Polymorphic variations can be genetic in origin or can derive from several post-translational modifications which can occur during the trafficking of the proteins through the secretory pathway and after secretion (Castagnola et al., 2011b). 


3.5. [bookmark: _Toc377297325]Techniques employed in the detection of biomarkers in saliva
Despite the staggering amount of candidate markers that have been proposed for diagnosis and prognosis of different types of cancer very few positive findings can be reproduced, with only a handful assays approved for clinical implementation. The general belief is that cancer progression results from advancing abnormalities from the normal status. Ideally, diagnostic markers should signal the onset of the disease long before clinical symptoms become evident. This requires analysis of pre-diagnostic samples in easily accessible proxy tissues. Compared to tissue biopsy, saliva testing provides an ideal target for disease screening and diagnosis as it is easily accessible and minimally invasive, with the possibility of repeated sampling for monitoring disease development at a minimum cost. The concept of using saliva for disease detection has been applied and many ‘proof of principle’ assays have been established in different malignancies including cardiovascular disease, renal disease, psychological disorders, diabetes, autoimmune disease, infection diseases, common oral diseases and OC. In respect to OC, saliva is ideal for detecting biomarkers as it has the distinct advantage of being in direct contact with the oral lesions and thus the DNA, RNA and protein derived from the living cancer cells, and inflammatory cells, can be obtained from saliva. Currently, identification of biomarkers is achieved through genomic, proteomic, transcriptomic, metabolomic, glycomic and lipidomic techniques (Fig. 3.6). The salivary genomic and transcriptomic components are analysed using quantitative real time polymerase chain reaction (qRT-PCR) and micro array technology. Different methodologies are employed in the isolation, identification and expression of salivary proteins and peptides. Protein expression is analysed using high-performance liquid chromatography (HPLC) or two dimensional polyacrylamide gel electrophoresis (2D-PAGE). To further characterize the nature of these proteins/peptides advanced mass spectrometry analyses are employed. The technology behind “chip on a stick” type device is already established and many research groups have developed salivary diagnostic devices that can be used in the clinical setting to perform such test. 
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[bookmark: _Toc372327467][bookmark: _Toc372382497][bookmark: _Toc372383150]Fig. 3.6. Techniques employed in biomarker research 
Biomarkers can be found in any biological sample such as in tissue or bodily fluids.  Research avenues to detect biomarkers has extended to genomic, transcriptomic, proteomic, metabolomic, lipidomic and glycomic analysis. A wide range of technologies, from DNA sequencing, gene-expression profiling and MS techniques   can be utilised for the detection of biomarkers (Wu et al., 2011).





The aim of this study was to determine if N-glycosylation  changes could be used as biomarkers for the detection of OC. The study approach is sdepicted in Fig. 3.7 and includes (i) characterisation and analysis of the healthy total pooled salivary glycome, (ii) discovery of the identity of the differential glycan species between OC or precancerous lesions with normal oral mucosa. (iii) confirmation and validation of the differential glycan biomarker(s). Clinical implementation requires validation of the glycan(s) in large sample size studies to confirm the clinical significance in the diagnosis, prognosis, and prediction of therapeutic response will form part of a future study.

[bookmark: _Toc372327468][bookmark: _Toc372382498][bookmark: _Toc372383151]Fig. 3.7. Schematic approach for glycomic biomarker analysis of OC
The salivary N-glycan biomarker discovery platform includes the characterization of the total salivary pool from patients with and without oral precancerous and cancerous lesions (Stage 1), the discovery of putative biomarkers (Stage 2) and confirmation of the proposed biomarkers (stage 3) through multi-dimensional analysis including HILIC-UPLC, charge separation, exoglycosidase digestions, and isotopic labelling coupled with MS quantitative and qualitative analysis.  The last stage in the biomarker discovery process is dermination of the clinical utility of the proposed biomarker and its implementation into the clinical setting. 

3.6. [bookmark: _Toc377297326]Analysis of N-glycans
3.6.1. [bookmark: _Toc377297327]Structural elucidation of N-glycans and analytical challenges
Structural determination of N-glycans is accompanied by a number of analytical challenges due to their inherent complexity and branched nature but also due to the absence of chromophores and fluorophores. Moreover, their structural conformation can be closely related but differ in positional or linkage isomers. Thus, high-resolution techniques are needed to be able to characterize complex glycan mixtures. Furthermore, the same glycoprotein may be occupied by diversified carbohydrate moieties, even at the same glycosylation site (microheterogeneity) or exhibit different glycosylation site occupancy (macroheterogeneity). Matrix assisted laser desorption ionization mass spectrometry (MALDI-MS) and high performance liquid chromatography (HPLC) have been the dominant analytical techniques applied for the discovery of glycan biomarkers in biological fluids or tissue samples. Different derivation methods to facilitate ionization and stabilize highly labile sialic acid residues, such as permethylation, have been developed. The inability to differentiate between isobaric glycan structures without using tandem mass spectrometry within the ion source of the mass spectrometer remains a significant limitation. Separation techniques such as HPLC/UPLC and capillary electrophoresis hold an advantage over MS techniques allowing for isomeric oligosaccharide separation. 

3.6.2. [bookmark: _Toc377297328]Chromatographic analysis of N-glycans
The release of N-glycans from the protein backbone is most often achieved using the endoglycosidase PNGase F (E.C. 3.5.1.52.) (Esko et al., 2009). The specificity of PNGase F allows liberation of glycans by cleaving the innermost GlcNAc residue linked to the asparagine residue of all types of N-glycans (complex, hybrid and high mannose structures). The preferred procedure of glycan release is directly from reduced and alkylated glycoproteins or the glycoproteins denatured in a denaturing solution such as SDS and β-mercaptoethanol or dithiothreitol (DTT) at 100°C or even under native conditions. The released glycans can be subjected to different labelling derivatisation e.g. 2-AB or APTS, depending on the subsequent method of analysis. 
Hydrophilic interaction liquid chromatography is the method of choice for glycan analysis as described in Section 3.4.3. Reverse Phase (RP) and size-exclusion chromatography (SEC) for glycan analysis is also possible, though with associated limitations, including lower associated applicability, selectivity and lower efficiency for relatively small glycans (0.1-5kDa range). RP separation is based on hydrophobicity, providing weak interaction for polar glycans. Capillary electrophoresis (CE) is an alternative method for glycan analysis based on the principle of separation driven by electrical field, thus conferring different selectivity. Simultaneous analysis using different methods, despite more laborious, allows for monitoring experimental discrepancies such as loss of labile glycan constituents or salt content. 
3.6.3. [bookmark: _Toc377297329]N-Glycan separation using hydrophilic interaction liquid chromatography 
Hydrophilic interaction liquid chromatography (HILIC) is an established method for glycan analysis based on highly reproducible and predictive selectivity i.e. increasing retention with glycan size and hydrophilicity. Other parameters such as charge, composition, linkage and oligosaccharide branching contribute to the overall hydrophilicity, and thus to the elution order when using amide or amine- based stationary phases. In HILIC analysis, glycans are retained according to the number and accessibility of polar groups, primarily hydroxyl groups (Song and Mechref, 2015). The combined application of HILIC- Ultra performance liquid chromatography (HILIC-UPLC) with the advent sub- 2μm stationary phase allows for fast, high efficiency separation and reduced analysis times (Ahn et al., 2010). Adding to these advantages, HILIC-UHPLC based glycan databases have significantly eased data interpretation. Glycan characterization can be made easier by combining the exoglycosidase digestion with HILIC–UHPLC fractionation, adding to the versatility of this method.
Glycan derivatization with a fluorophore is necessary for femtomole (fm) detection. Labelling agents include 2-aminobenzamide (2-AB), 2-aminobenozic acid (2-AA), 2-aminopyridine (2-AP), or 8-amino-1, 3,6-pyrenetrisulfonic acid (APTS). 2-AB offers many advantages including its compatibility with a variety of analytical methods, non-selective mechanism of 2-AB labelling and 1:1 stoichiometry (Bigge et al., 1995). 
2-AB labeled Dextran, a glucose homopolymer, is used to calibrate the HILIC columns against time and therefore, reduces system variability. Hydrolysed dextran gives the characteristic profile from monomeric glucose to approximately 20 or more glucose oligosaccharide. Plotting Glucose Units (GU) values against retention time results in a calibration curve that can be fitted a fifth order polynomial distribution, which could be used to allocate GU values from retention times for an unknown glycan sample (Doherty et al., 2012). Generally the GU value increases with the addition of monosaccharides and contributions of individual monosaccharides to the overall GU value can be calculated. In conjunction with exoglycosidase digestion, GU values provide a robust method for glycan identification and also linkage information.

3.6.4. [bookmark: _Toc377297330]Enzymatic Digestion of N-linked Glycans
Exoglycosidase enzymatic digestion represents a powerful means for glycan structure elucidation due to the specific cleavage of monosaccharide constituents from non-reducing termini. Comparison of pre and post enzymatic digestion chromatographic profiles identifying peak shifts implies the presence of the specific residue(s) but must make sense alongside the relative peak areas. Sophisticated digest cascades can lead to identification of positional isomers (Doherty et al., 2012). Furthermore, different endoglycosidases, for the release of asparagine-linked sugars moieties from glycoproteins can be applied. PNGase F, as mentioned before, releases all classes of N-linked glycans, whereas Endo-β-N-acetylglucosaminidase H (Endo H) specifically releases high mannonse and hybrid structures. PNGaseF cleaves between the asparagine and the GlcNAc residue whereas EndoH cleaves glycans between the two GlcNAc residues in the core region.

3.6.5. [bookmark: _Toc377297331]Weak Anion Exchange Chromatography (WAX) analysis
WAX fractionation allows the separation of glycans based on the degree of sialytion or other charge inducing modifications, such as phosphorylation or sulphation. The specific fractions, although exhibiting the same charge, may contain several glycan structures differing in branching, composition of monosaccharides and their position or linkage (Doherty et al., 2012).


3.6.6. [bookmark: _Toc377297332]Mass Spectrometry analysis of N-linked Glycans
Mass spectrometry (MS) offers an alternative method for glycan analysis, facilitating the measurement of distinct analyte mass and charge properties. A wide range of MS equipment is available for glycan analysis (Wuhrer, 2013), which may be used as a stand alone technique or in combination with separation methods such as HPLC-UPLC and CE. The type of mass analyser (ion trap, quadropole, time of flight (TOF), Fourier transform ion cyclotron resonance (FT-ICR) and Obitrap), the ionization method and whether positive or negative mode operations is used influence what types of fragment ions will dominate. Negative-mode MS of glycans both for Matrix Assisted Laser Desorption Ionisation (MALDI) and Electrospray Ionisation (ESI) has received much attention due to several advantages, including effective ionization for acidic glycans (Mechref and Novotny, 2002, Novotny and Alley, 2013).
The most common ionization methods for structural and quantitative analysis of both glycoproteins and glycans are MALDI and ESI. Both MALDI and ESI-MS can be performed in multiple stages to produce tandem spectra of glycans most commonly through collisional induced dissociation (CID). The resultant type of cleavage can be either glycosydic cleavage or cross-ring cleavage. The type of fragmentation ion products shown in Fig. 3.8. follow the nomenclature proposed by Domon and Costello (1988). MS in combination with online databases allow glycan identification based on the mass of carbohydrates. The limitation of this technique resides in the high structural diversity of glycans with numerous combinations resulting in equal mass values. Moreover at the monosaccharide level stereoisomers (Man and Glc) exhibit the same masses, thus limiting the ability of MS identification. MS detection may be combined with monosaccharide sequencing by exoglycosidase digestion inducing mass shift monitoring. HILIC fractionation enabling the collection of fractions with high individual structure purity and subsequent MS analysis is possible for complex samples. 

[image: ] 

[bookmark: _Toc372327469][bookmark: _Toc372382499][bookmark: _Toc372383152]Fig. 3.8. Nomenclature of product ions of glycans in tandem- MS
Tandem-MS product ions of glycans and glycoconjugates. Illustration of the A, B, C and X, Y, Z nomenclature based on Domon and Costello, (1988). Glycans can consist of multiple monosaccharide residues linked together via glycosidic bonds.  CID fragmentation results in cleavage of  the glycosydic linkages within a molecule or can result in cross-ring fragmentation. Analysis of the resulting fragments can provide composition and linkage information of the glycan sample. 
3.6.7. [bookmark: _Toc377297333]LC-ESI-MS
The application of soft-ionization techniques (ESI and MALDI) and MS for the identification of peptide and carbohydrate moieties has gained widespread utilisation (Song and Mechref, 2015). Peptide and glycan identification through this method demonstrated numerous advantages, including fast, accurate, and minimal amount of sample necessary in the analysis of complex mixtures. ESI is considered a soft ionization technique because it imparts little energy to the analyte molecules, resulting in minimal or no analyte fragmentation, preserving non-covalent interactions present in solution. ESI produces gas-phase ions from solution-phase analytes by creating a spray of charged droplets in an electric field. The sample solution is sprayed through a highly charged needled (ESI capillary) which is at atmospheric pressure. Under the action of the electric field the analyte solution forms the ‘Taylor cone’ at the tip of the emitter. The extent of the deviation from the normal meniscus shape caused by surface tension depends on the strength of the applied electric field. The charge density is highest at the apex of the cone and as it approaches the Rayleigh limit, a fine liquid jet is emitted which breaks off into small droplets with diameters in the micrometre range. A nebulizing gas such as nitrogen may aid droplet formation. The desolvation process decreases droplet size and leads to the columbic repulsion between the charges present in the droplet and further the droplet fission leads to the formation of individual gas phase analyte ions, that are guided through ion optics into the mass analyser. When the electrostatic repulsion between the ions in the droplet becomes greater than the surface tension (Rayleigh limit) the droplet undergoes Coulomb fission splitting into smaller and more stable droplets (Wilm, 2011).
Electrospray ionization and CID based MS analysis may be used with different type of instruments such as ion traps, Orbitrap, quadrupole, TOF and FT-ICR instruments. Coupled with chromatographic analysis, LC-ESI-MS provides well-resolved spectra. ESI is milder than MALDI and thus less unwanted fragmentation is achieved.

3.6.8. [bookmark: _Toc377297334]Glyco-informatics
The development of glycan databases is a somewhat recent development, due to the non- template driven glycan biosynthesis as is transcription and translation. Currently, there are a number of databases that list discovered glycans and help interpretation of MS data and GU values of glycans, respectively. Such databases include the Consortium for functional Glycomics, Glycoworksbench, SimGlycanR, GlycoPeakFinder and Glycobase 3.2. There are also de novo sequencing tools that require knowledge of glycan biosynthesis to restrict the number of suggested structures.


















3.7. [bookmark: _Toc377297335]Aims of Chapter

1. Determine the N-glycome profile of proteins in saliva
Initially the study aim was to transfer the already established 2μm HILIC/UPLC methods for N-glycan analysis for total salivary protein glycosylation analysis. To investigate the salivary N-glycan composition it is necessary to precipitate the soluble salivary proteins from saliva. Precipitated proteins were digested with  PNGase F for the liberation of N-glycans followed by 2-AB labelling. Glycans were then analysed using a 10 cm column as well as a 15 cm HILIC column.

2. Characterization and Structural determination of the N-glycome profile
Salivary glycan analysis revealed a highly abundant and complicated glycomic profile. To determine the individual glycan species present in saliva a range of techniques was employed, including separation based on charge, exoglycosidase digestion and mass spectrometry analysis.

3. Determine changes in normal patients versus oral cancer patients
The objective of this chapter is also to investigate if the N-linked glycosylation of salivary proteins is different between individuals without oral lesions and individuals with OC or associated lesions. This preliminary study aims to determine if such analysis can be used to identify possible biomarkers of the disease.

3.8. [bookmark: _Toc377297336]Materials and Methods
3.8.1. [bookmark: _Toc377297337]Chemicals and reagents
Reagent water used throughout this study was obtained from a Milli-Q Gradient A10 Elix System (Millipore). Solvents, LC-MS Optima grade were obtained from Thermo-Fisher Scientific (Dublin, Ireland) and Sigma Aldrich (Dublin, Ireland) and were of the highest available quality. Exoglycosidases were obtained from Prozyme unless otherwise stated. 

3.8.2. [bookmark: _Toc377297338] Saliva samples
For initial discovery and method development, pooled normal female and male saliva were obtained from Trinity College Dublin. For the cancer study, saliva samples were collected from 20 patients from the Dublin Dental University Hospital, Ireland. Ethical approval was obtained from the St. James’s Hospital ethics committee (JREC) and is included in Appendix 1. Clinical information of the patients is summarized in Table 3.3. Samples were collected from each patient by passive drooling. Samples were stored at -80◦C until further processing. 

3.8.3. [bookmark: _Toc377297339]Collection of Saliva and precipitation of salivary proteins
Total unstimulated saliva (~1-5 mL) was obtained by passive drooling into a 50 mL Falcon tube from healthy controls and patients displaying various dysplastic lesions. Samples were placed on ice immediately after collection and stored at -80°C until analysis. Approximately 1mL of saliva was centrifuged for 2 min at 13,200 RPM at 4°C. From the clarified saliva 250 µL was precipitated with an equal amount of ice cold 30% (w/v) Trichloroacetic Acid (Sigma) for 10 min on ice. Samples were then centrifuged for 5 min at 13,200 RPM at 4°C. The supernatant was discarded and any residual TCA was carefully removed. Ice cold acetone (200 µL) was then added to the pellet, centrifuged for 1 min at 13,200 RPM at 4°C. After centrifugation the acetone was discarded and the pellet was air dried with tissue paper. Salivary proteins were then stored at -20°C until further analysis.


3.8.4. [bookmark: _Toc377297340]Protein Homogenization
Protein pellets were homogenized in 200 mM sodium bicarbonate buffer pH 7. Sonication was carried out in 10s impulses at 20 Hz for a total of 30s using the sonoplus. Protein concentration was determined using the Bradford assay as per manufacturer’s guidelines.

3.8.5. [bookmark: _Toc377297341]Enzymatic N-glycan release and fluorescent labelling
~200 μg of protein in 20 mM sodium bicarbonate pH 7 was subjected to enzymatic digestion with PNGaseF in solution at 1-5% of the final volume. Samples were incubated at 37◦C overnight (16 h). Released glycans were purified using a 10 kDa molecular weight cut-off filter and reduced to dryness via vacuum centrifugation. 1% Formic Acid (FA) (20 μL FV) was added to the dried glycans to promote hydrolysis of the released glycosylamines to the corresponding reducing sugar followed by subsequent dryness via vacuum centrifugation. 
Liberated glycans were labelled with 2-aminobenzamide via reductive amination in the presence of sodium cyanoborohydride in 70:30 DMSO/acetic acid solution for 2h at 65°C. Excess 2-AB was removed by PhyNexus Normal phase PhyTips (San Jose, CA, USA). Glycans were reduced to dryness via vacuum centrifugation.


3.8.6. [bookmark: _Toc377297342]UPLC-HILIC profiling of N-glycans 
2-AB fluorescently labeled N-glycans were separated on a Waters BEH Glycan chromatography column 100 mm × 2.1 mm, 1.7 μm BEH particle, on a Waters AcquityTM UPLC consisting of a binary solvent manager, sample manager and fluorescence detector. The system was controlled by Empower 3 Chromatography workstation software (Waters, Milford, MA USA). A linear gradient method of 70-53% acetonitrile at 0.56 ml/min over 16.5 min and 50 mM ammonium formate pH 4.5 buffer was employed. The total run time was 20 min. Samples were prepared in an 80:20 (v/v) acetonitrile/water with an injection volume of 20 μl. Samples were maintained at 5◦C prior to injection on the column, with the separation temperature set at 40◦C. The fluorescence detection setting were λex= 330 nm and λem= 420 nm with a data collection rate of 20 Hz. Retention times were converted into Glucose Unit (GU) values by time based standardization against a dextran hydrolysate ladder.

3.8.7. [bookmark: _Toc377297343]Glycan characterization using weak anion exchange (WAX) chromatography based fractionation
Separation of the N-glycan pool based on the degree of sialyation was performed by weak anion exchange chromatography on a GlycoSep C 75 x 7.5 mm, 10 μm particle packed DEAE functionalized styrene divinyl benzene column (Prozyme) using a Water Alliance 2695 Separations Module with a Waters 2475 Fluorescent detector under the control of the Empower Chromatography workstation (Waters Corporation). Charge-based separation of glycans was achieved by a linear gradient of 0-100% 100 mM ammonium acetate pH 7 in 20% v/v acetonitrile over 20 min following a 5 min isocratic hold at 100% buffer A (20% v/v acetonitrile), at the flow rate of 0.75 mL/min and the total run time of 30 min. The separation was carried out at room temperature. The FLR detector setting was as described previously. 

3.8.8. [bookmark: _Toc377297344]Exoglycosidase Digestions
Exoglycosidase digestions were carried out as previously described by (Royle et al., 2006). Reactions were carried out in 50mM ammonium acetate buffer pH 5.5 at 37◦C overnight. Following incubation the enzyme(s) were removed by centrifugation through a prewashed 10kDa MWCO filter. The supernatant was reduced to dryness via vacuum centrifugation. Structural annotation of the resulting HILIC peaks was performed by comparison of retention time data expressed as glucose unit (GU) values with GlycoBase, a HPLC relational database of GU values and exoglycosidase digestion data freely available at www.glycobase.nibrt.ie. 

3.8.9. [bookmark: _Toc377297345]UPLC-MS Analysis
Online coupled fluorescence (FLR)-Mass spectrometry detection was performed using a Waters Xevo G2 QTof (YCA 219) with Acquity® UPLC (Waters Corporation, Milford, MA, USA) and BEH Glycan column (1.0 x 150 mm, 1.7 μm particle size). 
For MS acquisition data the instrument was operated in negative-sensitivity mode with a capillary voltage of 2.50 kV. The ion source block and nitrogen desolvation gas temperatures were set at 120 °C and 400 °C, respectively. The desolvation gas was set to a flow rate of 600 L/h. The cone voltage was maintained at 30 V. Full-scan data for glycans were acquired over m/z range of 450 to 2500. Data collection and processing were controlled by MassLynx 4.1 software (Waters Corporation, Milford, MA, USA). The fluorescence detector settings were as follows: λex: 330 nm, λem: 420 nm; data rate was 10 pts/second and a PMT gain = 10. Sample injection volume was 8 μL. The flow rate was 0.150 mL/min and column temperature was maintained at 60 °C; solvent A was 50 mM ammonium formate in water (pH 4.4) and solvent B was acetonitrile. A 40 min linear gradient was used and was as follows: 28% A for 1 min, 28-43% A for 30 min, 43-70 % A for 1 min, 70 % A for 3 min, 70-28% solvent A for 1 min and finally 28 % A for 4 min. Samples were diluted in 75% acetonitrile prior analysis. The weak wash solvent was 80% acetonitrile and the strong wash solvent was 20% acetonitrile. To avoid contamination of MS system, flow was sent to waste for the first 1 min and after 32 min. Structural annotation of glycan MS data was performed manually and the masses were searched against Glycoworksbench.

3.8.10. [bookmark: _Toc377297346]Statistical Analysis
Multivariate statistical analysis of HILIC profiling data was performed using Umetrics Simca- P+ software version 11.5 (Umetrics Inc, San Jose, USA). Mann- Whitney tests were performed with P-values <0.05 were considered statistically significant. 
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3.9. [bookmark: _Toc377297347]Results
3.9.1. [bookmark: _Toc377297348]HILIC-UPLC salivary N-glycome initial profiling
Separation of the salivary N-glycome using HILIC-UPLC with fluorescence detection. Fig. 3.9. displays an overlay chromatogram of 2-AB fluorescently labelled  N-glycans released from control saliva (top trace) and compared to serum N-glycosylation (bottom trace). The figure illustrates the complexity of the salivary glycome compared to that of serum, with increased number of distinct peaks in the salivary profile.  
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[bookmark: _Toc372327470][bookmark: _Toc372382500][bookmark: _Toc372383153]Fig. 3.9. Comparison of the salivary N-glycosylation versus serum N-glycosylation showing an abundance of N-glycans in saliva. 
2-AB labelled N-glycans were separated using 1.7 μm BEH Glycan column in UPLC system. The UPLC separation was done in gradient 65-55% B in 30 min at 2.0mm × 150mm. The vertical axis represents Relative Fluorescence Intensity. 2-AB labelled serum N-glycans were obtained from NIBRT and were separted using the same method.

To determine the reproducibility of the method, whole saliva N-glycans from indivduals without OC were released with PNGase F and pooled. Fig. 3.10. shows three independent processed samples injected onto the 10 cm BEH column, confirming the reproducibility of the method. Feature numbers i.e. the number of distinct peaks in each chromatogram was of 53 peaks. 
[bookmark: _Toc372327471][bookmark: _Toc372382501][bookmark: _Toc372383154][image: Macintosh HD:Users:nicoletasinevici:Desktop:Saliva replicates thesis.pdf]Fig. 3.10. UPLC analysis of total released N-glycans from saliva (pool from healthy individuals). 
N-glycans were released from ~200 μg of salivary proteins using PNGase F followed by 2-AB labelling. The identical profile from three individual experimental runs demonstrates the reproducibility and feasibility of this biofluid. Dextran ladder (bottom trace) is expressed in GU values.
3.9.2. [bookmark: _Toc377297349]Structural annotation using Exoglycosidase digestion of salivary N-glycans 
A panel of exoglycosidase digestions were performed to identify the peaks present in the UPLC-fluorescence salivary N-glycan profile. A combination of the specificity of the exoglycosidase used and knowledge of the incremental value of each monosaccharide based on GU values facilitated the analysis of the oligosaccharide sequence and linkage assignment. Fig. 3.11. displays the sequential panel of exoglycosidase digestions, and the putative structural annotation of the 53 peaks based on GU values are listed in Appendix A- Tables 1-8. Due to the abundance of N-glycans, the power of this type of analysis was decreased as multiple strctures with the same GU value were identified. 

[image: Macintosh HD:Users:nicoletasinevici:Desktop:Digests thesis.pdf]
[bookmark: _Toc372327472][bookmark: _Toc372382502][bookmark: _Toc372383155]Fig. 3.11. UPLC-HILIC-FLR analysis of total released N-glycans and exoglycosidase arrays by HILIC-FLR from saliva. 
(A) Whole saliva N-glycan pool released by PNGase F; (B) ABS: Arthrobacter ureafaciens sialidase (EC 3.2.1.18) releases α (2-6/3/8)-linked nonreducing terminal N-acetylneuraminic acid; (C) AMF: almond meal α-fucosidase (EC 3.2.1.51) releases α (1-3/4)-linked nonreducing terminal fucose residues except core α (1-6) fucose;(D) α1-2 Fuc: α1-2 Fucosidase (EC 3.2.1.51) catalyzes the hydrolysis of linear α1-2 linked fucose residues (E) all fucose residues except core fucose is digested, (F) BKF: bovine kidney alpha-fucosidase (EC 3.2.1.51) releases α(1-2/6) fucose-linked nonreducing terminal fucose residues more efficiently than α(1-3/4)-linked fucose; (G) SPG S. pneumoniae β-galactosidase (EC 3.2.1.23) hydrolyzes nonreducing terminal galactose β(1-4) linkages; (H) GUH: β-N-acetylglucosaminidase cloned from S. pneumoniae, expressed in Escherichia coli (EC3.2.1.30), will digest β(1-4)-linked GlcNAc to mannose but not a bisecting GlcNAc β(1-4) linked to mannose. 









[bookmark: _Toc377297350]3.9.3. Sialoform identification using Weak Anion Exchange Chromatogrpahy
Fractionation of the salivary N-glycan pool using weak anion exchange chromatography to determine neutral, mono- (S1) and di-sialylated (S) fractions. Each fraction was subsequently profiled using HILIC-UPLC-fluorescence and the resulting chromatograms are overlayed in Fig. 3.12. 
[image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:57A686A7-84E6-454B-BDB5-4650DCCBE500:WAX UPLC.pdf]
[bookmark: _Toc372327473][bookmark: _Toc372382503][bookmark: _Toc372383156]Fig. 3.12.  UPLC-HILIC-FLR profiles of individual fractions collected from WAX column aligned with representative HILIC profile of total N-glycans. 
The nature of the salivary glycans indicates a large proportion of neutral glycans and smaller fractions of mono and disialylated glycans annotated as S1 and S2.

[bookmark: _Toc377297351]3.9.4. SIALIC ACID EXOGLYCOSIDASE DIGESTION OF WAX FRACTIONS 
To prove the presence of SA from WAX separation, each of the resulting fractions was  subsequently subjected to SA exoglycosidase digestion. Each fraction was  profiled using HILIC-UPLC-fluorescence and the resulting chromatograms are overlayed in Fig. 3.13. Pre and post SA enzymatic cleavage of the individual WAX fractions are aligned.  Peak shifts indicate the presence of SA  and the resulting chromatographic peaks fall the neutral fractions indicating that neutral structures found in saliva are substituted with one or two SAs.

[bookmark: _Toc372327474][bookmark: _Toc372382504][bookmark: _Toc372383157][image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:B55544EF-9650-4E3E-9173-500109EB610B:WAX UPLC ABS Digest.pdf] Fig. 3.13. UPLC-HILIC-FLR  chromatograms from the individual fractions collected from WAX and digested with ABS (Arthrobacter ureafaciens sialidase, an α2-3/6/8 sialidase) 
ABS digestion confirms that after removal of SA all neutral glycans fall within the total saliva pool indicating the absence of other glycan species.


3.9.4. [bookmark: _Toc377297352]COMPREHENSIVE ANNOTATION OF N-GLYCANS USING UPLC-MS
[bookmark: _Toc377297353]N-GLYCAN ANNOTATION OF THE TOTAL SALIVARY POOL OF CONTROL SAMPLES BASED ON HILIC-UPLC-MS IDENTIFICATION
Exhaustive structural annotation of the peaks was performed using HILIC-UPLC- MS analysis. Structure assignment has been performed with the aid of GlycoWorkbench tool. Fig. 3.14 depicts the annotation of the N-glycans found in the total salivary pool of healthy individuals. The experimental masses observed on the MS and the monosaccharide compositions for the detected glycans are summarized in Appendix B Table 1 corresponding to the total salivary N-glycan pool. Where isobaric structures were found all possible monosaccharide compositions are listed based on the MS signal and Database. Each of the fractions obtained from the WAX fractionation, neutral, S1 and S2 was subjected to HILIC-UPLC- MS analysis. Fig. 3.15, 3.16 and 3.17 depicts the annotation of the N-glycans found in the neutral, S1 and S2 salivary pool. The corresponding monosaccharide compositions for the detected glycans are summarized in Appendix B- Table 2, Table 3 Table 4, respectively. 

[bookmark: _Toc372327475][bookmark: _Toc372382505][bookmark: _Toc372383158][image: ESD-USB:140703_TOTAL SALIVA THESIS.pdf]Fig. 3.14. Total N-linked Salivary glycans from healthy individuals in LC-MS (in negative mode) - Fluorescence signal 
Comprehensive annotation of HILIC-UPLC-MS of the N-glycans released from saliva showing a predominance of fucosylated neutral structures. Structures with one or two SAs are also present. The vertical axis represents Relative Fluorescence Intensity. 
[bookmark: _Toc377297354]N-GLYCAN ANNOTATION OF THE NEUTRAL FRACTION FROM WAX OF THE SALIVARY POOL OF CONTROL SAMPLE BASED ON HILIC-UPLC-MS IDENTIFICATION[image: ESD-USB:140703_Neutrals thesis.pdf]
[bookmark: _Toc372327476][bookmark: _Toc372382506][bookmark: _Toc372383159]Fig. 3.15. Neutral fraction of glycans from healthy individuals in LC-MS (in negative mode) - Fluorescence signal 
Comprehensive annotation of HILIC-UPLC-MS of the neutral fraction from N-glycans released from saliva. The vertical axis represents Relative Fluorescence Intensity. 


[bookmark: _Toc377297355]N-GLYCAN ANNOTATION OF THE S1 FRACTION FROM WAX OF THE SALIVARY POOL OF CONTROL SAMPLE BASED ON HILIC-UPLC-MS IDENTIFICATION[image: ESD-USB:140703_S1 thesis.pdf]
[bookmark: _Toc372327477][bookmark: _Toc372382507][bookmark: _Toc372383160]Fig. 3.16. S1 fraction of glycans from healthy individuals in LC-MS (in negative mode) - Fluorescence signal 
Comprehensive annotation of HILIC-UPLC-MS of the S1 fraction from N-glycans released from saliva. The vertical axis represents Relative Fluorescence Intensity. 

[bookmark: _Toc377297356]N-GLYCAN ANNOTATION OF THE S2 FRACTION FROM WAX OF THE SALIVARY POOL OF CONTROL SAMPLE BASED ON HILIC-UPLC-MS IDENTIFICATION[image: ESD-USB:140703_S2 thesis.pdf]
[bookmark: _Toc372327478][bookmark: _Toc372382508][bookmark: _Toc372383161]Fig. 3.17. S2 fraction of glycans from healthy individuals in LC-MS (in negative mode) - Fluorescence signal 
Comprehensive annotation of HILIC-UPLC-MS of the S2 fraction from N-glycans released from saliva. The vertical axis represents Relative Fluorescence Intensity. 

3.9.4. [bookmark: _Toc377297357]Complexity of N-glycans annotation using HILIC-UPLC-MS
[image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:9515A3C7-F2C4-48DC-AEB4-8899DAECCED2:ion spectra thesis.pdf]
[bookmark: _Toc372327479][bookmark: _Toc372382509][bookmark: _Toc372383162]Fig. 3.18. Individual ion spectra from different WAX fractions and the total N-glycan pool. 
Structural annotation was complicated by the fact that certain ion spectra corresponded to two glycan structures (A) or three glycan structures (B) within the same ion profile. 
3.9.5. [bookmark: _Toc377297358]Alterations in the salivary N-glycome between healty and OC individuals: A Pilot Study
To investigate the presence of cancer related alterations in the salivary N -glycans, HILIC profiling of the N-glycans from OC patients (total number of 18), and controls (total number of 5), was performed. Patient information data is summarized in Table 3.3. Each individual sample was ran in triplicate injection and peak integration was carried out in Waters Empower 3 software. Samples were analysed using the peak based area quantitation method that determines the area under the chromatographic peak. Fig. 3.19. displays an overlay chromatogram of 2-AB fluorescently labelled  N-glycans released from control saliva (blue trace) and compared to cancer saliva N-glycans (black trace). 

[bookmark: _Toc372382564][bookmark: _Toc372383697]Table 3.3. Pilot Study: Patient Information Data
	Patient Information Summary

	Group
	Sex
	Age

	 
	Male
	Female
	Mean=μ / SD=σ

	Control
	2
	3
	μ= 54.4 

	
	
	
	σ= 20.82

	Cancer
	9
	9
	μ= 60.5

	
	
	
	σ= 10.8








3.9.6. [bookmark: _Toc377297359]Differential  N-glycosylation pattern between control and OC 
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[bookmark: _Toc372327480][bookmark: _Toc372382510][bookmark: _Toc372383163]Fig. 3.19. Representative chromatogram of salivary glycans from a healthy (blue) versus an oral cancer patient (black) 
N-glycans were released from ~150 μg of salivary proteins using PNGase F followed by 2-AB labelling. The chromatographic profiles show different patterns of N-glycan expression. The vertical axis represents Relative Fluorescence Intensity.


3.9.7. [bookmark: _Toc377297360]Principle Component Analysis to differentiate between control and OC samples
To evaluate the capability of salivary N-glycans to differentiate between control and precancerous and cancerous samples, principle component analysis (PCA) was performed using the integrated HILIC- fluorescence chromatograms for 5 control samples and 18 cancer patients. 53 peaks in the HILIC-fluorescence profile were integrated for each sample. Each sample was ran in triplicate. Integration data for all 25 samples were aligned and were subject to multivariate PCA analysis. As depicted in Fig. 3.20, the PCA loading plot shows complete segregation of the control and cancer patients. Overall, PCA clustering suggests that N -glycosylation patterns differentiate between these two clinical states. However the limitation of this analysis technique, in respect of this compex salivary sample, resides in the inability to determine the exact glycan structure that differs, due to multiple glycans eluting within the same peak. 




[image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:68733665-C8B4-4E5F-94C8-E65406B73EA1:simca 01.jpg]
[bookmark: _Toc372327481][bookmark: _Toc372382511][bookmark: _Toc372383164]Fig. 3.20.  PCA plot generated using multivariate statistical analysis of HILIC- FLR glycan profiles from healthy patients (red) and patients with various degrees of dysplasia (black)

3.10. [bookmark: _Toc377297361]Discussion
In this study, whole saliva was used as a model system to assess the potential of  glycoproteins to predict changes to the oral epithelium characteristic of oral cancer.  It has been reported that changes in the glycosylation of proteins and lipids are predictive of carcinogenesis leading to the expression of tumour specific glycans. These changes occur in the early stages of carcinogenesis before the classical changes in proliferation/apoptosis or cell differentiation become apparent.
Combining a number of analytical tools, it was possible to identify numerous N-linked glycans in whole saliva. Firstly a pooled healthy sample was used to determine if such analysis would be feasible, followed by a preliminary study using 20 oral cancer patients and 5 controls. This study demonstrates the applicability of sub 2-μm HILIC stationary phases for ultra low performance liquid chromatography based salivary glycan analysis. Initial experiments showed that the glycome of saliva from healthy individuals is very complicated with over 50 peaks identified. Furthermore this glycome profile was reproducible, indicating a feasible biofluid for further analysis. Intra- and inter-individual N-glycosylation variability in whole saliva from individuals without oral lesions has been previously reported by Everest-Dass et al., (2012) and has been confirmed in this study (data not shown). Furthermore, the same study demonstrated that inter- and intra-individual N-glycosylation variability was related to quantitative not qualitative differences, phenomenon also supported in this study. 
Composition analysis of the total glycan pool was first analysed using the specific action of exoglycosidases (Fig. 3.11). It was shown that upon a complete exoglycosidase digestion panel the released monosaccharides were Fuc, Gal, GlcNAc, NeuNAc and Man residues. The presence of highly fucosylated structures was confirmed with fucose linked in the α (1,2/3/6) position, in accordance with previous studies carried out by Everest-Dass et al., (2012) and Guile et al., (1998). Digestion with BKF revealed the presence of core fucosylation (α1,6), whereas digestion with AMF and 1-2 Fucosidase confirmed the presence of fucose on the non-reducing termini in the α (1,2) and α (1,3) position. 
The linkage of galactose residues was confirmed using both enzymes BTG and SPG, confirming the β (1,4) position of all galactose residues. Hexosaminidase digestion resulted in the digestion of all glycan structures except the core glycan structure, shown as a large peak in the UPLC chromatogram (Fig. 3.11) and smaller peaks corresponding to the high mannose structures (Man3-Man9). 
Digestion with ABS and NAN1 (data not shown) confirmed the presence of sialylated glycan structures in both the α (2-3) and α (2-6) position, in agreement with a study carried out by Guile et al., (1998). 
Exoglycosidase digestions combined with the use of the 2-AB Dextran ladder for structural analysis proved to have limited usefulness in this study.  The abundance of glycans in saliva, and the corresponding UPLC chromatographic profile showing unresolved peaks and indicating co-elution, would thus mean that multiple glycans would have the same GU value. Moreover, different monosaccharides exhibit the same GU shift, even in the absence of coelution, while current glycan libraries are limited to structures that have been previously found in other bodily fluids and/or proteins. Despite this limitation, tables of the possible glycan structures were compiled and are shown in Appendix A Table 1-8, but as mentioned before only have limited informative value. To overcome the limitation of this approach a multidimensional analysis strategy was employed to characterise the N-glycan pool. The total salivary glycan pool was subjected to WAX analysis; anion exchange separation is dependent on charged structures such as the presence of sialic acid. Charged based separation of the total salivary glycome revealed a large fraction of neutral glycans followed by monosialyated glycans and a smaller fraction of di-sialyated glycans. Each individual fraction was then further analysed by UPLC-HILIC separation.  Digestion with ABS of each of the fractions showed that the resultant structures following sialic acid removal fall within the original peaks found in the undigested trace, indicating the presence of the different neutral structures substituted with one or more sialic acid residues. 
The structural complexity of the salivary glycans called for an additional method of analysis. Each of the WAX fractions obtained was subjected to UPLC-MS analysis, enabling the identification of the glycans present based on mass. An interesting phenomenon that was observed was that the ion spectrum of a particular glycan would have two smaller peaks followed by a large peak with all m/z value corresponding to a specific glycan. The identification of the correct glycan would thus be based on the knowledge of the nature of that particular glycan for example its charge. Although in some situations, this method of elimination was adequate, in most cases it was impossible to determine the nature of the glycan with the specific peaks being present in all of the fractions analysed, i.e. neutrals, mono and di-sialylated glycans. One potential hypothesis is that co-elution and same mass monosaccharides lead to the following phenomenon- where two or three glycans elute and get ionised simultaneously and the combined ion chromatogram is an average of the three glycans with the first peak representing a di-sialylated glycan, the next representing a mono-sialylated glycan and the third representing the neutral glycan. A representative ion chromatogram is shown in Fig. 3.18. Furthermore, it was found that most structures are present in multiple peaks indicating structural isomerism. Another aspect seen throughtout this analysis was the inability to identify some of the ions, again due to limitations of current databases. 
The combination of data from this multidimensional approach allowed the annotation of the peaks present in the respective WAX fractions as well as in the total N-glycan pool. The complexity of this biofluid is again highlighted with most peaks containing more that one glycan structure and up to more than 10 glycan structures in some cases. The identified structures are listed in the tables above, confirming the presence of high mannose, complex and hybrid structures. Bi, tri and tetra antennary structures were found in accordance to previous studies. 
Sialic acid is an important modification with direct involvement in modulating conformation and stabilization of molecules and membranes as well as interactions with the environment. It is also involved in many other processes such as trans- membrane signalling, fertilization, growth differentiation and apoptosis. Sialic acid is thought to play an important role in cancer transformation and progression as highlighted in numerous publications. It is proposed that SAs give the cancer cell an invisibility property, bypassing recognition and eradication by the immune system (Lu and Gu, 2015). Aberrant expression of SA in conformations, α2,3 and α2,6 have been demonstrated though α2,6 is thought to be a more common aberration in many cancers. In this regard it was shown that increased expression of α2,6 sialylated glycans promotes and maintains epithelial mesenchyme transition (Lu et al., 2014). Its therapeutic targeting is thought to provide a new avenue for cancer therapies. In vivo imaging of cancer sialylation, via either metabolic labelling or through recognition by imaging probes, is also being investigated and is believed to aid in the diagnosis and treatment response (Martinez-Duncker et al., 2011). Regarding sialylated structures in saliva a definite change in the amount/linkage was not determined between healthy and cancer saliva with future studies needed to conclude its relevance.
It is apparent that terminal epitopes containing Lex and SLex and H-type antigens are also present, corroborating the findings of Guile et al., (1998) and Everest-Dass et al., (2012). The role of fucose has been described in both physiological and pathophysiological processes, but the true extent of its functions are as of yet unknown due to the diversity of fucose containing glycoconjugates as well as the current limitations of studying the biological functions of carbohydrates. Fucose modifications are involved in blood group specificity, selectin mediated leukocyte-endothelial adhesion, host-microbe interactions and ontogenic events (Becker and Lowe, 2003). 

To determine if N-linked salivary glycans exhibit a general differential pattern in OC, UPLC-HILIC analyses revealed that the chromatographic profiles of the individuals differed even by visual examination. Peak area is related to the quantity of each glycan eluted at a specific retention time and for certain samples can be used to determine quantity differences. Using peak area quantitation we confirmed that 8 peaks were significantly different (P<0.05). PCA analysis shows a partial variation in the analysed peaks between the healthy and oral cancer patients (Fig. 3.20.).  Despite the significant differences it is impossible to determine which glycans differed since each chromatographic peak area is a summed value for the intensity of all the glycans present meaning that differences could average out. Furthermore MS analysis would be subjected to the same limitations and thus renders this methodology inapplicable.
Although MS analysis was not performed for each patient, and the identity of the glycans can only be referred to as putative, it provides the fundamental information sustaining a larger scale study. Therefore the current study provides a proof of concept approach where the total salivary glycome can be profiled using UPLC-MS analysis. A quantitative approach, such as the use of isotopic labelling, is needed in order to overcome these limitations.  
It is known that protein glycosylation is a dynamic –equilibrium, meaning that within an individual the glycan signature is highly reproducible in a given physiological state (Ruhaak et al., 2013). This study demonstrates the exciting applicability of glycan salivary analysis for OC diagnosis. Despite current challenges in the structural characterisation of glycans, due to their inherent nature, combined analytical strategies used in this study showed how implementation of such methods can ease the process even for complex samples such as saliva. 
Although glycan salivary testing is still in its infancy, further studies and the ever-growing understanding and advancements in glycan analysis, it is reasonable to foresee the exploitation of salivary glycosylation for diagnosis, prognosis and even treatment strategies. 








3.11. [bookmark: _Toc377297362]Conclusion
OC is a major cause of morbidity and mortality worldwide, thought to arise from a progressive dysplasia of the oral mucosa. Consequently the earlier the cancer is diagnosed the higher the chance of successful treatment. This in turn improves the QOL of the patient and also decreases the numerous treatment complications. The major concern is the inability to detect the cancer in its incipient phases, thus the need to find new and effective methods to overcome this problem. Salivary diagnostics is likely to become the new trend in clinical diagnoses of OC, provided reliable biomarkers will be established. Noteworthy in emerging clinical diagnoses are liquid biopsies with the emphasis on Circulating Tumour Cells  (CTC) and cell-free circulating tumour DNA (ctDNA), paving the way for an non-invasive method for tumour detection (Karachaliou et al., 2015). CTC and ctDNA have been detected in saliva, blood, urine, cerebrospinal fluid and pleural effusions. The genomic profiles of ctDNA has been shown to reflect the tumour’s genomic profile, thus providing valuable molecular fingerprints of the tumour and enabling personalised treatment strategies (Siravegna et al., 2017). 
In the current study, the use of sub 2 μm HILIC phase chromatographic analysis enabled the identification of an abundant salivary glycome profile in both healthy individuals and patients with dysplasia and/or OC. This is the first time that a differential glycosylation pattern has been shown between healthy and OC patients thus supporting a potential for biomarker discovery. It was found that the main glycans in saliva are neutral glycans with smaller levels of mono, di- and tri- sialylated glycans. 
Despite the complexity of OC and the current knowledge of the pathogenesis, diagnoses and treatment strategies, salivary analyses may prove an ideal route for gaining more insight into this disease. Most importantly this study emphasized the advancements as well as the limitations that impede salivary diagnostics from being incorporated in the clinical setting. 
In conclusion this study showed positive preliminary results that reveal a differential glycosylation pattern of salivary proteins between oral cancer patients and healthy individuals, highlighting the possibility of biomarker identification in saliva.



























Chapter 4

Isotopic quantitative analysis for the discovery of N-glycan salivary biomarker(s) in oral cancer and associated pathologies 









4. [bookmark: _Toc377297363]Isotopic quantitative analysis 
4.1. [bookmark: _Toc377297364]Introduction
Glycosylation changes, both qualitative and/or quantitative, have been demonstrated in many diseases including cancer and their detection in urine and blood have had most clinical applications. Of the currently approved biomarkers, Prostate Specific Antigen (PSA) for prostate cancer, α-fetoprotein for liver cancer and MUC1 for breast cancer are examples of FDA approved glycan biomarkers (Song and Mechref, 2015). The attractiveness of identifying glycosylation changes in suitable biofluids is slightly dimmed by their inherent structural complexity continuing to slow down rapid identification of such biological targets. The ever-evolving technologies however have significantly changed the ‘omics’ fields with unprecedented advancements in analytical glycomics (North et al., 2009, Pabst and Altmann, 2011). The gold standard for glycan studies remain liquid separation techniques combined with optical or mass spectrometry detection. This method has been employed and its utility has been demonstrated in chapter 3. Furthermore the novel approach of detecting glycosylation changes on salivary proteins in respect to OC has been demonstrated for the first time in the previous chapter. HILIC separation in combination with charge separation and/or exoglycosidase digestion with/out MS have demonstrated and confirmed previous studies on the nature of salivary glycans thus forming a solid platform in the identification and characterisation of the salivary glycome. 
The complexity of glycan analysis is well documented and can pose significant challenges even when single protein glycosylation is analysed. Chapter 4 illustrates just how complex salivary N-glycosylation is, due to the abundance of glycan species, the co-elution and thus partly resolved peaks, the number of glycans present within one peak and the presence of isomeric structures in multiple peaks. Along with sample complexity and the associated analytical challenge, an alternative method was needed to quantify and compare glycans in order to identify specific changes in healthy versus disease but also between different stage of disease development. The method chosen to overcome part of the above-mentioned challenges was to employ a stable isotopic label for the quantification of N-glycans with a more detailed description on its advantages in the following section.

4.2. [bookmark: _Toc377297365]Isotopic Labelling
Peak area based quantitation when optical detection methods are used, offers modest quantitation confidence when multiple glycan species are present within a peak (Albrecht et al., 2017, Grunwald-Gruber et al., 2017). Moreover due to differences in glycan ionization preferences for different glycans, MS based quantitation offers relative quantitation rather than absolute quantitation, which a universal MS limitation. Nevertheless, relative quantitation based on isotopic labelling of glycans has been described using different isotopologues where quantitation is based on the difference between the amounts of a ‘heavy’ (13C6) or ‘light’ (12C6) fluorescent labelled glycan. In this study the use of aniline isotopic labelling is demonstrated for quantitative analysis of saliva N-glycans by high-resolution negative ionisation ESI-ToF-MS. This method provides an excellent comparative glycomic analysis for the identification of both qualitative and quantitative targets for the diagnosis and prognosis of oral pre/cancerous lesions.
The use of aniline as the isotopic label has significant advantages over other available labels such as deuterium isotopes or 2-aminobenzoic acid (2-AA), 2-aminopyridine, anthranilic acid and phenyl-3-methyl-5-pyrazolone (Xia et al., 2009, Grunwald-Gruber et al., 2017). Aniline provides a stable, highly sensitive and non-modifying glycan properties with a robust mass difference of 6 Da (Gimenez et al., 2015). 
The method of labelling involves the derivatization of the previously liberated N-glycans by reductive amination with the differentially coded stable isotope tags [12C6]-aniline and [13C6]-aniline. These dual-labelled aniline-tagged glycans are then pooled, depending on the comparison groups, and then coupled with MS identification, enabling both qualitative and qualitative analysis. 
This aim of this study was to analyse N-glycans from complex saliva samples from patients’ with/out different pathological states of oral dysplasia (mild/moderate/severe dysplasia) or OC. Subsequent analysis demonstrated the route for glycan biomarker discovery for OC describing salivary N-glycosylation structurally, qualitatively and quantitatively. 
Therefore, this study will provide a deeper understanding of protein glycosylation at the earliest stage of OC and gives insight into disease development and progression as well facilitating the development of effective therapies. 










4.3. [bookmark: _Toc377297366]Aims of chapter
 The inability to diagnose OC in the early stages continues to be one of the main problems associated with this malignancy. The ease of access to the oral cavity and subsequently the oral lesion renders saliva as the ideal bio-fluid for biomarker discovery. Aberrant N-glycosylation has been described in many pathologies including cancer. 
The aim of this chapter is to identify salivary N-glycans that have the potential of becoming biomarkers for oral premalignant and malignant lesions. Specific study aims include:
1. Establish the use of isotopic labelling for salivary N-glycan analysis
The highly abundant salivary N-glycan constituents of saliva make quantitative analysis an arduous task. The ability to label N-glycans with the isotopic aniline tag offers an ideal method for relative quantification of N-glycans. In this study we establish the use of isotopic labelling on an abundant N-glycan profile derived from salivary proteins of individuals with/out oral pre/neoplastic lesions.
2. Characterisation of the N-glycan species 
Pooled salivary N-glycan analysis and complete characterisation of the salivary N-glycome in individuals with different levels of oral dysplasia or OC. 
3. Quantification of N-glycans present in patients with different levels of oral dysplasia or OC. 
Due to the inherent complexity of glycans as well as their abundance in saliva, a quantitative method of analysis allows for the detection of quantitative and qualitative changes to be detected.
4. Describe the N-glycosylation profile from healthy to OC
Complete characterisation of the glycosylation profile in different stages of disease development is of great importance in understanding this malignancy and ultimately leads to new treatment targets. 
5. Identification of possible biomarker(s) for the (i) identification and (ii) prognosis of OC.
The end objective is to identify quantitative and qualitative differences in N-glycans between individuals with and without oral lesions and determine suitable biomarkers.


















4.4. [bookmark: _Toc377297367]Materials and Methods
4.4.1. [bookmark: _Toc377297368]Chemicals and reagents
Reagent water used throughout this study was obtained from a Milli-Q Gradient A10 Elix System (Millipore). Solvents, LC-MS Optima grade were obtained from Thermo-Fisher Scientific (Dublin, Ireland) and Sigma Aldrich (Dublin, Ireland) and were of the highest available quality. Exoglycosidases were obtained from Prozyme unless otherwise stated. 
4.4.2. [bookmark: _Toc377297369]Saliva samples
Saliva samples from patients with/out different levels of oral dysplasia were collected from 150 patients from the Dublin Dental University Hospital, Ireland. Ethical approval was obtained from the joint hospitals research ethics committee (REC). Patients were recruited from the dysplasia or oral medicine clinic in the DDUH. Informed consent was obtained from all patients that participated in the study. Adults over the age of 18 were included in the study. Pregnant women were excluded from the study, to reduce possible hormone-associated variables. Eight patients were deemed ineligible for the study.
 Clinical information of the patients is summarized in Table 4.1. Samples were collected from each patient by passive drooling. Samples were stored at -80 ◦C until further processing. 
4.4.3. [bookmark: _Toc377297370]Collection of Saliva and precipitation of salivary proteins
As described in Section 3.5.3.
4.4.4. [bookmark: _Toc377297371]Protein Homogenization
As described in Section 3.5.4. 
4.4.5. [bookmark: _Toc377297372]Sample pooling and Enzymatic N-glycan release 
For the quantitative analysis study, 5 comparison groups with 10 individuals per group based on pathology were identified. Each patient contributed with 50 μg of protein in (20 mM sodium bicarbonate pH 7) to the final disease pathology pool. Each pool was then subjected to enzymatic digestion with PNGaseF in solution at 2.5% of the final volume. Samples were incubated at 37◦C overnight (16 h). A similar approach was used for a total pool mix of the 50 samples that was used to characterise the glycan species. 
Released glycans were enriched using the HILIC column. Glycans were dried via vacuum centrifugation followed by 1% Formic Acid (FA) (20 μl FV) treatment to promote hydrolysis of the released glycosylamines to the corresponding reducing sugar. Glycans were subsequently dried via vacuum centrifugation. 

4.4.6. [bookmark: _Toc377297373]Stable Isotopic Labelling
Liberated glycans were labelled with 5μl of 13C6- or 12C6- aniline as previously described by Albrecht et al., (2017). Briefly N-glycans were labelled via reductive amination in the presence of sodium cyanoborohydride in 70:30 DMSO/acetic acid solution for 16h at 37◦C. 12C6-aniline and 13C6-aniline labelled samples were mixed before excess unreacted dye was removed using frontal HILIC chromatography on a Thermo Scientific Ultimate 3000 UHPLC system (San Jose, CA, USA) and a 50 × 2.1 mm ID, 1.7 μm Waters BEH Glycan amide column (Milford, MA, USA). Samples were loaded onto the column and washed to remove excess aniline in 85 % v/v acetonitrile. Purified glycans were eluted using 20 % v/v/ aqueous acetonitrile, automatically collected and reduced to dryness using vacuum centrifugation prior to instrumental analysis.
4.4.7. [bookmark: _Toc377297374]Glycan characterization using weak anion exchange (WAX) chromatography based fractionation
As described in Section 3.5.7. 

4.4.8. [bookmark: _Toc377297375]Exoglycosidase Digestions
As described in Section 3.5.8.

4.4.9. [bookmark: _Toc377297376]UPLC-MS Analysis
Online coupled fluorescence (FLR)-Mass spectrometry detection was performed using a Waters Xevo G2 QTof (YCA 219) with Acquity® UPLC (Waters Corporation, Milford, MA, USA) and BEH Glycan column (1.0 x 150 mm, 1.7 μm particle size). For MS acquisition data the instrument was operated in negative-sensitivity mode with a capillary voltage of 2.50kV. The ion source block and nitrogen desolvation gas temperatures were set at 120 °C and 400 °C, respectively. The desolvation gas was set to a flow rate of 600 L/h. The cone voltage was maintained at 30V. Full-scan data for glycans were acquired over m/z range of 450 to 2500. Data collection and processing were controlled by MassLynx 4.1 software (Waters Corporation, Milford, MA, USA). The fluorescence detector settings were as follows: λex: 250 nm, λem: 340 nm; data rate was 1pts/second and a PMT gain = 10. Sample injection volume was 8 μL. The flow rate was 0.150 mL/min and column temperature was maintained at 60 °C; solvent A was 50 mM ammonium formate in water (pH 4.4) and solvent B was acetonitrile. A 40 min linear gradient was used and was as follows: 28% A for 1 min, 28-43% A for 30 min, 43-70 % A for 1 minute, 70 % A for 3 min, 70-28% solvent A for 1 min and finally 28 % A for 4 minutes. Samples were diluted in 75% acetonitrile prior analysis. The weak wash solvent was 80% acetonitrile and the strong wash solvent was 20% acetonitrile. To avoid contamination of MS system, flow was sent to waste for 1 min and after 32 min. 
4.4.10. [bookmark: _Toc377297377]Data Processing and Statistical Analysis

Structural annotation and quantitation of glycan MS data was performed manually and the masses were searched against Glycoworksbench® 2.0. Corresponding 12C6/13C6 ratios were calculated based on the area of the EIEs generated from the light and heavy isotope clusters of the aniline labelled glycans. 
One way ANOVA analysis, followed by Tukey post-analysis, were performed with P-values <0.05 considered statistically significant. 














4.5. [bookmark: _Toc377297378]Results
4.5.1. [bookmark: _Toc377297379]Patient information data
Table 4.1: Patient information summary of all individuals included in the study and patient information summary based on groups. 
	Patient Information Summary

	Age/Range
(years)
	Sex
M/F
	Smoking   Y/N
	Drinking  Y/N
	Medication
Y/N
	Had Food
Y/N
	Experiment
Group

	μ=56.64
	26M
	33 N
	15 N
	35 Y
	33 Y
	 

	 21-83
	24F
	17 Y
	35 Y
	15 N
	2 N
	 

	 
	 
	 
	 
	 
	15 unknown
	 

	 Group Patient Information Summary

	μ=51.5
	5M 
	4 N
	6 N
	3 N
	10 Y
	Ctrl

	33-79
	5F
	6 Y
	4 Y
	7 Y
	0 N
	

	μ=62.6
	6 M
	5 N
	2 N
	6 N
	 
	MD

	39-83
	4 F
	5 Y
	8 Y
	4 Y
	6 Y
	

	 
	
	
	
	
	4 unknown
	

	μ=57.6
	6 M
	5 N
	3 N
	3 N
	1 N
	MOD

	32-66
	4 F
	5 Y
	7 Y
	7 Y
	6 Y
	

	 
	
	
	
	
	3 unknown
	

	μ=54.9
	5 M
	8 N
	3 N
	10 Y
	 
	SD

	21-77
	5 F
	2 Y
	7 Y
	
	5 Y
	

	 
	
	
	
	
	5 unknown
	

	μ=56.6
	5 M
	8 N
	2 N
	3 N
	1 N
	OC

	 43-77
	5 F
	2 Y
	8 Y
	7 Y
	6 Y
	

	 
	 
	 
	 
	 
	3 unknown
	



Five groups based on pathology were created. There were 10 patients per group. Each group aimed to have equal number of males and females. The groups created were (1) a control group, (2) a mild dysplasia (MD) group, (3) moderate dysplasia (MOD) group, (4) a severe dysplasia (SD) group and (5) an oral cancer group.  





4.5.2. [bookmark: _Toc377297380]Method Strategy
4.5.2.1. [bookmark: _Toc377297381]Experimental design 
[image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:A018B228-E5AD-452A-966E-FB2936023A90:Method strategy portrait NEW.pdf]
[bookmark: _Toc372327482][bookmark: _Toc372382512][bookmark: _Toc372383165]Fig. 4.1. The strategy for using isotopic Aniline labeliing for the analysis of salivary N-Glycans 
After saliva collection from individuals with/without oral lesions (A), N-glycans were liberated by PNGaseF digestion (B), followed by derivatisation with either [12C6]-aniline or [13C6]-aniline (C). The 5 different groups analysed were; (i) a control (CTRL), mild dysplasia (MD), moderate dysplasia (MOD), severe dysplasia (SD ) and oral cancer (OC). Between group analysis was performed by labelling one group with 12C6-aniline and the other group with 13C6-aniline (D). Grouops were analysed by UPLC-MS (E). Same composition glycans were identified in the ion extracted chromatogram (F) as a mass difference of 6 Da doublets and differences in their relative amounts were considered quantitative differences in relative peak area (G) with the 6 Da difference doublet. 
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4.5.3. [bookmark: _Toc377297382]GLYCAN CHARACTERISATION
4.5.3.1. [bookmark: _Toc377297383]COMPREHENSIVE ANNOTATION OF ANILINE LABELLED N-GLYCANS IN THE TOTAL SALIVARY POOL OF CONTROL AND OC SAMPLES BASED ON HILIC-UPLC-MS IDENTIFICATION
Exhaustive structural annotation of the peaks was performed using HILIC-UPLC- MS analysis. Structure assignment was performed with the aid of GlycoWorkbench tool. Fig. 4.2 depicts the annotation of the N-glycans found in the total salivary pool of 50 individuals with or without oral cancerous and precancerous lesions. The experimental masses observed on the MS and the monosaccharide compositions for the detected glycans are summarized in Appendix C Table 13 corresponding to the total salivary N-glycan pool. Where isobaric structures were found all possible monosaccharide compositions are listed based on the MS signal and Database. Each of the fractions obtained from the WAX fractionation, neutral, S1 and S2 was subjected to HILIC-UPLC- MS analysis. Fig. 4.3, 4.4 and 4.5 depict the annotation of the N-glycans found in the neutral, S1 and S2 salivary pool. The corresponding monosaccharide compositions for the detected glycans are summarized in Appendix C- Table 14, Table 15 Table 16, respectively. 






4.5.3.1. [bookmark: _Toc377297384]N-GLYCAN ANNOTATION OF THE TOTAL SALIVARY POOL OF CONTROL AND OC PATIENTS BASED ON HILIC-UPLC-MS IDENTIFICATION
[image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:554552A7-850A-4E4D-9771-828DDB7A94C0:Total Saliva new.pdf]
[bookmark: _Toc372382513][bookmark: _Toc372383166]Fig. 4.2. Total N-linked salivary glycans from a pool of 50 individuals with or without oral lesions in LC-MS (in negative mode) - Fluorescence signal 
The experimental masses observed on the Mass Spectrometer and the monosaccharide compositions for the detected glycans are summarized in Appendix C- Table 13. The vertical axis represents Relative Fluorescence Intensity. 
4.5.3.2. [bookmark: _Toc377297385]N-GLYCAN ANNOTATION OF THE NEUTRAL FRACTION FROM WAX OF THE SALIVARY POOL OF CONTROL AND OC PATIENTS  BASED ON HILIC-UPLC-MS IDENTIFICATION
[bookmark: _Toc372382514][bookmark: _Toc372383167][image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:33F331CF-808B-4190-BF07-A9ABD3E7A999:160302_Neutrals_Undigested.pdf]Fig. 4.3. Neutral fraction of glycans from a pool of 50 individuals with or without oral lesions in LC-MS (in negative mode) -Fluorescence signal 
The experimental masses observed on the Mass Spectrometer and the monosaccharide compositions for the detected glycans are summarized in Appendix C Table 14. The vertical axis represents Relative Fluorescence Intensity. 
4.5.3.3. [bookmark: _Toc377297386]N-GLYCAN ANNOTATION OF THE S1 FRACTION FROM WAX OF THE SALIVARY POOL OF CONTROL AND OC PATIENTS  BASED ON HILIC-UPLC-MS IDENTIFICATION
[image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:087BF433-DD5E-4006-80BF-043FB50DAB85:160302_S1 undigested.pdf]
[bookmark: _Toc372382515][bookmark: _Toc372383168]Fig. 4.4. S1 fraction of glycans from a pool of 50 individuals with or without oral lesions in LC-MS (in negative mode) - Fluorescence signal 
The experimental masses observed on the Mass Spectrometer and the monosaccharide compositions for the detected glycans are summarized in Appendix C Table 15. The vertical axis represents Relative Fluorescence Intensity. 
4.5.3.4. [bookmark: _Toc377297387]N-GLYCAN ANNOTATION OF THE S2 FRACTION FROM WAX OF THE SALIVARY POOL OF CONTROL AND OC PATIENTS  BASED ON HILIC-UPLC-MS IDENTIFICATION
[image: Macintosh HD:Users:nicoletasinevici:Library:Containers:com.apple.mail:Data:Library:Mail Downloads:33986032-B6F0-4D79-9615-B39D019D7AD8:160302_S2_undigested.pdf]
[bookmark: _Toc372382516][bookmark: _Toc372383169]Fig. 4.5. S2 fraction of glycans from a pool of 50 individuals with or without oral lesions in LC-MS (in negative mode) - Fluorescence signal. 
The experimental masses observed on the Mass Spectrometer and the monosaccharide compositions for the detected glycans are summarized in Appendix C Table 16. The vertical axis represents Relative Fluorescence Intensity.
4.9.5. [bookmark: _Toc377297388]A study of progressive oral dysplatic and OC lesions
4.9.5.2. [bookmark: _Toc377297389]Quantitative Statistical Analysis
Fig. 4.6. shows the quantitative comparison ratios of 12C6/13C6-aniline labelled N-glycans from whole saliva samples of control (CTRL), mild dysplasia (MD), moderate dysplasia (MOD), severe dysplasia (SD) and oral cancer (OC) patients. ANOVA test was performed with a p-value < 0.05 considered significant and shown in Table 5.4. Tukey post analysis were subsequently performed and the statistical data is summarised in Fig. 4.6, different style lines corresponding to a p-value of 0.001, 0.01 and 0.05.  Detailed Tukey analysis can be found in Appendix D Table 17.
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[bookmark: _Toc372327483][bookmark: _Toc372382517][bookmark: _Toc372383170]Fig. 4.6: Peak Quantitation of N-glycans in saliva
 Peak 1-61 showing the quantitative comparison ratios of 12C6/13C6-aniline labelled N-glycans from pooled saliva samples of control (CTRL), mild dysplasia (MD), moderate dysplasia (MOD), severe dysplasia (SD) and oral cancer (OC) patients. ANOVA analysis was performed with p-values of < 0.05 considered significant (data shown in Table 4.2). Tukey post analysis was performed and results are summarised by the presence of different style lines between groups. Line style is representative of the significance level and represents either a p-value of * 0.05, ** 0.001 and *** 0.0001. No line is indicative of not significant (NS). See Appendix D Table 17 for Tukey post analysis significance data. Samples were run in triplicate in three separate experiments.





[bookmark: _Toc372382565][bookmark: _Toc372383698]Table 4.2. Quantitative comparison ratios
Quantitative comparison ratios of 12C6/13C6-aniline labelled N-glycans from pooled saliva samples of control (CTRL), mild dysplasia (MD), moderate dysplasia (MOD), severe dysplasia (SD) and oral cancer (OC) patients. ANOVA test was performed with a p-value < 0.05 considered significant (in bold). See Appendix D Table 17 for Tukey post analysis significance data.

	Peak / (tR (min)
	Proposed
Glycan Structure 
	m/Z Experimental
	ANOVA -p value

	1 (tR 2.10-2.75)

	2.09
	970.3912 m/z
	970.3912
	0.0001

	2.58
	M3
	986.3602
	0.028

	2 (tR 2.75-3)

	2.87
	1146.4583
	1146.4583
	0.0254

	3 (tR 3-3.20)

	3.18
	FM3
	1132.4374
	0.0001

	3.22
	1168.344
	1168.344
	0.0001

	4 (tR 3.20-3.45)

	3.37
	A1
	1189.463
	0.0001

	7 (tR 3.80-4)

	3.98
	FA1
	667.2636
	0.0001

	8 (tR 4-4.30)

	3.98
	FA1
	667.2606
	0.0001

	4.28
	A2
	695.7656
	0.0001

	9 (tR 4.30-4.50)

	4.51
	804.215
	804.215
	0.0016

	10 (tR 4.50-5)

	4.87
	M4A1/A1G1
	675.235
	0.0951

	5.11
	FA2
	768.7951
	0.0001

	4.51
	804.254
	804.254
	0.0001

	11 (tR 5-5.40)

	5.11
	FA2
	768.7781
	0.0001

	5.11
	A3
	797.3038
	0.0001

	12 (tR 5.40-6)

	5.61
	M4
	573.72
	0.038

	5.63
	M5
	654.739
	0.0013

	5.73
	FA1G1/FM4A1
	748.2717
	0.0001

	5.89
	A2G1/M4A2
	776.7952
	0.0001

	6.06
	FA3
	870.3164
	0.0001

	5.52
	877.3318
	877.3318
	0.0003

	13 (tR 6-6.40)

	6.02
	FA1G1/FM4A1
	748.2717
	0.0001

	6.06
	FA2
	768.8065
	0.0005

	6.23
	A2G1/M4A2
	776.8009
	0.0040

	6.06
	788.227
	788.227
	0.0098

	6.07
	FA3
	870.3346
	0.0001

	6.06
	A3G1/M4A1
	878.3163
	0.0034

	6.04
	887.227
	887.227
	0.0108

	14 (tR 6.40-6.65)

	6.47
	FA1G1/M4A1
	748.2886
	0.0062

	6.64
	FA1F1G1
	821.2977
	0.0164

	6.67
	FA3
	870.3286
	0.0004

	15 (tR 6.65-6.85)

	6.67
	FM5
	727.7715
	0.0001

	6.85
	M5A1G1/M5A1
	756.2605
	0.0001

	6.64
	FA1F1G1 
	821.3094
	0.0507

	6.8
	A3G1
	878.3345
	0.0001

	16 (tR 6.85-7)

	6.87
	742.67
	742.67
	0.0011

	6.85
	M5A1G1/M5A1
	756.2774
	0.0001

	6.93
	FA1F1G1 
	821.333
	0.0001

	7.02
	828.254
	828.254
	0.0001

	7.04
	FA2G1 
	849.8399
	0.0001

	6.8
	A3G1 
	878.3224
	0.0001

	6.85
	FA4
	971.8677
	0.0001

	17 (tR 7-7.45)

	6.93
	FA1F1G1
	821.3271
	0.0002

	7.02
	828.246
	828.246
	0.0001

	7.35
	836.269
	836.269
	0.0002

	7.04
	FA2G1
	849.816
	0.0001

	7.35
	FA2G1 
	849.816
	0.0001

	6.8
	A3G1
	878.3224
	0.0001

	7.15
	958.297
	958.297
	0.0320

	7.47
	958.297
	958.297
	0.0001

	18 (tR 7.45-7.95)

	7.81
	M5
	654.7285
	0.0018

	7.83
	M6
	735.7727
	0.0001

	7.76
	FA1F1G1
	821.3036
	0.0001

	8.08
	FM4A1G1
	829.3117
	0.0001

	7.35
	FA2G1
	849.8339
	0.0001

	7.67
	A2G2/M5A2
	857.8174
	0.0932

	7.85
	FA3G1
	951.3611
	0.0001

	19 (tR 7.95-8.25)

	8.28
	A1G1S1
	820.8275
	0.0001

	7.76
	FA1F1G1
	821.2895
	0.0001

	8.08
	FM4A1G1
	829.3235
	0.0001

	7.86
	FA2G1
	849.8339
	0.0031

	8.29
	A2G2/M5A2
	857.8474
	0.0001

	8.15
	FA3G1
	951.3484
	0.0001

	20 (tR 8.25-8.45)

	8.28
	A1G1S1
	820.7981
	0.0001

	8.29
	A2G2/M5A2
	857.8294
	0.0001

	8.15
	FA3G1
	951.3484
	0.0018

	22 (tR 8.65-9)

	9.05
	FA1F1G1F1
	894.3216
	0.0010

	8.83
	FA2F1G1
	922.8484
	0.0001

	8.95
	FA2G2/FM5A1
	930.8353
	0.0071

	8.71
	937.746
	937.746
	0.0001

	23 (tR 9-9.25)

	9.06
	FA1FAGAF1
	894.34
	0.0002

	8.83
	FA2G1F1
	922.8546
	0.0001

	24 (tR 9.25-9.60)

	9.33
	M5A1G1
	837.2935
	0.0001

	9.63
	FA1G1S1
	893.8248
	0.0001

	9.22
	A2G1S1
	922.3312
	0.0001

	9.51
	FA2G2/M5A2
	930.848
	0.0001

	25 (tR 9.60-9.85)

	9.63
	FA1G1S1
	893.8248
	0.0001

	9.76
	A2G1S1
	922.3312
	0.0137

	9.51
	FA2G2/FM5A2
	930.848
	0.0001

	9.81
	FA3F1G1
	1024.3536
	0.0001

	26 (tR 9.85-10.15)

	10.06
	FM4A1F1G1
	902.3384
	0.0001

	10.01
	FA1F1G1S1
	966.8481
	0.3572

	9.81
	FA3F1G1
	1024.3995
	0.0001

	10.09
	FA3F1G1
	1024.3995
	0.0001

	10.17
	FA3G2
	1032.3917
	0.0001

	27 (tR 10.15-10.45)

	10.46
	M7
	816.7659
	0.0030

	10.06
	FM4A1F1G1
	902.3445
	0.0001

	10.29
	FA2G2/FM5A2
	930.8478
	0.0001

	10.34
	FA1F1G1S1
	966.8545
	0.0001

	10.11
	FA2F1G1F1
	995.8722
	0.0008

	10.53
	FA2F1G1F1
	995.8722
	0.0001

	11.06
	FA2G1S1
	995.348
	0.0001

	10.09
	FA3F1G1
	1024.3995
	0.0020

	10.17
	FA3G2
	1032.3785
	0.0001

	10.24
	1096.336
	1096.336
	0.0001

	28 (tR 10.45-10.60)

	10.46
	M7
	816.8011
	0.0008

	10.63
	M4A1G1S1
	901.827
	0.0001

	10.63
	FM5A1G1
	910.3229
	0.0001

	10.54
	FA2F2G1
	995.8787
	0.0001

	10.53
	FA2F1G2
	1003.8759
	0.0017

	29 (tR 10.60-10.90)

	10.63
	M4A1G1S1
	901.827
	0.0001

	10.63
	FM5A1G1
	910.3043
	0.0001

	10.54
	FA2G1S1
	995.3674
	0.3852

	10.53
	FA2F1G2
	1003.8824
	0.0169

	10.67
	FA3G2
	1032.3917
	0.0001

	30 (tR 10.90-11.15)

	11.06
	FA2G1S1
	995.3415
	0.0001

	10.92
	1010.285
	101.285
	0.3014

	10.89
	A3G1S1
	1023.8679
	0.0002

	11.06
	FA3G2
	1032.3983
	0.0001

	11.15
	FA3G1S1
	1096.8752
	0.0001

	31 ( tR 11.15-11.30)

	10.53
	FA2F1G2
	1003.8824
	0.0099

	11.15
	FA3G1S1
	1096.8752
	0.0001

	32 (tR 11.30-11.60)

	11.4
	FM5A1G1
	910.3043
	0.062

	11.57
	FA2F1G2
	1003.8694
	0.0001

	33 (tR 11.60-11.85)

	11.56
	FA2F1G2
	1003.8564
	0.0001

	11.7
	FA2F1G1S1
	1068.3884
	0.0184

	11.82
	1264.293
	1264.293
	0.0047

	34 (tR 11.85-12.15)

	12
	FM4A1G1S1
	974.8627
	0.0001

	12.05
	A2G2S1
	1003.3626
	0.0001

	11.97
	FA2G2S1
	1076.3683
	0.0001

	12.18
	FA3G1S1
	1096.903
	0.0001

	35 (tR 12.15-12.30)

	12.04
	A2G2S1
	1003.3821
	0.0001

	12.54
	FA2F1G2
	1003.8629
	0.0001

	12.27
	FA3F1G2
	1105.4044
	0.0001

	37 (tR 12.55-12.85)

	12.8
	M8
	897.8153
	0.0045

	12.76
	FM5A1F1G1
	983.3605
	0.0001

	11.56
	FA2F1G2
	1003.8824
	0.0001

	12.05
	A2G2S1
	1003.3626
	0.0001

	12.66
	FM4A1F1G1S1
	1047.8781
	0.0001

	12.88
	FA2F2G2
	1076.8866
	0.0002

	12.88
	FA2G2S1
	1076.3683
	0.0007

	12.48
	1083.785
	1083.785
	0.0019

	12.27
	FA3F1G2
	1105.3839
	0.0002

	38 (tR 12.85-13.25)

	13.13
	M8
	897.8276
	0.0001

	13.28
	M5A1G1S1
	982.8782
	0.0003

	13.26
	FM5A1G1
	983.3477
	0.0096

	12.88
	FA2G2S1/FM4A2G1S1
	1076.402
	0.0005

	13.38
	FA2G2S1/FM4A2G1S1
	1076.402
	0.0001

	12.88
	FA2F2G2
	1076.8933
	0.0001

	12.93
	1083.805
	1083.805
	0.0001

	13.04
	A3G2S1
	1104.9271
	0.0001

	13
	FA3F1G2
	1105.4113
	0.0001

	12.97
	1168.856
	1168.856
	0.0022

	39 (tR 13.25-13.45)

	13.28
	M4A1G1S1
	982.8718
	0.0001

	13.38
	FA2G2S1/FM4A2G1S1
	1076.3953
	0.0001

	14.31
	FA2G2S1/FM4A2G1S1
	1076.3953
	0.0001

	13.3
	FA3G3/M5A3G1
	1113.4116
	0.0001

	40 (tR 13.45-13.80)

	13.38
	1076.305
	1076.305
	0.0001

	13.86
	FA3G3/M5A3G1
	1113.4116
	0.0046

	41 (tR 13.80-14.05)

	13.9
	1076.758
	1076.758
	0.0001

	14.04
	FA2F1G2S1
	1149.4049
	0.0001

	42 (tR 14.05-14.50)

	14.31
	FA2G2S1
	1076.3818
	0.0001

	14.04
	FA2F1G2S1
	1149.4188
	0.0001

	14.29
	FA3G2S1
	1177.9176
	0.0001

	44 (tR 14.75-15.20)

	15.2
	FA2F1G2S1/FM4A2F1G1S1
	1149.4119
	0.0001

	15.2
	FA2F2G2F1
	1149.9196
	0.0001

	14.29
	FA3G2S1
	1177.9247
	0.0001

	14.88
	FA3F2G2
	1178.4264
	0.0003

	15.2
	FA3F1G3
	1186.4442
	0.0001

	45 (tR 15.20-15.55)

	15.37
	M9
	978.8375
	0.0001

	15.2
	FA2F1G2S1
	1149.4188
	0.0009

	15.2
	FA2F2G2F1
	1149.9196
	0.0001

	15.2
	FA3F1G3
	1186.4655
	0.0001

	46 (tR 15.55-15.85)

	15.64
	FA2F1G2S1
	1149.4258
	0.0001

	15.6
	FA3F1G3
	1186.4655
	0.0019

	47 (tR 15.85-16.30)

	16.12
	A2G2S2
	1148.9182
	0.0001

	15.6
	FA3F1G3/FM5A3F1G1
	1186.423
	0.0106

	48 (tR 16.30-17)

	16.5
	FA2F2G2S1
	1222.4423
	0.0001

	16.53
	FA3G3S1
	1258.9347
	0.2961

	17.51
	FA3G3S1
	1258.9347
	0.0002

	49 (tR 17-17.35)

	17.3
	FA2G2S2
	1221.9619
	0.0001

	17.15
	FA3F2G2/FM4A3F2G2
	1259.4806
	0.0042

	17.35
	FA3F1G3S1/FM4A3F1G1S1
	1331.9871
	0.0797

	50 (tR 17.35-17.65)

	17.3
	FA2G2S2
	1221.9332
	0.0001

	17.51
	FA3G3S1
	1258.9275
	0.0001

	17.49
	FA3F2G3
	1259.4442
	0.0001

	17.44
	FA2F2G2F1S1
	1295.447
	0.0001

	17.38
	FA3F1G3S1/FM4A3F1G1S1
	1331.9871
	0.0001

	51 (tR 17.65-18.15)

	17.49
	1259.4418
	1259.4418
	0.0001

	18.18
	FA2F1G2S2
	1294.9894
	0.0001

	17.83
	FA3G2S2
	1323.5114
	0.0001

	18.36
	FA3F1G3S1
	1331.9796
	0.2864

	52 (tR 18.15- 18.30)

	18.26
	1259.4418
	1259.4418
	0.0980

	18.18
	FA2F1G2S2
	1294.9894
	0.0001

	53 (tR 18.30-18.70)

	18.74
	FM5A3F1G1S1/FA3F1G3S1
	1331.9722
	0.0125

	18.69
	FA2F2G2S2
	1367.9883
	0.0001

	54 (tR 18.70-18.90)

	18.76
	FA3F1G3S1
	1332.4812
	0.0012

	18.69
	FA2F2G2S2
	1367.9883
	0.0001

	55 (tR 18.90-19.30)

	19.06
	FA3F2G3S1
	1404.9922
	0.0009

	56 (tR 19.30-19.65)

	19.4
	FA3F1G3S1/FM5A3F1G1S1
	1332.4888
	0.0001

	57 (tR 19.65-20.05)

	19.49
	FA3F2G3S1
	1404.9691
	0.0523

	58 (tR 20.05-20.55)

	20.07
	FA3F3G3F1
	1405.4998
	0.2174

	59 (tR 20.55-21.40)

	20.75
	FA3F2G3S1
	1404.9999
	0.0104

	21.12
	FA3F3G3S1
	1478.0203
	0.0002

	60 (tR 21.40-21.90)

	21.71
	FA5G5
	1478.5789
	0.0064

	61 (tR 21.90-22.70)

	22.79
	A5G2S1
	1551.0559
	0.0005

	22.87
	FA5G5S1
	1624.0587
	0.0006

	23.11
	FA5G5S1
	1624.0587
	0.0508
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[bookmark: _Toc372327484][bookmark: _Toc372382518][bookmark: _Toc372383171]Fig. 4.7. Complexity of N-glycan analysis and quantitation
A representative example demonstrating the complex nature of salivary glycan analysis and quantitation utilising the chromatogram corresponding to peak 21 (tR 8.45-8.65 min) in the Total N-glycan pool, the Neutral N-Glycan pool and the S1 N-Glycan pool (A). The highlighted region is then expanded and shown as ion spectra showing two possible glycan compositions within the one isotopic glycan pattern (B). The same region is then shown in comparison to all the experimental groups (C) but the intensity of the glycan is much lower compared to the pooled making integration of such peaks impractical due to software limitations. 




























4.10. [bookmark: _Toc377297390]Discussion
Late diagnosis and associated issues in OC remain to be of major concern to the patient and to their medical team. In an era of major technological advancements this easily accessible cancer should be amenable to early intervention, improving the  serious prognosis. To date, there is no way of accurately determining the malignant potential of an oral dysplastic lesion (Starzyńska et al., 2014). Early detection is enhanced by increasing public awareness, encouraging regular dental check-ups and the use of preliminary diagnostic tests, such as brush biopsies, followed by incisional or excisional biopsy to confirm a diagnosis. Recommendations include annual screening of all adult patients, even in the absence of any history of risk factors. Patients with known risk factors are encouraged to attend for screening every 6 months (Morger et al., 2010). Unfortunately this strategy excludes many patients that are unable to attend regular check-ups for different socio-economic reasons. With or without different socio-economic background taken into account, point of care (POC) diagnostics should be the gold standard for early detection. POC would provide a fast, easy and low cost method of diagnosis, provided sensitive and specific biomarkers are found. A biomarker should be detectable and should indicate a normal or abnormal physiological state. The clinical utility of saliva is being actively exploited in the search of biomarkers for OC. To date, there have been numerous attempts at finding reliable biomarkers in saliva. The salivary genome, transcriptome, proteome, metabolome, lipidome and glycome have all been investigated for different purposes (Wu et al., 2009, Aro et al., 2017). No studies have been published investigating the potential of salivary derived N-glycans as biomarkers of OC. The exciting and novel findings from this study demonstrate the biomarker potential of a number of salivary N-glycans in the diagnosis and prognosis of OC and/or associated dysplastic lesions. Furthermore, it reveals a whole new glycomic area in the pathogenesis of oral preneoplastic and neoplastic lesions. 
The structural complexity of glycan analysis is well recognized, even when individual protein glycosylation is investigated (Ruhaak et al., 2013). Orthogonal analytical approaches as well as advances in MS and LC-MS make glycan characterisation possible and have been employed in this study. When using liquid chromatography techniques alone, structural characterization and quantification depends on well-separated peaks as offered by HILIC columns. However this method, as exemplified in Chapter 3, is not suitable for complex samples such as saliva. The higher resolving power of MS aids in characterization and quantification of N-glycans, providing the m/z value for structural identification and allows for quantitative analysis if isotopic labeling is used.  

It is known that the glycan signature of an individual is highly reproducible but can be influenced by age, gender, smoking and other factors (Ruhaak et al., 2011, Knezevic et al., 2010, Knezevic et al., 2009). To control for these factors, patients for each group were chosen to be of approximately similar age and equal numbers of males and females were aimed for each group. 

The salivary N-glycan pool from the 50 individuals was initially subjected to exoglycosidase digestions with/out WAX separation followed by UPLC-MS analysis. Similar to the results in Chapter 3, salivary glycosylation was shown to consist of a large neutral fraction, followed by a S1 fraction and a smaller S2 fraction. MS analysis of the total, neutral, S1 and S2 fractions enabled a thorough characterization of the glycan species present and detailed composition analysis which are shown in Appendix 1A, 1B, 1C and 1D. A total of 61 peaks were annotated with individual peaks containing up to 23 glycan structures. It was apparent that same composition of glycans appeared in multiple peaks, indicating positional isomers. 
Exoglycosidase digestions confirmed the presence of core fucose ((α1,6), outer arm fucose (α (1,2) and α (1,3) position), sialic acid (α (2-3) and α (2-6) position), N-acetylglucosamine (β (1,4)) and galactose β (1,4). Digestion with hexosaminidase resulted in the digestion of all glycan structures except the core glycan structure and high mannose structures and included all structures from Man3 to Man9. 
In the quest of biomarker discovery, liberated glycans were derivatised with 12C6 and 13C6-aniline; groups were pooled based on the desired comparison i.e. Ctrl (12C6) vs. Ctrl (13C6 ), Ctrl (12C6) ) vs. MD (13C6) MD (12C6) vs. MOD (13C6), MOD (12C6) vs. SD (13C6) and SD (12C6) vs. OC (13C6), and analysed by ESI-MS. To ensure no variation in the labelling stoichiometry, and thus to ensure the validity of this method of relative quantification, a 1:1 ratio between the 12C6 and 13C6-aniline in the control group was ensured. 
Relative glycan quantitation was performed by taking the first three peaks, starting with the most abundant peak that in most cases also corresponded with the monoisotopic peak. In cases where the isotopic profile of a specific glycan had corresponding structures for both the monoisotopic peak and the most abundant peak, integration was achieved by starting either at the most abundant peak or the monoisotopic peak and integrating the next three peaks. 
Relative quantitation of salivary glycans for the different stages of the disease groups was performed by comparing the relative ratio between the disease group and the control group. Only the integration of the double charged glycan states are shown in the above analysis (Table 4.2) except for M3 and FM3 where they are present predominately in the singly charged state. Due to the abundance of glycans present in the salivary glycome integration focused on the pre-annotated glycan structures shown in Fig. 4.2 (Total Analysis). The appearance of a number of glycans of unknown structure were also annotated in Table 17- Appendix D,  due to their consistent appearance, and are identified in the tables above just by their m/z value. 
The fingerprint of the salivary glycome progressing from no dysplasia to all the stages of dysplasia and OC has been described in this study and reveals a new and exciting avenue for understanding OC and inevitably for developing novel treatments.  Quantitative peak analysis revealed a highly dynamic glycomic profile in the different oral dysplastic pathologies with ANOVA results showing only 13 glycans with non-significant p-values. Tukey post analysis revealed a myriad of significant changes, confirming the dynamic salivary glycome in the pathophysiology of OC.  It is important to highlight that the differences observed are mainly quantitative differences but not qualitative differences. This observation has also been made by Everest-Dass et al., (2012) which has also shown that the glycomic profile of saliva mimics the glycomic profile of buccal epithelial cells. 

From the 61 peaks annotated, 56 peaks were statistically analysed and the number of structures analysed is considerably lower compared to the total pool. Potential reasons for this discrepancy which can be accounted for include: (1) the higher concentration of N-glycans in the total pool compared to group analysis, which makes quantitation of the low abundant glycans harder, (2) the limitation of the software in relation to integration- on occasion, the same composition glycans eluting in closely adjacent peaks are not always distinguished as individual glycans resulting in the same integration values for both isomers and (3) the abundance of glycans within each peak may cause omission of the low abundant glycans. The complexity of the glycan analysis is shown in Fig. 4.6.

It was apparent that there was a general trend for many glycans to be up-regulated in MD, down-regulated in MOD, spiking in SD with a return to control levels in OC. The general upregulation of most glycans in SD shows an interesting phenomenon somewhat contrary to initial thoughts on glycosylation spiking in the cancer state. The increased abundance of N-glycans in SD may be indicative of processes contributing to metastatic mechanisms allowing spread and returning to normal levels once a tumour has been established (Stowell et al., 2015). 
The results of this study indicate that salivary glycosylation is a highly regulated process yet influenced by various patho/physiological parameters such as but not limited to disease progression. Thus these results provide further support demonstrating that salivary glycosylation is a tightly regulated and complex process. This observation is highly significant if one considers the production of salivary proteins occurring mainly in the salivary glands. Therefore a level of communication between disease state and N-glycosylation synthesis may exist and would appear to be an active process in OC. 

Furthermore, the study has identified a number of candidate biomarkers for the detection of OC and associated dysplasia. Of the candidate structures FA1F1G1F1 (peak 23) shows a stage dependent increase, making it a good biomarker candidate. Other structures such as FA2 (Peak 12), FA2F1G2S1 (Peak 44), FA3F1G3 (Peak 46), and FA2F2G2F1S1 may have the potential to identify individual and/or a combination of lesions. The possibility of not only being able to detect OC but to identify specific grades of lesions is of great importance in all aspects of OC management.  Validation of these biomarkers is the next step in confirming their clinical utility. Targeted analysis of these markers in larger patient studies will provide valuable information regarding their specificity and sensitivity. Studies on the molecular mechanism leading to these changes are necessary to determine the nature of the link between the biomarker and disease.  Indeed, the roles of N-glycans on specific proteins are still not fully understood (Ruhaak et al., 2013). Understanding the role of these N-glycans in normal and pathophysiology would undoubtedly reveal a whole new vision of the molecular world of the oral cavity.
The provision of robust mathematical model to determine associations between a specific glycomic fingerprint would provide an ideal understanding of OC but also extend this methodology to other oral pathologies and systemic diseases. 

In summary, this study demonstrates the novel use of isotopic labelling for HILIC-UPLC-MS analysis of salivary N-glycans and the identification of putative biomarkers in OC. Validation of the proposed biomarkers in large patients cohorts will benefit patients at risk of developing OC, reducing both morbidity and mortality. This study indicates that N-glycosylation could also be used as a novel method to correctly classify oral lesions, which to date remains very subjective, both depending on inter and intra clinician classification and biopsies not exhibiting a singular pathology (Starzyńska et al., 2014). These results highlight that aberrant glycosylation is strongly associated with disease progression. Further investigations into the molecular mechanisms of this phenomenon will contribute to a better understanding of the disease and may be useful targets in the development of new treatments. 




4.11. [bookmark: _Toc377297391]Conclusion

This study describes, for the first time, N-glycan structures that exhibit differential expression in the saliva of patients with or without oral dysplastic/cancerous lesions. The complexity of N-glycan analysis is only surpassed by the complexity of salivary N-glycans themselves where the abundance and inherent structural characteristics make their study both an exciting but difficult and complicated task. However it is likely that future advancements on all fronts will soon be available where software platforms will be available with no need for lengthy manual analysis and interpretation of results. 
To conclude, these results advocate salivary testing for the detection, staging and prognosis of such lesions. Future steps would include the validation of the clinical utility of these biomarkers in large patient studies. Confirmation of the potential of these biomarkers would make salivary liquid biopsies and personalised medicine a tangible realisation. 











CHAPTER 5
The novel therapeutic potential of Bovine α-lactalbumin made lethal to tumour cells (BAMLET) in OSCC







5. [bookmark: _Toc377297392] The therapeutic potential of Bovine α-lactalbumin made lethal to tumour cells (BAMLET) in OSCC
5.1. [bookmark: _Toc377297393]Introduction
Unsuccessful treatment of OC is undoubtedly linked to late diagnosis, for which biomarkers would be the ideal method of precanceorous lesion identification. Chapter 3 and 4 investigated the potential differences in N-glycosylation in saliva that could signal such neoplastic changes. Another important aspect that impacts on the morbidity and mortality of OC patients is chemoresistance and recurrence (Wang et al., 2013a). Prognosis of OC remains poor despite advaces in chemotherapy, radiotherapy and targeted therapy. Thus new treatment strategies, investigated in this chapter, are needed for oral dysplastic lesions and also for advanced OC cases. 
Current therapeutic strategies for OC are linked to numerous undesirable effects. Of the most evident facial reconstruction at physical level followed by psychological distress and at cellular level where toxic effects of radiotherapy/chemotherapy is detrimental to healthy cells. In addition the ever-growing problem of chemoresistant cancers makes treatment opportunities somewhat limited. The pursuit for new compounds that minimize the current side effects but at the same time showing comparable efficacies is ongoing. One such compound gaining momentum is the Bovine/Human α-lactalbumin Made Lethal to Tumor cells (BAMLET/HAMLET) complex (Fig. 5.1) with several studies reporting its selective ability in killing cancerous cells (Håkansson et al., 1995, Hallgren et al., 2006, Svensson et al., 2000). Its ideal anti-carcinogenic characteristics have attracted much interest and a desire to understand the mechanism through which cell death is achieved. However to date much ambiguity remains regarding the cell death mechanism delaying the implementation of new treatment strategies for so many patients. Subsequently this study aims to determine the cellular and molecular events that occur following BAMLET administration and for the first time show its efficacy in oral dysplastic and cancerous cell lines. The use of BAMET instead of HAMLET in this study is based on the potential clinical utility of this complex. Studies have demonstrated  that the source of α-LA does not affect cytotoxicity and multiple proteins can form cytotxic complexes with OA (Nakamura et al., 2013). Furthermore, Rammer et al., (2010) demonstrated that BAMLET and HAMLET show similar efficacy and specificity towards malignant cells. The availability as well as the cost of bovine milk in large quantities for bulk production of BAMLET therapeutics makes its use an attractive avenue. 

5.2. [bookmark: _Toc377297394]From milk to BAMLET
The beneficial properties of milk extend from intra to extra uterine life, exhibiting a wide range of physiological activities including immunomodulatory, antihypertensive, antimicrobial, antiviral, antioxidant and opioid-like activities (Gartner et al., 2012). During prenatal development, milk proteins act as vehicles of micronutrients (calcium, phosphate), amino acids (DNA& RNA) and proteins (immunoglobulins and lactoferrin) from the mother to the newborn. Naturally these features have attracted interest and research is aimed at exploiting these characteristics by using them as therapeutic drugs to targeted vehicles. Milk is composed of two major groups of proteins, the insoluble caseins accounting for 80% of milk and the soluble whey proteins accounting for the remaining 20%. These proteins act as precursors of bioactive peptides that are released in the body through enzymatic proteolysis during gastrointestinal digestion or during food processing (Sullivan et al., 2013). Whey proteins, β- lactoglobulin and α- lactalbumin (α-LA) in particular have shown to have antitumour effects. These effects are attributed to the high content of cysteine/cysteine and ϒ-glutamylcysteine dipeptides, substrates for the synthesis of glutathione which functions as an antioxidant thus destroying reactive oxygen species (ROS) and detoxifying carcinogens (Pepe et al., 2013). Furthermore the composition of milk includes glycerides of which oleic acid (OA) is the most abundant fatty acid and accounts for 34% of all fatty acids (Gibson and Kneebone, 1981). Interestingly partial unfolding of α-LA results in an increased affinity for fatty acids and thus the subsequent formation of the lethal complex. The formation of the complex requires specific conditions and it is believed that the stomach of a newborn provides the optimal condition for HAMLET/BAMLET formation (Sullivan et al., 2013). This is because the pH in the stomach of a newborn is higher than the required pH levels for proteolysis with pepsin (Favilla et al., 1997), resulting in lower proteolysis and thus higher levels of native α-LA. A description of the individual components will highlight the molecular complexity of BAMLET.

5.2.1. [bookmark: _Toc377297395]α- lactalbumin
α-LA is a small acidic protein (123 amino acids) (Fig. 5.1), part of the lactose synthase complex and hence involved in the biosynthesis of lactose. α-LA natively folds into two major components: a large αdomain and a smaller β sheet linked by a calcium-binding loop. Ca2+ stabilizes the protein conformation and decalcification results in the apo-formation gaining more flexibility and the ability to bind anionic lipids and many different classes of detergents at neutral pH (Chaudhuri et al., 2004). It has been suggested that the ability of α-LA to form stable complexes with lipids to be a generic feature whereby the structural and functional characteristics would be determined on the actual identity of the components (Brinkmann et al., 2013). Consequently a hypothesis was formed that the variation in the α-LA:OA lipid stoichiometry and size to be descriptive of the various ways of forming such bio-complexes. It is believed that OA binds α-LA between the two domains with both hydrophilic and hydrophobic interactions mediating binding and stabilizing the complex (Johnke and Petersen, 2012). However it is not a prerequisite for α-LA to present itself in its apo-conformational state, with fragments of α-LA also forming cytotoxic complexes with OA. Although α-LA has been shown to be cytotoxic in certain studies, the consensus is that at least in the BAMLET/HAMLET complex, it functions as a transport vehicle while the oleic acid forms the active cytotoxic compound.

[image: ]
[bookmark: _Toc372382519][bookmark: _Toc372383172]Fig. 5.1. Structure of α-LA protein,  OA and BAMLET
The structure of the α-LA protein (A) and OA (B). The BAMLET complex (C) is formed by the removal of Ca2+ from the protein and the addition of OA.

5.2.2. [bookmark: _Toc377297396]Oleic acid
OA (Fig. 5.1.) is a non-essential fatty acid (ω-9) found in many diets, predominant in olive oil (70-80%), avocados, almonds, peanuts, sesame oil, pecans, pistachio nuts, cashews, hazelnuts, macadamia nuts and animal fat. The beneficial effects of OA have been reported in numerous studies perhaps due to epidemiological evidence of lower cancer rates, heart disease and other pathologies in diets rich in this mono unsaturated fatty acid (MUFA). Its implication in health and disease is highlighted by its ability to reduce cholesterol levels, reduce atherogenesis risk and reduce host versus graft response (Sales-Campos et al., 2013). OA can enhance the production of insulin and reverse the negative effects of inflammatory cytokines characteristic of obesity and non-insulin dependent diabetes mellitus (Vassiliou et al., 2009). These effects emphasize the potential clinical implications in different pathologies such as rheumatoid arthritis, Crohns’s disease and diabetes. Furthermore it was found that in breast cancer cells, OA suppresses the expression of HER-2, a known oncogene thus supporting the protective effects of OA (Menendez et al., 2005). Furthermore OA has been shown to play a beneficial role in wound closure and drug absorption, all of which contribute to its versatility. Equally, accumulation of free fatty acids (FFAs) can be linked to pancreatic cell dysfunction, acute lung injury and tumour growth. Thus highlighting the need for moderation in consuming FFAs. Its anti-carcinogenic mechanisms include (1) inhibition of proliferation by suppressing the overexpression of HER2, (2) inhibition of AKT pathway, (3) modulating the effects of calcium entry via the store operated Ca2+ entry (SOCE), (4) induction of apoptosis by increasing the production of reactive oxygen species (ROS) and /or the reduction of antioxidant enzymes and (5) through increased caspase 3 activity (Johnke and Petersen, 2012). Considering that OA is likely to be the active compound, it follows that BAMLET’s mechanism of action is identical to that of OA. 

5.2.3. [bookmark: _Toc377297397]HAMLET/BAMLET: Mechanism of action
The molecular features, mechanism of interaction and physicochemical properties of the α-LA:OA complex as well as the mechanism and cellular events are still drowned in ambiguity. Gustafsson et al., (2005)) suggested that HAMLET might contribute to the natural defence against cancer. Accordingly the complex has been shown to be effective in numerous cancers including that of the lung, kidney, throat, bladder, colon, ovaries, prostate, glioblastomas, melanomas and leukemias (Brinkmann et al., 2011). Since the exact mechanism is still a matter of debate many discrepancies between studies and even between the human and bovine counterpart exist. Therefore the mechanism described below should be considered as a hypothesised mechanism of action. Upon HAMLET administration, cell surface binding is thought to mediate entry into the cytoplasm followed by its translocation to the nucleus. It is still unknown if HAMLET remains in complex during its translocation to the nucleus or not (Brinkmann et al., 2013). Nuclear translocation is believed to be a result of HAMLET’s interaction with ribosomal proteins. In contrast to HAMLET, no co-localization has been seen of BAMLET with either the mitochondria or the nucleus (Hakansson et al., 2011, Brinkmann et al., 2013). The events that follow are numerous and include binding to histones that can result in DNA damage and activation of the S-phase checkpoint. Furthermore the multifaceted HAMLET causes simultaneous responses including the induction of apoptosis, autophagy and chromosomal structure disorder. The cells display classical morphological and molecular features associated with apoptosis including caspase activation, increased mitochondrial permeability and cytochrome c release. Inhibition of any of these individual pathways does not result in complete negation of cell death. Regulation of apoptosis is postulated to be through the p38 MAPK but independent of the p53 tumour suppressor protein. Also noteworthy is the role of p38 MAPK in chemoresistance. A study by Porras and Guerrero (2010) showed that in HNC decreased or lack of P38 MAPK levels correlated with the more resistant phenotypes. Other contributing cytotoxicity mechanisms include induction of lysosomal cell death independent of caspase activation, binding to ribosomes and ribosomal proteins as well as interacting with the 20S proteasome possibly resulting in the accumulation of misfolded proteins and increased cell detachment through α-actinin binding. Interestingly the dose required to achieve cell death is cell type dependent. This dependency is thought to be associated with (1) an increased expression of c-myc (an oncogene that binds many gene promoters) that causes an increased sensitivity and (2) a decreased level of aerobic glycolysis. A detailed description of the above mentioned effects is reviewed by Johnke and Petersen (2012). Fig. 5.2. shows the proposed effects of OA in physiological and pathophysiological states and the proposed mechanism of HAMLET/ BAMLET induced cytotoxicity. 
Furthermore it has been reported that the cytotoxicity of the BAMLET complex is due to oleic acid and independent of the α-lactalbumin component (Delgado et al., 2015). The accumulation of contradictory results in the literature, regarding the active cytotoxic compound and the selectivity of the complex calls for better clarification. 








Fig. 5.2.  BAMLET effects and mechanism of action 

Summary of (A) the effects of oleic acid in physiologic and pathophysiologic states: such as faciliitating wound closure and drugs absorption, reduction of inflammation, modulation of leukocyte activity,  enhancement of bactericidal and fungicidal action, inhibition of cancer proliferation and oncogene expression, reduction of blood pressure and minimising effects of autoimmune diseases (Sales-Campos et al., 2013).
(B) Mechanisms through which BAMLET is believed to cause cell death include simultaneous attacks on multiple organelles, leading to cellular events that trigger apoptotic, autophagic and lysosomal cellular death.  (Johnke and Petersen, 2012).


















5.3. [bookmark: _Toc377297398]Aims of Chapter

 1. Determine the cytotoxic dose of BAMLET in three OSCC cell lines
Cell lines were treated with a range of concentrations of BAMLET at 6 and 24 h to determine the half maximal inhibitory concentration.

2. Determine the cytotoxic compound in the BAMLET complex
Cells were treated with a range of concentrations of α-lactalbumin or oleic acid at 6 and 24h to determine in which of the two components the cytotoxic activity resides.

3. Investigate if BAMLET works in a p53 dependent manner
Of all oral cancers, approximately half of them show a mutation in the p53 gene, causing a more aggressive phenotype as well as being more resistant to chemotherapeutics. p53 expression was silenced in the TR146 cell line using siRNA to determine if BAMLET induced cell death is dependent on p53. 
 
4. Investigate the effect of BAMLET in respect to the main cell death mechanisms: apoptosis, autophagy and necrosis
To determine the mechanism through which cell death is achieved, different techniques were employed. Quantitative cell cycle analysis was performed using flow cytometry to investigate the effect of BAMLET on the different stages of the cell cycle. Using fluorescent microscopy in a qualitative approach the cells were stained for visualisation of lysozomal activation. Necrosis was investigated through a spectrophotometric approach. 

 5.  Determine the cellular traffic of BAMLET in OSCC cell lines
Using fluorescent microscopy, cells were visualized to determine cellular targets of BAMLET upon its administration. 



















5.4. [bookmark: _Toc377297399]Materials & Methods
Human Tr146, Ca9.22 and DOK cells were maintained as per supplier guidelines (described in section 2.4).
5.4.1. [bookmark: _Toc377297400]Anion Exchange Chromatography 
BAMLET was prepared using the chromatographic method previously described by Svensson et al., (1999). Briefly it involves the preconditioning of the DEAE column matrix (GE Healthcare HiTrapTM DEAE FF) with the oleic acid (200mg), followed by the addition of the Ca2+ depleted α- lactalbumin (37 mg). The complex was eluted with 1M NaCl buffer, desalted through dialysis against distilled water over night and lyophilized. 
Alexaflour® 647 labeled BAMLET was made using the same method with the only modification that OA was mixed with the chromophore, as per manufacturers guidelines, prior to its addition on the column. 
The concentration of the complex was estimated spectrophotometrically. The molar extinction, A1%1 cm value of 20.1 (for native α-LA) and 22.8 (for α-LA in BAMLET) at 280 nm were used for determining the protein concentration. 
5.4.2. [bookmark: _Toc377297401]Cell Viability determination
Cell viability was assessed using the AlamarBlue redox indicator. Cells were seeded at 1.5 x 104 cells per well in 96 well plates and serum starved overnight (1% FBS). Cells were rinsed with PBS and treated with a range of drug concentrations or vehicle control (water or EtOH), in Serum free media or 10% FBS media, and incubated for required time duration (FV 100 µl). AlamarBlue reagent (10% v/v) was added to each well 4h before the time points would elapse. SPECTRAmax PLUS Microplate Spectrophotometer was employed to measure fluorescence levels at 560nm emission and 590nm excitation. Cell viability was expressed as percentage of control with all values corrected for blank using Microsoft Excel. Statistical Analyses were performed using GraphPad Prism 5 software.
5.4.3. [bookmark: _Toc377297402]Transient knockdown of p53
p53 knockdown was achieved using the oligonucleotide sequences of small interfering RNAs (siRNAs), shown in table 5.1. The nucleotides were pooled to achieve maximal efficiency. Cells were seeded at a density of 3.5 x105 (6-well plate) or 1.5 x104 (96 well plates) in serum starved medium (1% FBS). The following day 100µl full medium was added along with the transfection solution (the targeting siRNA 20nm IBONI p53-siRNA pool was mixed with RIBOXX-FECT transfection reagent (3%v/v) in OPTI-MEM and incubated at room temperature for 10 min). Cells were incubated for 24h and were then subjected to different treatments. 
[bookmark: _Toc372382566][bookmark: _Toc372383699]Table 5.1. Sequences of p53 siRNA
[image: Macintosh HD:Users:nicoletasinevici:Desktop:Screen Shot 2017-11-15 at 12.46.39.png]
5.4.4. [bookmark: _Toc377297403]Lactate Dehydrogenase (LDH) assay
Measurement of necrosis by LDH Release (Pierce™ LDH Cytotoxicity Assay Kit) was performed as per manufactures guidelines. 1.5 x 104 cells/well in 96 well plates were serum starved overnight (1% FBS media). Cells were treated with the drug or vehicle control (water, EtOH and lysis buffer) in serum free media or 10% FBS media, and incubated for the required time (FV 100 µl). Equal amount of medium (from the treated cells) and LDH reaction mixture were transferred to a new plate and incubated for 45 min at 37°C in darkness. Absorbance readings at 490nm and 690nm were obtained using the SPECTRAmax Plus Microplate Spectrophotometer. Necrotic cell death was expressed as percentage of maximum control. All values were corrected for blank and LDH activity in media. Statistical analyses were performed using GraphPad Prism 5 software. 
5.4.5. [bookmark: _Toc377297404]Confocal Microscopy
5.4.5.1. Analysis of lysosomal activation: Cells were seeded at a density of 7 x 104 in 4 well compartment confocal dishes overnight in 500µl serum starved media (1% FBS). Cells were treated with the drug or control (water or EBSS) for different time periods. After treatment acridine orange (1 µg/ml) was added and the dishes were incubated for 15 min at 37°C. The medium was discarded and fresh medium was added. Live cells were viewed using the Olympus FV1000 Point Scanning Confocal Microscope, FV10-ASQ Olympus Fluoview Ver.2 software at 20, 40 or 60X oil immersion objective. 

5.4.5.2. Time-lapse microscopy for localization of BAMLET: Cells were seeded at a density of 8 x 104 in 4 well compartment confocal dishes overnight in 500µl serum starved media (1% FBS). Alexafluor® 647 labeled BAMLET (IC50 concentration) was added along with Hoechst dye (1μg/ml) and Propidium Iodide dye (100 µg/µl) to stain the nucleus and dead cells respectively. The microscope was set up to acquire images every 5 min for a total of 200 images. Excitation at 405 nm, 488 nm and 546 nm were provided by near-violet laser diode, argon and helium-neon gas lasers, respectively. The imaging chamber was heated to 37°C, humidified and contained 5% CO2 to facilitate live cell imaging. 
5.4.6. [bookmark: _Toc377297405]Flow cytometry
Cells were treated as required followed by trypsinisation and centrifugation as previously described. Cells were rinsed with PBS (1X) and re-suspended in 2 mL of ice-cold ethanol (100%). Cells were left at 4°C overnight for fixation. In preparation of cell cycle analysis cells were re-suspended in PBS (400 μL) containing RNAse A (10 μg/μL) and PI (100μg/μL) and incubated for 30 min at 37°C in darkness. Cells were analysed using the FACSCanto II. Maximum excitation of PI bound to DNA was achieved at 536nm and emission at 617nm. The blue 488nm laser was used for optimal excitation of PI fluorescence. Results were analysis using Flow Jo software (Treestar). 
















5.5. [bookmark: _Toc377297406]Results
5.5.1. [bookmark: _Toc377297407]BAMLET cytotoxicity in cancerous and dysplastic cell lines
To determine if BAMLET exhibited any cytotoxicity to the cell lines Alamar Blue (Invitrogen), a cytotoxicity assay, was employed to determine cell viability. This colorimetric assay involves the oxidation-reduction reaction of rezasurin (non-fluorescent indicator dye) to resorufin (bright red-fluorescent) by metabolically active cells. The amount of fluorescence produced is directly proportional to the number of metabolically active cells. The assay was performed in triplicate at least three times. Cells were treated with a range of BAMLET concentrations for 6 h or 24 h to determine the 50% inhibition concentration (IC50). BAMLET reduced proliferation in the cells lines tested, DOK, Ca9.22 and TR146 in a time and dose dependent manner. The assay was performed in either serum free media or in full serum (10% FBS). Oleic acid can precipitate proteins in serum and thus a comparison between the two conditions was made.
The IC50 values were cell type dependent with the DOK dysplastic cell line showing the highest sensitivity (0.05 mg/mL) followed by the Ca9.22 cancerous cell line p53M (0.1 mg/ml) and the TR146 cancerous cell line with the p53WT (0.4 mg/mL) when treated in serum free media. Since oleic acid precipitates with other proteins, IC50 values in the presence of full serum were higher compared to cells kept in serum free media. However both conditions have a similar trend in the sensitivity of each cell line and the time dependency (Table 5.3.). 


[image: ]
[bookmark: _Toc372327487][bookmark: _Toc372382521][bookmark: _Toc372383174]Fig. 5.3. Cytotoxicity of BAMLET in DOK, Ca9.22 and Tr146 cells
BAMLET shows a cytotoxic effect in the DOK (A&D), Ca9.22 (B&E) and TR146 (C&F) cell lines in a time and dose dependent manner. Cells (1.5 x 104) were seeded in a 96 well plate, and treated with a range of BAMLET concentrations in SFM for 6 or 24h (A, B, & C) or in 10% FBS (D, E & F) for 24h. Alamar Blue reagent was added to the wells 4h before the end time point and fluorescence readings were determined using the Spectramax Gemini Plate reader at 560nm excitation and 590nm emission wavelengths. Values represent mean +/- the S.E.M. of the experiments.
5.5.2. [bookmark: _Toc377297408]Identification of the cytotoxic component in the BAMLET complex
Most studies describing the tumouricidal action of BAMLET observed little or no toxicity of native or apo- α-LA against the tumor cells. Our studies on human DOK, Ca9.22 and TR146 cells substantiate these observations (Fig. 5.2). The biggest reduction in cell viability was seen in the DOK cell line after 24h. However when cytotoxicity assays were carried out using OA alone, we show that OA is the active component of the BAMLET complex. IC50 concentration for the DOK cells after 24 h was 0.2 mg/mL, 0.3 mg/mL in the Ca9.22 and 0.4 mg/mL in the TR146. OA alone also mediates cell death in a time-dependent manner (Table 5.3.).
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[bookmark: _Toc372382522][bookmark: _Toc372383175]Fig. 5.4.  The effect of α-LA on DOK, Ca9.22 and Tr146
 α-LA does not affect cell viability after 6 or 24 h in the DOK (A&B), Ca9.22 (C&D) and TR146 (E&F) cell lines. Cells (1.5 x 104) were seeded in a 96 well plate, and treated with a range of α-LA concentrations in 10% media for 6 (A, C, & E) or 24h (B, D, & F). The Alamar Blue assay was carried out as explained in section 3.1. Values represent the mean +/- S.E.M. of the replicate experiments.


  [image: ]
[bookmark: _Toc372382523][bookmark: _Toc372383176]Fig. 5.5. OA is cyctotoxic in BAMLET in DOK, Ca9.22 and Tr146 cell lines
Oleic Acid is the cytotoxic component in BAMLET in the DOK (A), Ca9.22 (B) and TR146 (C) cell lines. Cells (1.5 x 104) were seeded in a 96 well plate, and treated with a range of different concentrations of Oleic Acid in 10% media for 6 or 24h. Values represent the S.E.M. of the n>3 experiments.
[bookmark: _Toc372382567][bookmark: _Toc372383700]Table 5.2. Summary of the IC50 values in the cell lines tested with BAMLET, OA and α-LA
	Cytotoxicity (IC50) in DOK

	Condition
	6h
	24h

	BAMLET in SFM
	3.0 mg/mL
	0.05 mg/mL

	BAMLET in 10% FBS
	-
	0.3 mg/mL

	Oleic Acid in 10% FBS
	5.22 mg/mL
	0.2 mg/mL

	α-LA in 10% FBS
	-
	-

	

	Cytotoxicity (IC50) in Ca9.22

	
	6h
	24h

	BAMLET in SFM
	1.35mg/mL
	0.1mg/mL

	BAMLET in 10% FBS
	-
	0.25mg/mL

	Oleic Acid in 10% FBS
	3.0 mg/mL
	0.3mg/mL

	α-LA in 10% FBS
	-
	-

	

	Cytotoxicity (IC50) in TR146

	
	6h
	24h

	BAMLET in SFM
	ND
	0.4 mg/mL

	BAMLET in 10% FBS
	-
	0.8 mg/mL

	Oleic Acid in 10% FBS
	1.8 mg/mL
	0.4 mg/mL

	α-LA in 10% FBS
	-
	-



5.5.3. [bookmark: _Toc377297409] Mechanism of cell death: Apoptosis
Cell cycle analysis was performed using flow cytometry after PI staining. PI has the property of intercalating with DNA -one dye per 4-5 base pairs of DNA. Therefore this quantitative analysis of cellular DNA reveals the distribution of cells in the different phases of the cell cycle (G1, S and G2/M) with apoptotic cells showing a fractional DNA content. The results show that in the Ca9.22 cell line (A) there is a significant increase in the amount of apoptotic cells in the BAMLET treated cells after 24h treatment with ~50% of the cells in the pre-G1 peak (***P<0.001). In the TR146 cell line (B) there are under 20% cells in the pre-G1 peak and ~40% in the G1 peak. Treatments were compared to the vehicle control and statistical analysis was carried out using an unpaired student T-test in GraphPad prism 5.0a. The increased number of cells in the pre-G1/G1 stages of the cell cycle is indicative of apoptosis. The number of cells in the S and M phases is similar for both cell lines. The cell cycle arrest in the G1 phase in the TR146 cell line may be indicative of the functional p53 protein that is characteristic of this cell line in contrast to the Ca9.22 cell line that has a p53 mutation. 
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[bookmark: _Toc372382524][bookmark: _Toc372383177]Fig. 5.6. Cell cycle distribution in the Ca9.22 (A) and Tr146 cell line (B) after treatment with BAMLET
Cells (3 x 105) were seeded in a T25 flask overnight in reduced media (1%FBS) and treated with the cell type respective IC50 concentrations of BAMLET for 24h. After the required incubation time, cells were harvested, fixed in EtOH and stained with propidium iodide. Cells were analysed by flow cytometry for the percentage of cells in each stage of the cell cycle preG1/G1, S phase and M phase. Values represent the mean ± SEM of three independent experiments carried out in triplicate. Samples significantly different to the control are annotated *p<0.05, ** p<0.01, ***p<0.001, ns=not significant.
5.5.4. [bookmark: _Toc377297410]Confocal Viewing of Acridine Orange Staining
For initial analysis of autophagy, changes in the development of acidic vesicular organelles were examined. Cells were treated with BAMLET or OA at their respective IC50 concentrations for 6h or 24h. Treated cells and their non-treated controls were stained with acridine orange (Sigma-Aldrich) at a concentration of 1 μg/mL at 37°C for 15 min, medium removed and fresh medium added following visualization of the cells. Earl’s Balanced salt Solution (EBSS) acts as an autophagy control to ensure that changes in lysosomal compartments are due to the starvation effect. Water treated cells were used as vehicle control. The Acridine Orange (AO) dye has the potential of crossing into lysosomes (and other acidic compartments) where it becomes protonated. The protonated dye, stacks and stacked AO emits in the red range. AO not in an acid compartment will emit as green.

[image: Macintosh HD:Users:nicoletasinevici:Desktop:Bamlet.jpg]

[bookmark: _Toc372382525][bookmark: _Toc372383178]Fig. 5.7. BAMLET induces an increase in the number of lysosomal vesicles in the DOK, Ca9.22 and TR146 cell lines. 
8 × 104 cells were cultured overnight in reduced media (1% FBS) in a 4 well confocal dish. This was followed by a 24h treatment with BAMLET in reduced media. Acridine orange was added to the cells for 15 min and cell visualization followed using an Olympus FV1000 microscope. Cells treated with BAMLET resulted in increased numbers of lysosomal vesicles compared to the vehicle treated cells. An increase in acidic organelles is observed in the presence of EBSS. Scale bar= 20μM.

[image: Macintosh HD:Users:nicoletasinevici:Desktop:Untitled-1.jpg]
[bookmark: _Toc372382526][bookmark: _Toc372383179]Fig.  5.8. BAMLET induces an increase in the number of lysosomal vesicles in the DOK, Ca9.22 and TR146 cell lines. 
8 × 104 cells were cultured overnight in reduced medium (1%FBS) in a 4 well confocal dish. This was followed by a 6h or 24h treatment with OA or α-LA. Acridine orange was added to the cells for 15 min and cell visualization followed using an Olympus FV1000 microscope. Cells treated with OA resulted in increased numbers of lysosomal vesicles compared to the vehicle treated cells. A significant increase in acidic organelles is observed in the presence of EBSS. α-LA in contrast shows a slight increase in the number of lysomomal vesicles and also very little cell death is induced in these cells thus confirming its non cytotoxicity in these cell lines. Scale bar= 20μM.
5.5.5. [bookmark: _Toc377297411]In Vivo visualisation after BAMLET administration
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[bookmark: _Toc372382527][bookmark: _Toc372383180]Fig. 5.9. BAMLET localisation post treatment 
8 × 104 cells were cultured overnight in reduced medium (1%FBS) in a 4 well confocal dish. This was followed by treatment with Alexaflour 647® labeled BAMLET (shown in red) (IC50 concentration). Hoechst dye was added to stain the cell nuclei (shown in blue) and PI was added to stain dead cells (shown in yellow). Visualization of the cells for a period of 18h followed using the Olympus FV1000 microscope. BAMLET gets internalized into the cell immediately after administration. Dead cells are visible within the first hour and total cellular death is completed within the 18h visualisation period. Scale bar= 20μM.

5.5.6. [bookmark: _Toc377297412]Determination of LDH cytotoxicity of BAMLET
Lactate Dehydrogenase is a cytosolic enzyme found extensively in all body tissues. LDH participates in aerobic glycolysis where it catalysis the reversible conversion of lactic acid to pyruvic acid as it converts NAD+ to NADH. Damage to the cell membrane results in the release of LDH in the cell culture media, which can be quantified using a coupled enzymatic reaction. Firstly LDH catalysis the conversion of lactate to pyruvate via reduction of NAD+ to NADH followed by diaphorase using NADH to reduce a tetrazolium salt (INT) to a red formazan product. Thus the amount of formazan produced is directly proportional to the amount of LDH present in the media. 
LDH activity varies in different sera (e.g. fetal bovine serum). The inherent LDH activity present in serum causes background signal in the assay and thus LDH activity was measured in the 10% FBS culture media to account for background signal. Experiments were carried out in the presence and absence of FBS to determine the extent of necrosis after BAMLET and OA Treatment.


[image: ]
[bookmark: _Toc372382528][bookmark: _Toc372383181]Fig. 5.10. BAMLET induces dose dependent necrosis in the DOK, Ca9.22 and TR146 cell lines
1.5 x 104 cells were seeded in 96 well plates in reduced medium (1%FBS) overnight. Cells were treated with different concentrations of BAMLET in serum free medium for 24h. Data expressed as a percentage of released LDH to untreated control. Data shown n=2 ± SEM.

[image: ]
[bookmark: _Toc372382529][bookmark: _Toc372383182]Fig. 5.11. Necrosis a minor secondary event after BAMLET treatment 
Necrosis was evaluated by assay of LDH release from DOK (A), Ca9.22 (B) and TR146 (C) cells after BAMLET treatment (IC50 concentration) at 6h and 24h. Data shown n=3 ± SEM and analysed by t-tests with ***p<0.001. 
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[bookmark: _Toc372382530][bookmark: _Toc372383183]Fig. 5.12. Necrosis a minor secondary event after BAMLET and OA treatment 
Induction of necrosis after 24h treatment with BAMLET or OA at their respective IC50 concentrations in the DOK (A), Ca9.22 (B) and TR146 (C) in full serum media (10%).
[bookmark: _Toc372382568][bookmark: _Toc372383701]Table 5.5. Summary of the % necrotic cell death induced in the cell lines tested, after BAMLET and OA treatment.
	% Necrosis in DOK

	Condition
	6h
	24h

	BAMLET in SFM
	2.971 ± 0.6550
	14.25 ± 1.741

	BAMLET in 10% FBS
	ND
	7.413 ± 2.020

	Oleic Acid in 10% FBS
	ND
	0.9952 ± 0.470

	10% FBS media
	ND
	29.71 ± 1.437

	 

	% Necrosis in Ca9.22

	 
	6h
	24h

	BAMLET in SFM
	14.07 ± 0.7737
	29.89 ± 1.840

	BAMLET in 10% FBS
	ND
	11.90 ± 2.885

	Oleic Acid in 10% FBS
	ND
	32.62 ± 0.612

	10% FBS media
	ND
	19.27 ± 1.613

	 

	% Necrosis in TR146

	 
	6h
	24h

	BAMLET in SFM
	10.75 ± 0.9500
	29.25 ± 1.739

	BAMLET in 10% FBS
	ND
	32.94 ± 1.162

	Oleic Acid in 10% FBS
	ND
	40.36 ± 2.682

	α-LA in 10% FBS
	ND
	14.85 ± 1.263


ND- not determined



5.5.7. [bookmark: _Toc377297413]Determination of p53 involvement in TR146 cell line after BAMLET or OA Treatment 
From the cytotoxicity assays (section 5.1) and the flow cytometry experiments (section 5.3) it was shown that the TR146 cell line is the least sensitive cell line and that after BAMLET treatment there is a different distribution of cells in different stages of the cell cycle compared to the Ca9.22 (p53M)  cell line. These differences may indicate a possible involvement of the functional p53 protein in this cell line. Experiments were carried out to examine the effect of p53 on the efficacy of BAMLET and OA in the TR146 cell line. Tumor suppressor protein p53 is a crucial multifunctional protein that controls the cell cycle. It is a protein that is mutated in a large number of cancers including approximately 50% of all OSCC. TR146 is a buccal mucosal cell line that has a fully functional p53 whereas Ca9.22 has a p53 point mutation at codon 248. Differences between cell lines could be as a result of their p53 protein activity. Experiments were undertaken to analyse the effect of p53 on BAMLET and OA cytotoxic potential.

Using a p53 siRNA, p53 was knocked down for 24h. Results shown in Fig. 5.7.indicate the % viability from the TR146 cell with and without the knockdown after treatment (IC50 concentration) with BAMLET (0.8 mg/mL) and OA (0.4 mg/mL) in full serum media (10% FBS). Comparison between the cells without the knockdown and cells with the p53 knockdown after treatment with BAMLET for 24h reveals no significant difference in the % toxicity with 52.13 ± 4.25 and 62.72 ± 4.3 respectively. No significant difference was also observed between the cells without the knockdown / with the knockdown after OA treatment for 24h. However the OA treatment did not result in cell death with % viability of 102.2 ± 4.43 in the cells without the knockdown and 115.7 ± 4.87 in the cells with the knockdown. These results indicate that if cells are maintained for 24h in their normal growth media prior to treatment with BAMLET or OA at their respective IC50 concentrations, BAMLET results in cell death but OA alone fails to do so suggesting an important role of α-LA.

	



[image: ]

[bookmark: _Toc372382531][bookmark: _Toc372383184]Fig.  5.13. BAMLET or OA induced cell death is independent of p53
To determine if the functional p53 protein in the TR146 is responsible for the difference in the cytotoxic doses between the cell lines tested we silenced the gene using siRNA. 1.5 x 104 TR146 cells were seeded in 96-well plates in reduced medium (1% FBS) overnight. The following day cells were either transfected with siRNA or maintained in full medium (10% FBS) for 24h for efficient knockdown. Cells were treated with BAMLET (0.8 mg/mL) or OA (0.4 mg/mL) and H2O or EtOH as controls respectively for 24 h in 10% FBS. Cell viability was determined using the Alamar Blue assay as previously described. In the BAMLET and OA treated cells there is no statistical significant (ns) difference between the functional p53 and knockdown cells. There is a statistical significant difference (P=0.001) between the BAMLET and OA treated cells with OA treatment unable to induce 50% cell death after 24h treatment. Data expressed as a percentage of the untreated control. Data shown n=3 ± SEM. (***p<0.001)

5.6. [bookmark: _Toc377297414]Discussion 
Effective cancer therapeutics should possess the capability of activating cytotoxic pathways in tumour cells but minimizing destruction to normal cells. Currently major drawbacks in the treatment of OC as well as other cancers are chemoresistance and recurrence. These need to be addressed immediately since they have significant negative implications in all aspects of therapy. To date out of all patients treated with surgery and adjuvant therapy a third will experience local or regional recurrence and/or distant metastasis. The rate of recurrence varies between 18-76% for patients who undergo standard treatment, while the median time for recurrences is 7.5 months after treatment and 86% of all recurrences occurring within 24 months. The clinical challenge for patients with recurrence resides in the selection of the most appropriate therapeutic strategy. Salvage surgery is only a viable option in a small number of patients and of these 30-45% show poor survival rates. Alternatively patients receive re-irradiation or chemotherapy depending on the ability of the patient to tolerate irradiation/chemotherapy, although survival rates are poor. Surgical and post radiotherapy fibrosis is also an important drawback impeding effective doses reaching the tumour site (da Silva et al., 2012). 
The beneficial effects of consuming a diet high in oleic acid such as the Mediterranean diet have been reported in many studies. This study reports for the first time the potential use of BAMLET in the treatment of OC and also supports the idea of the beneficial effects of OA on the oral cavity also reported in a meta-analysis study by Psaltopoulou et al., (2011). Results show that BAMLET as well as the active component of the complex, oleic acid, induce cellular death in an oral dysplastic cell line and also two oral cancerous cell lines. The inhibition concentration at which 50% of the cells are dead after BAMLET treatment varies between 0.05 mg/mL to 0.4 mg/mL after 24h when treated with BAMLET in serum free medium and somewhat higher when treated in the presence of full serum (10% FBS). The low effective dose of BAMLET is comparable to or even lower than the concentration of cisplatin, a commonly used chemotherapeutic drug on different cell lines. Furthermore OA on its own is capable of inducing cell death with similar IC50 concentrations (0.2 mg/mL-0.4 mg/mL). Importantly, it was shown that cells of different origin respond in a somewhat different manner underlying phenotypic or genotypic differences. Furthermore these results emphasise the variability and complexity of OC at the cellular level, implying the necessity of treating patients based on their cellular fingerprint rather than treating OC as a generic disease. 
The present study reveals that the cytotoxic properties of BAMLET and subsequently oleic acid are time and dose dependent. α-LA does not mediate cell death in these cell lines confirming findings that have been reported in other studies (Fontana et al., 2013, Delgado et al., 2015). Contrary, others have shown that α-LA can induce cytotoxicity in some cell lines (Hoque et al., 2013) thus suggesting its effect is cell type dependent. It is possible to hypothesize that α-LA acts as a transport vehicle for the fatty acid inside the cells. This is likely to facilitate availability of OA in higher concentrations and impacts on its toxicity. The direct correlation between the fatty acid concentration in protein complexes and toxicity has been shown by Permyakov et al., (2012). 

The cytotoxicity of BAMLET and OA were compared to the three main types of cellular death i.e. apoptosis, autophagy and necrosis. The mechanism of cytotoxicity has implications for both pharmacology and toxicology. Each type of cell death is regulated by distinct yet, sometimes, interlinked signaling pathways. The classical pathway of cellular death is apoptosis, which is a complex and tightly controlled cellular death mechanism. Apoptosis can occur via the extrinsic (death-receptor) pathway or the intrinsic (stress) pathway and can be either caspase dependent or independent. Apoptosis has classical features including cell shrinkage (pyknosis), membrane blebbing, nuclear condensation and fragmentation (karyorrhexis). Biochemically apoptosis is characterized by mitochondrial-membrane permeabilisation (MMP) and/or caspase activation. Cell cycle analysis revealed a different response in the two cancerous cell lines. In the Ca9.22 cell line, BAMLET caused ~50% accumulation of cells in the pre-G1 peak indicative of apoptosis. In contrast, in the TR146 cell line the distribution of cells in different stages of the cell cycle was apparent. Just fewer than 40% of cells were in the G1 peak and less that 20% were in the pre-G1 peak. The difference in the distribution of the cell cycle beacons on the functional p53 protein in the TR146 cell line, whereas the Ca9.22 cell line has a mutated p53 gain-of-function (R248W) (Kaneda et al., 2006). The tumour suppressor protein, p53 is the most common mutation in all cancers and approximately 50% of OCs present with a mutation in the p53 gene. p53 is important not only from a physiological and pathophysiological point of view but was also shown to modify drug efficacy in cancer cells (Bunz et al., 1999). Thus differences in cell cycle distribution as well as sensitivity may be related to the p53 protein. The role of p53 in cell cycle regulation has been well documented and review by Shaw, (1996). The cell cycle is a tightly regulated mechanism with two decision points, the G1 point which allows transition into the S phase and the G2/M point where cells complete repair mechanism and transition into the mitotic phase. In normal physiological conditions, irreparable DNA damage leads to apoptosis or senescence. p53 mediates part of the response to DNA damage either by stimulating DNA repair or beyond a certain threshold of DNA damage – by initiating apoptosis. Both p53 dependent and independent mechanisms are possible for the induction of apoptosis.

The induction of either cell cycle arrest or apoptosis are characterized by specific transcriptional events such as increased transcription of p21 (inhibitor of the CDK 2,3,4 and 6) for the former or Bax for the latter. Bax does not trigger apoptosis but simply accelerates the rate at which apoptosis proceeds. p53 can also down-regulate the expression of cyclin A, providing a secondary break on cell cycle progression into and through the S phase. It has been suggested that the decision for a cell to undergo apoptosis or cell cycle arrest is dependent on the state of the cellular DNA meaning that if cellular DNA is severely damaged then p53WT triggers apoptosis otherwise G1 arrest will be triggered. This may explain the difference in the two cell lines tested. 

To determine if the difference in the two cell lines is due to the p53 status, knockdown of the functional protein was investigated in the TR146 cell line. It was found that there is no difference in cytotoxicity between the cells that had the knockdown and the functional p53 cells. Importantly and quite interestingly it was shown that there was a significant difference between the cells that were treated with BAMLET or OA. The period during which half of the cells were transfected with the p53 knockdown while the other cells were maintained in full serum (10% FBS) seems to have an important effect on the cytotoxic capability. During this period it seems that cells were somehow able to overcome the cytotoxicity of OA but not that of BAMLET. Thus it supports the finding that α-LA although not cytotoxic on its own has an important role in maintaining the cytotoxic activity. 

In contrast to apoptosis, autophagy is characterized by the formation of subcellular membranes, phagophores that enclose cellular components, fuse with lysosomes, forming phagolysosomes that in turn are responsible for degradation. The role of autophagy as a cell death mechanism is still debated since autophagy is also thought of as a cellular survival mechanism that is responsible for the degradation of cellular components into their basic constituents and their recycling for normal cellular function. The accumulation of lysosomal vehicles after BAMLET and OA treatment qualitatively indicates triggering of the autophagic pathway. Previous studies have also shown that BAMLET induces autophagy. 

Lastly, a distinct type of cell death is necrosis; a mechanism believed to occur to larger groups of cells and is characteristic of events such as myocardial infarction. Necrosis was originally described as an ATP independent cellular death mechanism believed to be accidental or uncontrolled cell death mechanism. However recent studies are discounting this hypothesis bringing necrosis to a more organised event (McCall, 2010). Characteristic features of necrosis are cell swelling, pyknosis, loss of ion gradients, increased permeability with loss of cell membrane integrity and release of intracellular contents. This study shows that necrosis is a secondary effect, probably in response to the environmental changes caused by the apoptosis and autophagy events taking place rather than as a direct effect of BAMLET or OA. 

Localisation experiments have shown that BAMLET penetrates into the cells immediately after administration, possibly causing DNA damage and ultimately cell death. Although the exact localization of BAMLET has not been determined multiple studies have shown the ability of BAMLET to cause multiple attacks on cellular organelles including the mitochondria, endoplasmic reticulum, proteosomes and lysosomes illustrating its multi-target capability (Mossberg et al., 2010) (Messner et al., 2012).

Overall these results suggest that BAMLET is more potent than oleic acid on its own and may provide an attractive treatment option for OC patients with the attractive option of a topical treatment a possibility. Furthermore the high sensitivity of dysplastic cells to BAMLET and OA supports its role in the treatment of lesions preceding cancer. The mechanism through which BAMLET mediates cell death is through both apoptosis and autophagy, supporting numerous studies that highlight on the multi-faceted effects of BAMLET. Furthermore the relative ease of large-scale production as well as the low cost of BAMLET has been described in the literature. In terms of benchside to bedside translation, large patients studies are needed to determine the efficacy of BAMLET in the clinical context. Lastly it is possible to hypothesize that a personalized approach in the treatment of OC is likely to provide the optimum treatment strategy. 

5.7. [bookmark: _Toc377297415]Conclusion
The avenue of cancer therapeutics is steered towards more selective personalized medicines. Consequently nano-sized delivery systems that promote drug accumulation at the tumour site are gaining momentum and OA alone is considered a viable candidate (Singh et al., 2013, Movia et al., 2014). BAMLET holds promise in meeting these requirements as a cancer therapeutic and animal studies/clinical studies in OC are needed to demonstrate its efficacy. The importance of the individual components, α- LA and OA, also indicate their importance in the diet. Of course beneficial effects are likely to be obtained when consumed in moderation. Nevertheless it seems that naturally occurring and relatively trivial components may have at least a partial contribution in combating cancer. In summary, through this study, we have shown for the first time the effect of BAMLET on oral dysplastic and cancerous cells. Furthermore we found that BAMLET mediates cell death in a time and dose dependent manner and that the cytotoxic component of the complex lies in the fatty acid component. In accordance with other studies, the work presented here has shown that both BAMLET and OA cytotoxicity is dependent on the cell line. The lack of tumoricidal activity in α-LA supports the hypothesis that it functions as a vehicle for OA. Interestingly, although OA alone had similar dose inhibition concentrations the presence of α- LA seems to be important in achieving cell death when cells were kept for a period of 24 h in their normal growth media. Lastly it was shown that both OA and BAMLET work in a p53 independent mechanism. In this study the most sensitive cell line was the dysplastic cell line demonstrating its therapeutic potential in dysplastic lesions that may precede OC and which to date are treated by surgical excision with a scalpel or a CO2 laser.
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6. [bookmark: _Toc377297416]General discussion
Cancers of the oral cavity are predominately linked to tobacco, alcohol usage and high-risk strains of human papilloma viruses and are problematic in terms of early diagnosis, recurrence and the current lack of effective treatments. Current treatment modalities include radical surgery, chemotherapy and radiotherapy, individually or synergistically, all of which can compromise both facial and oral cavity structure and function along with the significant side effects regularly experienced by the patients who receive chemotherapy. Two-thirds of patients are usually diagnosed with advanced and lymph node metastasis, often rendering currently available treatments limited with at best a modest beneficial outcome for the patient. 
Oral carcinogenesis is a multistep molecular and physiological process initiated and maintained through a series of detrimental alterations at the genomic/transcriptomic/proteomic and glycomic level leading to uncontrolled mitogenic, stimulation, invasion and metastasis. The disease process passes through several stages and grades of dysplasia to carcinoma in situ and ultimately invasive carcinoma at different rates, which are patient dependent. The heterogeneity of OC is clear to see at the molecular and cellular level, making it an intricate disease which complicates and hinders the development of new strategies for diagnosis, prognosis and treatment (Elashoff et al., 2012b). Current diagnosis of OC is made by visual and palpation assessment followed by a biopsy and histological examination in concert with other techniques such as CT, MRI, toluidine blue staining and light based detection techniques. These techniques are most useful in determining the stage and guiding the treatment protocol but they cannot signal changes in the initiating events of OC. There are factors that can be used to fight OC  including: (1) proximity of the oral cavity and (2) the accessibility to a valuable biofluid i.e. saliva and (3) the knowledge that oral cancer cells and the associated cancer related N-glycosylation changes can be found in saliva. Therefore salivary diagnosis is receiving much attention and enthusiasm as it may provide a significant advancement in the diagnostic and prognostic aspects of OC. 
 The lack of well validated biomarkers has inhibited the use of saliva for the diagnosis of OC (Wang et al., 2016). Many studies report on possible candidate biomarkers but most of them do not meet the criteria for high sensitivity and specificity and therefore fail analytical and clinical validity checkpoints. The majority of studies fail to find reliable biomarkers due to: (i) small number of samples analysed, (ii) lack of information on the (patient) history of the samples, (iii) case and control specimens which are not age and sex matched, (iv) limited metabolomic and proteomic coverage and (v) the need to follow clear standard operating procedures for sample selection, collection, storage, handling, analysis and data interpretation (Drucker and Krapfenbauer, 2013). 

The work within this thesis addresses and overcomes a number of the limitations stated above and demonstrates the potential of saliva as a diagnostic biofluid for oral cancer as a reservoir for N-glycan biomarker discovery. This study describes in detail the species of N-glycans present in whole saliva using the specificity of exoglycosidase enzymes coupled with separation based on charge and MS detection. The complexity and multitude of glycans present within each single chromatographic peak made area based quantitation subjective and unreliable. This was overcome through the application of stable isotopic labelling has had an immense impact on quantitative glycomic analysis (Albrecht et al., 2017). In Chapter IV this technique was applied to develop a quantitative glycomics approach combined with ultra performace LC with serial fluorescence and high resolution mass spectrometric detection. The advantages of using aniline as the isotopologue are numerous and include the 1:1 stoichiometry, a 6 Da mass difference that enables confident separation and identification of N-glycan isotopic pairs and also its low cost and commercial availability (Gimenez et al., 2015, Yang et al., 2015). Aniline stable isotopic labelling thus offers a permanent solution to the previously reported problems of comparative glycomics for the relative quantification of glycans with the application in the identification of salivary biomarkers. The results within show the complex nature of the regulation of N-glycan and the structural variation possible in the different OC pathologies.  Furthermore, this study showcases’ the novel structural characterization and quantitation of N-glycans in saliva and highlights the pathological alterations occurring in progressive dysplasia leading to OC. The accumulated knowledge points to novel routes of investigation, demonstrating  potential in new diagnostic, prognostic and therapeutic approaches for OC. 

Although international commitments to investigate and develop new targets against cancer have been intensive for the last four decades the extensive knowledge accumulated has not been translated into effective treatments (Hanahan, 2014). Furthermore the cost of developing possible anti cancer therapies combined with clinical testing causes serious limitations in the path to cancer treatment. In Europe alone, 50 billion euro are spent annually on cancer care, treatment and lost productivity with more than 15% of the cost directly linked to smoking induced lung cancer (Luengo-Fernandez et al., 2013). Oral cancers make a significant contribution to these statistics with predictions of an increasing number of cases in the years to come.  This thesis demonstrates that new therapeutic avenues need not rely completely on heavily resourced pharmaceutical operations to identify potential new treatments as demonstrated by the novel use of BAMLET in the treatment OC as illustrated in Chapter V. This work showed that the cell death mechanisms induced by BAMLET are attributed to OA portion of the molecule, which is also capable of inducing cell death even when not in complex with α-lactalbumin, although α-lactalbumin does improve the efficacy of BAMLET as an effective carrier protein. A combination of apoptosis and autophagy were found to be the main mechanisms of cell death induced after BAMLET/OA administration with dysplastic cells showing the highest sensitivity. Furthermore the lower doses of BAMLET and the observation that cells treated with OA alone have the ability to overcome the cell death mechanisms if maintained long enough in full serum media further substantiate the crucial role of the transporter molecule. Nevertheless the study demonstrates and supports previous studies and observations of the anti-cancer properties of OA and the lower cancer rates of people consuming the “Mediterranean diet’.
In order to include BAMLET in the treatment protocol for OC, rigorous preclinical and clinical studies are needed. Ideal avenues of clinical administration could take the form of a topical BAMLET gel that can be administered directly onto OC lesions. Importantly application onto erythoplakic or leukoplakic lesions would be a significant advancement in the treatment strategy of dysplasia and may prevent the transformation process. Currently dysplastic lesions are removed using CO2 laser therapy (Jerjes et al., 2012), therefore the advantages of an easy and low cost treatment cannot be overstated. 
Furthermore, the idea of combination therapy has been successfully demonstrated in many cancers with improved patient outcomes. The mechanism leading to cell death using a single chemotherapeutic can lead to resistance, a process that would be more complicated if a complex cocktail of drugs are frequently used to target the cancer (Shewach and Kuchta, 2009). Thus application of BAMLET in cases where chemoresistance is a potential problem is likely to show improved patients survival with no added side effects due to the already described low toxicity effects in clinical trials. 
The combined outcomes of the studies presented in this thesis, address a number of current issues that exist in modern healthcare with special emphasis on OC and associated pathologies. These include optimisation and utilisation of techniques allowing for the earlier detection of OC through salivary testing, paving the way for decreased patient morbidity and mortality. Furthermore the studies support the trend of precision medicine, tailoring the medical approach of treating OC, by possibly looking at the glycomic fingerprint and the use of BAMLET and lastly the opportunity to develop point of care diagnostics, whether be it bedside or chairside, which greatly enhances a patients prognosis.
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7. [bookmark: _Toc377297417] Future Work
The biggest impact on survival from OC is early diagnosis. With continuing advancements in the understanding of the disease it is hoped that earlier diagnosis may be possible, and that new treatments will subsequently have a real impact on morbidity and mortality statistics. This study demonstrated changes in N-glycosylation suggesting  an active mechanism in oral carcinogenesis. It is hoped therefore that the work laid down in this study will be used to form the basis for future work to clarify the specific role of those biomarkers identified as potential screening tools.
7.1. [bookmark: _Toc377297418]Validation of glycan biomarkers for early diagnosis and prognosis of OC 
Future directions for investigation include further in depth analysis of the variation between the patient cohorts in the glycan study (Chapter 3 & 4). This will entail:
· Validation of the proposed biomarkers in a study with a larger cohort of patient. This may also be enhanced by extending to other population centres for the recruitment  of patients. In particular it would be worth examining the glycosylation patterns associated with OC patients who develop OC due to a correlation with an identifiable risk factor, such as smoking, compared to those patients who develop OC without any obvious causative agents.
· Development of appropriate models to determine the optimal treatment strategy based on an individuals’ glycan profile. The potential to diagnose and treat patients based on their individual glycosylation patterns open numerous avenues of exciting research possibilities. This would be achievable through further understanding of the mechanisms behind glycosylation which leads to the enzymes involved in the process. Systematic examination of these enzymes through modulation of their activity may enable the development of a model of glycosylation which can be elucidated both experimentally and mathematically and potentially may deliver as a predictive tool.  
· Development and implementation of salivary tests for OC diagnosis. The era of the liquid biopsy is here and saliva is becoming a frequent target bio-fluid in this up and coming area. For the work presented here, it needs to provide patients and their medical team with a quick, user-friendly means of producing a diagnosis. The gold standard would be the development of a test useable in the general dental practice or medical practice, which can be used with confidence. The development of such a test, perhaps akin to a simple glucose “dip stick” test would revolutionise the OC field.
7.2. [bookmark: _Toc377297419]Investigation of the molecular mechanisms that lead to these changes
The plethora of quantitative glycosylation changes confirms a highly dynamic yet tightly regulated salivary N-glycome. Further focused analysis of these processes is needed for a better understanding of OC carcinogenesis. Areas for this work should include:
· The description of the molecular mechanisms that contribute to the pathogenesis of OC. As shown in chapter 4, changes in the observed glycan patterns were more evident during the dysplastic phase, suggesting that changes from the norm may play a role in tumour movement, in particularly metastasis. If modulation of these processes through manipulation or inhibition of the enzymatic processes responsible is demonstrated, it opens up many new and novel avenues of investigation. 
· Investigation of the role that these N-glycans play in physiology and pathophysiology. Along with understanding the molecular mechanisms involved in the evolving OC glycome, an understanding of how these changes can modulate the physiological changes observed is important. The examination of how the observed structural modifications of the glycans themselves can affect cellular interactions and cellular communication may be important in understanding the carcinogenic processes in OC.  
· Determine potential new treatment targets. Elucidation of the two previous points may lead to identifiable therapeutic targets. The development of novel or repurposing of known inhibitors, that can restrict the glycan changes and/or interactions, would lead to a new panel of innovative treatment options.

7.3. [bookmark: _Toc377297420]Explore the therapeutic efficacy of BAMLET and OA in the treatment of OC  
The past century has proven that interdisciplinary treatment strategies provide the best outcome for cancer patients. For many solid tumours, as in OC, improved methods for early diagnosis and combination therapies have had an important impact on the patient’s QOL as well as on survival statistics. Significant challenges remain for identifying and treating OCs with the only weapon to hand being conscientiousness and diligent research.
To further elucidate the potential of using BAMLET as a therapeutic agent for dysplastic and cancerous lesions it would be ideal to determine the mechanism of cell entry. An approach through targeted labelling of cell organelles with specific antibodies, through which a tagged BAMLET molecule can be co-localised, would allow identification of the molecular pathway leading into the cell, thus potentially identifying the initial cellular target and primary activation of cell death pathways. 
The cytotoxic results show that BAMLET can kill both dysplastic and cancerous cells in a short time period, at lower doses than currently used chemotherapeutics, and is an extremely cost effective treatment when compared to the development costs of new chemotherapy compounds. Thus its potential for becoming an OC treatment is promising.  Furthermore, investigation of BAMLET in combination with other chemotherapeutic drugs may provide yet another avenue for OC treatment with possibly enhanced efficacy.
The in vitro studies shown in this work provide the proof of concept, that BAMLET is effective against dysplastic and OC cells, and marks the beginning of a lengthy process until clinical efficacy is proven. Pre-clinical studies of BAMLET’s efficacy would require the establishment of suitable animal models of OC, that would enable further investigation of its potential.  The absence of an animal model that resembles dysplastic or OC currently impedes further investigation. However given that BAMLET has been shown to be efficacious in many diseases (Rammer et al., 2010), and even in human (Fischer et al., 2004, Mossberg et al., 2007, Gustafsson et al., 2004) and animal models (Brinkmann et al., 2011, Xiao et al., 2013) with little toxicity (Hoque et al., 2013), it might be possible to enter the first phase of a clinical trial where BAMLET could be used in advanced OC patients whose treatment strategy is limited. It is envisaged that due to the close proximity of the oral cavity and thus the ease of access to the tumour, a topical treatment of BAMLET would be the delivery method of choice. This mode of delivery would also allow for home administration and may be used at very early stages of the disease (if diagnosed), thus preventing development of a potential life threatening condition, resulting in a enhanced prognosis for the patient.
8. [bookmark: _Toc377297421]Conclusions of the thesis 
This thesis substantially expands on the knowledge and understanding of OC, confirming its complex pathology. The use of UPLC/MS analysis for the identification and characterization of the salivary N-glycome has been demonstrated in this study. The ability to label glycans with aniline, an isotopic label, enabled quantitative and qualitative comparative analysis to be performed, further enhancing the knowledge in this field. Differential glycosylation patterns between individuals with different precancerous and cancerous lesions have been demonstrated for the first time, thus instigating a new and exciting route for glycomic salivary studies. Future implementation of the results within, in terms of early diagnosis, prognosis and QOL will not only benefit patients, but also the entire medical and dental team involved in executing the treatment plan. 
This study also demonstrated that BAMLET as well as the active component of the complex, oleic acid, have cytotoxic capability in oral dysplastic and cancer cell lines. The results of this study indicate that BAMLET could be utilised as an alternative therapeutic for OC. This is of particular benefit given current chemotherapeutics have been shown to have minimal impact on survival and are implicated in the onset of chemoresistance. 
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10.1. [bookmark: _Toc377297424]Chapter 3 Supplementary Data
10.2. [bookmark: _Toc377297425]Annotation of N-glycans based on GU values
Preliminary assignments of the undigested glycan pool using GlycoBase, an online repository for glycan structures which denotes GU values for glycan structures. Sequential exoglycosidase digestions with ABS, AMF, α1,2 Fuc, BKF, and SPG and GUH enzymes, followed by HILIC profiling  with conversion of retention time values to corresponding glucose unit values (GU) enabling structural annotation of the peaks in HILIC profile are shown in Table 1-8.
Whole saliva N-glycan pool released by PNGase F; (B) ABS: Arthrobacter ureafaciens sialidase (EC 3.2.1.18) releases α (2-6/3/8)-linked nonreducing terminal N-acetylneuraminic acid; (C) AMF: almond meal α-fucosidase (EC 3.2.1.51) releases α (1-3/4)-linked nonreducing terminal fucose residues except core α (1-6) fucose;(D) α1-2 Fuc: α1-2 Fucosidase (EC 3.2.1.51) catalyzes the hydrolysis of linear α1-2 linked fucose residues (E) all fucose residues except core fucose is digested, (F) BKF: bovine kidney alpha-fucosidase (EC 3.2.1.51) releases α(1-2/6) fucose-linked nonreducing terminal fucose residues more efficiently than α(1-3/4)-linked fucose; (G) SPG S. pneumoniae β-galactosidase (EC 3.2.1.23) hydrolyzes nonreducing terminal galactose β(1-4) linkages; (H) GUH: β-N-acetylglucosaminidase cloned from S. pneumoniae, expressed in Escherichia coli (EC3.2.1.30), will digest β(1-4)-linked GlcNAc to mannose but not a bisecting GlcNAc β(1-4) linked to mannose. 



[bookmark: _Toc372382475]Table 1: GU based annotation of N-glycans in whole saliva of healthy individuals 
	 Saliva Undigested


	Peak
	Rt
	%Area
	GU
	Putative Structure

	1
	2.18
	0.03
	4.25
	M3

	2
	2.27
	0.01
	4.35
	M3

	3
	2.63
	0.25
	4.74
	FM3

	4
	2.75
	0.14
	4.87
	A1

	5
	2.97
	0.04
	5.09
	M4

	6
	3.14
	0.07
	5.26
	FA1

	7
	3.20
	0.42
	5.32
	A2

	8
	3.50
	0.17
	5.6
	M4/M4A1

	9
	3.66
	1.08
	5.75
	A1G1/A2B/A3/FA2

	10
	3.78
	0.8
	5.86
	A3/A2B/FA2

	11
	4.19
	4.98
	6.21
	A2G1/A3/FA2B/M5

	12
	4.34
	0.9
	6.33
	A2G1

	13
	4.58
	0.47
	6.53
	A4/A2BG1

	14
	4.75
	0.3
	6.66
	M4A1/A2BG1/A4

	15
	4.80
	0.4
	6.7
	A2BG1/FA2G1

	16
	4.86
	0.38
	6.74
	A2BG1

	17
	4.97
	0.46
	6.83
	A2BG1/FA2G1

	18
	5.10
	1.71
	6.93
	A2BG1/FA2BG1/M6

	19
	5.29
	2.16
	7.07
	FM4A1G1/M6

	20
	5.37
	2.28
	7.13
	FA2BG1/M6

	21
	5.45
	0.74
	7.18
	A2G2/M6

	22
	5.72
	0.34
	7.38
	A2BG2/M6

	23
	6.04
	5.7
	7.61
	FA2G2

	24
	6.23
	0.89
	7.74
	FA2BG2/M7

	25
	6.54
	6.41
	7.97
	M7

	26
	7.05
	2.19
	8.33
	FA2G2S1

	27
	7.12
	4.57
	8.38
	A3G3/FA2G2S1/A2G2S1

	28
	7.32
	1.03
	8.52
	A3G3

	29
	7.59
	2.97
	8.73
	A3G3/M8

	30
	7.72
	5.53
	8.83
	A2G2S2/FA2G2S1/FA3G3/M8

	31
	7.97
	1.56
	9.01
	FA3G3/M8

	32
	8.10
	0.9
	9.11
	FA2G2S2/FA3G3

	33
	8.26
	5.14
	9.24
	ND

	34
	8.66
	4.9
	9.55
	M9

	35
	8.84
	4.16
	9.69
	A2G2S2/M9

	36
	9.01
	3.07
	9.83
	A4G4

	37
	9.20
	1.9
	9.98
	A3G3S2

	38
	9.41
	4.42
	10.16
	ND

	39
	9.51
	1.74
	10.24
	A3S1G3S1/FA2BG2S2/FA3G3S2/FA4G4

	40
	9.77
	3.09
	10.46
	ND

	41
	10.16
	1.49
	10.79
	M9Glc1

	42
	10.36
	1.29
	10.96
	

	43
	10.65
	2.65
	11.21
	FA3G3S3

	44
	10.88
	1
	11.41
	M9Glc2

	45
	11.14
	3.55
	11.65
	A3G3S3/FA4G4S2/M11

	46
	11.64
	4.45
	12.09
	FA4G4S3

	47
	12.10
	2.92
	12.51
	ND

	48
	12.28
	1.21
	12.67
	M9Glc3

	49
	12.63
	0.66
	13
	ND

	50
	13.14
	0.37
	13.48
	ND

	51
	13.44
	0.48
	13.79
	ND

	52
	13.82
	0.38
	14.19
	ND

	53
	14.17
	0.4
	14.6
	ND



Table 1. Putative glycan structures based on the GU value for each peak annotated in the UPLC-fluorescence profiles from the total pool (healthy individuals). Note that some values have multiple possibilities while for other GU values an N-glycan composition could not be determined (ND).












[bookmark: _Toc372382476]Table 2: GU based annotation of N-glycans in whole saliva of healthy individuals digested with ABS
	ABS


	Peak
	Rt
	%Area
	GU
	Putative Structure

	1
	2.20
	0.03
	4.27
	M3

	2
	2.65
	0.26
	4.76
	FM3

	3
	2.77
	0.16
	4.89
	A1

	4
	2.98
	0.03
	5.1
	M4

	5
	3.15
	0.08
	5.27
	FA1

	6
	3.21
	0.44
	5.33
	A2

	7
	3.51
	0.16
	5.61
	M4/M4A1

	8
	3.67
	1.12
	5.76
	A1G1/A2B

	9
	3.79
	0.78
	5.86
	A3/FA2

	10
	3.83
	0.16
	5.9
	A3/FA2

	11
	4.20
	5.26
	6.22
	A2G1/A3/FA2B/M5

	12
	4.35
	1.57
	6.34
	A2G1

	13
	4.59
	0.5
	6.53
	A4/A2BG1

	14
	4.75
	0.45
	6.66
	M4A1/A2BG1/A4

	15
	4.79
	0.53
	6.69
	A2BG1

	16
	4.83
	0.4
	6.72
	A2BG1/FA2G1

	17
	4.98
	1.06
	6.83
	A2BG1/FA2G1

	18
	5.11
	2.06
	6.93
	FA2BG1/M6

	19
	5.29
	2.61
	7.07
	FM4A1G1/M6

	20
	5.38
	3
	7.13
	M6

	21
	5.48
	1.99
	7.2
	A2G2/M6

	22
	5.70
	0.45
	7.37
	A2BG2/M6

	23
	6.06
	8.46
	7.62
	FA2G2

	24
	6.23
	1.98
	7.75
	FA2BG2/M7

	25
	6.46
	1.66
	7.91
	M7/ FA2G1S1

	26
	6.58
	4.71
	7.99
	M7/ A2G2S1

	27
	7.13
	8.88
	8.39
	A3G3

	28
	7.73
	8.03
	8.83
	FA3G3

	29
	7.98
	0.41
	9.02
	FA3G3/M8

	30
	8.25
	8.66
	9.23
	M9

	31
	8.67
	2.52
	9.56
	M9

	32
	8.83
	5.67
	9.68
	M9

	33
	9.20
	0.91
	9.99
	ND

	34
	9.27
	0.86
	10.04
	ND

	35
	9.40
	3.46
	10.15
	ND

	36
	9.60
	1.06
	10.32
	FA4G4

	37
	9.75
	3.98
	10.44
	ND

	38
	10.17
	1.4
	10.8
	M9Glc1

	39
	10.32
	0.97
	10.93
	ND

	40
	10.64
	4.35
	11.21
	ND

	41
	10.85
	0.68
	11.39
	ND

	42
	11.15
	2.2
	11.66
	M9Glc2

	43
	11.62
	1.91
	12.08
	ND

	44
	11.81
	0.3
	12.25
	ND

	45
	12.09
	1.41
	12.5
	ND

	46
	12.21
	0.29
	12.61
	ND

	47
	12.63
	0.5
	13
	ND

	48
	13.12
	0.32
	13.46
	ND

	49
	13.42
	0.27
	13.77
	ND

	50
	13.81
	0.2
	14.18
	ND

	51
	14.16
	0.25
	14.58
	ND



Table 2. Putative N-glycan structures based on the GU value for each peak annotated in the UPLC-fluorescence profiles from the total pool (healthy individuals) digested with ABS. Note that some values have multiple possibilities while for other GU values an N-glycan composition could not be determined (ND).













[bookmark: _Toc372382477]Table 3: GU based annotation of N-glycans in whole saliva of healthy individuals digested with ABS and AMF

	ABS,  AMF


	Peak
	Rt
	%Area
	GU
	Putative Structure

	1
	2.20
	0.04
	4.27
	M3

	2
	2.29
	0.03
	4.37
	M3

	3
	2.39
	0.06
	4.48
	ND

	4
	2.64
	0.26
	4.75
	FM3

	5
	2.77
	0.17
	4.89
	A1

	6
	2.98
	0.02
	5.1
	M4

	7
	3.12
	0.14
	5.24
	FA1

	8
	3.21
	0.48
	5.33
	A2

	9
	3.40
	0.05
	5.51
	ND

	10
	3.51
	0.13
	5.61
	M4/M4A1

	11
	3.67
	1.16
	5.76
	A1G1/A2B

	12
	3.79
	1.03
	5.86
	A3/FA2

	13
	4.20
	5.47
	6.21
	A2G1/A3/M5

	14
	4.35
	3.46
	6.35
	A2G1

	15
	4.59
	0.6
	6.53
	A4/A2BG1

	16
	4.75
	0.62
	6.66
	M4A1/A2BG1/A4

	17
	4.82
	0.87
	6.72
	A2BG1/FA2G1

	18
	4.88
	1.5
	6.76
	A2BG1

	19
	4.97
	2.76
	6.83
	A2BG1/FA2G1

	20
	5.11
	2.26
	6.93
	A2BG1/FA2BG1/M6

	21
	5.29
	2.97
	7.07
	FM4A1G1/M6

	22
	5.37
	1.86
	7.12
	FA2BG1/M6

	23
	5.48
	4.81
	7.2
	A2G2/M6

	24
	5.63
	0.52
	7.32
	A2BG2/M6

	25
	5.94
	1.21
	7.54
	FA2G2/M4A1G1

	26
	6.06
	16.69
	7.63
	FA2G2

	27
	6.23
	2.7
	7.74
	FA2BG2/M6

	28
	6.57
	12.36
	7.98
	M7

	29
	6.69
	1.11
	8.07
	ND

	30
	6.86
	0.58
	8.19
	ND

	31
	7.08
	5.14
	8.35
	ND

	32
	7.21
	1.97
	8.45
	A3G3

	33
	7.58
	0.62
	8.72
	A3G3/M7/M8

	34
	7.75
	10.21
	8.84
	M8

	35
	7.98
	0.62
	9.02
	FA3G3/M8

	36
	8.22
	3.43
	9.2
	ND

	37
	8.48
	0.42
	9.4
	M9

	38
	8.67
	3.9
	9.56
	M9

	39
	8.90
	0.4
	9.74
	M8

	40
	9.14
	2.2
	9.94
	A4G4

	41
	9.35
	0.29
	10.11
	ND

	42
	9.51
	1
	10.24
	FA4G4

	43
	9.66
	0.37
	10.37
	ND

	44
	9.92
	0.34
	10.58
	ND

	45
	10.08
	0.4
	10.72
	M9Glc1

	46
	10.34
	0.49
	10.94
	

	47
	10.52
	0.23
	11.1
	ND

	48
	10.72
	0.34
	11.28
	ND

	49
	11.09
	0.43
	11.6
	Man9Glc2

	50
	11.42
	0.2
	11.89
	ND

	51
	11.76
	0.24
	12.2
	ND

	52
	11.97
	0.11
	12.39
	ND

	53
	12.28
	0.11
	12.67
	M12

	54
	12.59
	0.09
	12.95
	ND



Table 3. Putative N-glycan structures based on the GU value for each peak annotated in the UPLC-fluorescence profiles from the total pool (healthy individuals) digested with ABS and AMF. Note that some values have multiple possibilities while for other GU values an N-glycan composition could not be determined (ND).
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	ABS, α1,2Fuc


	Peak
	Rt
	%Area
	GU
	Putative Structure

	1
	2.20
	0.04
	4.27
	M3

	2
	2.29
	0.02
	4.37
	M3

	3
	2.46
	0.04
	4.55
	ND

	4
	2.64
	0.26
	4.75
	FM3

	5
	2.77
	0.22
	4.88
	A1

	6
	2.97
	0.04
	5.09
	M4

	7
	3.15
	0.09
	5.27
	FA1

	8
	3.21
	0.45
	5.32
	A2

	9
	3.50
	0.17
	5.61
	M4/M4A1

	10
	3.66
	1.16
	5.75
	A1G1

	11
	3.78
	1
	5.86
	A3/FA2

	12
	4.19
	5.43
	6.21
	A2G1/A3

	13
	4.35
	1.91
	6.34
	A2G1/A3

	14
	4.58
	0.54
	6.53
	A4/A2BG1

	15
	4.75
	0.49
	6.66
	M4A1/A2BG1/A4

	16
	4.80
	0.78
	6.7
	A2BG1/FA2G1

	17
	4.97
	1.27
	6.83
	A2BG1/FA2G1

	18
	5.10
	2.13
	6.93
	A2BG1/FA2BG1/M6

	19
	5.29
	2.84
	7.07
	FM4A1G1/M6

	20
	5.37
	3.41
	7.13
	M6

	21
	5.47
	1.95
	7.2
	A2G2/M6

	22
	5.71
	0.42
	7.37
	A2BG2/M6

	23
	5.92
	0.84
	7.52
	A2BG2/M6

	24
	6.06
	8.63
	7.62
	FA2G2

	25
	6.23
	2.06
	7.74
	FA2BG2/M7

	26
	6.46
	2.04
	7.9
	M7

	27
	6.57
	3.82
	7.99
	M7

	28
	7.13
	10.26
	8.39
	A3G3

	29
	7.73
	8.12
	8.83
	FA3G3/M8

	30
	7.98
	0.46
	9.02
	FA3G3/M8

	31
	8.25
	8.6
	9.23
	M9

	32
	8.67
	3.21
	9.56
	M9

	33
	8.83
	5.64
	9.68
	M9

	34
	9.26
	1.48
	10.04
	ND

	35
	9.40
	2.35
	10.15
	ND

	36
	9.60
	1.26
	10.31
	FA4G4

	37
	9.75
	3.42
	10.44
	ND

	38
	10.17
	1.26
	10.8
	M9Glc1

	39
	10.30
	1.42
	10.91
	M9Glc1

	40
	10.65
	3.71
	11.21
	ND

	41
	10.85
	0.52
	11.39
	ND

	42
	11.14
	2.17
	11.65
	M9Glc2

	43
	11.64
	1.63
	12.09
	ND

	44
	11.76
	0.27
	12.2
	ND

	45
	12.08
	0.33
	12.49
	ND

	46
	12.25
	0.29
	12.64
	M9Glc2

	47
	12.64
	0.31
	13.01
	ND

	48
	13.12
	0.25
	13.47
	M9Glc2

	49
	13.42
	0.19
	13.77
	ND

	50
	13.79
	0.18
	14.16
	ND

	51
	14.16
	0.07
	14.58
	ND



Table 4. Putative N-glycan structures based on the GU value for each peak annotated in the UPLC-fluorescence profiles from the total pool (healthy individuals) digested with ABS and α1,2 Fuc. Note that some values have multiple possibilities while for other GU values an N-glycan composition could not be determined (ND).
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	ABS, α 1,2Fuc, AMF


	Peak
	Rt
	%Area
	GU
	Putative Structure

	1
	2.20
	0.04
	4.26
	M3

	2
	2.29
	0.02
	4.37
	M3

	3
	2.39
	0.06
	4.48
	ND

	4
	2.64
	0.26
	4.75
	FM3

	5
	2.77
	0.21
	4.89
	A1

	6
	2.98
	0.03
	5.1
	M4

	7
	3.12
	0.14
	5.24
	FA1

	8
	3.21
	0.47
	5.33
	A2

	9
	3.39
	0.06
	5.5
	ND

	10
	3.50
	0.14
	5.61
	M4/M4A1

	11
	3.67
	1.19
	5.76
	A1G1/A2B

	12
	3.78
	1.01
	5.86
	A3/FA2

	13
	3.88
	0.1
	5.95
	FA2

	14
	4.19
	5.72
	6.21
	A2G2/A3

	15
	4.35
	4.87
	6.34
	A2G1

	16
	4.59
	0.61
	6.53
	A4/A2BG1

	17
	4.80
	1.96
	6.7
	A2BG1/FA2G1

	18
	4.97
	4.09
	6.83
	FA2G1/A2BG1

	19
	5.10
	2.3
	6.93
	FA2BG1/M6

	20
	5.29
	2.96
	7.07
	FM4A1G1/M6

	21
	5.37
	2.38
	7.12
	FA2BG1/M6

	22
	5.48
	4.27
	7.2
	A2G2/M6

	23
	5.69
	0.44
	7.36
	A2BG2

	24
	5.86
	0.62
	7.48
	A2BG2

	25
	6.06
	30.1
	7.62
	FA2G2

	26
	6.23
	3.3
	7.74
	FA2BG2/M7

	27
	6.57
	3.53
	7.98
	M7

	28
	6.70
	2.34
	8.08
	ND

	29
	7.22
	2.15
	8.45
	A3G3/M8

	30
	7.74
	17.88
	8.84
	FA3G3/M8

	31
	7.97
	1.08
	9.01
	FA3G3/M8

	32
	8.24
	0.48
	9.22
	ND

	33
	8.48
	0.33
	9.4
	M9

	34
	8.63
	0.63
	9.53
	M9

	35
	8.86
	0.27
	9.71
	M9

	36
	9.15
	0.65
	9.94
	A4G4

	37
	9.41
	0.24
	10.16
	ND

	38
	9.50
	1.51
	10.24
	FA4G4

	39
	9.90
	0.24
	10.57
	ND

	40
	10.19
	0.07
	10.82
	M9Glc1

	41
	10.37
	0.1
	10.97
	M9Glc1

	42
	10.51
	0.22
	11.1
	ND

	43
	10.70
	0.13
	11.26
	ND

	44
	10.99
	0.2
	11.51
	ND

	45
	11.63
	0.03
	12.08
	ND

	46
	11.97
	0.04
	12.38
	ND

	47
	12.35
	0.04
	12.73
	ND



Table 5. Putative N-glycan structures based on the GU value for each peak annotated in the UPLC-fluorescence profiles from the total pool (healthy individuals) digested with ABS, α1,2 Fuc and AMF. Note that some values have multiple possibilities while for other GU values an N-glycan composition could not be determined (ND).
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	ABS, α 1,2Fuc, AMF, BKF


	Peak
	Rt
	%Area
	GU
	Putative Structure

	1
	2.22
	0.4
	4.29
	M3

	2
	2.37
	0.17
	4.46
	ND

	3
	2.73
	0.96
	4.84
	A1

	4
	2.99
	0.15
	5.11
	M4

	5
	3.07
	0.08
	5.19
	ND

	6
	3.28
	1.19
	5.4
	A2

	7
	3.36
	0.15
	5.47
	A2

	8
	3.59
	0.37
	5.69
	M4A1

	9
	3.67
	6.39
	5.76
	A1G1/A2B

	10
	3.76
	6.35
	5.84
	A2B/A3

	11
	4.14
	1.48
	6.17
	A3/M5

	12
	4.26
	1.56
	6.27
	A2G1/A2G1/A3

	13
	4.39
	4.82
	6.38
	A2G1

	14
	4.59
	2.82
	6.53
	A4/A2BG1

	15
	4.75
	5.21
	6.66
	M5A1/A2BG1/A4

	16
	4.93
	0.89
	6.79
	FA2G1/A2BG1

	17
	5.06
	0.97
	6.9
	A2BG1/FA2BG1/M6

	18
	5.29
	1.9
	7.07
	M6

	19
	5.48
	32.46
	7.21
	A2G2/M6

	20
	5.69
	3.32
	7.36
	A2BG2/M6

	21
	5.98
	3.09
	7.57
	M7

	22
	6.14
	1.5
	7.68
	M7

	23
	6.25
	0.35
	7.76
	M7

	24
	6.54
	1.06
	7.97
	M7

	25
	6.70
	0.7
	8.08
	ND

	26
	7.22
	12.51
	8.45
	A3G3

	27
	7.46
	0.98
	8.63
	ND

	28
	7.74
	3.61
	8.84
	M8

	29
	7.97
	0.37
	9.01
	M8

	30
	8.08
	0.23
	9.09
	FA3G3

	31
	8.44
	0.28
	9.37
	M9

	32
	8.62
	0.6
	9.52
	M9

	33
	9.07
	0.95
	9.88
	A4G4

	34
	9.51
	1.18
	10.24
	ND

	35
	10.09
	0.23
	10.73
	M9Glc1

	36
	11.62
	0.06
	12.07
	ND

	37
	12.01
	0.06
	12.42
	ND



Table 6. Putative N-glycan structures based on the GU value for each peak annotated in the UPLC-fluorescence profiles from the total pool (healthy individuals) digested with ABS, α1,2 Fuc, AMF and BKF. Note that some values have multiple possibilities while for other GU values an N-glycan composition could not be determined (ND).



















[bookmark: _Toc372382481]Table 7: GU based annotation of N-glycans in whole saliva of healthy individuals digested with ABS and α1,2 Fuc ,AMF, BKF and SPG

	ABS, α 1,2Fuc, AMF, BKF, SPG


	Peak
	Rt
	%Area
	GU
	Putative Structure

	1
	2.22
	0.72
	4.29
	M3

	2
	2.30
	0.16
	4.38
	M3

	3
	2.40
	0.30
	4.49
	ND

	4
	2.47
	0.14
	4.57
	ND

	5
	2.72
	10.86
	4.84
	A1

	6
	3.28
	45.09
	5.4
	A2

	7
	3.57
	3.34
	5.67
	M4A1/M4

	8
	3.67
	9.64
	5.76
	A2B

	9
	3.79
	17.12
	5.87
	A3

	10
	4.12
	2.54
	6.15
	A3

	11
	4.30
	3.47
	6.3
	FA2B

	12
	4.65
	1.03
	6.58
	A4

	13
	4.72
	1.77
	6.63
	M5A1/A4

	14
	5.15
	0.77
	6.96
	ND

	15
	5.29
	0.92
	7.07
	M6

	16
	5.59
	0.06
	7.29
	M6

	17
	6.23
	0.23
	7.74
	M7

	18
	6.53
	0.17
	7.96
	M7

	19
	6.69
	0.09
	8.07
	ND

	20
	7.25
	0.12
	8.48
	ND

	21
	7.72
	0.11
	8.82
	M8

	22
	8.64
	0.09
	9.53
	M9



Table 7. Putative N-glycan structures based on the GU value for each peak annotated in the UPLC-fluorescence profiles from the total pool (healthy individuals) digested with ABS, α1,2 Fuc, AMF, BKF and SPG. Note that some values have multiple possibilities while for other GU values an N-glycan composition could not be determined (ND).

[bookmark: _Toc372382482]Table 8: GU based annotation of N-glycans in whole saliva of healthy individuals digested with ABS and α1,2 Fuc ,AMF, BKF, SPG and GUH
	ABS, α 1,2Fuc, AMF, BKF, SPG, GUH


	Peak
	Rt
	%Area
	GU
	Putative Structure

	1
	2.22
	86.72
	4.29
	M3

	2
	2.66
	1.51
	4.77
	ND

	3
	2.76
	0.56
	4.88
	ND

	4
	2.99
	2.22
	5.11
	M4

	5
	3.17
	2.69
	5.29
	M4

	6
	3.32
	0.48
	5.43
	M4

	7
	3.52
	0.39
	5.63
	ND

	8
	3.68
	3.16
	5.76
	ND

	9
	4.14
	1.39
	6.17
	M5

	10
	4.58
	0.05
	6.53
	ND

	11
	4.72
	0.21
	6.64
	ND

	12
	5.30
	0.22
	7.07
	M6/M7



Table 8. Putative N-glycan structures based on the GU value for each peak annotated in the UPLC-fluorescence profiles from the total pool (healthy individuals) digested with ABS, α1,2 Fuc, AMF, BKF, SPG and GUH. Note that some values have multiple possibilities while for other GU values an N-glycan composition could not be determined (ND).






11. [bookmark: _Toc377297426]Appendix B
11.1. [bookmark: _Toc377297427]Chapter 3 Supplementary Data
11.2. [bookmark: _Toc377297428]Annotation of 2AB N-glycans based on HILIC-UPLC-MS analysis
N-glycan annotation from whole saliva of individuals without OC. Online coupled fluorescence -MS detection was performed using a Waters Xevo G2 QTof (YCA 309) with Acquity® UPLC (Waters Corporation, Milford, MA, USA) and BEH Glycan column (1.0 x 150mm, 1.7 μm particle size). 
For MS acquisition data the instrument was operated in negative-sensitivity mode with a capillary voltage of 2.50kV. The ion source block and nitrogen desolvation gas temperatures were set at 120 °C and 400 °C, respectively. The desolvation gas was set to a flow rate of 600 L/h. The cone voltage was maintained at 30V. Full-scan data for glycans were acquired over m/z range of 450 to 2500. Data collection and processing were controlled by MassLynx 4.1 software (Waters Corporation, Milford, MA, USA).
The fluorescence detector settings were as follows: λexcitation: 330 nm, λemission: 420 nm; data rate was 1pts/second and a PMT gain = 10. Sample injection volume was 8 μL. The flow rate was 0.150 mL/min and column temperature was maintained at 60 °C; solvent A was 50 mM ammonium formate in water (pH 4.4) and solvent B was acetonitrile. A 40 minute linear gradient was used and was as follows: 28% A for 1 min, 28-43% A for 30 minutes, 43-70 % A for 1 minute, 70 % A for 3 min, 70-28% solvent A for 1 min and finally 28 % A for 4 minutes. 
Samples were diluted in 75 % acetonitrile prior to analysis. The weak wash solvent was 80% acetonitrile and the strong wash solvent was 20% acetonitrile.
To avoid contamination of Mass Spec system, flow was sent to waste for the first 1.0 minutes and after 32 minutes.
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Table 9. Putative structures of 2AB labelled N-glycans from the neutral fraction of pooled whole saliva based on HILIC-UPLC-MS analysis
	Saliva_Undigested_2AB N-glycans

	tR (min)
	PeakUPLC
	Experimental mass (m/z)
	Theoretical mass (m/z) 
	Error (ppm)
Threshold <50ppm
	Ion
	Assignment
	Monosaccharide composition

	 
	 
	 
	 
	 
	 
	 
	 

	3-3.65
	1
	1029.3826
	1029.3893
	6.51
	[M-H]-1
	M3
	Hex3HexNAc2-2AB

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.90-4.20
	2
	1175.4244
	1175.4472
	19.40
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-2AB

	
	
	 
	 
	 
	[M-2H]-2
	
	

	4.20-4.40
	3
	1175.4244
	1175.4472
	19.40
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-2AB

	
	
	 
	 
	 
	[M-2H]-2
	
	

	5.05-5.30
	4
	 
	 
	 
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-2AB

	
	
	688.7654
	688.7596
	8.42
	[M-2H]-2
	
	

	5.30-5.60
	5
	 
	 
	 
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-2AB

	
	
	688.7654
	688.7596
	8.42
	[M-2H]-2
	
	

	6.05-6.60
	6
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-2AB

	
	
	790.3034
	790.2993
	5.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-2AB

	
	
	818.8034
	818.81
	8.06
	[M-2H]-2
	
	

	6.60-7
	7
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-2AB

	
	
	790.3034
	790.2993
	5.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-2AB

	
	
	818.821
	818.81
	13.43
	[M-2H]-2
	
	

	7-7.20
	8
	 
	 
	 
	[M-H]-1
	M4
	Hex4HexNAc2-2AB

	
	
	595.2265
	595.2174
	15.29
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-2AB

	
	
	676.2484
	676.2438
	6.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-2AB

	
	
	769.7903
	769.786
	5.59
	[M-2H]-2
	
	

	7.20-7.70
	 
	 
	 
	 
	[M-H]-1
	M4
	Hex4HexNAc2-2AB

	
	9
	595.2065
	595.2174
	18.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-2AB

	
	
	676.2431
	676.2438
	1.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-2AB

	
	
	769.796
	769.7866
	12.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-2AB

	
	
	891.8362
	891.839
	3.14
	[M-2H]-2
	
	

	7.70-8
	10
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-2AB

	
	
	891.8301
	891.839
	9.98
	[M-2H]-2
	
	

	8-8.25
	11
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-2AB

	
	
	769.7732
	769.786
	16.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.811
	842.815
	4.75
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-2AB

	
	
	891.8607
	891.839
	24.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-2AB

	
	
	899.8536
	899.8365
	19.00
	[M-2H]-2
	
	

	8.25-8.60
	12
	 
	 
	 
	[M-H]-1
	FM5
	Hex5HexNAc2dHex1-2AB

	
	
	749.2661
	749.2728
	8.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M5A1/M4A1G1
	Hex5HexNAc3-2AB

	
	
	777.7778
	777.7835
	7.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.7991
	842.815
	18.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-2AB

	
	
	871.3198
	871.3257
	6.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-2AB

	
	
	899.8351
	899.8365
	1.56
	[M-2H]-2
	
	

	8.60-9.05
	13
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.7812
	842.815
	40.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-2AB

	
	
	871.3077
	871.3257
	20.66
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-2AB

	
	
	899.8351
	899.8365
	1.56
	[M-2H]-2
	
	

	9.05-9.55
	14
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.811
	842.815
	4.75
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-2AB

	 
	 
	871.338
	871.3257
	14.12
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	 
	 
	944.326
	944.3547
	30.39
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-2AB

	 
	 
	972.8507
	972.8654
	15.11
	[M-2H]-2
	
	

	9.55-9.85
	15
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-2AB

	
	
	757.254
	757.2702
	21.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A1G1S1
	Hex4HexNAc3NeuAc1-2AB

	
	
	842.3049
	842.3048
	0.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.8169
	842.815
	2.25
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1/FM4A1G1
	Hex5HexNAc3dHex1-2AB

	
	
	850.8029
	850.8125
	11.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3449
	944.3547
	10.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-2AB

	
	
	972.8507
	972.8654
	15.11
	[M-2H]-2
	
	

	9.85-10.15
	16
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-2AB

	 
	 
	757.2653
	757.2702
	6.47
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	 FM5A1/FM4A1G1
	Hex5HexNAc3dHex1-2AB

	 
	 
	850.8029
	850.8125
	11.28
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	A2G2/M5A2
	Hex5HexNAc4-2AB

	 
	 
	879.3237
	879.3232
	0.57
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	 
	 
	944.3449
	944.3547
	10.38
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-2AB

	 
	 
	972.8635
	972.8654
	1.95
	[M-2H]-2
	
	

	10.15-10.55
	17
	 
	 
	 
	[M-H]-1
	 FM5A1/FM4A1G1
	Hex5HexNAc3dHex1-2AB

	
	
	850.8029
	850.8125
	11.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/M5A2
	Hex5HexNAc4-2AB

	
	
	879.3177
	879.3232
	6.25
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-2AB

	
	
	915.2886
	915.3337
	49.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-2AB

	
	
	915.8347
	915.8439
	10.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.326
	944.3547
	30.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-2AB

	
	
	972.8507
	972.8654
	15.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8782
	1016.8734
	4.72
	[M-2H]-2
	
	

	10.55-11.05
	18
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-2AB

	
	
	915.3382
	915.3337
	4.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-2AB

	
	
	915.8409
	915.8439
	3.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	 FM4A1F1G1
	Hex5HexNAc3dHex2-2AB

	
	
	923.8281
	923.8414
	14.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-2AB

	
	
	943.8218
	943.8445
	24.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3323
	944.3547
	23.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2/FM5A2FA2G2/FM5A2/FM4A2G1
	Hex5HexNAc4-2AB

	
	
	952.3603
	952.3521
	8.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8716
	1016.8734
	1.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-2AB

	
	
	1045.8866
	1045.8944
	7.46
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.3464
	1118.4131
	59.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4
	Hex4HexNAc2-2AB

	
	
	1191.4412
	1191.4421
	0.76
	[M-2H]-2
	
	

	11.05-11.50
	19
	 
	 
	 
	[M-H]-1
	M5A1G1/M6A1
	Hex3HexNAc5S1-2AB

	
	
	858.8083
	858.7885
	23.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-2AB

	
	
	915.3196
	915.3337
	15.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc4dHex2-2AB

	
	
	915.8223
	915.8439
	23.58
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-2AB

	
	
	943.8534
	943.8445
	9.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3386
	944.3547
	17.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2/FM5A2FA2G2/FM5A2/FM4A2G1
	Hex5HexNAc4dHex1-2AB

	
	
	952.3476
	952.3521
	4.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-2AB

	
	
	988.3616
	988.3627
	1.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8912
	1016.8734
	17.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-2AB

	
	
	1045.8799
	1045.8944
	13.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.4219
	1118.4131
	7.87
	[M-2H]-2
	
	

	11.50-11.95
	20
	 
	 
	 
	[M-H]-1
	M4A1G1S1
	Hex5HexNAc3NeuAc1-2AB

	
	
	923.3295
	923.3312
	1.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	 

	
	
	923.8469
	923.8414
	5.95
	[M-2H]-2
	
	Hex5HexNAc3dHex2-2AB

	
	
	 
	 
	 
	[M-H]-1
	FA2G2/FM5A2FA2G2/FM5A2/FM4A2G1
	Hex5HexNAc4dHex1-2AB

	
	
	952.3286
	952.3521
	24.68
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-2AB

	
	
	988.368
	988.3627
	5.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8782
	1016.8734
	4.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-2AB

	
	
	1017.395
	1017.3836
	11.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-2AB

	
	
	1045.9131
	1045.8944
	17.88
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-2AB

	
	
	1053.8881
	1053.8918
	3.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.4012
	1118.4131
	10.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1 
	Hex4HexNAc5NeuAc1dHex2-2AB

	
	
	1191.4482
	1191.4421
	5.12
	[M-2H]-2
	
	

	11.95-12.30
	21
	 
	 
	 
	[M-H]-1
	M7
	Hex4HexNAc4S1-2AB

	
	
	838.3035
	838.2996
	4.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1/M4A1G1S1
	Hex5HexNAc3NeuAc1-2AB

	
	
	923.3357
	923.3312
	4.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1/FA2F1G2
	Hex5HexNAc3dHex2-2AB

	
	
	923.8406
	923.8414
	0.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex3HexNAc5S1dHex1-2AB

	
	
	931.8375
	931.8174
	21.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2/FM5A2FA2G2/FM5A2/FM4A2G1
	Hex5HexNAc4dHex1-2AB

	
	
	952.3539
	952.3521
	1.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8716
	1016.8734
	1.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-2AB

	
	
	1017.3818
	1017.3836
	1.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3855
	1025.3811
	4.29
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-2AB

	
	
	1045.3892
	1045.3842
	4.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-2AB

	
	
	1045.8799
	1045.8944
	13.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-2AB

	
	
	1053.8948
	1053.8918
	2.85
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.415
	1118.4131
	1.70
	[M-2H]-2
	
	

	12.30-12.60
	22
	 
	 
	 
	[M-H]-1
	M7
	Hex4HexNAc4S1-2AB

	
	
	838.2917
	838.2752
	19.68
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex3HexNAc5S1dHex1-2AB

	
	
	931.8385
	931.8174
	22.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8455
	1016.8734
	27.44
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-2AB

	
	
	1017.3688
	1017.3836
	14.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3855
	1025.3811
	4.29
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-2AB

	
	
	1053.8881
	1053.8918
	3.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-2AB

	
	
	1089.8932
	1089.9024
	8.44
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.3944
	1118.4131
	16.72
	[M-2H]-2
	
	

	12.60-12.90
	23
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-2AB

	
	
	838.297
	838.2966
	0.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex3HexNAc5S1dHex1-2AB

	
	
	931.8124
	931.8174
	5.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-2AB

	
	
	996.3541
	996.3602
	6.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-2AB

	
	
	1017.3622
	1017.3836
	21.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3657
	1025.3811
	15.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-2AB

	
	
	1053.8881
	1053.8918
	3.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-2AB

	
	
	1089.8932
	1089.9024
	8.44
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.3944
	1118.4131
	16.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-2AB

	
	
	1118.9021
	1118.9233
	18.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F1G1
	Hex4HexNAc6dHex2-2AB

	
	
	1147.3887
	1147.4341
	39.57
	[M-2H]-2
	
	

	12.90-13.60
	24
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-2AB

	
	
	996.3541
	996.3602
	6.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1F1
	Hex5HexNAc3dHex3-2AB

	
	
	996.8527
	996.8704
	17.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-2AB

	
	
	1004.8663
	1004.8678
	1.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-2AB

	
	
	1024.8733
	1024.8709
	2.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3593
	1025.3811
	21.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G1
	Hex4HexNAc6dHex1-2AB

	
	
	1074.3749
	1074.4051
	28.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-2AB

	
	
	1089.8932
	1089.9024
	8.44
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8911
	1097.8998
	7.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.394
	1098.41
	14.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.4012
	1118.4131
	10.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-2AB

	
	
	1118.9089
	1118.9233
	12.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-2AB

	
	
	1126.9298
	1126.9208
	7.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1 
	Hex4HexNAc5NeuAc1dHex2-2AB

	
	
	1191.4128
	1191.4421
	24.59
	[M-2H]-2
	
	

	13.60-14.10
	25
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-2AB

	
	
	1024.8405
	1024.8709
	29.66
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3593
	1025.3811
	21.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1S1
	Hex5HexNAc3NeuAc1dHex2-2AB

	
	
	1069.399
	1069.3891
	9.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8843
	1097.8998
	14.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.4144
	1098.41
	4.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-2AB

	
	
	1126.9298
	1126.9208
	7.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.9354
	1170.9288
	5.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1 
	Hex4HexNAc5NeuAc1dHex2-2AB

	
	
	1191.4128
	1191.4421
	24.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.3409
	1199.4395
	82.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1264.4635
	1264.471
	5.93
	[M-2H]-2
	
	

	14.10-14.75
	26
	 
	 
	 
	[M-H]-1
	M5A1G1S1
	Hex6HexNAc3NeuAc1-2AB

	
	
	1004.3397
	1004.3576
	17.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-2AB

	
	
	1004.8597
	1004.8678
	8.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3789
	1025.3811
	2.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8843
	1097.8998
	14.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.4008
	1098.41
	8.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-2AB

	
	
	1126.39
	1126.4106
	18.29
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-2AB

	
	
	1126.9229
	1126.9208
	1.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-2AB

	
	
	1134.9033
	1134.9182
	13.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9283
	1170.9288
	0.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.412
	1199.4395
	22.93
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9164
	1199.9497
	27.75
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-2AB

	
	
	1264.4708
	1264.471
	0.16
	[M-2H]-2
	
	

	14.75-15
	27
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-2AB

	
	
	919.3264
	919.323
	3.70
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M5A1G1S1
	Hex6HexNAc3NeuAc1-2AB

	
	
	1004.3332
	1004.3576
	24.29
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-2AB

	
	
	1004.8793
	1004.8678
	11.44
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.9047
	1097.8998
	4.46
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.3804
	1098.41
	26.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-2AB

	
	
	1134.9033
	1134.9182
	13.13
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	 
	 
	1170.8933
	1170.9288
	30.32
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	 
	 
	1199.4546
	1199.4395
	12.59
	[M-2H]-2
	
	

	15-15.30
	28
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-2AB

	
	
	919.314
	919.323
	9.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.9182
	1097.8998
	16.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.3872
	1098.41
	20.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-2AB

	
	
	1134.9241
	1134.9182
	5.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9283
	1170.9288
	0.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4127
	1170.439
	831.91
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.4404
	1199.4395
	0.75
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9305
	1199.9497
	16.00
	[M-2H]-2
	
	

	15.30-15.90
	29
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-2AB

	
	
	919.3015
	919.323
	23.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-2AB

	
	
	1077.3687
	1077.3866
	16.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1F1
	Hex6HexNAc3dHex3-2AB

	
	
	1077.9005
	1077.8968
	3.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8639
	1097.8639
	0.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.394
	1098.41
	14.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-2AB

	
	
	1134.8964
	1134.9182
	19.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.395
	1170.4186
	20.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9214
	1170.9288
	6.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.4261
	1199.4395
	11.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9519
	1199.9497
	1.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4127
	1171.439
	22.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.9011
	1207.9472
	38.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.3866
	1243.4476
	49.06
	[M-2H]-2
	
	

	15.90-16.35
	30
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-2AB

	
	
	1077.3687
	1077.3866
	16.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1F1
	Hex6HexNAc3dHex3-2AB

	
	
	1077.8737
	1077.8968
	21.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.4076
	1098.41
	2.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A2F1G1/FM4A2F1G2
	Hex6HexNAc4dHex2-2AB

	
	
	1106.3889
	1106.4075
	16.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1S1
	Hex7HexNAc5NeuAc2dHex4-2AB

	
	
	1150.392
	1150.4155
	20.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9143
	1170.9288
	12.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4197
	1171.439
	16.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.4049
	1199.4395
	28.85
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9235
	1199.9497
	21.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.9583
	1207.9472
	9.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4011
	1243.4476
	37.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9364
	1243.9578
	17.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	1272.4258
	1272.4685
	33.56
	[M-2H]-2
	
	

	16.35-17.05
	31
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.395
	1170.4186
	20.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9143
	1170.9288
	12.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4337
	1171.439
	4.52
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.412
	1199.43995
	23.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9305
	1199.9497
	16.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3S1
	Hex5HexNAc5NeuAc1-2AB

	
	
	1207.4379
	1207.437
	0.75
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.9297
	1207.9472
	14.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G1S1
	Hex4HexNAc6NeuAc1dHex1-2AB

	
	
	1219.9353
	1219.9528
	14.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4227
	1243.4476
	20.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9219
	1243.9578
	28.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	1272.4185
	1272.4685
	39.29
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-2AB

	
	
	1272.9819
	1272.9787
	2.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4058
	1280.4659
	46.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9636
	1280.9761
	9.76
	[M-2H]-2
	
	

	17.05-17.45
	32
	 
	 
	 
	[M-H]-1
	M9
	Hex9HexNAc2-2AB

	
	
	1000.3526
	1000.3495
	3.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.395
	1170.4186
	20.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9073
	1170.9288
	18.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4548
	1171.439
	13.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.944
	1207.9472
	2.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.958
	1243.9578
	0.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	1272.4258
	1272.4685
	33.56
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-2AB

	
	
	1272.9526
	1272.9787
	20.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-2AB

	
	
	1316.4568
	1316.4765
	14.96
	[M-2H]-2
	
	

	17.45-17.65
	33
	 
	 
	 
	[M-H]-1
	M9
	Hex9HexNAc2-2AB

	 
	 
	1000.3461
	1000.3495
	3.40
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	 
	 
	1170.9635
	1170.9288
	29.63
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	 
	 
	1171.4268
	1171.439
	10.41
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	 
	 
	1207.9583
	1207.9472
	9.19
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	 
	 
	1243.4301
	1243.4476
	14.07
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	 
	 
	1243.9797
	1243.9578
	17.61
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	A4G4/FA2F2G2F2
	Hex7HexNAc6-2AB

	 
	 
	1244.479
	1244.4554
	18.96
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex5HexNAc5NeuAc2-2AB

	 
	 
	1271.943
	1271.9583
	12.03
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	 

	 
	 
	1272.4771
	1272.4685
	6.76
	[M-2H]-2
	
	Hex5HexNAc5NeuAc1dHex2-2AB

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-2AB

	 
	 
	1272.9673
	1272.9787
	8.96
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	 
	 
	1280.4351
	1280.4659
	24.05
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	 
	 
	1281.0002
	1280.9761
	18.81
	[M-2H]-2
	
	

	17.65-17.95
	34
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1
	Hex6HexNAc5dHex2-2AB

	
	
	1207.9083
	1207.9472
	32.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2 
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4373
	1243.4476
	8.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9436
	1243.9578
	11.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A4G4/FA2F2G2F2
	Hex7HexNAc6-2AB

	
	
	1244.4573
	1244.4554
	1.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex5HexNAc5NeuAc2-2AB

	
	
	1271.9795
	1271.9583
	16.67
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	1272.4331
	1272.4685
	27.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-2AB

	
	
	1272.9819
	1272.9787
	2.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4277
	1280.4659
	29.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9489
	1280.9761
	21.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-2AB

	
	
	1344.9402
	1344.9872
	34.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.5044
	1345.4974
	5.20
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2G2S2 
	Hex5HexNAc4NeuAc2dHex1-2AB

	 
	 
	1243.4373
	1243.4476
	8.28
	[M-2H]-2
	
	

	 
	35
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	17.95-18.25
	
	1243.9364
	1243.9578
	17.20
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	A4G4/FA2F2G2F2
	Hex7HexNAc6-2AB

	 
	 
	1244.45
	1244.4554
	4.34
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	 
	 
	1280.4645
	1280.4659
	1.09
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	 
	 
	1280.9415
	1280.9761
	27.01
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-2AB

	 
	 
	1316.4866
	1316.4765
	7.67
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	 
	 
	1316.9703
	1316.9867
	12.45
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-2AB

	 
	 
	1344.9327
	1344.9872
	40.52
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	 
	 
	1345.4744
	1345.4974
	17.09
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	 
	 
	1353.4761
	1353.4949
	13.89
	[M-2H]-2
	
	

	18.25-18.50
	36
	 
	 
	 
	[M-H]-1
	FA2G2S2 
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4155
	1243.4476
	25.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9436
	1243.9578
	11.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A4G4/FA2F2G2F2
	Hex7HexNAc6-2AB

	
	
	1244.4573
	1244.4554
	1.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4204
	1280.4659
	35.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9636
	1280.9761
	9.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2/FM4A2F1G1S2
	Hex5HexNAc4NeuAc2dHex2-2AB

	
	
	1316.4852
	1316.4765
	6.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	
	
	1316.9852
	1316.9867
	1.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-2AB

	
	
	1344.9703
	1344.9872
	12.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.4912
	1345.4974
	4.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4761
	1353.4949
	13.89
	[M-2H]-2
	
	

	18.50-18.70
	37
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9291
	1243.9578
	23.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A4G4/FA2F2G2F2
	Hex7HexNAc6-2AB

	
	
	1244.4427
	1244.468
	20.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4204
	1280.4659
	35.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9636
	1280.9761
	9.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2 
	Hex5HexNAc4NeuAc2dHex2-2AB

	
	
	1316.4642
	1316.4765
	9.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	
	
	1316.9554
	1316.9867
	23.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-2AB

	
	
	1344.9628
	1344.9872
	18.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.5195
	1345.4974
	16.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex6HexNAc5NeuAc2-2AB

	
	
	1352.9706
	1352.9847
	10.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1 
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4761
	1353.4949
	13.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1354.0043
	1354.0051
	0.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1425.924
	1426.0137
	62.90
	[M-2H]-2
	
	

	18.70-18.95
	38
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4791
	1280.4659
	10.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9783
	1280.9761
	1.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2 
	Hex5HexNAc4NeuAc2dHex2-2AB

	
	
	1316.4642
	1316.4765
	9.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	
	
	1316.9629
	1316.9867
	18.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4
	Hex7HexNAc6dHex1-2AB

	
	
	1317.4839
	1317.4843
	0.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.5195
	1345.4974
	16.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2F1/A5G4
	Hex7HexNAc7-2AB

	
	
	1346.0085
	1345.9951
	9.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1 
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4308
	1353.4949
	47.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9817
	1354.0051
	17.28
	[M-2H]-2
	
	

	18.95-19.35
	39
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4277
	1280.4659
	29.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9636
	1280.9761
	9.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2 
	Hex5HexNAc4NeuAc2dHex2-2AB

	
	
	1316.4121
	1316.4765
	48.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	
	
	1316.9257
	1316.9867
	46.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4
	Hex7HexNAc6dHex1-2AB

	
	
	1317.4913
	1317.4843
	5.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.4518
	1345.4974
	33.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2F1/A5G4
	Hex7HexNAc7-2AB

	
	
	1346.0011
	1345.9951
	4.46
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1 
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4761
	1353.4949
	13.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9893
	1354.0051
	11.67
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S2
	Hex5HexNAc4NeuAc2dHex3-2AB

	
	
	1389.4716
	1389.5055
	24.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2S1
	Hex5HexNAc5NeuAc1dHex4-2AB

	
	
	1418.5447
	1418.5264
	12.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1425.9858
	1426.5239
	377.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.4891
	1426.5239
	24.39
	[M-2H]-2
	
	

	19.35-19.60
	40
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4609
	1353.4949
	25.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9666
	1354.0051
	28.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S2
	Hex5HexNAc4NeuAc2dHex3-2AB

	
	
	1389.525
	1389.5055
	14.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S2
	Hex5HexNAc5NeuAc2dHex2-2AB

	
	
	1418.0271
	1418.0162
	7.69
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1426.0245
	1426.0137
	7.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.4971
	1426.5239
	18.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S2
	Hex5HexNAc5NeuAc2dHex3-2AB

	
	
	1491.0829
	1491.0451
	25.35
	[M-2H]-2
	
	

	19.60-20.10
	41
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9856
	1280.9761
	7.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3S2
	Hex6HexNAc5NeuAc2-2AB

	
	
	1353.0007
	1352.9847
	11.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4761
	1353.4949
	13.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9968
	1354.0051
	6.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1426.0092
	1426.0137
	3.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.5204
	1426.5239
	2.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0084
	1427.0215
	9.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0055
	1499.0426
	24.75
	[M-2H]-2
	
	

	20.10-20.60
	42
	 
	 
	 
	[M-H]-1
	A3G3S2
	Hex6HexNAc5NeuAc2-2AB

	
	
	1352.9177
	1352.9847
	49.52
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	 
	 
	1353.4459
	1353.4949
	36.20
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	 
	 
	1353.9968
	1354.0051
	6.13
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	 
	 
	1425.9937
	1426.0137
	14.03
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	 
	 
	1426.5204
	1426.5239
	2.45
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	 
	 
	1427.0006
	1427.0215
	14.65
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	 
	 
	1498.9738
	1499.0426
	45.90
	[M-2H]-2
	
	

	20.60-21.20
	43
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4761
	1353.4949
	13.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1354.0043
	1354.0051
	0.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1425.9937
	1426.0137
	14.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.4971
	1426.5239
	18.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0161
	1427.0215
	3.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0372
	1499.0426
	3.60
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	 
	 
	1499.5535
	1499.5528
	0.47
	[M-2H]-2
	
	

	21.20-21.60
	44
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1425.9471
	1426.0137
	46.70
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.5204
	1426.5239
	2.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0394
	1427.0237
	11.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4S1
	Hex7HexNAc6NeuAc1dHex1-2AB

	
	
	1462.9816
	1463.032
	34.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0293
	1499.0426
	8.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5297
	1499.5528
	15.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0343
	1572.0716
	23.73
	[M-2H]-2
	
	

	2160-21.95
	45
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.5049
	1426.5239
	13.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0084
	1427.0215
	9.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0293
	1499.0426
	8.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5376
	1499.5528
	10.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-2AB

	
	
	1500.0619
	1500.0504
	7.67
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0587
	1572.0716
	8.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1-2AB

	
	
	1572.5712
	1572.5692
	1.27
	[M-2H]-2
	
	

	21.95-22.60
	46
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9968
	1354.0051
	6.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.5126
	1426.5239
	7.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-2AB

	
	
	1427.0471
	1427.0341
	9.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1498.9896
	1499.0426
	35.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex5HexNAc2dHex1-2AB

	
	
	1499.5376
	1499.5528
	10.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-2AB

	
	
	1500.054
	1500.0504
	2.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0994
	1572.0716
	17.68
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1-2AB

	
	
	1572.5386
	1572.5692
	19.46
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	 
	 
	1426.5126
	1426.5239
	7.92
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-2AB

	 
	 
	1427.0084
	1427.0341
	18.01
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	 
	 
	1498.9976
	1499.0426
	30.02
	[M-2H]-2
	
	

	22.60-23.10
	47
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex5HexNAc2dHex1-2AB

	 
	
	1499.5138
	1499.5528
	26.01
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-2AB

	 
	 
	1500.0381
	1500.0504
	8.20
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	 
	 
	1572.0587
	1572.0716
	8.21
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-2AB

	 
	 
	1572.563
	1572.5692
	3.94
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-2AB

	 
	 
	1645.1025
	1645.1005
	1.22
	[M-2H]-2
	
	

	23.10-23.60
	48
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex5HexNAc2dHex1-2AB

	
	
	1499.5138
	1499.5528
	26.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-2AB

	
	
	1500.0381
	1500.0504
	8.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0669
	1572.0716
	2.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-2AB

	
	
	1572.5548
	1572.5692
	9.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-2AB

	
	
	1645.0858
	1645.1005
	1.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1dHex1-2AB

	
	
	1645.1025
	1645.5981
	301.17
	[M-2H]-2
	
	

	23.60-24.20
	49
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.6012
	1499.5528
	32.28
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	 
	 
	1572.0994
	1572.0716
	17.68
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-2AB

	 
	 
	1572.5874
	1572.5692
	11.57
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3F3/FA6F3G5 
	Hex6HexNAc5dHex7-2AB

	 
	 
	1573.0836
	1573.092
	5.34
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA4F2G4S1
	Hex7HexNAc6NeuAc1dHex3-2AB

	 
	 
	1609.056
	1609.09
	21.13
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-2AB

	 
	 
	1645.0609
	1645.1005
	24.07
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1dHex1-2AB

	 
	 
	1645.6017
	1645.5981
	2.19
	[M-2H]-2
	
	

	24.20-25
	50
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-2AB

	 
	 
	1572.6199
	1572.5692
	32.24
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3F3
	Hex6HexNAc5dHex7-2AB

	 
	 
	1573.0592
	1573.092
	20.85
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA4F2G4S1
	Hex7HexNAc6NeuAc1dHex3-2AB

	 
	 
	1609.0808
	1609.09
	5.72
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-2AB

	 
	 
	1645.0941
	1645.1005
	3.89
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA4F3G4S1
	Hex7HexNAc6NeuAc1dHex4-2AB

	 
	 
	1682.1285
	1682.1189
	5.71
	[M-2H]-2
	
	










Table 10. Putative structures of 2AB labelled N-glycans from the neutral fraction of pooled whole saliva based on HILIC-UPLC-MS analysis
	Saliva Neutrals_2AB N-glycans

	tR (min)
	PeakUPLC
	Experimental mass (m/z)
	Theoretical mass (m/z) 
	Error (ppm)
Threshold <50ppm
	Ion
	Assignment
	Monosaccharide composition

	 
	 
	 
	 
	 
	 
	 
	 

	3-3.65
	1
	1029.3826
	1029.3893
	6.51
	[M-H]-1
	M3
	Hex3HexNAc2-2AB

	 
	 
	 
	 
	 
	[M-2H]-2
	
	

	3.90-4.20
	2
	1175.4385
	1175.4472
	7.40
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-2AB

	
	
	 
	 
	 
	[M-2H]-2
	
	

	4.20-4.40
	3
	1175.4456
	1175.4472
	1.36
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-2AB

	
	
	 
	 
	 
	[M-2H]-2
	
	

	5.05-5.30
	4
	 
	 
	 
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-2AB

	
	
	688.7654
	688.7596
	8.42
	[M-2H]-2
	
	 

	5.30-5.60
	5
	1378.5144
	1378.5265
	8.78
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-2AB

	
	
	 
	 
	 
	[M-2H]-2
	
	

	6.05-6.60
	6
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-2AB

	
	
	790.2977
	790.2993
	2.02
	[M-2H]-2
	
	 

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-2AB

	
	
	818.8034
	818.81
	8.06
	[M-2H]-2
	
	 

	6.60-7
	7
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-2AB

	
	
	790.3034
	790.2993
	5.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-2AB

	
	
	818.7916
	818.81
	22.47
	[M-2H]-2
	
	

	7-7.20
	8
	 
	 
	 
	[M-H]-1
	M4
	Hex4HexNAc5-2AB

	
	
	595.2065
	595.2174
	18.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-2AB

	
	
	676.2377
	676.2438
	9.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1
	Hex4HexNAc3dHex1-2AB

	
	
	769.7789
	769.786
	9.22
	[M-2H]-2
	
	

	7.2-7.70
	9
	 
	 
	 
	[M-H]-1
	M4
	Hex4HexNAc5-2AB

	
	
	595.2065
	595.2174
	18.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-2AB

	
	
	676.2377
	676.2438
	9.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1
	Hex4HexNAc3dHex1-2AB

	
	
	769.7846
	769.786
	1.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-2AB

	
	
	891.8301
	891.839
	9.98
	[M-2H]-2
	
	

	7.70-8
	10
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-2AB

	
	
	891.8301
	891.839
	9.98
	[M-2H]-2
	
	

	8-8.25
	11
	 
	 
	 
	[M-H]-1
	FA1G1
	Hex4HexNAc3dHex1-2AB

	
	
	769.7846
	769.786
	1.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.8169
	842.815
	2.25
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-2AB

	
	
	891.8484
	891.839
	10.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-2AB

	
	
	899.8105
	899.8365
	28.89
	[M-2H]-2
	
	

	8.25-8.60
	12
	 
	 
	 
	[M-H]-1
	FM5
	Hex5HexNAc2dHex1-2AB

	
	
	749.2661
	749.2728
	8.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M5A1/M4A1G1 
	Hex5HexNAc3-2AB

	
	
	777.7721
	777.7835
	14.66
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.811
	842.815
	4.75
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-2AB

	
	
	871.3077
	871.3257
	20.66
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-2AB

	
	
	899.829
	899.8365
	8.33
	[M-2H]-2
	
	

	8.75
	13
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.805
	842.815
	11.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G2
	Hex4HexNAc4dHex1-2AB

	
	
	871.3198
	871.3257
	6.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-2AB

	
	
	899.8228
	899.8365
	15.22
	[M-2H]-2
	
	

	9.05-.9.55
	14
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.805
	842.815
	11.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-2AB

	
	
	871.3139
	871.3257
	13.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3386
	944.3547
	17.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-2AB

	
	
	972.8507
	972.8654
	15.11
	[M-2H]-2
	
	

	9.55-9.85
	15
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-2AB

	
	
	757.2653
	757.2702
	6.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-2AB

	
	
	842.7931
	842.815
	25.98
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	 FM5A1/FM4A1G1
	Hex5HexNAc3dHex1-2AB

	
	
	850.8088
	850.8125
	4.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3449
	944.3547
	10.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-2AB

	
	
	972.8635
	972.8654
	1.95
	[M-2H]-2
	
	

	9.85-10.15
	16
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-2AB

	
	
	757.2766
	757.2702
	8.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	 FM5A1/FM4A1G1
	Hex5HexNAc3dHex1-2AB

	
	
	850.8029
	850.8125
	11.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/ M5A2
	Hex5HexNAc4-2AB

	
	
	879.3237
	879.3232
	0.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3449
	944.3547
	10.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-2AB

	
	
	972.8635
	972.8654
	1.95
	[M-2H]-2
	
	

	10.15-10.55
	17
	 
	 
	 
	[M-H]-1
	 FM5A1/FM4A1G1
	Hex5HexNAc3dHex1-2AB

	
	
	850.8088
	850.8125
	4.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/ M5A2
	Hex5HexNAc4-2AB

	
	
	879.3116
	879.3232
	13.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-2AB

	
	
	915.8437
	915.8439
	0.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3513
	944.3547
	3.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-2AB

	
	
	972.8891
	972.8654
	24.36
	[M-2H]-2
	
	

	10.55-11.05
	18
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-2AB

	
	
	915.8409
	915.8439
	3.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	 FM4A1F1G1
	Hex5HexNAc3dHex2-2AB

	
	
	923.8531
	923.8414
	12.66
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3575
	944.3513
	6.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2/FM5A2FA2G2/FM5A2/FM4A2G1
	Hex5HexNAc4-2AB

	
	
	952.3223
	952.3521
	31.29
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-2AB

	
	
	1045.8866
	1045.8944
	7.46
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4
	Hex4HexNAc2-2AB

	
	
	1191.4553
	1191.4421
	11.08
	[M-2H]-2
	
	

	11.05-11.50
	19
	 
	 
	 
	[M-H]-1
	M5AIG1/M6A1
	Hex6HexNAc3-2AB

	
	
	858.7963
	858.8099
	15.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc4dHex2-2AB

	
	
	915.8471
	915.8439
	3.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-2AB

	
	
	944.3449
	944.3547
	10.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2/FM5A2FA2G2/FM5A2/FM4A2G1
	Hex5HexNAc4dHex1-2AB

	
	
	952.3476
	952.3521
	4.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-2AB

	
	
	1045.8998
	1045.8944
	5.16
	[M-2H]-2
	
	

	11.50-11.95
	20
	 
	 
	 
	[M-H]-1
	 FM4A1F1G1
	Hex5HexNAc3dHex2-2AB

	
	
	923.8406
	923.8414
	0.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2/FM5A2FA2G2/FM5A2/FM4A2G1
	Hex5HexNAc4dHex1-2AB

	
	
	952.3539
	952.3521
	1.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-2AB

	
	
	1017.3884
	1017.3836
	4.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-2AB

	
	
	1045.8866
	1045.8944
	7.46
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-2AB

	
	
	1053.8881
	1053.8918
	3.51
	[M-2H]-2
	
	

	11.95-12.30
	21
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-2AB

	
	
	838.2976
	838.2966
	1.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1/FA2F1G2
	Hex5HexNAc3dHex2-2AB

	
	
	923.8281
	923.8414
	14.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex3HexNAc5S1dHex1-2AB

	
	
	931.8375
	931.8174
	21.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2/FM5A2FA2G2/FM5A2/FM4A2G1
	Hex5HexNAc4dHex1-2AB

	
	
	952.3539
	952.3521
	1.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-2AB

	
	
	1017.3753
	1017.3836
	8.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3855
	1025.3811
	4.29
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-2AB

	
	
	1045.8667
	1045.8944
	26.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-2AB

	
	
	1053.8815
	1053.8918
	9.77
	[M-2H]-2
	
	

	12.30-12.60
	22
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-2AB

	
	
	838.2976
	838.2966
	1.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex3HexNAc5S1dHex1-2AB

	
	
	931.8375
	931.8174
	21.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-2AB

	
	
	1017.3753
	1017.3836
	8.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3921
	1025.3811
	10.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-2AB

	
	
	1053.8948
	1053.8918
	2.85
	[M-2H]-2
	
	

	12.60-12.90
	23
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-2AB

	
	
	838.2976
	838.2966
	1.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex3HexNAc5S1dHex1-2AB

	
	
	931.8438
	931.8174
	28.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-2AB

	
	
	1017.3557
	1017.3836
	27.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3593
	1025.3811
	21.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-2AB

	
	
	1053.8881
	1053.8918
	3.51
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-2AB

	 
	 
	1118.8746
	1118.9233
	43.52
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	 
	 

	 
	 
	1147.4233
	1147.4341
	9.41
	[M-2H]-2
	FA4F1G1
	Hex4HexNAc6dHex2-2AB

	12.90-13.60
	24
	 
	 
	 
	[M-H]-1
	FM4A1F1G1F1
	Hex5HexNAc3dHex3-2AB

	
	
	996.8656
	996.8704
	4.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-2AB

	
	
	1004.8597
	1004.8678
	8.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3723
	1025.3811
	8.58
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G1
	Hex4HexNAc6dHex1-2AB

	
	
	1074.3547
	1074.4051
	46.91
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.4008
	1098.41
	8.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-2AB

	
	
	1118.8951
	1118.9233
	25.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-2AB

	
	
	1126.9092
	1126.9208
	10.29
	[M-2H]-2
	
	

	13.60-14.10
	25
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3789
	1025.3811
	2.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.3804
	1098.41
	26.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-2AB

	
	
	1126.916
	1126.9208
	4.26
	[M-2H]-2
	
	

	14.10-14.80
	26
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-2AB

	
	
	1004.8597
	1004.8678
	8.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2/FM4A2F1G1
	Hex5HexNAc4dHex2-2AB

	
	
	1025.3527
	1025.3811
	27.70
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.4008
	1098.41
	8.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-2AB

	
	
	1126.916
	1126.9208
	4.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-2AB

	
	
	1134.8826
	1134.9182
	31.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.959
	1199.9497
	7.75
	[M-2H]-2
	
	

	14.80-15
	27
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-2AB

	
	
	919.3202
	919.323
	3.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-2AB

	
	
	1004.8793
	1004.8678
	11.44
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.4008
	1098.41
	8.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-2AB

	
	
	1134.9109
	1134.9182
	6.43
	[M-2H]-2
	
	

	15-15.30
	28
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-2AB

	
	
	919.3264
	919.323
	3.70
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.394
	1098.41
	14.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-2AB

	
	
	1134.9171
	1134.9182
	0.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4268
	1171.439
	10.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9305
	1199.9497
	16.00
	[M-2H]-2
	
	

	15.30-15.90
	29
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-2AB

	
	
	919.3264
	919.323
	3.70
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1F1
	Hex6HexNAc3dHex3-2AB

	
	
	1077.9005
	1077.8968
	3.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.4008
	1098.41
	8.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-2AB

	
	
	1134.9102
	1134.9182
	7.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4268
	1171.439
	10.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9305
	1199.9497
	16.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.9368
	1207.9472
	8.61
	[M-2H]-2
	
	

	15.90-16.35
	30
	 
	 
	 
	[M-H]-1
	FM5A1F1G1F1
	Hex6HexNAc3dHex3-2AB

	
	
	1077.8804
	1077.8968
	15.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-2AB

	
	
	1098.4076
	1098.41
	2.18
	[M-2H]-2
	
	 

	
	
	 
	 
	 
	[M-H]-1
	FM5A2F1G1/FM4A2F1G2
	Hex6HexNAc4dHex2-2AB

	
	
	1106.3821
	1106.4075
	22.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4408
	1171.439
	1.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9448
	1199.9497
	4.08
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.9583
	1207.9472
	9.19
	[M-2H]-2
	
	

	16.35-17.05
	31
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4268
	1171.439
	10.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-2AB

	
	
	1199.9093
	1199.9497
	33.67
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.9368
	1207.9472
	8.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-2AB

	
	
	1272.96
	1272.9787
	14.69
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9783
	1280.9761
	1.72
	[M-2H]-2
	
	

	17.05-17.45
	32
	 
	 
	 
	[M-H]-1
	M9
	Hex9HexNAc2-2AB

	
	
	1000.3461
	1000.3495
	3.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4408
	1171.439
	1.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1 /FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.9297
	1207.9472
	14.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-2AB

	
	
	1272.9819
	1272.9787
	2.51
	[M-2H]-2
	
	

	17.45-17.65
	33
	 
	 
	 
	[M-H]-1
	M9
	Hex9HexNAc2-2AB

	
	
	1000.3526
	1000.3495
	3.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-2AB

	
	
	1171.4268
	1171.439
	10.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1/FM4A3F1G2
	Hex6HexNAc5dHex2-2AB

	
	
	1207.951
	1207.9472
	3.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A4G4/FA2F2G2F2
	Hex7HexNAc6-2AB

	
	
	1244.421
	1244.4554
	27.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-2AB

	
	
	1272.9673
	1272.9787
	8.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9856
	1280.9761
	7.42
	[M-2H]-2
	
	

	17.65-17.95
	34
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1
	Hex6HexNAc5dHex2-2AB

	
	
	1207.944
	1207.9472
	2.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A4G4 /FA2F2G2F2
	Hex7HexNAc6-2AB

	
	
	1244.45
	1244.4554
	4.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-2AB

	
	
	1272.9673
	1272.9787
	8.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9489
	1280.9761
	21.23
	[M-2H]-2
	
	

	17.95-18.50
	35
	 
	 
	 
	[M-H]-1
	A4G4/FA2F2G2F2
	Hex7HexNAc6-2AB

	
	
	1244.4427
	1244.4554
	10.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9636
	1280.9761
	9.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F3G1
	Hex4HexNAc6dHex4-2AB

	
	
	1293.4513
	1293.492
	31.47
	[M-2H]-2
	
	

	18.50-18.70
	37
	 
	 
	 
	[M-H]-1
	A4G4/FA2F2G2F2
	Hex7HexNAc6-2AB

	
	
	1244.4427
	1244.468
	20.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9709
	1280.9761
	4.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.959
	1354.0051
	34.05
	[M-2H]-2
	
	

	18.70-18.95
	38
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9636
	1280.9761
	9.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4
	Hex7HexNAc6dHex1-2AB

	
	
	1317.4764
	1317.4843
	6.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2F1/A5G4
	Hex7HexNAc7-2AB

	
	
	1345.986
	1345.9951
	6.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9817
	1354.0051
	17.28
	[M-2H]-2
	
	

	18.95-19.35
	39
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9489
	1280.9761
	21.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4
	Hex7HexNAc6dHex1-2AB

	
	
	1317.4541
	1317.4843
	22.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2F1/A5G4
	Hex7HexNAc7-2AB

	
	
	1346.0011
	1345.9951
	4.46
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9893
	1354.0051
	11.67
	[M-2H]-2
	
	

	19.35-19.60
	40
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1354.0043
	1354.0051
	0.59
	[M-2H]-2
	
	

	19.60-20.10
	41
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-2AB

	
	
	1280.9761
	1280.9761
	0.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1354.0118
	1354.0051
	4.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0161
	1427.0215
	3.78
	[M-2H]-2
	
	

	20.10-20.60
	42
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1354.0118
	1354.0051
	4.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0341
	1427.0215
	8.83
	[M-2H]-2
	
	

	20.60-21.20
	43
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9968
	1354.0051
	6.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0394
	1427.0215
	12.54
	[M-2H]-2
	
	

	21.20-21.60
	44
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0239
	1427.0237
	0.14
	[M-2H]-2
	
	

	21.60-21.95
	45
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-2AB

	
	
	1427.0084
	1427.0215
	9.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-2AB

	
	
	1500.054
	1500.0504
	2.40
	[M-2H]-2
	
	

	21.95-22.60
	46
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-2AB

	
	
	1353.9817
	1354.0051
	17.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-2AB

	
	
	1427.0161
	1427.0341
	12.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-2AB

	
	
	1500.0698
	1500.0504
	12.93
	[M-2H]-2
	
	

	22.60-23.60
	47
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-2AB

	
	
	1427.0161
	1427.0341
	12.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-2AB

	
	
	1500.0381
	1500.0504
	8.20
	[M-2H]-2
	
	

	23.60-24.20
	49
	 
	 
	 
	[M-H]-1
	FA3F3G3F3/FA6F3G5 
	Hex6HexNAc5dHex7-2AB

	
	
	1573.0673
	1573.092
	15.70
	[M-2H]-2
	
	

	24.20-25
	50
	 
	 
	 
	[M-H]-1
	FA3F3G3F3/FA6F3G5 
	Hex8HexNAc8dHex4-2AB

	
	
	1573.0917
	1573.092
	0.19
	[M-2H]-2
	
	








Table 11. Putative structures of 2AB labelled N-glycans from the S1 fraction of pooled whole saliva based on HILIC-UPLC-MS analysis
	Saliva S1_2AB N-glycans

	tR (min)
	PeakUPLC
	Experimental mass (m/z)
	Theoretical mass (m/z) 
	Error (ppm)
Threshold <50ppm
	Ion
	Assignment
	Monosaccharide composition

	 
	 
	 
	 
	 
	 
	 
	 

	9.55-9.85
	15
	 
	 
	 
	[M-H]-1
	A1G1S1
	Hex4HexNAc3NeuAc1-2AB

	
	
	842.3049
	842.3048
	0.12
	[M-2H]-2
	
	

	10.15-10.55
	17
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-2AB

	
	
	915.3196
	915.3337
	15.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8521
	1016.8734
	20.95
	[M-2H]-2
	
	

	10.55-11.05
	18
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-2AB

	
	
	915.332
	915.3337
	1.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-2AB

	
	
	943.866
	943.8445
	22.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8716
	1016.8734
	1.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.415
	1118.4131
	1.70
	[M-2H]-2
	
	

	11.05-11.50
	19
	 
	 
	 
	[M-H]-1
	FA1G1S1 
	Hex4HexNAc3NeuAc1dHex1-2AB

	
	
	915.332
	915.3337
	1.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-2AB

	
	
	943.866
	943.8445
	22.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-2AB

	
	
	988.3358
	988.3627
	27.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.4923
	1016.8734
	374.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.415
	1118.4131
	1.70
	[M-2H]-2
	
	

	11.5-11.75
	19A
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-2AB

	
	
	988.3616
	988.3627
	1.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.4287
	1118.4131
	13.95
	[M-2H]-2
	
	

	11.75-11.95
	20
	 
	 
	 
	[M-H]-1
	M4A1G1S1
	Hex5HexNAc3NeuAc1-2AB

	
	
	923.3295
	923.3312
	1.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-2AB

	
	
	988.3552
	988.3627
	7.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-2AB

	
	
	996.3605
	996.3602
	0.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8651
	1016.8734
	8.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.4012
	1118.4131
	10.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1 
	Hex4HexNAc5NeuAc1dHex2-2AB

	
	
	1191.427
	1191.4421
	12.67
	[M-2H]-2
	
	

	11.95-12.30
	21
	 
	 
	 
	[M-H]-1
	A2G2S1/M4A1G1S1
	Hex5HexNAc3NeuAc1-2AB

	
	
	923.317
	923.3312
	15.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	
	
	1016.8651
	1016.8734
	8.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-2AB

	
	
	1045.3759
	1045.3842
	7.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.4012
	1118.4131
	10.64
	[M-2H]-2
	
	

	12.30-12.60
	22
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-2AB

	 
	 
	1016.8782
	1016.8734
	4.72
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-2AB

	 
	 
	1089.8728
	1089.9024
	27.16
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	 
	 
	1118.4012
	1118.4131
	10.64
	[M-2H]-2
	
	

	12.60-12.90
	23
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-2AB

	
	
	996.3735
	996.3602
	13.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-2AB

	
	
	1089.9066
	1089.9024
	3.85
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	 
	 
	1118.3944
	1118.4131
	16.72
	[M-2H]-2
	
	

	12.90-13.60
	24
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-2AB

	
	
	996.367
	996.3602
	6.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-2AB

	
	
	1024.8667
	1024.8709
	4.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-2AB

	
	
	1089.9135
	1089.9024
	10.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8706
	1097.8998
	26.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-2AB

	
	
	1118.4012
	1118.4131
	10.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1191.427
	1191.4421
	12.67
	[M-2H]-2
	
	

	13.60-14.10
	25
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-2AB

	
	
	1024.8733
	1024.8709
	2.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1S1
	Hex5HexNAc3NeuAc1dHex2-2AB

	
	
	1069.3588
	1069.3891
	28.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8978
	1097.8998
	1.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.8933
	1170.9288
	30.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1 
	Hex4HexNAc5NeuAc1dHex2-2AB

	
	
	1191.4341
	1191.4421
	6.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.4191
	1199.4395
	17.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1264.4197
	1264.471
	40.57
	[M-2H]-2
	
	

	14.10-15
	26
	 
	 
	 
	[M-H]-1
	M5A1G1S1
	Hex6HexNAc3NeuAc1-2AB

	
	
	1004.3592
	1004.3576
	1.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8911
	1097.8998
	7.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-2AB

	
	
	1126.4066
	1126.4106
	3.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.8933
	1170.9288
	30.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.4191
	1199.4395
	17.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-2AB

	
	
	1264.4635
	1264.471
	5.93
	[M-2H]-2
	
	

	15-15.30
	28
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8571
	1097.8998
	38.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9214
	1170.9288
	6.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.4404
	1199.4395
	0.75
	[M-2H]-2
	
	

	15.30-15.60
	29
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-2AB

	
	
	1077.3687
	1077.3866
	16.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8874
	1097.8639
	21.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9283
	1170.9288
	0.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.412
	1199.4395
	22.93
	[M-2H]-2
	
	

	15.60-15.90
	29A
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-2AB

	
	
	1077.3687
	1077.3866
	16.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-2AB

	
	
	1097.8639
	1097.8639
	0.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9283
	1170.9288
	0.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.412
	1199.4395
	22.93
	[M-2H]-2
	
	

	15.90-16.35
	30
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-2AB

	
	
	1077.4023
	1077.3866
	14.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1S1
	Hex7HexNAc5NeuAc2dHex4-2AB

	
	
	1150.4268
	1150.4155
	9.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9143
	1170.9288
	12.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.4191
	1199.4395
	17.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9436
	1243.9578
	11.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	1272.4844
	1272.4685
	12.50
	[M-2H]-2
	
	

	16.35-17.05
	31
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9223
	1170.9288
	5.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-2AB

	
	
	1199.4332
	1199.4395
	5.25
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3S1
	Hex5HexNAc5NeuAc1-2AB

	
	
	1207.4379
	1207.437
	0.75
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G1S1
	Hex4HexNAc6NeuAc1dHex1-2AB

	
	
	1219.9068
	1219.9528
	37.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9219
	1243.9578
	28.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	1272.4331
	1272.4685
	27.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1 /FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4938
	1280.4659
	21.79
	[M-2H]-2
	
	

	17.05-17.45
	32
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9003
	1170.9288
	24.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9508
	1243.9578
	5.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	1272.4884
	1272.4685
	15.64
	[M-2H]-2
	
	

	17.45-17.65
	33
	 
	 
	 
	[M-H]-1
	FA2F1G2S1
	Hex5HexNAc4NeuAc1dHex2-2AB

	
	
	1170.9143
	1170.9288
	12.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9797
	1243.9578
	17.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	 

	
	
	1272.4331
	1272.4685
	27.82
	[M-2H]-2
	
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4424
	1280.4659
	18.35
	[M-2H]-2
	
	

	17.65-17.95
	34
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9364
	1243.9578
	17.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-2AB

	
	
	1272.4697
	1272.4685
	0.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4351
	1280.4659
	24.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.5345
	1345.4974
	27.57
	[M-2H]-2
	
	

	17.95-18.25
	35
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9364
	1243.9578
	17.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4204
	1280.4659
	35.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	
	
	1316.948
	1316.9867
	29.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.5195
	1345.4974
	16.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1/FM5A3G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4308
	1353.4949
	47.36
	[M-2H]-2
	
	

	18.25-18.50
	36
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9508
	1243.9578
	5.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4498
	1280.4659
	12.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	
	
	1316.9852
	1316.9867
	1.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.4594
	1345.4974
	28.24
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1 
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4609
	1353.4949
	25.12
	[M-2H]-2
	
	

	18.50-18.70
	37
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-2AB

	
	
	1243.9508
	1243.9578
	5.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4645
	1280.4659
	1.09
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	
	
	1316.9629
	1316.9867
	18.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.4668
	1345.4974
	22.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1 
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4685
	1353.4949
	19.51
	[M-2H]-2
	
	

	18.70-19
	38
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-2AB

	
	
	1280.4498
	1280.4659
	12.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-2AB

	
	
	1316.9703
	1316.9867
	12.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.4744
	1345.4974
	17.09
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1 
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4744
	1353.4949
	15.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2S1
	Hex5HexNAc5NeuAc1dHex4-2AB

	
	
	1418.4674
	1418.5264
	41.59
	[M-2H]-2
	
	

	19-19.35
	39
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-2AB

	
	
	1345.4894
	1345.4974
	5.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4761
	1353.4949
	13.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2S1
	Hex5HexNAc5NeuAc1dHex4-2AB

	
	
	1418.5447
	1418.5264
	12.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.5049
	1426.5239
	13.32
	[M-2H]-2
	
	

	19.35-19.60
	40
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4685
	1353.4949
	19.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.5281
	1426.5239
	2.94
	[M-2H]-2
	
	

	19.60-20.10
	41
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4609
	1353.4949
	25.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.5126
	1426.5239
	7.92
	[M-2H]-2
	
	

	20.10-20.60
	42
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4987
	1353.4949
	2.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.4971
	1426.5239
	18.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5297
	1499.5528
	15.40
	[M-2H]-2
	
	

	20.60-21.20
	43
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-2AB

	
	
	1353.4308
	1353.4949
	47.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.4971
	1426.5239
	18.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5535
	1499.5528
	0.47
	[M-2H]-2
	
	

	21.20-21.60
	44
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.4894
	1426.5239
	24.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4S1
	Hex7HexNAc6NeuAc1dHex1-2AB

	
	
	1462.9816
	1463.032
	34.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5535
	1499.5528
	0.47
	[M-2H]-2
	
	

	21.60-22.60
	45
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.5204
	1426.5239
	2.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4S1
	Hex7HexNAc6NeuAc1dHex1-2AB

	
	
	1463.0051
	1463.032
	18.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5376
	1499.5528
	10.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1-2AB

	
	
	1572.5548
	1572.5692
	9.16
	[M-2H]-2
	
	

	22.60-23.10
	47
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-2AB

	
	
	1426.4971
	1426.5239
	18.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5455
	1499.5528
	4.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-2AB

	
	
	1572.5468
	1572.5692
	14.24
	[M-2H]-2
	
	

	23.10-23.30
	48
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5059
	1499.5528
	31.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-2AB

	
	
	1572.5492
	1572.5692
	12.72
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1dHex1-2AB

	 
	 
	1645.6017
	1645.5981
	2.19
	[M-2H]-2
	
	

	23.30-24.20
	49
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-2AB

	
	
	1499.5376
	1499.5528
	10.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-2AB

	
	
	1572.5792
	1572.5692
	6.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F2G4S1
	Hex7HexNAc6NeuAc1dHex3-2AB

	
	
	1609.0643
	1609.09
	15.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1dHex1-2AB

	
	
	1645.61
	1645.5981
	7.23
	[M-2H]-2
	
	

	24.20-25.00
	50
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-2AB

	
	
	1572.5799
	1572.5692
	6.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F2G4S1
	Hex7HexNAc6NeuAc1dHex3-2AB

	
	
	1609.0643
	1609.09
	15.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F3G4S1
	Hex7HexNAc6NeuAc1dHex4-2AB

	
	
	1682.1538
	1682.1189
	20.75
	[M-2H]-2
	
	






Table 12. Putative structures of 2AB labelled N-glycans from the S2 fraction of pooled whole saliva based on HILIC-UPLC-MS analysis
	Saliva S2_2AB N-glycans

	tR (min)
	PeakUPLC
	Experimental mass (m/z)
	Theoretical mass (m/z) 
	Error (ppm)
Threshold <50ppm
	Ion
	Assignment
	Monosaccharide composition

	 
	 
	 
	 
	 
	 
	 
	 

	15-15.35
	28
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.4091
	1170.4186
	8.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4301
	1243.4476
	14.07
	[M-2H]-2
	
	

	15.3-15.9
	29
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.3879
	1170.4186
	26.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4301
	1243.4476
	14.07
	[M-2H]-2
	
	

	15.9-16.35
	30
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.3879
	1170.4186
	26.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4445
	1243.4476
	2.49
	[M-2H]-2
	
	

	16.35-17.05
	31
	1170.4091
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-2AB

	
	
	
	1170.4186
	8.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.434
	1243.4476
	10.94
	[M-2H]-2
	
	

	17.05-17.40
	32
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-2AB

	
	
	1170.3879
	1170.4186
	26.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.9147
	1243.9578
	34.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-2AB

	
	
	1316.4419
	1316.4765
	26.28
	[M-2H]-2
	
	

	17.40-17.65
	33
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4155
	1243.4476
	25.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex5HexNAc5NeuAc2-2AB

	
	
	1271.921
	1271.9583
	29.32
	[M-2H]-2
	
	

	17.65-17.95
	34
	 
	 
	 
	[M-H]-1
	FA2G2S2 
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4373
	1243.4476
	8.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex5HexNAc5NeuAc2-2AB

	
	
	1271.9795
	1271.9583
	16.67
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-2AB

	
	
	1344.9402
	1344.9872
	34.94
	[M-2H]-2
	
	

	17.95-18.25
	35
	 
	 
	 
	[M-H]-1
	FA2G2S2 
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4083
	1243.4476
	31.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-2AB

	
	
	1344.9553
	1344.9872
	23.72
	[M-2H]-2
	
	

	18.25-18.45
	36
	 
	 
	 
	[M-H]-1
	FA2G2S2 
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1243.4517
	1243.4476
	3.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2 
	Hex5HexNAc4NeuAc2dHex1-2AB

	
	
	1316.4568
	1316.4765
	14.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-2AB

	
	
	1344.9628
	1344.9872
	18.14
	[M-2H]-2
	
	

	18.45-18.95
	37
	 
	 
	 
	[M-H]-1
	FA2F1G2S2 
	Hex5HexNAc4NeuAc2dHex2-2AB

	
	
	1316.4791
	1316.4765
	1.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-2AB

	
	
	1344.9327
	1344.9872
	40.52
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex6HexNAc5NeuAc2-2AB

	
	
	1352.9706
	1352.9847
	10.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1426.0013
	1426.0137
	8.70
	[M-2H]-2
	
	

	18.95-19.35
	39
	 
	 
	 
	[M-H]-1
	FA2F1G2S2 
	Hex5HexNAc4NeuAc2dHex2-2AB

	
	
	1316.4791
	1316.4765
	1.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S2
	Hex5HexNAc4NeuAc2dHex3-2AB

	
	
	1389.4791
	1389.5055
	19.00
	[M-2H]-2
	
	

	19.35-19.60
	40
	 
	 
	 
	[M-H]-1
	FA2F2G2S2
	Hex5HexNAc4NeuAc2dHex3-2AB

	
	
	1389.4945
	1389.5055
	7.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S2
	Hex5HexNAc5NeuAc2dHex2-2AB

	
	
	1417.9962
	1418.0162
	14.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1426.0634
	1426.0137
	34.85
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S2
	Hex5HexNAc5NeuAc2dHex3-2AB

	
	
	1491.0354
	1491.0451
	6.51
	[M-2H]-2
	
	

	19.60-20.10
	41
	 
	 
	 
	[M-H]-1
	A3G3S2
	Hex6HexNAc5NeuAc2-2AB

	
	
	1352.9781
	1352.9847
	4.88
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1425.9858
	1426.0137
	19.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0532
	1499.0426
	7.07
	[M-2H]-2
	
	

	20.10-20.60
	42
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1426.0555
	1426.0137
	29.31
	[M-2H]-2
	
	

	 
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	 
	
	1499.0134
	1499.0426
	19.48
	[M-2H]-2
	
	

	20.60-21.20
	43
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	
	
	1425.9937
	1426.0137
	14.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0293
	1499.0426
	8.87
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-2AB

	 
	 
	1426.5049
	1426.0137
	344.46
	[M-2H]-2
	
	

	21.20-21.60
	44
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0293
	1499.0426
	8.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0587
	1572.0716
	8.21
	[M-2H]-2
	
	

	21.60-21.95
	45
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0055
	1499.0426
	24.75
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0831
	1572.0716
	7.32
	[M-2H]-2
	
	

	21.95-22.30
	45B
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0612
	1499.0426
	12.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0669
	1572.0716
	2.99
	[M-2H]-2
	
	

	22.30-22.60
	46
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0293
	1499.0426
	8.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0669
	1572.0716
	2.99
	[M-2H]-2
	
	

	22.60-23.10
	47
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-2AB

	
	
	1499.0134
	1499.0426
	19.48
	[M-2H]-2
	
	

	
	
	1572.075
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	
	1572.0716
	2.16
	[M-2H]-2
	
	

	
	
	1645.0692
	1645.1005
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-2AB

	
	
	
	
	19.03
	[M-2H]-2
	
	

	23.10-23.60
	48
	1572.0669
	1572.0716
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	
	
	2.99
	[M-2H]-2
	
	

	
	
	1645.0692
	1645.1005
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-2AB

	
	
	
	
	19.03
	[M-2H]-2
	
	

	23.60-24.20
	49
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-2AB

	
	
	1572.0669
	1572.0716
	2.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-2AB

	
	
	1645.0692
	1645.1005
	19.03
	[M-2H]-2
	
	

	
	
	 
	1718.1295
	 
	[M-H]-1
	FA3F3G3F1S2
	Hex6HexNAc5NeuAc2dHex5-2AB

	
	
	1718.1211
	
	4.89
	[M-2H]-2
	
	






12. [bookmark: _Toc377297429]Appendix C
12.1. [bookmark: _Toc377297430]Chapter 4 Supplementary Data
12.2. [bookmark: _Toc377297431]Annotation of aniline N-glycans based on HILIC-UPLC-MS analysis
N-glycan annotation from pooled whole saliva of 50 individuals with and without oral precancerous and cancerous lesions. Online coupled fluorescence -MS detection was performed using a Waters Xevo G2 QTof (YCA 309) with Acquity® UPLC (Waters Corporation, Milford, MA, USA) and BEH Glycan column (1.0 x 150mm, 1.7 μm particle size). 
For MS acquisition data the instrument was operated in negative-sensitivity mode with a capillary voltage of 2.50kV. The ion source block and nitrogen desolvation gas temperatures were set at 120 °C and 400 °C, respectively. The desolvation gas was set to a flow rate of 600 L/h. The cone voltage was maintained at 30V. Full-scan data for glycans were acquired over m/z range of 450 to 2500. Data collection and processing were controlled by MassLynx 4.1 software (Waters Corporation, Milford, MA, USA).
The fluorescence detector settings were as follows: λexcitation: 250 nm, λemission: 340 nm; data rate was 1pts/second and a PMT gain = 10. Sample injection volume was 8 μL. The flow rate was 0.150 mL/min and column temperature was maintained at 60 °C; solvent A was 50 mM ammonium formate in water (pH 4.4) and solvent B was acetonitrile. A 40 minute linear gradient was used and was as follows: 28% A for 1 min, 28-43% A for 30 minutes, 43-70 % A for 1 minute, 70 % A for 3 min, 70-28% solvent A for 1 min and finally 28 % A for 4 minutes. 
Samples were diluted in 75 % acetonitrile prior to analysis. The weak wash solvent was 80% acetonitrile and the strong wash solvent was 20% acetonitrile.
To avoid contamination of Mass Spec system, flow was sent to waste for the first 1.0 minutes and after 32 minutes.

Table 13. Putative structures of aniline labelled N-glycans from total pooled whole saliva based on HILIC-UPLC-MS analysis
	Saliva_Total N-Glycans-Aniline 

	tR (min)
	Peak (UPLC)
	Experimental mass (m/z)
	Theoretical mass (m/z)
	Error (ppm)
Threshold <50ppm
	
Ion
 
	Assigment
	Monosachharide composition

	2.10-2.75
	1
	986.3768
	986.3205
	57.08
	[M-H]-1
	M3
	Hex3HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	2.75-3
	2
	1132.4377
	1132.3784
	52.37
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3-3.20
	3
	1132.4377
	1132.3784
	52.37
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1189.4395
	1189.3999
	33.29
	[M-H]-1
	A1
	Hex3HexNAc3-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.20-3.45
	4
	1132.4446
	1132.3784
	58.46
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1148.4608
	1148.3733
	76.19
	[M-H]-1
	M4
	Hex4HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1189.489
	1189.3999
	74.91
	[M-H]-1
	A1
	Hex3HexNAc3-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.45-3.60
	5
	1132.4308
	1132.3784
	46.27
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1148.4191
	1148.3733
	39.88
	[M-H]-1
	M4
	Hex4HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1335.5187
	1335.4578
	45.60
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.60-3.80
	6
	 
	 
	 
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	667.2513
	667.2253
	38.97
	[M-2H]-2
	
	

	
	
	1132.4515
	1132.3784
	64.55
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1148.4121
	1148.3733
	33.79
	[M-H]-1
	M4
	Hex4HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1335.4962
	1335.4578
	28.75
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.80-4
	7
	 
	 
	 
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	667.2513
	667.2253
	38.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7639
	695.736
	40.10
	[M-2H]-2
	
	

	
	
	1335.4888
	1335.4578
	23.21
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1392.5222
	1392.4792
	30.88
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	4-4.30
	8
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7639
	695.736
	40.10
	[M-2H]-2
	
	

	
	
	1294.4747
	1294.4312
	33.61
	[M-H]-1
	FM4
	Hex4HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1335.4962
	1335.4578
	28.75
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	 
	 
	1392.5682
	1392.4792
	63.91
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	 
	 
	 
	 
	 
	[M-2H]-2
	
	

	4.3-4.5
	9
	 
	 
	 
	[M-H]-1
	M4A1/A1G1 
	Hex4HexNAc3-Aniline

	
	
	675.2409
	675.2227
	26.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7639
	695.736
	40.10
	[M-2H]-2
	
	

	
	
	1294.4822
	1294.4312
	39.40
	[M-H]-1
	FM4
	Hex4HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1351.5027
	1351.4527
	37.00
	[M-H]-1
	A1G1/M4A1
	Hex4HexNAc3-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	4.5-5
	10
	 
	 
	 
	[M-H]-1
	A1G1/M4A1
	Hex4HexNAc3-Aniline

	
	
	675.2462
	675.2227
	34.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7639
	695.736
	40.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-Aniline

	
	
	768.795
	768.7649
	39.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.3016
	797.2757
	32.49
	[M-2H]-2
	
	

	5-5.40
	11
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-Aniline

	
	
	654.7361
	654.7094
	40.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-Aniline

	
	
	748.2751
	748.2517
	31.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-Aniline

	
	
	768.795
	768.7649
	39.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1/M4A2
	Hex4HexNAc4-Aniline

	
	
	776.7969
	776.7624
	44.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.3016
	797.2757
	32.49
	[M-2H]-2
	
	

	5.4-6
	12
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-Aniline

	
	
	654.7256
	654.7094
	24.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7531
	695.736
	24.58
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-Aniline

	
	
	748.2807
	748.2517
	38.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-Aniline

	
	
	768.7837
	768.7649
	24.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1/M4A2
	Hex4HexNAc4-Aniline

	
	
	776.7855
	776.7624
	29.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.2958
	797.2757
	25.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3182
	821.2806
	45.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3296
	870.3046
	28.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.3249
	878.3021
	25.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3511
	951.331
	21.13
	[M-2H]-2
	
	

	
	
	1310.4646
	1310.4262
	29.30
	[M-H]-1
	M6
	Hex5HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	6-6.40
	13
	 
	 
	 
	[M-H]-1
	FM5
	Hex5HexNAc2dHex1-Aniline

	
	
	727.7612
	727.7384
	31.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-Aniline

	
	
	748.2695
	748.2517
	23.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1/M5A1
	Hex5HexNAc3-Aniline

	
	
	756.2713
	756.2491
	29.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1/M4A2
	Hex4HexNAc4-Aniline

	
	
	776.7912
	776.7624
	37.08
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3005
	821.2806
	24.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8039
	849.7914
	14.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3356
	870.3046
	35.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.3249
	878.3021
	25.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8307
	922.8203
	11.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3448
	951.331
	14.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4
	Hex3HexNAc6dHex1-Aniline

	
	
	971.845
	971.8443
	0.72
	[M-2H]-2
	
	

	6.4-6.65
	14
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-Aniline

	
	
	748.2807
	748.2517
	38.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1/M5A1
	Hex5HexNAc3-Aniline

	
	
	756.277
	756.2491
	36.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3123
	821.2806
	38.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8159
	849.7914
	28.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3175
	870.3046
	14.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.3188
	878.3021
	19.01
	[M-2H]-2
	
	

	6.65-6.85
	15
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8039
	849.7914
	14.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3175
	870.3046
	14.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.331
	878.3021
	32.90
	[M-2H]-2
	
	

	6.85-7
	16
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3123
	821.2806
	38.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8039
	849.7914
	14.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3417
	870.3046
	42.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.3492
	878.3021
	53.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8502
	930.8178
	34.81
	[M-2H]-2
	
	

	7-7.45
	17
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-Aniline

	
	
	654.7414
	654.7094
	48.88
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M6/M5A1G1
	Hex6HexNAc2-Aniline

	
	
	735.7588
	735.7358
	31.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3123
	821.2806
	38.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1
	Hex5HexNAc3dHex1-Aniline

	
	
	829.2985
	829.2781
	24.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8099
	849.7914
	21.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/M5A2
	Hex5HexNAc4-Aniline

	
	
	857.8128
	857.7888
	27.98
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8173
	893.7994
	20.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8433
	922.8203
	24.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3511
	951.331
	21.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4
	Hex3HexNAc6dHex1-Aniline

	
	
	971.8514
	971.8443
	7.31
	[M-2H]-2
	
	

	
	
	1132.4308
	1132.3784
	46.27
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	7.45-7.95
	18
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-Aniline

	
	
	735.7699
	735.7358
	46.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-Aniline

	
	
	768.7723
	768.7694
	3.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A1G1S1
	Hex4HexNAc3NeuAc1-Aniline

	
	
	820.7888
	820.7704
	22.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3005
	821.2806
	24.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1
	Hex5HexNAc3dHex1-Aniline

	
	
	829.3103
	829.2781
	38.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/M5A2
	Hex5HexNAc4-Aniline

	
	
	857.8128
	857.7888
	27.98
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8296
	893.7994
	33.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M7
	Hex8HexNAc2-Aniline

	
	
	897.8054
	897.7887
	18.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.837
	922.8203
	18.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3575
	951.331
	27.86
	[M-2H]-2
	
	

	7.95-8.25
	19
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.2958
	797.2757
	25.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.7938
	816.7623
	38.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A1G1S1
	Hex4HexNAc3NeuAc1-Aniline

	
	
	820.7888
	820.7704
	22.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3005
	821.2806
	24.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1
	Hex5HexNAc3dHex1-Aniline

	
	
	829.2985
	829.2781
	24.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/M5A2
	Hex5HexNAc4-Aniline

	
	
	857.8128
	857.7888
	27.98
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8296
	893.7994
	33.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-Aniline

	
	
	894.333
	894.3096
	26.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-Aniline

	
	
	922.3194
	922.3101
	10.08
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8307
	922.8203
	11.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	F1A3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3511
	951.331
	21.13
	[M-2H]-2
	
	

	8.25-8.45
	20
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.2958
	797.2757
	25.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.33
	821.2806
	60.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1
	Hex5HexNAc3dHex1-Aniline

	
	
	829.3103
	829.2781
	38.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8296
	893.7994
	33.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-Aniline

	
	
	894.3392
	894.3096
	33.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3389
	902.307
	35.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.837
	922.8203
	18.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3511
	951.331
	21.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2/M5A3/M4A3G1
	Hex5HexNAc5-Aniline

	
	
	959.347
	959.3285
	19.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8742
	1023.8498
	23.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3407
	1024.36
	18.84
	[M-2H]-2
	
	

	8.45-8.65
	21
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-Aniline

	
	
	735.7643
	735.7358
	38.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.7928
	893.7994
	7.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-Aniline

	
	
	894.333
	894.3096
	26.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3327
	902.307
	28.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8495
	922.8203
	31.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8502
	930.8178
	34.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3448
	951.331
	14.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2/M5A3/M4A3G1
	Hex5HexNAc5-Aniline

	
	
	959.3279
	959.3285
	0.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.373
	995.3391
	34.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8895
	1003.8467
	42.64
	[M-2H]-2
	
	

	8.65-9
	22
	 
	 
	 
	[M-H]-1
	M5A1G1/M6A1
	Hex6HexNAc3-Aniline

	
	
	837.2935
	837.2755
	21.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3235
	870.3046
	21.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8296
	893.7994
	33.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-Aniline

	
	
	894.3146
	894.3096
	5.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-Aniline

	
	
	922.3319
	922.3101
	23.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8433
	922.8203
	24.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.373
	995.3391
	34.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3627
	1003.3365
	26.11
	[M-2H]-2
	
	 

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8635
	1003.8467
	16.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8807
	1023.8498
	30.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3668
	1024.36
	6.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G1
	Hex4HexNAc6dHex1-Aniline

	
	
	1052.8976
	1052.8707
	25.55
	[M-2H]-2
	
	

	9-9.25
	23
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3356
	870.3046
	35.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8173
	893.7994
	20.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1S1
	Hex5HexNAc3NeuAc1-Aniline

	
	
	901.8209
	901.7968
	26.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	 
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3265
	902.307
	21.61
	[M-2H]-2
	FM4A1F1G1
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-Aniline

	
	
	922.3506
	922.3101
	43.91
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8245
	922.8203
	4.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.36
	995.3391
	21.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8635
	1003.8467
	16.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8742
	1023.8498
	23.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3801
	1024.36
	19.62
	[M-2H]-2
	
	

	9.25-9.60
	24
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.788
	816.7623
	31.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8173
	893.7994
	20.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	 
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3327
	902.307
	28.48
	[M-2H]-2
	FM4A1F1G1
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-Aniline

	
	
	922.3381
	922.3101
	30.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8314
	930.8178
	14.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-Aniline

	
	
	966.8399
	966.8283
	12.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.3665
	995.3391
	27.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex4HexNAc4dHex3-Aniline

	
	
	995.8524
	995.8493
	3.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3692
	1003.3365
	32.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.857
	1003.8467
	10.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8676
	1023.8498
	17.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3735
	1024.36
	13.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.373
	1032.3575
	15.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8907
	1096.8787
	10.94
	[M-2H]-2
	
	

	9.65-9.85
	25
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.788
	816.7623
	31.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8502
	930.8178
	34.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-Aniline

	
	
	996.8463
	996.8283
	18.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex4HexNAc4dHex3-Aniline

	
	
	995.8588
	995.8493
	9.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3562
	1003.3365
	19.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8807
	1023.8498
	30.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3735
	1024.36
	13.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.376
	1032.3575
	17.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G1
	Hex4HexNAc6dHex1-Aniline

	
	
	1052.8976
	1052.8707
	25.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	
	
	1242.943
	1242.9367
	5.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G3
	Hex6HexNAc7-Aniline

	
	
	1243.4569
	1243.4343
	18.18
	[M-2H]-2
	
	

	9.85-10.15
	26
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.788
	816.7623
	31.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1S1
	Hex5HexNAc3NeuAc1-Aniline

	
	
	901.8148
	901.7968
	19.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex6HexNAc3dHex1-Aniline

	
	
	910.3309
	910.3045
	29.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8376
	930.8178
	21.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-Aniline

	
	
	966.8463
	966.8283
	18.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-Aniline

	
	
	974.8427
	974.8258
	17.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.373
	995.3391
	34.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G1
	Hex4HexNAc4dHex3-Aniline

	
	
	995.8718
	995.8493
	22.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3627
	1003.3365
	26.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8676
	1023.8498
	17.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3735
	1024.36
	13.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.3796
	1032.3575
	21.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.876
	1076.8757
	0.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.3944
	1096.8787
	441.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	
	
	1242.4653
	1242.9367
	379.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G3
	Hex6HexNAc7-Aniline

	
	
	1243.4642
	1243.4343
	24.05
	[M-2H]-2
	
	

	10.15-10.45
	27
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.7762
	816.7623
	17.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-Aniline

	
	
	878.3066
	878.3021
	5.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8235
	893.7994
	26.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8239
	897.7887
	39.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1S1
	Hex5HexNAc3NeuAc1-Aniline

	
	
	901.8209
	901.7968
	26.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3327
	902.307
	28.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex6HexNAc3dHex1-Aniline

	
	
	910.337
	910.3045
	35.70
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-Aniline

	
	
	974.8363
	974.8258
	10.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.3535
	995.3391
	14.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3562
	1003.3365
	19.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8635
	1003.8467
	16.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.861
	1023.8498
	10.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3604
	1024.36
	0.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.3862
	1032.3575
	27.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3744
	1076.3655
	8.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8975
	1096.8787
	17.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3939
	1097.3889
	4.56
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F1G1
	Hex4HexNAc6dHex2-Aniline

	
	
	1125.9181
	1125.89777
	18.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A2G1S1
	Hex6HexNAc4NeuAc1dHex1-Aniline

	
	
	1157.412
	1157.3919
	17.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1
	Hex4HexNAc5NeuAc1dHex2-Aniline

	
	
	1169.9417
	1169.9077
	29.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	 
	Hex4HexNAc5dHex4-Aniline

	
	
	1170.4192
	1170.4179
	1.11
	[M-2H]-2
	FA3F3G1
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	
	
	1242.9791
	1242.9367
	34.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G3
	Hex6HexNAc7-Aniline

	
	
	1243.4714
	1243.4343
	29.84
	[M-2H]-2
	
	

	10.45-10.60
	28
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-Aniline

	
	
	878.3188
	878.3021
	19.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.3665
	995.3391
	27.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.4082
	1003.3365
	71.46
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8479
	1023.8498
	1.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3735
	1024.36
	13.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.3599
	1032.3575
	2.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8827
	1076.8757
	6.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9111
	1096.8787
	29.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3781
	1097.3889
	9.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	
	
	1242.9719
	1242.9367
	28.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G3
	Hex6HexNAc7-Aniline

	
	
	1243.4714
	1243.4343
	29.84
	[M-2H]-2
	
	

	10.60-10.90
	29
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex6HexNAc3dHex1-Aniline

	
	
	910.3185
	910.3045
	15.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-Aniline

	
	
	974.8363
	974.8258
	10.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex3-Aniline

	
	
	975.3556
	975.336
	20.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.3795
	995.3391
	40.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-Aniline

	
	
	1068.3833
	1068.368
	14.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8975
	1096.8787
	17.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3871
	1097.3889
	1.64
	[M-2H]-2
	
	

	10.90-11.15
	30
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.788
	816.7623
	31.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3575
	951.331
	27.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-Aniline

	
	
	1068.39
	1068.368
	20.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8961
	1076.8757
	18.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8907
	1096.8787
	10.94
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	 
	 
	1097.4143
	1097.3889
	23.15
	[M-2H]-2
	
	

	11.15-11.30
	31
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3065
	821.2806
	31.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3385
	951.331
	7.88
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3692
	1003.3365
	32.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-Aniline

	
	
	1068.3833
	1068.368
	14.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3774
	1076.3655
	11.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9315
	1096.8787
	48.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.4008
	1097.3889
	10.84
	[M-2H]-2
	
	

	11.30-11.60
	32
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-Aniline

	
	
	735.7588
	735.7358
	31.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-Aniline

	
	
	974.8491
	974.8258
	23.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3627
	1003.3365
	26.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.857
	1003.8467
	10.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3/M6A3
	Hex6HexNAc5-Aniline

	
	
	1040.3705
	1040.3549
	14.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3909
	1076.3655
	23.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9111
	1096.8787
	29.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4137
	1105.3864
	24.70
	[M-2H]-2
	
	

	11.65-11.85
	33
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-Aniline

	
	
	735.7643
	735.7358
	38.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3627
	1003.3365
	26.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.4044
	1076.3655
	36.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8907
	1096.8787
	10.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4
	1105.3864
	12.30
	[M-2H]-2
	
	

	11.85-12.15
	34
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8239
	897.7886
	39.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-Aniline

	
	
	983.3613
	983.3334
	28.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3627
	1003.3365
	26.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8635
	1003.8467
	16.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1S1
	Hex5HexNAc3NeuAc1dHex2-Aniline

	
	
	1047.8672
	1047.8547
	11.93
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3774
	1076.3655
	11.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.9028
	1076.8757
	25.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9043
	1096.8787
	23.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3939
	1097.3889
	4.56
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-Aniline

	
	
	1104.8677
	1104.8762
	7.69
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4137
	1105.3864
	24.70
	[M-2H]-2
	
	

	12.15-12.30
	35
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8239
	897.7886
	39.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-Aniline

	
	
	983.3613
	983.3334
	28.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3692
	1003.3365
	32.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.857
	1003.8467
	10.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1S1
	Hex5HexNAc3NeuAc1dHex2-Aniline

	
	
	1047.8805
	1047.8547
	24.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3976
	1076.3655
	29.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-Aniline

	
	
	1104.854
	1104.8762
	20.09
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4
	1105.3864
	12.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1
	Hex4HexNAc5NeuAc1dHex2-Aniline

	
	
	1169.9346
	1169.9077
	22.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	
	
	1242.9574
	1242.9367
	16.65
	[M-2H]-2
	
	

	12.30-12.55
	36
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8239
	897.7886
	39.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	 
	Hex9HexNAc2-Aniline

	
	
	978.8083
	978.8151
	6.95
	[M-2H]-2
	M9
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-Aniline

	
	
	983.3613
	983.3334
	28.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.4111
	1076.3655
	42.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.9097
	1076.8757
	31.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-Aniline

	
	
	1104.9086
	1104.8762
	29.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4069
	1105.3864
	18.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-Aniline

	
	
	1113.3942
	1113.3839
	9.25
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9155
	1149.9046
	9.48
	[M-2H]-2
	
	

	12.55-12.85
	37
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8116
	897.7886
	25.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M5A1G1S1
	Hex6HexNAc3NeuAc1-Aniline

	
	
	982.8335
	982.8232
	10.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3909
	1076.3655
	23.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-Aniline

	
	
	1104.8882
	1104.8762
	10.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.3864
	1105.3864
	0.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-Aniline

	
	
	1113.4078
	1113.3839
	21.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F1G2
	Hex5HexNAc6dHex2-Aniline

	
	
	1206.9292
	1206.9261
	2.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G3
	Hex6HexNAc6dHex1-Aniline

	
	
	1214.9453
	1214.9235
	17.94
	[M-2H]-2
	
	

	12.90-13.25
	38
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3909
	1076.3655
	23.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8961
	1076.8757
	18.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4073
	1149.3944
	11.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9086
	1149.9046
	3.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.9258
	1177.9052
	17.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4473
	1178.4154
	27.07
	[M-2H]-2
	
	

	13.25-13.45
	39
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-Aniline

	
	
	1055.871
	1055.8522
	17.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1F1
	Hex6HexNAc3dHex3-Aniline

	
	
	1056.3781
	1056.3624
	14.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3976
	1076.3655
	29.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.9028
	1076.8757
	25.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-Aniline

	
	
	1113.4078
	1113.3839
	21.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4073
	1149.3944
	11.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9155
	1149.9046
	9.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4402
	1178.4154
	21.05
	[M-2H]-2
	
	

	13.45-13.80
	40
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3909
	1076.3655
	23.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4143
	1149.3944
	17.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.9258
	1177.9052
	17.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4191
	1178.4154
	3.14
	[M-2H]-2
	
	

	13.80-14.05
	41
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-Aniline

	
	
	1055.871
	1055.8522
	17.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3909
	1076.3655
	23.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4143
	1149.3944
	17.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9086
	1149.9046
	3.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.9258
	1177.9052
	17.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4261
	1178.4154
	9.08
	[M-2H]-2
	
	

	14.05-14.45
	42
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1S1
	Hex6HexNAc3NeuAc1dHex2-Aniline

	
	
	1128.9031
	1128.8812
	19.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.8853
	1148.8842
	0.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4213
	1149.3944
	23.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9225
	1149.9046
	15.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.8976
	1177.9052
	6.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.412
	1178.4154
	2.89
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3
	Hex6HexNAc5dHex2-Aniline

	
	
	1186.4391
	1186.4128
	22.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9257
	1221.9132
	10.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4352
	1222.4234
	9.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.976
	1250.9341
	33.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-Aniline

	
	
	1251.448
	1251.4443
	2.96
	[M-2H]-2
	
	

	14.45-14.75
	43
	 
	 
	 
	[M-H]-1
	M9
	Hex9HexNAc2-Aniline

	
	
	978.834
	978.8151
	19.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1S1
	Hex6HexNAc3NeuAc1dHex2-Aniline

	
	
	1128.8823
	1128.8812
	0.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4073
	1149.3944
	11.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9294
	1149.9046
	21.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.9047
	1177.9052
	0.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3
	Hex6HexNAc5dHex2-Aniline

	
	
	1186.432
	1186.4128
	16.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4352
	1222.4234
	9.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9542
	1250.9341
	16.07
	[M-2H]-2
	
	

	14.75-15.20
	44
	 
	 
	 
	[M-H]-1
	M9
	Hex9HexNAc2-Aniline

	
	
	978.8276
	978.8151
	12.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8635
	1003.8467
	16.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4073
	1149.3944
	11.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9225
	1149.9046
	15.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3S1
	Hex6HexNAc5NeuAc1-Aniline

	
	
	1185.9371
	1185.9026
	29.09
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3
	Hex6HexNAc5dHex2-Aniline

	
	
	1186.418
	1186.4128
	4.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4424
	1222.4234
	15.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9521
	1222.9336
	15.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9833
	1250.9341
	39.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-Aniline

	
	
	1251.4625
	1251.4443
	14.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9402
	1258.9316
	6.83
	[M-2H]-2
	
	

	15.20-15.55
	45
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.8992
	1148.8842
	13.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4004
	1149.3944
	5.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3S1
	Hex6HexNAc5NeuAc1-Aniline

	
	
	1185.9017
	1185.9026
	0.76
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3/FM5A3F1G1
	Hex6HexNAc5dHex2-Aniline

	
	
	1186.418
	1186.4128
	4.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9185
	1221.9132
	4.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4352
	1222.4234
	9.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9377
	1222.9336
	3.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9688
	1250.9341
	27.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-Aniline

	
	
	1251.4625
	1251.4443
	14.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9766
	1258.9316
	35.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4574
	1259.4418
	12.39
	[M-2H]-2
	
	

	15.55-15.85
	46
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3627
	1003.3365
	26.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.8922
	1148.8842
	6.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4073
	1149.3944
	11.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9185
	1221.9132
	4.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4352
	1222.4234
	9.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9377
	1222.9336
	3.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9542
	1250.9341
	16.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9474
	1258.9316
	12.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4647
	1259.4418
	18.18
	[M-2H]-2
	
	

	15.80-16.30
	47
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-Aniline

	
	
	983.3613
	983.3334
	28.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.9061
	1148.8842
	19.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4073
	1149.3944
	11.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9399
	1221.9132
	21.85
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4352
	1222.4234
	9.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9377
	1222.9336
	3.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex5HexNAc5NeuAc2-Aniline

	
	
	1250.4387
	1250.4239
	11.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9469
	1250.9341
	10.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-Aniline

	
	
	1251.4408
	1251.4443
	2.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9547
	1258.9316
	18.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4429
	1259.4418
	0.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9697
	1294.9421
	21.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-Aniline

	
	
	1295.4426
	1295.4523
	7.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-Aniline

	
	
	1323.9517
	1323.9631
	8.61
	[M-2H]-2
	
	

	16.30-17
	48
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8895
	1003.8467
	42.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9329
	1221.9132
	16.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4352
	1222.4234
	9.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9377
	1222.9336
	3.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9329
	1258.9316
	1.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4501
	1259.4418
	6.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9475
	1294.9421
	4.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-Aniline

	
	
	1295.4869
	1295.4523
	26.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4
	Hex7HexNAc6dHex1-Aniline

	
	
	1295.9673
	1295.95
	13.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-Aniline

	
	
	1323.9517
	1323.9631
	8.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2F1/A5G4
	Hex5HexNAc5dHex5-Aniline

	
	
	1324.4747
	1324.4733
	1.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9946
	1331.9605
	25.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4742
	1332.4707
	2.63
	[M-2H]-2
	
	

	17-17.35
	49
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8116
	897.7886
	25.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8827
	1076.8757
	6.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.9061
	1148.8842
	19.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4213
	1149.3944
	23.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9294
	1149.9046
	21.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9185
	1221.9132
	4.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4496
	1222.4234
	21.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9594
	1222.9336
	21.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9692
	1258.9316
	29.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4647
	1259.4418
	18.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9845
	1294.9421
	32.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-Aniline

	
	
	1323.4662
	1323.4529
	10.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-Aniline

	
	
	1323.9591
	1323.9631
	3.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2F1/A5G4
	Hex5HexNAc5dHex5-Aniline

	
	
	1324.4822
	1324.4733
	6.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9964
	1331.9605
	26.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4668
	1332.4707
	2.93
	[M-2H]-2
	
	

	17.30-17.65
	50
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8827
	1076.8757
	6.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4355
	1259.4418
	5.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9402
	1294.9421
	1.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-Aniline

	
	
	1323.4662
	1323.4529
	10.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-Aniline

	
	
	1323.9741
	1323.9631
	8.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4668
	1332.4707
	2.93
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.4844
	1404.4793
	3.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9769
	1404.9895
	8.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5233
	1405.4997
	16.79
	[M-2H]-2
	
	

	17.65-18.15
	51
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.955
	1294.9421
	9.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-Aniline

	
	
	1295.4574
	1295.4523
	3.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9722
	1331.9605
	8.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4967
	1332.4707
	19.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S2
	Hex5HexNAc4NeuAc2dHex3-Aniline

	
	
	1367.9843
	1367.9711
	9.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S2
	Hex5HexNAc5NeuAc2dHex2-Aniline

	
	
	1396.5013
	1396.4818
	13.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.5305
	1404.4793
	36.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9769
	1404.9895
	8.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5079
	1405.4997
	5.83
	[M-2H]-2
	
	

	18.15-18.30
	52
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9646
	1331.9605
	3.08
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4893
	1332.4707
	13.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S2
	Hex5HexNAc4NeuAc2dHex3-Aniline

	
	
	1367.9918
	1367.9711
	15.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9923
	1404.9895
	1.99
	[M-2H]-2
	
	

	18.30-18.70
	53
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9872
	1331.9605
	20.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4817
	1332.4707
	8.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.469
	1404.4793
	7.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9923
	1404.9895
	1.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.4849
	1405.4997
	10.53
	[M-2H]-2
	
	

	18.70-18.90
	54
	 
	 
	 
	[M-H]-1
	A3G3S2
	Hex6HexNAc5NeuAc2-Aniline

	
	
	1331.4702
	1331.4503
	14.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9872
	1331.9605
	20.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4967
	1332.4707
	19.51
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1405
	1404.9895
	7.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5002
	1405.4997
	0.36
	[M-2H]-2
	
	

	18.9-19.30
	55
	 
	 
	 
	[M-H]-1
	A3G3S2
	Hex6HexNAc5NeuAc2-Aniline

	
	
	1331.4552
	1331.4503
	3.68
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9796
	1331.9605
	14.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4668
	1332.4707
	2.93
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.4767
	1404.4793
	1.85
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9923
	1404.9895
	1.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.4926
	1405.4997
	5.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5134
	1477.5082
	3.52
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0421
	1478.0184
	16.03
	[M-2H]-2
	
	

	19.30-19.65
	56
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.5151
	1404.4793
	25.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9769
	1404.9895
	8.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.531
	1405.4997
	22.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4S1
	Hex7HexNAc6NeuAc1dHex1-Aniline

	
	
	1441.504
	1441.49773
	4.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F2G4
	Hex7HexNAc6dHex3-Aniline

	
	
	1442.0576
	1442.0079
	34.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5134
	1477.5082
	3.52
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0421
	1478.0184
	16.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5316
	1478.5161
	10.48
	[M-2H]-2
	
	

	19.65-20.05
	57
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9185
	1221.9132
	4.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4424
	1222.4234
	15.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9594
	1222.9336
	21.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.469
	1404.4793
	7.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1405.0154
	1404.9895
	18.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5002
	1405.4997
	0.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4S1
	Hex7HexNAc6NeuAc1dHex1-Aniline

	
	
	1441.5353
	1441.49773
	26.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F2G4
	Hex7HexNAc6dHex3-Aniline

	
	
	1442.0186
	1442.0079
	7.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5212
	1477.5082
	8.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0421
	1478.0184
	16.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5631
	1478.5161
	31.79
	[M-2H]-2
	
	

	20.05-20.55
	58
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.5074
	1404.4793
	20.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9923
	1404.9895
	1.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5002
	1405.4997
	0.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F2G4
	Hex7HexNAc6dHex3-Aniline

	
	
	1442.0186
	1442.0079
	7.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5055
	1477.5082
	1.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0184
	1478.0184
	0.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5237
	1478.5161
	5.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-Aniline

	
	
	1550.5089
	1550.5372
	18.25
	[M-2H]-2
	
	

	20.55-21.40
	59
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9923
	1404.9895
	1.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-Aniline

	
	
	1405.531
	1405.4871
	31.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3S3
	Hex6HexNAc5NeuAc3-Aniline

	
	
	1477.0242
	1476.998
	17.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3F1S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5134
	1477.5082
	3.52
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0737
	1478.0184
	37.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5474
	1478.5161
	21.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-Aniline

	
	
	1550.5493
	1550.5372
	7.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-Aniline

	
	
	1551.0264
	1551.0348
	5.42
	[M-2H]-2
	
	

	21.40-21.90
	60
	 
	 
	 
	[M-H]-1
	FA3G3F1S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5292
	1477.5082
	14.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0027
	1478.0184
	10.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5316
	1478.5161
	10.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F1G4S1
	Hex7HexNAc6NeuAc1dHex2-Aniline

	
	
	1514.5581
	1514.5266
	20.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F3G4
	Hex7HexNAc6dHex4-Aniline

	
	
	1515.0615
	1515.0368
	16.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-Aniline

	
	
	1550.5575
	1550.5372
	13.09
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-Aniline

	
	
	1551.0344
	1551.0348
	0.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5F1G5/FA3F3G3F3
	Hex8HexNAc7dHex2-Aniline

	
	
	1551.5763
	1551.545
	20.17
	[M-2H]-2
	
	

	21.90-22.70
	61
	 
	 
	 
	[M-H]-1
	FA4F1G4S1
	Hex7HexNAc6NeuAc1dHex2-Aniline

	
	
	1514.5261
	1514.5266
	0.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F3G4
	Hex7HexNAc6dHex4-Aniline

	
	
	1515.0536
	1515.0368
	11.09
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S3
	Hex6HexNAc5NeuAc3dHex1-Aniline

	
	
	1550.0563
	1550.027
	18.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-Aniline

	
	
	1550.5493
	1550.5372
	7.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-Aniline

	
	
	1551.0416
	1551.0348
	4.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5F1G5/FA3F3G3F3
	Hex8HexNAc7dHex2-Aniline

	
	
	1551.5601
	1551.545
	9.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S3
	Hex6HexNAc5NeuAc3dHex2-Aniline

	
	
	1623.0387
	1623.0559
	10.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-Aniline

	
	
	1623.5763
	1623.5661
	6.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1dHex1-Aniline

	
	
	1624.0728
	1624.0638
	5.54
	[M-2H]-2
	
	

	
	
	
	
	
	
	
	








Table 14. Putative structures of aniline labelled N-glycans from the neutral fraction of pooled whole saliva based on HILIC-UPLC-MS analysis

	Saliva_Neutral N-Glycans-Aniline 

	tR (min)
	Peak (UPLC)
	Experimental mass (m/z)
	Theoretical mass (m/z)
	Error (ppm)
Threshold <50ppm
	Ion
	Assigment
	Monosachharide composition

	
	
	
	
	
	
	
	

	2.10-2.75
	1
	986.3832
	986.322
	62.05
	[M-H]-1
	M3
	Hex3HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	2.75-3
	2
	1132.4308
	1132.3784
	46.27
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3-3.20
	3
	1132.4308
	1132.3784
	46.27
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1189.4465
	1189.3999
	39.18
	[M-H]-1
	A1
	Hex3HexNAc3-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.20-3.45
	4
	1132.417
	1132.3784
	34.09
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1148.433
	1148.3733
	51.99
	[M-H]-1
	M4
	Hex4HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1189.4607
	1189.3999
	51.12
	[M-H]-1
	A1
	Hex3HexNAc3-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.45-3.60
	5
	1132.4308
	1132.3784
	46.27
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1148.4191
	1148.3733
	39.88
	[M-H]-1
	M4
	Hex4HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1335.5187
	1335.4578
	45.60
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.60-3.80
	6
	 
	 
	 
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	667.2567
	667.2253
	47.06
	[M-2H]-2
	
	

	
	
	1132.4308
	1132.3784
	46.27
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1148.4399
	1148.3733
	58.00
	[M-H]-1
	M4
	Hex4HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1335.5187
	1335.4578
	45.60
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	3.80-4
	7
	 
	 
	 
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	667.2513
	667.2253
	38.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7584
	695.736
	32.20
	[M-2H]-2
	
	

	
	
	1335.4888
	1335.4578
	23.21
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1392.5222
	1392.4792
	30.88
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	4-4.30
	8
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7531
	695.736
	24.58
	[M-2H]-2
	
	

	
	
	1294.4747
	1294.4312
	33.61
	[M-H]-1
	FM4
	Hex4HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1335.5413
	1335.4578
	62.53
	[M-H]-1
	FA1
	Hex3HexNAc3dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1392.5605
	1392.4792
	58.39
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	4.30-4.50
	9
	 
	 
	 
	[M-H]-1
	A1G1/M4A1
	Hex4HexNAc3-Aniline

	
	
	675.2409
	675.2227
	26.95
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7693
	695.736
	47.86
	[M-2H]-2
	
	

	
	
	1294.4747
	1294.4312
	33.61
	[M-H]-1
	FM4
	Hex4HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	
	
	1351.5405
	1351.4527
	64.97
	[M-H]-1
	A1G1/M4A1
	Hex4HexNAc3-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	4.50-5
	10
	 
	 
	 
	[M-H]-1
	A1G1/M4A1
	Hex4HexNAc3-Aniline

	
	
	675.2409
	675.2227
	26.95
	[M-2H]-2
	
	 

	
	
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7693
	695.736
	47.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-Aniline

	
	
	768.795
	768.7649
	39.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.2958
	797.2757
	25.21
	[M-2H]-2
	
	

	5-5.40
	11
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-Aniline

	
	
	654.7414
	654.7094
	48.88
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-Aniline

	
	
	748.2751
	748.2517
	31.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-Aniline

	
	
	768.795
	768.7649
	39.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1/M4A2
	Hex4HexNAc4-Aniline

	
	
	776.7855
	776.7624
	29.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.3074
	797.2757
	39.76
	[M-2H]-2
	
	

	5.4-6
	12
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-Aniline

	
	
	654.7309
	654.7094
	32.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2
	Hex3HexNAc4-Aniline

	
	
	695.7531
	695.736
	24.58
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-Aniline

	
	
	748.2751
	748.2517
	31.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-Aniline

	
	
	768.795
	768.7649
	39.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1/M4A2
	Hex4HexNAc4-Aniline

	
	
	776.7912
	776.7624
	37.08
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.3016
	797.2757
	32.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3182
	821.2806
	45.78
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3296
	870.3046
	28.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.3127
	878.3021
	12.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3511
	951.331
	21.13
	[M-2H]-2
	
	

	
	
	1310.4646
	1310.4262
	29.30
	[M-H]-1
	M6
	Hex5HexNAc2-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	6-6.4
	13
	 
	 
	 
	[M-H]-1
	FM5
	Hex5HexNAc2dHex1-Aniline

	
	
	727.7723
	727.7384
	46.58
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-Aniline

	
	
	748.2975
	748.2517
	61.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1/M5A1
	Hex5HexNAc3-Aniline

	
	
	756.2826
	756.2491
	44.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1/M4A2
	Hex4HexNAc4-Aniline

	
	
	776.7797
	776.7624
	22.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3065
	821.2806
	31.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8039
	849.7914
	14.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3296
	870.3046
	28.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.3249
	878.3021
	25.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8433
	922.8203
	24.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3638
	951.331
	34.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4
	Hex3HexNAc6dHex1-Aniline

	
	
	971.8386
	971.8443
	5.87
	[M-2H]-2
	
	

	6.4-6.65
	14
	 
	 
	 
	[M-H]-1
	FA1G1/FM4A1
	Hex4HexNAc3dHex1-Aniline

	
	
	748.2919
	748.2517
	53.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1/M5A1
	Hex5HexNAc3-Aniline

	
	
	756.2826
	756.2491
	44.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3132
	821.2806
	39.69
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8159
	849.7914
	28.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3235
	870.3046
	21.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.3249
	878.3021
	25.96
	[M-2H]-2
	
	

	6.65-6.85
	15
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8159
	849.7914
	28.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3235
	870.3046
	21.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.331
	878.3021
	32.90
	[M-2H]-2
	
	

	6.80-7
	16
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3123
	821.2806
	38.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8159
	849.7914
	28.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3356
	870.3046
	35.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1/M4A3
	Hex4HexNAc5-Aniline

	
	
	878.3127
	878.3021
	12.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8502
	930.8178
	34.81
	[M-2H]-2
	
	

	7-7.45
	17
	 
	 
	 
	[M-H]-1
	M5
	Hex5HexNAc2-Aniline

	
	
	654.7309
	654.7094
	32.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M6/M5A1G1
	Hex6HexNAc2-Aniline

	
	
	735.7588
	735.7358
	31.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3005
	821.2806
	24.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1
	Hex5HexNAc3dHex1-Aniline

	
	
	829.2985
	829.2781
	24.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1
	Hex4HexNAc4dHex1-Aniline

	
	
	849.8218
	849.7914
	35.77
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/M5A2
	Hex5HexNAc4-Aniline

	
	
	857.8068
	857.7888
	20.98
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8619
	922.8203
	45.08
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8627
	930.8178
	48.24
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3511
	951.331
	21.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4
	Hex3HexNAc6dHex1-Aniline

	
	
	971.845
	971.8443
	0.72
	[M-2H]-2
	
	

	
	
	1132.4446
	1132.3784
	58.46
	[M-H]-1
	FM3
	Hex3HexNAc2dHex1-Aniline

	
	
	 
	 
	 
	[M-2H]-2
	
	

	7.45-7.95
	18
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-Aniline

	
	
	735.7755
	735.7358
	53.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2
	Hex3HexNAc4dHex1-Aniline

	
	
	768.7894
	768.7694
	26.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3241
	821.2806
	52.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1
	Hex5HexNAc3dHex1-Aniline

	
	
	829.2985
	829.2781
	24.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/M5A2
	Hex5HexNAc4-Aniline

	
	
	857.8248
	857.7888
	41.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M7
	Hex8HexNAc2-Aniline

	
	
	897.7993
	897.7887
	11.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8433
	922.8203
	24.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3448
	951.331
	14.51
	[M-2H]-2
	
	

	7.90-8.25
	19
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.2958
	797.2757
	25.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.7293
	816.7623
	40.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3005
	821.2806
	24.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1
	Hex5HexNAc3dHex1-Aniline

	
	
	829.3103
	829.2781
	38.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2/M5A2
	Hex5HexNAc4-Aniline

	
	
	857.8429
	857.7888
	63.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-Aniline

	
	
	894.333
	894.3096
	26.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8307
	922.8203
	11.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3575
	951.331
	27.86
	[M-2H]-2
	
	

	8.25-8.45
	20
	 
	 
	 
	[M-H]-1
	A3
	Hex3HexNAc5-Aniline

	
	
	797.2842
	797.2757
	10.66
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.2947
	821.2806
	17.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1
	Hex5HexNAc3dHex1-Aniline

	
	
	829.2808
	829.2781
	3.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-Aniline

	
	
	894.3269
	894.3096
	19.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex2-Aniline

	
	
	902.345
	902.307
	42.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8495
	922.8203
	31.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8376
	930.8178
	21.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3701
	951.331
	41.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2/M5A3/M4A3G1
	Hex5HexNAc5-Aniline

	
	
	959.3533
	959.3285
	25.85
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3998
	1024.36
	38.85
	[M-2H]-2
	
	

	8.45- 8.65
	21
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-Aniline

	
	
	735.7532
	735.7358
	23.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-Aniline

	
	
	894.3514
	894.3096
	46.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3389
	902.307
	35.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8433
	922.8203
	24.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8376
	930.8178
	21.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3322
	951.331
	1.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2/M5A3/M4A3G1
	Hex5HexNAc5-Aniline

	
	
	959.3597
	959.3285
	32.52
	[M-2H]-2
	
	

	8.65-9
	22
	 
	 
	 
	[M-H]-1
	M5A1G1/M6A1
	Hex6HexNAc3-Aniline

	
	
	837.3173
	837.2755
	49.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3235
	870.3046
	21.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1F1
	Hex4HexNAc3dHex3-Aniline

	
	
	894.3514
	894.3096
	46.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.8557
	922.8203
	38.36
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8376
	930.8178
	21.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8505
	1003.8467
	3.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3998
	1024.36
	38.85
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G1
	Hex4HexNAc6dHex1-Aniline

	
	
	1052.871
	1052.8707
	0.28
	[M-2H]-2
	
	

	9-9.25
	23
	 
	 
	 
	[M-H]-1
	FA3
	Hex3HexNAc5dHex1-Aniline

	
	
	870.3356
	870.3046
	35.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3204
	902.307
	14.85
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex2-Aniline

	
	
	922.837
	922.8203
	18.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3801
	1024.36
	19.62
	[M-2H]-2
	
	

	9.25-9.60
	24
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.7938
	816.7623
	38.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3327
	902.307
	28.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8314
	930.8178
	14.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex4HexNAc4dHex3-Aniline

	
	
	995.8848
	995.8493
	35.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8831
	1003.8467
	36.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3867
	1024.36
	26.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.373
	1032.3575
	15.01
	[M-2H]-2
	
	

	9.65-9.85
	25
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.788
	816.7623
	31.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex3-Aniline

	
	
	995.8718
	995.8493
	22.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3801
	1024.36
	19.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.3796
	1032.3575
	21.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G1
	Hex4HexNAc6dHex1-Aniline

	
	
	1052.8843
	1052.8707
	12.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G3
	Hex6HexNAc7-Aniline

	
	
	1243.4714
	1243.4343
	29.84
	[M-2H]-2
	
	

	9.85-10.15
	26
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.788
	816.7623
	31.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex6HexNAc3dHex1-Aniline

	
	
	910.3185
	910.3045
	15.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2
	Hex5HexNAc4dHex1-Aniline

	
	
	930.8439
	930.8178
	28.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1
	Hex4HexNAc4dHex3-Aniline

	
	
	995.8718
	995.8493
	22.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8765
	1003.8467
	29.69
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3801
	1024.36
	19.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.3796
	1032.3575
	21.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.876
	1076.8757
	0.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G3
	Hex6HexNAc7-Aniline

	
	
	1243.4642
	1243.4343
	24.05
	[M-2H]-2
	
	

	10.15-10.45
	27
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.7821
	816.7623
	24.24
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-Aniline

	
	
	878.3431
	878.3021
	46.68
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.7807
	897.7887
	8.91
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex2-Aniline

	
	
	902.3574
	902.307
	55.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex6HexNAc3dHex1-Aniline

	
	
	910.3246
	910.3045
	22.08
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3604
	1024.36
	0.39
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.3862
	1032.3575
	27.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3939
	1097.3889
	4.56
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F1G1
	Hex4HexNAc6dHex2-Aniline

	
	
	1125.9043
	1125.89777
	5.80
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G1
	Hex4HexNAc5dHex4-Aniline

	
	
	1170.4261
	1170.4179
	7.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G3
	Hex6HexNAc7-Aniline

	
	
	1243.4642
	1243.4343
	24.05
	[M-2H]-2
	
	

	10.45-10.60
	28
	 
	 
	 
	[M-H]-1
	A3G1
	Hex4HexNAc5-Aniline

	
	
	878.331
	878.3021
	32.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8635
	1003.8467
	16.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1
	Hex4HexNAc5dHex2-Aniline

	
	
	1024.3867
	1024.36
	26.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2
	Hex5HexNAc5dHex1-Aniline

	
	
	1032.373
	1032.3575
	15.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.822
	1076.8757
	49.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3735
	1097.3889
	14.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G3
	Hex6HexNAc7-Aniline

	
	
	1243.4352
	1243.4343
	0.72
	[M-2H]-2
	
	

	10.60-10.90
	29
	 
	 
	 
	[M-H]-1
	FM5A1G1
	Hex6HexNAc3dHex1-Aniline

	
	
	910.3185
	910.3045
	15.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1
	Hex5HexNAc3dHex3-Aniline

	
	
	975.3556
	975.336
	20.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8635
	1003.8467
	16.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.9028
	1076.8757
	25.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3871
	1097.3889
	1.64
	[M-2H]-2
	
	

	10.90-11.15
	30
	 
	 
	 
	[M-H]-1
	M7
	Hex7HexNAc2-Aniline

	
	
	816.788
	816.7623
	31.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.2888
	821.2806
	9.98
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3385
	951.331
	7.88
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.87665
	1003.8467
	29.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8691
	1076.8757
	6.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3939
	1097.3889
	4.56
	[M-2H]-2
	
	

	11.15-11.30
	31
	 
	 
	 
	[M-H]-1
	FA1F1G1
	Hex4HexNAc3dHex2-Aniline

	
	
	821.3065
	821.2806
	31.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1
	Hex4HexNAc5dHex1-Aniline

	
	
	951.3575
	951.331
	27.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8635
	1003.8467
	16.74
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.3939
	1097.3889
	4.56
	[M-2H]-2
	
	

	11.30-11.60
	32
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-Aniline

	
	
	735.7699
	735.7358
	46.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3/M6A3
	Hex6HexNAc5-Aniline

	
	
	1040.3772
	1040.3549
	21.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8827
	1076.8757
	6.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4069
	1105.3864
	18.55
	[M-2H]-2
	
	

	11.60-11.85
	33
	 
	 
	 
	[M-H]-1
	M6
	Hex6HexNAc2-Aniline

	
	
	735.7699
	735.7358
	46.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8765
	1003.8467
	29.69
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.3932
	1105.3864
	6.15
	[M-2H]-2
	
	

	11.85-12.15
	34
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8177
	897.7886
	32.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-Aniline

	
	
	983.3678
	983.3334
	34.98
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.9097
	1076.8757
	31.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1
	Hex4HexNAc5dHex3-Aniline

	
	
	1097.4076
	1097.3889
	17.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4137
	1105.3864
	24.70
	[M-2H]-2
	
	

	12.15-12.30
	35
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8239
	897.7886
	39.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-Aniline

	
	
	983.3549
	983.3334
	21.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8701
	1003.8467
	23.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8961
	1076.8757
	18.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4274
	1105.3864
	37.09
	[M-2H]-2
	
	

	12.30-12.55
	36
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.8116
	897.7886
	25.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-Aniline

	
	
	983.3484
	983.3334
	15.25
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8961
	1076.8757
	18.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.4274
	1105.3864
	37.09
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-Aniline

	
	
	1113.3942
	1113.3839
	9.25
	[M-2H]-2
	
	

	12.55-12.85
	37
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.7993
	897.7886
	11.92
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8827
	1076.8757
	6.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2
	Hex5HexNAc5dHex2-Aniline

	
	
	1105.3932
	1105.3864
	6.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-Aniline

	
	
	1113.4078
	1113.3839
	21.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F1G2
	Hex5HexNAc6dHex2-Aniline

	
	
	1206.9364
	1206.9261
	8.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G3
	Hex6HexNAc6dHex1-Aniline

	
	
	1214.9382
	1214.9235
	12.10
	[M-2H]-2
	
	

	12.90-13.25
	38
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.861
	1076.8757
	13.65
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9225
	1149.9046
	15.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4331
	1178.4154
	15.02
	[M-2H]-2
	
	

	13.25-13.45
	39
	 
	 
	 
	[M-H]-1
	FM5A1F1G1F1
	Hex6HexNAc3dHex3-Aniline

	
	
	1056.3647
	1056.3624
	2.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8894
	1076.8757
	12.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3/FM5A3G1
	Hex6HexNAc5dHex1-Aniline

	
	
	1113.4147
	1113.3839
	27.66
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9225
	1149.9046
	15.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4191
	1178.4154
	3.14
	[M-2H]-2
	
	

	13.45-13.80
	40
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8961
	1076.8757
	18.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4473
	1178.4154
	27.07
	[M-2H]-2
	
	

	13.70-14.05
	41
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8827
	1076.8757
	6.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.4143
	1149.9046
	426.38
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4261
	1178.4154
	9.08
	[M-2H]-2
	
	

	14.05-14.50
	42
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.9164
	1076.8757
	37.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9155
	1149.9046
	9.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2
	Hex5HexNAc5dHex3-Aniline

	
	
	1178.4191
	1178.4154
	3.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3
	Hex6HexNAc5dHex2-Aniline

	
	
	1186.4249
	1186.4128
	10.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-Aniline

	
	
	1251.448
	1251.4443
	2.96
	[M-2H]-2
	
	

	14.50-14.75
	43
	 
	 
	 
	[M-H]-1
	M9
	Hex9HexNAc2-Aniline

	
	
	978.834
	978.8151
	19.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9086
	1149.9046
	3.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3
	Hex6HexNAc5dHex2-Aniline

	
	
	1186.4249
	1186.4128
	10.20
	[M-2H]-2
	
	

	14.75-15.20
	44
	 
	 
	 
	[M-H]-1
	M9
	Hex9HexNAc2-Aniline

	
	
	978.8212
	978.8151
	6.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.8895
	1003.8467
	42.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9155
	1149.9046
	9.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3
	Hex6HexNAc5dHex2-Aniline

	
	
	1186.432
	1186.4128
	16.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9377
	1222.9336
	3.35
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-Aniline

	
	
	1251.4625
	1251.4443
	14.54
	[M-2H]-2
	
	

	15.20-15.55
	45
	 
	 
	 
	[M-H]-1
	FA3F1G3
	Hex6HexNAc5dHex2-Aniline

	
	
	1186.4745
	1186.4128
	52.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9594
	1222.9336
	21.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-Aniline

	
	
	1251.4625
	1251.4443
	14.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4137
	1259.4418
	22.31
	[M-2H]-2
	
	

	15.55-15.85
	46
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9449
	1222.9336
	9.24
	[M-2H]-2
	
	

	15.85-16.30
	47
	 
	 
	 
	[M-H]-1
	FM5A1F1G1
	Hex6HexNAc3dHex2-Aniline

	
	
	983.3613
	983.3334
	28.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.4178
	1076.8757
	425.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9521
	1222.9336
	15.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2
	Hex5HexNAc5dHex4-Aniline

	
	
	1251.5206
	1251.4443
	60.97
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4429
	1259.4418
	0.87
	[M-2H]-2
	
	

	16.30-17
	48
	 
	 
	 
	[M-H]-1
	FA2F1G2
	Hex5HexNAc4dHex2-Aniline

	
	
	1003.844
	1003.8467
	2.69
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8827
	1076.8757
	6.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9521
	1222.9336
	15.13
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4719
	1259.4418
	23.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4
	Hex7HexNAc6dHex1-Aniline

	
	
	1295.96
	1295.95
	7.72
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2F1/A5G4
	Hex5HexNAc5dHex5-Aniline

	
	
	1324.527
	1324.4733
	40.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4817
	1332.4707
	8.26
	[M-2H]-2
	
	

	17-17.35
	49
	 
	 
	 
	[M-H]-1
	M8
	Hex8HexNAc2-Aniline

	
	
	897.7808
	897.7886
	8.69
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1076.8961
	1076.8757
	18.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1
	Hex5HexNAc4dHex4-Aniline

	
	
	1149.9225
	1149.9046
	15.57
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9163
	1222.9336
	14.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4429
	1259.4418
	0.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G2F1/A5G4
	Hex5HexNAc5dHex5-Aniline

	
	
	1324.4597
	1324.4733
	10.27
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4967
	1332.4707
	19.51
	[M-2H]-2
	
	

	17.35-17.65
	50
	 
	 
	 
	[M-H]-1
	FA2F2G2
	Hex5HexNAc4dHex3-Aniline

	
	
	1176.8827
	1076.8757
	92867.73
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4719
	1259.4418
	23.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4592
	1332.4707
	8.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5002
	1405.4997
	0.36
	[M-2H]-2
	
	

	17.65-18.15
	51
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.5192
	1332.4707
	36.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5002
	1405.4997
	0.36
	[M-2H]-2
	
	

	18.15-18.30
	52
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4967
	1332.4707
	19.51
	[M-2H]-2
	
	

	18.30-18.70
	53
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4817
	1332.4707
	8.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5156
	1405.4997
	11.31
	[M-2H]-2
	
	

	18.70-18.90
	54
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4518
	1332.4707
	14.18
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5233
	1405.4997
	16.79
	[M-2H]-2
	
	

	18.90-19.30
	55
	 
	 
	 
	[M-H]-1
	FA3F3G3
	Hex6HexNAc5dHex4-Aniline

	
	
	1332.4742
	1332.4707
	2.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5541
	1405.4997
	38.71
	[M-2H]-2
	
	

	19.30- 19.65
	56
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5156
	1405.4997
	11.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F2G4
	Hex7HexNAc6dHex3-Aniline

	
	
	1442.0264
	1442.0079
	12.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.4843
	1478.5161
	21.51
	[M-2H]-2
	
	

	19.65-20.05
	57
	 
	 
	 
	[M-H]-1
	FA2F2G2F2/A4G4
	Hex5HexNAc4dHex5-Aniline

	
	
	1222.9594
	1222.9336
	21.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5387
	1405.4997
	27.75
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F2G4
	Hex7HexNAc6dHex3-Aniline

	
	
	1442.0031
	1442.0079
	3.33
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5631
	1478.5161
	31.79
	[M-2H]-2
	
	

	20.05-20.55
	58
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex6HexNAc5dHex5-Aniline

	
	
	1405.5541
	1405.4997
	38.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F2G4
	Hex7HexNAc6dHex3-Aniline

	
	
	1442.0653
	1442.0079
	39.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5474
	1478.5161
	21.17
	[M-2H]-2
	
	

	20.55-21.40
	59
	 
	 
	 
	[M-H]-1
	FA3F3G3F1/A5G5
	Hex8HexNAc7-Aniline

	
	
	1405.5002
	1405.4871
	9.32
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5474
	1478.5161
	21.17
	[M-2H]-2
	
	

	21.40-21.90
	60
	 
	 
	 
	[M-H]-1
	FA5G5
	Hex8HexNAc7dHex1-Aniline

	
	
	1478.5974
	1478.5161
	54.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F3G4
	Hex7HexNAc6dHex4-Aniline

	
	
	1515.0615
	1515.0368
	16.30
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5F1G5/FA3F3G3F3
	Hex8HexNAc7dHex2-Aniline

	
	
	1551.5601
	1551.545
	9.73
	[M-2H]-2
	
	

	21.90-22.70
	61
	 
	 
	 
	[M-H]-1
	FA4F3G4
	Hex7HexNAc6dHex4-Aniline

	
	
	1515.0295
	1515.0368
	4.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5F1G5/FA3F3G3F3
	Hex8HexNAc7dHex2-Aniline

	
	
	1551.5763
	1551.545
	20.17
	[M-2H]-2
	
	












Table 15. Putative structures of aniline labelled N-glycans from the S1 fraction of pooled whole saliva based on HILIC-UPLC-MS analysis
	Saliva_S1 N-Glycans-Aniline 

	tR (min)
	Peak (UPLC)
	Experimental mass (m/z)
	Theoretical mass (m/z)
	Error (ppm)
Threshold <50ppm
	Ion
	Assigment
	Monosachharide composition

	
	
	
	
	
	
	
	

	7-7.45
	17
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8235
	893.7994
	26.96
	[M-2H]-2
	
	

	7.45-7.95
	18
	 
	 
	 
	[M-H]-1
	A1G1S1
	Hex4HexNAc3NeuAc1-Aniline

	
	
	820.8005
	820.7704
	36.67
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8235
	893.7994
	26.96
	[M-2H]-2
	
	

	7.95-8.25
	19
	 
	 
	 
	[M-H]-1
	A1G1S1
	Hex4HexNAc3NeuAc1-Aniline

	
	
	820.7828
	820.7704
	15.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8173
	893.7994
	20.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-Aniline

	
	
	922.3194
	922.3101
	10.08
	[M-2H]-2
	
	

	8.25-8.45
	20
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8173
	893.7994
	20.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8676
	1023.8498
	17.39
	[M-2H]-2
	
	

	8.45-8.65
	21
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8173
	893.7994
	20.03
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.373
	995.3391
	34.06
	[M-2H]-2
	
	

	8.65-9
	22
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-Aniline

	
	
	922.3444
	922.3101
	37.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.3341
	995.3391
	5.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3627
	1003.3365
	26.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8472
	1023.8498
	2.54
	[M-2H]-2
	
	

	9-9.25
	23
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8296
	893.7994
	33.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1S1
	Hex5HexNAc3NeuAc1-Aniline

	
	
	901.8271
	901.7968
	33.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-Aniline

	
	
	922.3256
	922.3101
	16.81
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.36
	995.3391
	21.00
	[M-2H]-2
	
	

	9.25-9.60
	24
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8235
	893.7994
	26.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G1S1
	Hex4HexNAc4NeuAc1-Aniline

	
	
	922.3506
	922.3101
	43.91
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-Aniline

	
	
	966.8655
	966.8283
	38.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.3665
	995.3391
	27.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3692
	1003.3365
	32.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.861
	1023.8498
	10.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8907
	1096.8787
	10.94
	[M-2H]-2
	
	

	9.55-9.85
	25
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-Aniline

	
	
	966.8527
	966.8283
	25.24
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3562
	1003.3365
	19.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8742
	1023.8498
	23.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	
	
	1242.943
	1242.9367
	5.07
	[M-2H]-2
	
	

	9.85-10.15
	26
	 
	 
	 
	[M-H]-1
	M4A1G1S1
	Hex5HexNAc3NeuAc1-Aniline

	
	
	901.8148
	901.7968
	19.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA1F1G1S1
	Hex4HexNAc3NeuAc1dHex2-Aniline

	
	
	966.8463
	966.8283
	18.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-Aniline

	
	
	974.8491
	974.8258
	23.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.3665
	995.3391
	27.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3107
	1003.3365
	25.71
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.861
	1023.8498
	10.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9178
	1096.8787
	35.65
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	 
	 
	1242.5449
	1242.9367
	315.22
	[M-2H]-2
	
	

	10.15-10.45
	27
	 
	 
	 
	[M-H]-1
	FA1G1S1
	Hex4HexNAc3NeuAc1dHex1-Aniline

	
	
	893.8296
	893.7994
	33.79
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	M4A1G1S1
	Hex5HexNAc3NeuAc1-Aniline

	
	
	901.8456
	901.7968
	54.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-Aniline

	
	
	974.8299
	974.8258
	4.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.373
	995.3391
	34.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3367
	1003.3365
	0.20
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.861
	1023.8498
	10.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3842
	1076.3655
	17.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9315
	1096.8787
	48.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM5A2G1S1
	Hex6HexNAc4NeuAc1dHex1-Aniline

	
	
	1157.3561
	1157.3919
	30.93
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1
	Hex4HexNAc5NeuAc1dHex2-Aniline

	
	
	1169.9276
	1169.9077
	17.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	
	
	1242.9647
	1242.9367
	22.53
	[M-2H]-2
	
	

	10.45-10.60
	28
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.36
	995.3391
	21.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.2911
	1003.3365
	45.25
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G1S1
	Hex4HexNAc5NeuAc1-Aniline

	
	
	1023.8939
	1023.8498
	43.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.895
	1096.8787
	14.86
	[M-2H]-2
	
	

	 
	 
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	 
	 
	1242.9574
	1242.9367
	16.65
	[M-2H]-2
	
	

	10.60-10.90
	29
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-Aniline

	
	
	974.8555
	974.8258
	30.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G1S1
	Hex4HexNAc4NeuAc1dHex1-Aniline

	
	
	995.36
	995.3391
	21.00
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-Aniline

	
	
	1068.3766
	1068.368
	8.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8975
	1096.8787
	17.14
	[M-2H]-2
	
	

	10.90-11.15
	30
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-Aniline

	
	
	1068.3967
	1068.368
	26.86
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8567
	1096.8787
	20.06
	[M-2H]-2
	
	

	11.15-11.30
	31
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3757
	1003.3365
	39.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G1S1
	Hex4HexNAc4NeuAc1dHex2-Aniline

	
	
	1068.3633
	1068.368
	4.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3639
	1076.3655
	1.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9043
	1096.8787
	23.34
	[M-2H]-2
	
	

	11.30-11.60
	32
	 
	 
	 
	[M-H]-1
	FM4A1G1S1
	Hex5HexNAc3NeuAc1dHex1-Aniline

	
	
	974.8491
	974.8258
	23.90
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3562
	1003.3365
	19.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3842
	1076.3655
	17.37
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.8907
	1096.8787
	10.94
	[M-2H]-2
	
	

	11.60-11.85
	33
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3692
	1003.3365
	32.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.4178
	1076.3655
	48.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9111
	1096.8787
	29.54
	[M-2H]-2
	
	

	11.85-12.15
	34
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3343
	1003.3365
	2.19
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1S1
	Hex5HexNAc3NeuAc1dHex2-Aniline

	
	
	1047.8605
	1047.8547
	5.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3707
	1076.3655
	4.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G1S1
	Hex4HexNAc5NeuAc1dHex1-Aniline

	
	
	1096.9111
	1096.8787
	29.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-Aniline

	
	
	1104.8677
	1104.8762
	7.69
	[M-2H]-2
	
	

	12.10-12.30
	35
	 
	 
	 
	[M-H]-1
	A2G2S1
	Hex5HexNAc4NeuAc1-Aniline

	
	
	1003.3692
	1003.3365
	32.59
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FM4A1F1G1S1
	Hex5HexNAc3NeuAc1dHex2-Aniline

	
	
	1047.9137
	1047.8547
	56.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3909
	1076.3655
	23.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-Aniline

	
	
	1104.8403
	1104.8762
	32.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G1S1
	Hex4HexNAc5NeuAc1dHex2-Aniline

	
	
	1169.9135
	1169.9077
	4.96
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G1S1
	Hex4HexNAc5NeuAc1dHex3-Aniline

	
	
	1242.943
	1242.9367
	5.07
	[M-2H]-2
	
	

	12.30-12.50
	36
	 
	 
	 
	[M-H]-1
	FA2G2S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3505
	1076.3655
	13.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-Aniline

	
	
	1104.8745
	1104.8762
	1.54
	[M-2H]-2
	
	

	12.55-12.85
	37
	 
	 
	 
	[M-H]-1
	M5A1G1S1
	Hex6HexNAc3NeuAc1-Aniline

	
	
	982.8464
	982.8232
	23.61
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3774
	1076.3655
	11.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S1
	Hex5HexNAc5NeuAc1-Aniline

	
	
	1104.8882
	1104.8762
	10.86
	[M-2H]-2
	
	

	12.85-13.25
	38
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3909
	1076.3655
	23.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4282
	1149.3944
	29.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.9469
	1177.9052
	35.40
	[M-2H]-2
	
	

	13.25-13.45
	39
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-Aniline

	
	
	1055.851
	1055.8522
	1.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3976
	1076.3655
	29.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4073
	1149.3944
	11.22
	[M-2H]-2
	
	

	13.45-13.80
	40
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3707
	1076.3655
	4.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4073
	1149.3944
	11.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.9187
	1177.9052
	11.46
	[M-2H]-2
	
	

	13.80-14.05
	41
	 
	 
	 
	[M-H]-1
	FM5A1G1S1
	Hex6HexNAc3NeuAc1dHex1-Aniline

	
	
	1055.8843
	1055.8522
	30.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S1/FM4A2G1S1
	Hex5HexNAc4NeuAc1dHex1-Aniline

	
	
	1076.3909
	1076.3655
	23.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4213
	1149.3944
	23.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.9116
	1177.9052
	5.43
	[M-2H]-2
	
	

	14.05-14.50
	42
	 
	 
	 
	[M-H]-1
	FM5A1F1G1S1
	Hex6HexNAc3NeuAc1dHex2-Aniline

	
	
	1128.9099
	1128.8812
	25.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4004
	1149.3944
	5.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.954
	1177.9052
	41.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4424
	1222.4234
	15.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9324
	1250.9341
	1.36
	[M-2H]-2
	
	

	14.50-14.75
	43
	 
	 
	 
	[M-H]-1
	FM5A1F1G1S1
	Hex6HexNAc3NeuAc1dHex2-Aniline

	
	
	1128.9099
	1128.8812
	25.42
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4143
	1149.3944
	17.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S1
	Hex5HexNAc5NeuAc1dHex1-Aniline

	
	
	1177.9469
	1177.9052
	35.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4424
	1222.4234
	15.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9542
	1250.9341
	16.07
	[M-2H]-2
	
	

	14.75-15.20
	44
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4213
	1149.3944
	23.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3S1
	Hex6HexNAc5NeuAc1-Aniline

	
	
	1185.9088
	1185.9026
	5.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4424
	1222.4234
	15.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9542
	1250.9341
	16.07
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9692
	1258.9316
	29.87
	[M-2H]-2
	
	

	15.20-15.55
	45
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.3865
	1149.3944
	6.87
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G3S1
	Hex6HexNAc5NeuAc1-Aniline

	
	
	1185.9159
	1185.9026
	11.22
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4424
	1222.4234
	15.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9252
	1250.9341
	7.11
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9474
	1258.9316
	12.55
	[M-2H]-2
	
	

	15.55-15.85
	46
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4421
	1149.3944
	41.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4137
	1222.4234
	7.94
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9469
	1250.9341
	10.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9402
	1258.9316
	6.83
	[M-2H]-2
	
	

	15.85-16.30
	47
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4352
	1149.3944
	35.50
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4424
	1222.4234
	15.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S1
	Hex5HexNAc5NeuAc1dHex2-Aniline

	
	
	1250.9614
	1250.9341
	21.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9402
	1258.9316
	6.83
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-Aniline

	
	
	1295.4426
	1295.4523
	7.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-Aniline

	
	
	1324.0115
	1323.9631
	36.56
	[M-2H]-2
	
	

	16.30-17
	48
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4712
	1222.4234
	39.10
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.9474
	1258.9316
	12.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-Aniline

	
	
	1295.4426
	1295.4523
	7.49
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-Aniline

	
	
	1323.9591
	1323.9631
	3.02
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9646
	1331.9605
	3.08
	[M-2H]-2
	
	

	17-17.35
	49
	 
	 
	 
	[M-H]-1
	FA2F1G2S1/FM4A2F1G1S1
	Hex5HexNAc4NeuAc1dHex2-Aniline

	
	
	1149.4213
	1149.3944
	23.40
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.464
	1222.4234
	33.21
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S1
	Hex6HexNAc5NeuAc1dHex1-Aniline

	
	
	1258.962
	1258.9316
	24.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-Aniline

	
	
	1323.9293
	1323.9631
	25.53
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9421
	1331.9605
	13.81
	[M-2H]-2
	
	

	17.35-17.65
	50
	 
	 
	 
	[M-H]-1
	FA3F2G2S1
	Hex5HexNAc5NeuAc1dHex3-Aniline

	
	
	1332.9517
	1323.9631
	6789.16
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.923
	1404.9895
	47.33
	[M-2H]-2
	
	

	17.65-18.15
	51
	 
	 
	 
	[M-H]-1
	FA2F2G2F1S1
	Hex5HexNAc4NeuAc1dHex4-Aniline

	
	
	1295.4204
	1295.4523
	24.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9872
	1331.9605
	20.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9769
	1404.9895
	8.97
	[M-2H]-2
	
	

	18.15-18.30
	52
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9796
	1331.9605
	14.34
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1405
	1404.9895
	7.47
	[M-2H]-2
	
	

	18.30-18.70
	53
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1405.0077
	1404.9895
	12.95
	[M-2H]-2
	
	

	18.70-18.90
	54
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.9946
	1331.9605
	25.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1405.0385
	1404.9895
	34.88
	[M-2H]-2
	
	

	18.90-19.30
	55
	 
	 
	 
	[M-H]-1
	FA3F1G3S1/FM5A3F1G1S1
	Hex6HexNAc5NeuAc1dHex2-Aniline

	
	
	1331.976
	1331.9605
	11.64
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1405
	1404.9895
	7.47
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0737
	1478.0184
	37.41
	[M-2H]-2
	
	

	19.30-19.65
	56
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9692
	1404.9895
	14.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4S1
	Hex7HexNAc6NeuAc1dHex1-Aniline

	
	
	1441.4573
	1441.49773
	28.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0264
	1478.0184
	5.41
	[M-2H]-2
	
	

	19.65-20.05
	57
	 
	 
	 
	[M-H]-1
	FA2F2G2S1
	Hex5HexNAc4NeuAc1dHex3-Aniline

	
	
	1222.4424
	1222.4234
	15.54
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1405.0154
	1404.9895
	18.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4G4S1
	Hex7HexNAc6NeuAc1dHex1-Aniline

	
	
	1441.5197
	1441.49773
	15.24
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0264
	1478.0184
	5.41
	[M-2H]-2
	
	

	20-20.55
	58
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1405.0154
	1404.9895
	18.43
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0343
	1478.0184
	10.76
	[M-2H]-2
	
	

	20.55-21.40
	59
	 
	 
	 
	[M-H]-1
	FA3F2G3S1
	Hex6HexNAc5NeuAc1dHex3-Aniline

	
	
	1404.9923
	1404.9895
	1.99
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0737
	1478.0184
	37.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-Aniline

	
	
	1551.0264
	1551.0348
	5.42
	[M-2H]-2
	
	

	21.40-21.90
	60
	 
	 
	 
	[M-H]-1
	FA3F3G3S1
	Hex6HexNAc5NeuAc1dHex4-Aniline

	
	
	1478.0106
	1478.0184
	5.28
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA4F1G4S1
	Hex7HexNAc6NeuAc1dHex2-Aniline

	
	
	1514.582
	1514.5266
	36.58
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-Aniline

	
	
	1551.5197
	1551.0348
	312.63
	[M-2H]-2
	
	

	21.90-22.70
	61
	 
	 
	 
	[M-H]-1
	FA4F1G4S1
	Hex7HexNAc6NeuAc1dHex2-Aniline

	
	
	1514.4862
	1514.5266
	26.68
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A5G5S1
	Hex8HexNAc7NeuAc1-Aniline

	
	
	1551.0587
	1551.0348
	15.41
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA5G5S1
	Hex8HexNAc7NeuAc1dHex1-Aniline

	
	
	1624.1058
	1624.0638
	25.86
	[M-2H]-2
	
	












Table 16. Putative structures of aniline labelled N-glycans from the S2 fraction of pooled whole saliva based on HILIC-UPLC-MS analysis
	Saliva_S2 N-Glycans-Aniline 

	tR (min)
	Peak (UPLC)
	Experimental mass (m/z)
	Theoretical mass (m/z)
	Error (ppm)
Threshold 50ppm
	Ion
	Assigment
	Monosachharide composition

	
	
	
	
	
	
	
	

	14.05-14.50
	42
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.9131
	1148.8842
	25.15
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9185
	1221.9132
	4.34
	[M-2H]-2
	
	

	14.50-14.75
	43
	 
	 
	 
	[M-H]-1
	 
	 

	 
	 
	 
	 
	#DIV/0!
	[M-2H]-2
	 
	 

	14.75-15.20
	44
	 
	 
	 
	[M-H]-1
	 
	 

	 
	 
	 
	 
	#DIV/0!
	[M-2H]-2
	 
	 

	15.20-15.55
	45
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.8992
	1148.8842
	13.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9399
	1221.9132
	21.85
	[M-2H]-2
	
	

	15.55-15.85
	46
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.8992
	1148.8842
	13.06
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.8826
	1221.9132
	25.04
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3/FM4A3F2G2
	Hex6HexNAc5dHex3-Aniline

	
	
	1259.4647
	1259.4418
	18.18
	[M-2H]-2
	
	

	15.85-16.30
	47
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.8783
	1148.8842
	5.14
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9257
	1221.9132
	10.23
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex5HexNAc5NeuAc2-Aniline

	
	
	1250.4242
	1250.4239
	0.24
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9623
	1294.9421
	15.60
	[M-2H]-2
	
	

	16.30-17
	48
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9329
	1221.9132
	16.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex5HexNAc5NeuAc2-Aniline

	
	
	1250.4822
	1250.4239
	46.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9475
	1294.9421
	4.17
	[M-2H]-2
	
	

	16-15-16.40
	48A
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9329
	1221.9132
	16.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	A3G2S2
	Hex5HexNAc5NeuAc2-Aniline

	
	
	1250.4822
	1250.4239
	46.62
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9623
	1294.9421
	15.60
	[M-2H]-2
	
	

	16.40-16.80
	48B
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9329
	1221.9132
	16.12
	[M-2H]-2
	
	

	16.80-16.95
	48C
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9329
	1221.9132
	16.12
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9919
	1294.9421
	38.46
	[M-2H]-2
	
	

	17-17.25
	49
	 
	 
	 
	[M-H]-1
	A2G2S2
	Hex5HexNAc4NeuAc2-Aniline

	
	
	1148.955
	1148.8842
	61.63
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9113
	1221.9132
	1.55
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9327
	1294.9421
	7.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-Aniline

	
	
	1323.4885
	1323.4529
	26.90
	[M-2H]-2
	
	

	17.35-17.65
	50
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9697
	1294.9421
	21.31
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G2S2
	Hex5HexNAc5NeuAc2dHex1-Aniline

	
	
	1323.4662
	1323.4529
	10.05
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.4998
	1404.4793
	14.60
	[M-2H]-2
	
	

	17.65-18.15
	51
	 
	 
	 
	[M-H]-1
	FA2F1G2S2
	Hex5HexNAc4NeuAc2dHex2-Aniline

	
	
	1294.9623
	1294.9421
	15.60
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA2F2G2S2
	Hex5HexNAc4NeuAc2dHex3-Aniline

	
	
	1367.9691
	1367.9711
	1.46
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G2S2
	Hex5HexNAc5NeuAc2dHex2-Aniline

	
	
	1396.486
	1396.4818
	3.01
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.5228
	1404.4793
	30.97
	[M-2H]-2
	
	

	18.15-18.30
	52
	 
	 
	 
	[M-H]-1
	FA2F2G2S2
	Hex5HexNAc4NeuAc2dHex3-Aniline

	
	
	1367.9691
	1367.9711
	1.46
	[M-2H]-2
	
	

	18.30-18.70
	53
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.4921
	1404.4793
	9.11
	[M-2H]-2
	
	

	18.70-18.90
	54
	 
	 
	 
	[M-H]-1
	A3G3S2
	Hex6HexNAc5NeuAc2-Aniline

	
	
	1331.4851
	1331.4503
	26.14
	[M-2H]-2
	
	

	18.90-19.30
	55
	 
	 
	 
	[M-H]-1
	A3G3S2
	Hex6HexNAc5NeuAc2-Aniline

	
	
	1331.4927
	1331.4503
	31.84
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5134
	1477.5082
	3.52
	[M-2H]-2
	
	

	19.30-19.65
	56
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.4613
	1404.4793
	12.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.4424
	1477.5082
	44.53
	[M-2H]-2
	
	

	19.65-20.05
	57
	 
	 
	 
	[M-H]-1
	FA2G2S2
	Hex5HexNAc4NeuAc2dHex1-Aniline

	
	
	1221.9041
	1221.9132
	7.45
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.4613
	1404.4793
	12.82
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5055
	1477.5082
	1.83
	[M-2H]-2
	
	

	20.05-20.55
	58
	 
	 
	 
	[M-H]-1
	FA3G3S2
	Hex6HexNAc5NeuAc2dHex1-Aniline

	
	
	1404.4382
	1404.4793
	29.26
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.4976
	1477.5082
	7.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-Aniline

	
	
	1550.4928
	1550.5372
	28.64
	[M-2H]-2
	
	

	20.55-21.40
	59
	 
	 
	 
	[M-H]-1
	FA3F1G3S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.4976
	1477.5082
	7.17
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-Aniline

	
	
	1550.5493
	1550.5372
	7.80
	[M-2H]-2
	
	

	21.40-21.80
	60
	 
	 
	 
	[M-H]-1
	FA3G3F1S2
	Hex6HexNAc5NeuAc2dHex2-Aniline

	
	
	1477.5686
	1477.5082
	40.88
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-Aniline

	
	
	1550.5575
	1550.5372
	13.09
	[M-2H]-2
	
	

	21.90-22.70
	61
	 
	 
	 
	[M-H]-1
	FA3F2G3S2
	Hex6HexNAc5NeuAc2dHex3-Aniline

	
	
	1550.5736
	1550.5372
	23.48
	[M-2H]-2
	
	

	
	
	 
	 
	 
	[M-H]-1
	FA3F3G3S2
	Hex6HexNAc5NeuAc2dHex4-Aniline

	
	
	1623.5432
	1623.5661
	14.10
	[M-2H]-2
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[bookmark: _Toc372382483]Table 17: Quantitative analysis of 12C6/13C6 ratios of aniline labelled N-glycans 
	Peak / (RT)
	Glycan Structure 
	m/Z Experimental
	ANOVA
 p value
	Tukey's Multiple Comparison Test
	Significance
p<0.05
** p<0.001
***p<0.0001
	95% CI of diff

	
	
	
	
	Group Comparison
	
	

	1 (tR 2.10-2.75)

	2.09
	970.3912 
	970.3912
	0.0001
	CTRL / MD 
	**
	-0.6706 to -0.1161

	
	
	
	
	CTRL / MOD
	***
	0.3861 to 0.9406

	
	
	
	
	CTRL / SD 
	ns
	-0.03392 to 0.5206

	
	
	
	
	CTRL / OC 
	ns
	-0.1739 to 0.3806

	
	
	
	
	MD / MOD 
	***
	0.7794 to 1.334

	
	
	
	
	MD / SD 
	***
	0.3594 to 0.9139

	
	
	
	
	MD / OC 
	**
	0.2194 to 0.7739

	
	
	
	
	MOD / SD 
	**
	-0.6973 to -0.1427

	
	
	
	
	MOD / OC 
	***
	-0.8373 to -0.2827

	
	
	
	
	SD / OC 
	ns
	-0.4173 to 0.1373

	2.58
	M3
	986.3602
	0.028
	CTRL / MD 
	ns
	-1.787 to 0.4602

	
	
	
	
	CTRL / MOD 
	ns
	-0.7135 to 1.534

	
	
	
	
	CTRL / SD 
	ns
	-1.934 to 0.3135

	
	
	
	
	CTRL / OC 
	ns
	-1.547 to 0.7002

	
	
	
	
	MD / MOD 
	ns
	-0.05020 to 2.197

	
	
	
	
	MD / SD 
	ns
	-1.270 to 0.9769

	
	
	
	
	MD / OC 
	ns
	-0.8835 to 1.364

	
	
	
	
	MOD / SD 
	*
	-2.344 to -0.09647

	
	
	
	
	MOD / OC 
	ns
	-1.957 to 0.2902

	
	
	
	
	SD / OC 
	ns
	-0.7369 to 1.510

	2 (tR 2.75-3)

	2.87
	1146.4583
	1146.4583
	0.025
	CTRL / MD 
	ns
	-0.4243 to 1.131

	
	
	
	
	CTRL / MOD 
	*
	0.04899 to 1.604

	
	
	
	
	CTRL / SD 
	ns
	-0.8110 to 0.7443

	
	
	
	
	CTRL / OC 
	ns
	-0.3510 to 1.204

	
	
	
	
	MD / MOD 
	ns
	-0.3043 to 1.251

	
	
	
	
	MD / SD 
	ns
	-1.164 to 0.3910

	
	
	
	
	MD / OC 
	ns
	-0.7043 to 0.8510

	
	
	
	
	MOD / SD 
	*
	-1.638 to -0.08232

	
	
	
	
	MOD / OC 
	ns
	-1.178 to 0.3777

	
	
	
	
	SD / OC 
	ns
	-0.3177 to 1.238

	3 (TR 3-3.20)

	3.18
	FM3
	1132.4374
	0.0001
	 
	 
	 

	
	
	
	
	CTRL / MD 
	ns
	-0.1258 to 0.3125

	
	
	
	
	CTRL / MOD 
	***
	0.3542 to 0.7925

	
	
	
	
	CTRL / SD 
	***
	-1.129 to -0.6908

	
	
	
	
	CTRL / OC 
	ns
	-0.1592 to 0.2792

	
	
	
	
	MD / MOD 
	***
	0.2608 to 0.6992

	
	
	
	
	MD / SD 
	***
	-1.223 to -0.7842

	
	
	
	
	MD / OC 
	ns
	-0.2525 to 0.1858

	
	
	
	
	MOD / SD 
	***
	-1.703 to -1.264

	
	
	
	
	MOD / OC 
	***
	-0.7325 to -0.2942

	
	
	
	
	SD / OC 
	***
	0.7508 to 1.189

	3.22
	1168.344
	1168.344
	0.0001
	CTRL / MD 
	ns
	-0.02316 to 0.3432

	
	
	
	
	CTRL / MOD 
	***
	0.4102 to 0.7765

	
	
	
	
	CTRL / SD 
	***
	-0.8398 to -0.4735

	
	
	
	
	CTRL / OC 
	*
	0.05350 to 0.4198

	
	
	
	
	MD / MOD 
	***
	0.2502 to 0.6165

	
	
	
	
	MD / SD 
	***
	-0.9998 to -0.6335

	
	
	
	
	MD / OC 
	ns
	-0.1065 to 0.2598

	
	
	
	
	MOD / SD 
	***
	-1.433 to -1.067

	
	
	
	
	MOD / OC 
	***
	-0.5398 to -0.1735

	
	
	
	
	SD / OC 
	***
	0.7102 to 1.076

	4 (TR 3.20-3.45)

	3.37
	A1
	1189.463
	0.0001
	CTRL / MD 
	ns
	-0.9603 to 0.1003

	
	
	
	
	CTRL / MOD 
	ns
	-0.1003 to 0.9603

	
	
	
	
	CTRL / SD 
	***
	-1.617 to -0.5564

	
	
	
	
	CTRL / OC 
	ns
	-0.8336 to 0.2269

	
	
	
	
	MD / MOD 
	**
	0.3297 to 1.390

	
	
	
	
	MD / SD 
	*
	-1.187 to -0.1264

	
	
	
	
	MD / OC 
	ns
	-0.4036 to 0.6569

	
	
	
	
	MOD / SD 
	***
	-2.047 to -0.9864

	
	
	
	
	MOD / OC 
	**
	-1.264 to -0.2031

	
	
	
	
	SD / OC 
	**
	0.2531 to 1.314

	7 (TR3.80-4)

	3.98
	FA1
	667.2636
	0.0001
	CTRL / MD 
	ns
	-0.09955 to 0.2329

	
	
	
	
	CTRL / MOD 
	***
	0.2771 to 0.6096

	
	
	
	
	CTRL / SD 
	***
	-1.493 to -1.160

	
	
	
	
	CTRL / OC 
	ns
	-0.07288 to 0.2596

	
	
	
	
	MD / MOD 
	***
	0.2104 to 0.5429

	
	
	
	
	MD / SD 
	***
	-1.560 to -1.227

	
	
	
	
	MD / OC 
	ns
	-0.1396 to 0.1929

	
	
	
	
	MOD / SD 
	***
	-1.936 to -1.604

	
	
	
	
	MOD / OC 
	***
	-0.5162 to -0.1838

	
	
	
	
	SD / OC 
	***
	1.254 to 1.586

	8 (TR 4-4.30)

	3.98
	FA1
	667.2606
	0.0001
	CTRL / MD 
	ns
	-0.08755 to 0.2142

	
	
	
	
	CTRL / MOD 
	***
	0.2891 to 0.5909

	
	
	
	
	CTRL / SD 
	***
	-1.478 to -1.176

	
	
	
	
	CTRL / OC 
	ns
	-0.05755 to 0.2442

	
	
	
	
	MD / MOD 
	***
	0.2258 to 0.5276

	
	
	
	
	MD / SD 
	***
	-1.541 to -1.239

	
	
	
	
	MD / OC 
	ns
	-0.1209 to 0.1809

	
	
	
	
	MOD / SD 
	***
	-1.918 to -1.616

	
	
	
	
	MOD / OC 
	***
	-0.4976 to -0.1958

	
	
	
	
	SD / OC 
	***
	1.269 to 1.571

	4.28
	A2
	695.7656
	0.0001
	CTRL / MD 
	ns
	-0.7883 to 0.04828

	
	
	
	
	CTRL / MOD 
	*
	0.04171 to 0.8783

	
	
	
	
	CTRL / SD 
	***
	-1.488 to -0.6517

	
	
	
	
	CTRL / OC 
	*
	-0.8683 to -0.03171

	
	
	
	
	MD / MOD 
	***
	0.4117 to 1.248

	
	
	
	
	MD / SD 
	**
	-1.118 to -0.2817

	
	
	
	
	MD / OC 
	ns
	-0.4983 to 0.3383

	
	
	
	
	MOD / SD 
	***
	-1.948 to -1.112

	
	
	
	
	MOD / OC 
	***
	-1.328 to -0.4917

	
	
	
	
	SD / OC 
	**
	0.2017 to 1.038

	9 (TR 4.30-4.50)

	4.51
	804.215
	804.215
	0.0016
	CTRL / MD 
	**
	-1.986 to -0.4604

	
	
	
	
	CTRL / MOD 
	ns
	-1.363 to 0.1629

	
	
	
	
	CTRL / SD 
	*
	-1.530 to -0.003732

	
	
	
	
	CTRL / OC 
	**
	-2.030 to -0.5037

	
	
	
	
	MD / MOD 
	ns
	-0.1396 to 1.386

	
	
	
	
	MD / SD 
	ns
	-0.3063 to 1.220

	
	
	
	
	MD / OC 
	ns
	-0.8063 to 0.7196

	
	
	
	
	MOD / SD 
	ns
	-0.9296 to 0.5963

	
	
	
	
	MOD / OC 
	ns
	-1.430 to 0.09627

	
	
	
	
	SD / OC 
	ns
	-1.263 to 0.2629

	10 (TR 4.50-5)

	4.87
	M4A1/A1G1
	675.235
	0.0951
	CTRL / MD 
	ns
	-0.3108 to 0.5641

	
	
	
	
	CTRL / MOD 
	ns
	-0.05080 to 0.8241

	
	
	
	
	CTRL / SD 
	ns
	-0.1608 to 0.7141

	
	
	
	
	CTRL / OC 
	ns
	-0.3408 to 0.5341

	
	
	
	
	MD / MOD 
	ns
	-0.1775 to 0.6975

	
	
	
	
	MD / SD 
	ns
	-0.2875 to 0.5875

	
	
	
	
	MD / OC 
	ns
	-0.4675 to 0.4075

	
	
	
	
	MOD / SD 
	ns
	-0.5475 to 0.3275

	
	
	
	
	MOD / OC 
	ns
	-0.7275 to 0.1475

	
	
	
	
	SD / OC 
	ns
	-0.6175 to 0.2575

	5.11
	FA2
	768.7951
	0.0001
	CTRL / MD 
	ns
	-1.464 to 0.2571

	
	
	
	
	CTRL / MOD 
	ns
	-0.6405 to 1.080

	
	
	
	
	CTRL / SD 
	***
	-2.824 to -1.103

	
	
	
	
	CTRL / OC 
	ns
	-1.334 to 0.3871

	
	
	
	
	MD / MOD 
	ns
	-0.03715 to 1.684

	
	
	
	
	MD / SD 
	**
	-2.220 to -0.4995

	
	
	
	
	MD / OC 
	ns
	-0.7305 to 0.9905

	
	
	
	
	MOD / SD 
	***
	-3.044 to -1.323

	
	
	
	
	MOD / OC 
	ns
	-1.554 to 0.1671

	
	
	
	
	SD / OC 
	**
	0.6295 to 2.350

	4.51
	804.254
	804.254
	0.0001
	CTRL / MD 
	***
	-1.716 to -0.6508

	
	
	
	
	CTRL / MOD 
	*
	-1.076 to -0.01079

	
	
	
	
	CTRL / SD 
	***
	-1.549 to -0.4841

	
	
	
	
	CTRL / OC 
	***
	-1.779 to -0.7141

	
	
	
	
	MD / MOD 
	*
	0.1075 to 1.173

	
	
	
	
	MD / SD 
	ns
	-0.3659 to 0.6992

	
	
	
	
	MD / OC 
	ns
	-0.5959 to 0.4692

	
	
	
	
	MOD / SD 
	ns
	-1.006 to 0.05921

	
	
	
	
	MOD / OC 
	**
	-1.236 to -0.1708

	
	
	
	
	SD / OC 
	ns
	-0.7625 to 0.3025

	11 (TR 5-5.40)

	5.11
	FA2
	768.7781
	0.0001
	CTRL / MD 
	**
	-0.9730 to -0.2070

	
	
	
	
	CTRL / MOD 
	ns
	-0.1864 to 0.5797

	
	
	
	
	CTRL / SD 
	***
	-2.286 to -1.520

	
	
	
	
	CTRL / OC 
	**
	-0.9064 to -0.1403

	
	
	
	
	MD / MOD 
	***
	0.4036 to 1.170

	
	
	
	
	MD / SD 
	***
	-1.696 to -0.9303

	
	
	
	
	MD / OC 
	ns
	-0.3164 to 0.4497

	
	
	
	
	MOD / SD 
	***
	-2.483 to -1.717

	
	
	
	
	MOD / OC 
	***
	-1.103 to -0.3370

	
	
	
	
	SD / OC 
	***
	0.9970 to 1.763

	5.11
	A3
	797.3038
	0.0001
	CTRL / MD 
	***
	-1.806 to -0.8004

	
	
	
	
	CTRL / MOD 
	*
	-1.006 to -0.0003566

	
	
	
	
	CTRL / SD 
	***
	-2.080 to -1.074

	
	
	
	
	CTRL / OC 
	***
	-1.940 to -0.9337

	
	
	
	
	MD / MOD 
	**
	0.2970 to 1.303

	
	
	
	
	MD / SD 
	ns
	-0.7763 to 0.2296

	
	
	
	
	MD / OC 
	ns
	-0.6363 to 0.3696

	
	
	
	
	MOD / SD 
	***
	-1.576 to -0.5704

	
	
	
	
	MOD / OC 
	***
	-1.436 to -0.4304

	
	
	
	
	SD / OC 
	ns
	-0.3630 to 0.6430

	12 (TR 5.40-6)

	5.61
	M4
	573.72
	0.038
	CTRL / MD 
	ns
	-2.553 to 0.8593

	
	
	
	
	CTRL / MOD 
	ns
	-1.223 to 2.189

	
	
	
	
	CTRL / SD 
	ns
	-3.073 to 0.3393

	
	
	
	
	CTRL / OC 
	ns
	-2.096 to 1.316

	
	
	
	
	MD / MOD 
	ns
	-0.3760 to 3.036

	
	
	
	
	MD / SD 
	ns
	-2.226 to 1.186

	
	
	
	
	MD / OC 
	ns
	-1.249 to 2.163

	
	
	
	
	MOD / SD 
	*
	-3.556 to -0.1440

	
	
	
	
	MOD / OC 
	ns
	-2.579 to 0.8327

	
	
	
	
	SD / OC 
	ns
	-0.7293 to 2.683

	5.63
	M5
	654.739
	0.0013
	CTRL / MD 
	*
	-1.940 to -0.05300

	
	
	
	
	CTRL / MOD 
	ns
	-0.8337 to 1.054

	
	
	
	
	CTRL / SD 
	**
	-2.347 to -0.4597

	
	
	
	
	CTRL / OC 
	ns
	-1.817 to 0.07033

	
	
	
	
	MD / MOD 
	*
	0.1630 to 2.050

	
	
	
	
	MD / SD 
	ns
	-1.350 to 0.5370

	
	
	
	
	MD / OC 
	ns
	-0.8203 to 1.067

	
	
	
	
	MOD / SD 
	**
	-2.457 to -0.5697

	
	
	
	
	MOD / OC 
	*
	-1.927 to -0.03967

	
	
	
	
	SD / OC 
	ns
	-0.4137 to 1.474

	5.73
	FA1G1/FM4A1
	748.2717
	0.0001
	CTRL / MD 
	ns
	-0.2549 to 0.2816

	
	
	
	
	CTRL / MOD 
	**
	0.2151 to 0.7516

	
	
	
	
	CTRL / SD 
	***
	-1.795 to -1.258

	
	
	
	
	CTRL / OC 
	ns
	-0.4716 to 0.06492

	
	
	
	
	MD / MOD 
	**
	0.2017 to 0.7383

	
	
	
	
	MD / SD 
	***
	-1.808 to -1.272

	
	
	
	
	MD / OC 
	ns
	-0.4849 to 0.05158

	
	
	
	
	MOD / SD 
	***
	-2.278 to -1.742

	
	
	
	
	MOD / OC 
	***
	-0.9549 to -0.4184

	
	
	
	
	SD / OC 
	***
	1.055 to 1.592

	5.89
	A2G1/M4A2
	776.7952
	0.0001
	CTRL / MD 
	**
	-1.416 to -0.3302

	
	
	
	
	CTRL / MOD 
	ns
	-0.5031 to 0.5831

	
	
	
	
	CTRL / SD 
	***
	-1.780 to -0.6935

	
	
	
	
	CTRL / OC 
	**
	-1.416 to -0.3302

	
	
	
	
	MD / MOD 
	**
	0.3702 to 1.456

	
	
	
	
	MD / SD 
	ns
	-0.9065 to 0.1798

	
	
	
	
	MD / OC 
	ns
	-0.5431 to 0.5431

	
	
	
	
	MOD / SD 
	***
	-1.820 to -0.7335

	
	
	
	
	MOD / OC 
	**
	-1.456 to -0.3702

	
	
	
	
	SD / OC 
	ns
	-0.1798 to 0.9065

	6.06
	FA3
	870.3164
	0.0001
	CTRL / MD 
	***
	-1.546 to -0.7071

	
	
	
	
	CTRL / MOD 
	ns
	-0.6529 to 0.1862

	
	
	
	
	CTRL / SD 
	***
	-1.656 to -0.8171

	
	
	
	
	CTRL / OC 
	***
	-1.760 to -0.9205

	
	
	
	
	MD / MOD 
	***
	0.4738 to 1.313

	
	
	
	
	MD / SD 
	ns
	-0.5295 to 0.3095

	
	
	
	
	MD / OC 
	ns
	-0.6329 to 0.2062

	
	
	
	
	MOD / SD 
	***
	-1.423 to -0.5838

	
	
	
	
	MOD / OC 
	***
	-1.526 to -0.6871

	
	
	
	
	SD / OC 
	ns
	-0.5229 to 0.3162

	5.52
	877.3318
	877.3318
	0.0003
	CTRL / MD 
	**
	-1.741 to -0.4989

	
	
	
	
	CTRL / MOD 
	ns
	-0.8278 to 0.4144

	
	
	
	
	CTRL / SD 
	*
	-1.421 to -0.1789

	
	
	
	
	CTRL / OC 
	**
	-1.698 to -0.4556

	
	
	
	
	MD / MOD 
	**
	0.2922 to 1.534

	
	
	
	
	MD / SD 
	ns
	-0.3011 to 0.9411

	
	
	
	
	MD / OC 
	ns
	-0.5778 to 0.6644

	
	
	
	
	MOD / SD 
	ns
	-1.214 to 0.02778

	
	
	
	
	MOD / OC 
	**
	-1.491 to -0.2489

	
	
	
	
	SD / OC 
	ns
	-0.8978 to 0.3444

	13 (TR 6-6.40)

	6.02
	FA1G1/FM4A1
	748.2717
	0.0001
	CTRL / MD 
	ns
	-0.2971 to 0.3037

	
	
	
	
	CTRL / MOD 
	*
	0.03959 to 0.6404

	
	
	
	
	CTRL / SD 
	***
	-1.727 to -1.126

	
	
	
	
	CTRL / OC 
	ns
	-0.3837 to 0.2171

	
	
	
	
	MD / MOD 
	*
	0.03625 to 0.6371

	
	
	
	
	MD / SD 
	***
	-1.730 to -1.130

	
	
	
	
	MD / OC 
	ns
	-0.3871 to 0.2137

	
	
	
	
	MOD / SD 
	***
	-2.067 to -1.466

	
	
	
	
	MOD / OC 
	**
	-0.7237 to -0.1229

	
	
	
	
	SD / OC 
	***
	1.043 to 1.644

	6.06
	FA2
	768.8065
	0.0005
	CTRL / MD 
	*
	-1.095 to -0.1451

	
	
	
	
	CTRL / MOD 
	ns
	-0.6016 to 0.3483

	
	
	
	
	CTRL / SD 
	**
	-1.302 to -0.3517

	
	
	
	
	CTRL / OC 
	**
	-1.228 to -0.2784

	
	
	
	
	MD / MOD 
	*
	0.01841 to 0.9683

	
	
	
	
	MD / SD 
	ns
	-0.6816 to 0.2683

	
	
	
	
	MD / OC 
	ns
	-0.6083 to 0.3416

	
	
	
	
	MOD / SD 
	**
	-1.175 to -0.2251

	
	
	
	
	MOD / OC 
	**
	-1.102 to -0.1517

	
	
	
	
	SD / OC 
	ns
	-0.4016 to 0.5483

	6.23
	A2G1/M4A2
	776.8009
	0.004
	CTRL / MD 
	ns
	-1.493 to 0.3927

	
	
	
	
	CTRL / MOD 
	ns
	-0.7227 to 1.163

	
	
	
	
	CTRL / SD 
	**
	-2.186 to -0.3006

	
	
	
	
	CTRL / OC 
	ns
	-1.439 to 0.4460

	
	
	
	
	MD / MOD 
	ns
	-0.1727 to 1.713

	
	
	
	
	MD / SD 
	ns
	-1.636 to 0.2494

	
	
	
	
	MD / OC 
	ns
	-0.8894 to 0.9960

	
	
	
	
	MOD / SD 
	**
	-2.406 to -0.5206

	
	
	
	
	MOD / OC 
	ns
	-1.659 to 0.2260

	
	
	
	
	SD / OC 
	ns
	-0.1960 to 1.689

	6.06
	788.227
	788.227
	0.0098
	CTRL / MD 
	ns
	-1.862 to 0.2819

	
	
	
	
	CTRL / MOD 
	ns
	-1.192 to 0.9519

	
	
	
	
	CTRL / SD 
	*
	-2.152 to -0.008052

	
	
	
	
	CTRL / OC 
	*
	-2.332 to -0.1881

	
	
	
	
	MD / MOD 
	ns
	-0.4019 to 1.742

	
	
	
	
	MD / SD 
	ns
	-1.362 to 0.7819

	
	
	
	
	MD / OC 
	ns
	-1.542 to 0.6019

	
	
	
	
	MOD / SD 
	ns
	-2.032 to 0.1119

	
	
	
	
	MOD / OC 
	*
	-2.212 to -0.06805

	
	
	
	
	SD / OC 
	ns
	-1.252 to 0.8919

	6.07
	FA3
	870.3346
	0.0001
	CTRL / MD 
	***
	-1.532 to -0.7077

	
	
	
	
	CTRL / MOD 
	ns
	-0.6490 to 0.1756

	
	
	
	
	CTRL / SD 
	***
	-1.646 to -0.8210

	
	
	
	
	CTRL / OC 
	***
	-1.746 to -0.9210

	
	
	
	
	MD / MOD 
	***
	0.4710 to 1.296

	
	
	
	
	MD / SD 
	ns
	-0.5256 to 0.2990

	
	
	
	
	MD / OC 
	ns
	-0.6256 to 0.1990

	
	
	
	
	MOD / SD 
	***
	-1.409 to -0.5844

	
	
	
	
	MOD / OC 
	***
	-1.509 to -0.6844

	
	
	
	
	SD / OC 
	ns
	-0.5123 to 0.3123

	6.06
	A3G1/M4A1
	878.3163
	0.0034
	CTRL / MD 
	*
	-1.821 to -0.005253

	
	
	
	
	CTRL / MOD 
	ns
	-1.328 to 0.4881

	
	
	
	
	CTRL / SD 
	**
	-2.185 to -0.3686

	
	
	
	
	CTRL / OC 
	**
	-2.178 to -0.3619

	
	
	
	
	MD / MOD 
	ns
	-0.4147 to 1.401

	
	
	
	
	MD / SD 
	ns
	-1.271 to 0.5447

	
	
	
	
	MD / OC 
	ns
	-1.265 to 0.5514

	
	
	
	
	MOD / SD 
	ns
	-1.765 to 0.05141

	
	
	
	
	MOD / OC 
	ns
	-1.758 to 0.05808

	
	
	
	
	SD / OC 
	ns
	-0.9014 to 0.9147

	6.04
	887.227
	887.227
	0.0108
	CTRL / MD 
	ns
	-2.452 to 0.4586

	
	
	
	
	CTRL / MOD 
	ns
	-2.532 to 0.3786

	
	
	
	
	CTRL / SD 
	ns
	-2.809 to 0.1019

	
	
	
	
	CTRL / OC 
	**
	-3.559 to -0.6481

	
	
	
	
	MD / MOD 
	ns
	-1.535 to 1.375

	
	
	
	
	MD / SD 
	ns
	-1.812 to 1.099

	
	
	
	
	MD / OC 
	ns
	-2.562 to 0.3486

	
	
	
	
	MOD / SD 
	ns
	-1.732 to 1.179

	
	
	
	
	MOD / OC 
	ns
	-2.482 to 0.4286

	
	
	
	
	SD / OC 
	ns
	-2.205 to 0.7052

	14 (TR 6.40-6.65)

	6.47
	FA1G1/M4A1
	748.2886
	0.0062
	CTRL / MD 
	ns
	-1.276 to 0.2098

	
	
	
	
	CTRL / MOD 
	ns
	-0.6564 to 0.8298

	
	
	
	
	CTRL / SD 
	*
	-1.690 to -0.2036

	
	
	
	
	CTRL / OC 
	ns
	-1.053 to 0.4331

	
	
	
	
	MD / MOD 
	ns
	-0.1231 to 1.363

	
	
	
	
	MD / SD 
	ns
	-1.156 to 0.3298

	
	
	
	
	MD / OC 
	ns
	-0.5198 to 0.9664

	
	
	
	
	MOD / SD 
	**
	-1.776 to -0.2902

	
	
	
	
	MOD / OC 
	ns
	-1.140 to 0.3464

	
	
	
	
	SD / OC 
	ns
	-0.1064 to 1.380

	6.64
	FA1F1G1
	821.2977
	0.0164
	CTRL / MD 
	ns
	-0.1293 to 0.3760

	
	
	
	
	CTRL / MOD 
	*
	0.07403 to 0.5793

	
	
	
	
	CTRL / SD 
	ns
	-0.1260 to 0.3793

	
	
	
	
	CTRL / OC 
	ns
	-0.1926 to 0.3126

	
	
	
	
	MD / MOD 
	ns
	-0.04930 to 0.4560

	
	
	
	
	MD / SD 
	ns
	-0.2493 to 0.2560

	
	
	
	
	MD / OC 
	ns
	-0.3160 to 0.1893

	
	
	
	
	MOD / SD 
	ns
	-0.4526 to 0.05263

	
	
	
	
	MOD / OC 
	*
	-0.5193 to -0.01403

	
	
	
	
	SD / OC 
	ns
	-0.3193 to 0.1860

	6.67
	FA3
	870.3286
	0.0004
	CTRL / MD 
	ns
	-2.498 to 2.905

	
	
	
	
	CTRL / MOD 
	ns
	-1.655 to 3.748

	
	
	
	
	CTRL / SD 
	**
	-6.962 to -1.558

	
	
	
	
	CTRL / OC 
	ns
	-1.782 to 3.622

	
	
	
	
	MD / MOD 
	ns
	-1.858 to 3.545

	
	
	
	
	MD / SD 
	**
	-7.165 to -1.762

	
	
	
	
	MD / OC 
	ns
	-1.985 to 3.418

	
	
	
	
	MOD / SD 
	***
	-8.008 to -2.605

	
	
	
	
	MOD / OC 
	ns
	-2.828 to 2.575

	
	
	
	
	SD / OC 
	***
	2.478 to 7.882

	15 (TR 6.65-6.85)

	6.67
	FM5
	727.7715
	0.0001
	CTRL / MD 
	ns
	-2.094 to 1.594

	
	
	
	
	CTRL / MOD 
	ns
	-1.884 to 1.804

	
	
	
	
	CTRL / SD 
	***
	-9.891 to -6.203

	
	
	
	
	CTRL / OC 
	ns
	-2.411 to 1.277

	
	
	
	
	MD / MOD 
	ns
	-1.634 to 2.054

	
	
	
	
	MD / SD 
	***
	-9.641 to -5.953

	
	
	
	
	MD / OC 
	ns
	-2.161 to 1.527

	
	
	
	
	MOD / SD 
	***
	-9.851 to -6.163

	
	
	
	
	MOD / OC 
	ns
	-2.371 to 1.317

	
	
	
	
	SD / OC 
	***
	5.636 to 9.324

	6.85
	M5A1G1/M5A1
	756.2605
	0.0001
	CTRL / MD 
	***
	-1.034 to -0.5530

	
	
	
	
	CTRL / MOD 
	ns
	-0.3070 to 0.1737

	
	
	
	
	CTRL / SD 
	***
	-1.170 to -0.6897

	
	
	
	
	CTRL / OC 
	***
	-0.9737 to -0.4930

	
	
	
	
	MD / MOD 
	***
	0.4863 to 0.9670

	
	
	
	
	MD / SD 
	ns
	-0.3770 to 0.1037

	
	
	
	
	MD / OC 
	ns
	-0.1803 to 0.3003

	
	
	
	
	MOD / SD 
	***
	-1.104 to -0.6230

	
	
	
	
	MOD / OC 
	***
	-0.9070 to -0.4263

	
	
	
	
	SD / OC 
	ns
	-0.04366 to 0.4370

	6.64
	FA1F1G1 
	821.3094
	0.0507
	CTRL / MD 
	ns
	-0.1599 to 0.4266

	
	
	
	
	CTRL / MOD 
	*
	0.02005 to 0.6066

	
	
	
	
	CTRL / SD 
	ns
	-0.1633 to 0.4233

	
	
	
	
	CTRL / OC 
	ns
	-0.2299 to 0.3566

	
	
	
	
	MD / MOD 
	ns
	-0.1133 to 0.4733

	
	
	
	
	MD / SD 
	ns
	-0.2966 to 0.2899

	
	
	
	
	MD / OC 
	ns
	-0.3633 to 0.2233

	
	
	
	
	MOD / SD 
	ns
	-0.4766 to 0.1099

	
	
	
	
	MOD / OC 
	ns
	-0.5433 to 0.04328

	
	
	
	
	SD / OC 
	ns
	-0.3599 to 0.2266

	6.8
	A3G1
	878.3345
	0.0001
	CTRL / MD 
	***
	-1.768 to -0.7058

	
	
	
	
	CTRL / MOD 
	ns
	-0.8975 to 0.1642

	
	
	
	
	CTRL / SD 
	***
	-2.658 to -1.596

	
	
	
	
	CTRL / OC 
	***
	-1.561 to -0.4991

	
	
	
	
	MD / MOD 
	**
	0.3391 to 1.401

	
	
	
	
	MD / SD 
	**
	-1.421 to -0.3591

	
	
	
	
	MD / OC 
	ns
	-0.3242 to 0.7375

	
	
	
	
	MOD / SD 
	***
	-2.291 to -1.229

	
	
	
	
	MOD / OC 
	*
	-1.194 to -0.1325

	
	
	
	
	SD / OC 
	***
	0.5658 to 1.628

	16 (TR 6.85-7)

	6.87
	742.67
	742.67
	0.0011
	CTRL / MD 
	**
	-1.532 to -0.3750

	
	
	
	
	CTRL / MOD 
	ns
	-0.6650 to 0.4916

	
	
	
	
	CTRL / SD 
	*
	-1.205 to -0.04837

	
	
	
	
	CTRL / OC 
	*
	-1.272 to -0.1150

	
	
	
	
	MD / MOD 
	**
	0.2884 to 1.445

	
	
	
	
	MD / SD 
	ns
	-0.2516 to 0.9050

	
	
	
	
	MD / OC 
	ns
	-0.3183 to 0.8383

	
	
	
	
	MOD / SD 
	ns
	-1.118 to 0.03830

	
	
	
	
	MOD / OC 
	*
	-1.185 to -0.02837

	
	
	
	
	SD / OC 
	ns
	-0.6450 to 0.5116

	6.85
	M5A1G1/M5A1
	756.2774
	0.0001
	CTRL / MD 
	***
	-1.056 to -0.5438

	
	
	
	
	CTRL / MOD 
	ns
	-0.3062 to 0.2062

	
	
	
	
	CTRL / SD 
	***
	-1.176 to -0.6638

	
	
	
	
	CTRL / OC 
	***
	-0.9962 to -0.4838

	
	
	
	
	MD / MOD 
	***
	0.4938 to 1.006

	
	
	
	
	MD / SD 
	ns
	-0.3762 to 0.1362

	
	
	
	
	MD / OC 
	ns
	-0.1962 to 0.3162

	
	
	
	
	MOD / SD 
	***
	-1.126 to -0.6138

	
	
	
	
	MOD / OC 
	***
	-0.9462 to -0.4338

	
	
	
	
	SD / OC 
	ns
	-0.07623 to 0.4362

	6.93
	FA1F1G1 
	821.333
	0.0001
	CTRL / MD 
	**
	-2.020 to -0.3064

	
	
	
	
	CTRL / MOD 
	***
	-2.554 to -0.8398

	
	
	
	
	CTRL / SD 
	***
	-2.687 to -0.9731

	
	
	
	
	CTRL / OC 
	***
	-3.150 to -1.436

	
	
	
	
	MD / MOD 
	ns
	-1.390 to 0.3236

	
	
	
	
	MD / SD 
	ns
	-1.524 to 0.1902

	
	
	
	
	MD / OC 
	**
	-1.987 to -0.2731

	
	
	
	
	MOD / SD 
	ns
	-0.9902 to 0.7236

	
	
	
	
	MOD / OC 
	ns
	-1.454 to 0.2602

	
	
	
	
	SD / OC 
	ns
	-1.320 to 0.3936

	7.02
	828.254
	828.254
	0.0001
	CTRL / MD 
	ns
	-0.2111 to 0.6711

	
	
	
	
	CTRL / MOD 
	ns
	-0.05114 to 0.8311

	
	
	
	
	CTRL / SD 
	***
	-3.991 to -3.109

	
	
	
	
	CTRL / OC 
	ns
	-0.4811 to 0.4011

	
	
	
	
	MD / MOD 
	ns
	-0.2811 to 0.6011

	
	
	
	
	MD / SD 
	***
	-4.221 to -3.339

	
	
	
	
	MD / OC 
	ns
	-0.7111 to 0.1711

	
	
	
	
	MOD / SD 
	***
	-4.381 to -3.499

	
	
	
	
	MOD / OC 
	ns
	-0.8711 to 0.01114

	
	
	
	
	SD / OC 
	***
	3.069 to 3.951

	7.04
	FA2G1 
	849.8399
	0.0001
	CTRL / MD 
	ns
	-1.530 to 0.2835

	
	
	
	
	CTRL / MOD 
	ns
	-0.5968 to 1.217

	
	
	
	
	CTRL / SD 
	***
	-3.420 to -1.607

	
	
	
	
	CTRL / OC 
	ns
	-1.314 to 0.5002

	
	
	
	
	MD / MOD 
	*
	0.02650 to 1.840

	
	
	
	
	MD / SD 
	***
	-2.797 to -0.9832

	
	
	
	
	MD / OC 
	ns
	-0.6902 to 1.124

	
	
	
	
	MOD / SD 
	***
	-3.730 to -1.917

	
	
	
	
	MOD / OC 
	ns
	-1.624 to 0.1902

	
	
	
	
	SD / OC 
	***
	1.200 to 3.014

	6.8
	A3G1 
	878.3224
	0.0001
	CTRL / MD 
	***
	-1.698 to -0.7153

	
	
	
	
	CTRL / MOD 
	ns
	-0.8414 to 0.1414

	
	
	
	
	CTRL / SD 
	***
	-2.575 to -1.592

	
	
	
	
	CTRL / OC 
	***
	-1.488 to -0.5053

	
	
	
	
	MD / MOD 
	**
	0.3653 to 1.348

	
	
	
	
	MD / SD 
	**
	-1.368 to -0.3853

	
	
	
	
	MD / OC 
	ns
	-0.2814 to 0.7014

	
	
	
	
	MOD / SD 
	***
	-2.225 to -1.242

	
	
	
	
	MOD / OC 
	*
	-1.138 to -0.1553

	
	
	
	
	SD / OC 
	***
	0.5953 to 1.578

	6.85
	FA4
	971.8677
	0.0001
	CTRL / MD 
	**
	0.2824 to 1.071

	
	
	
	
	CTRL / MOD 
	***
	0.5124 to 1.301

	
	
	
	
	CTRL / SD 
	ns
	-0.7143 to 0.07430

	
	
	
	
	CTRL / OC 
	*
	0.1124 to 0.9010

	
	
	
	
	MD / MOD 
	ns
	-0.1643 to 0.6243

	
	
	
	
	MD / SD 
	***
	-1.391 to -0.6024

	
	
	
	
	MD / OC 
	ns
	-0.5643 to 0.2243

	
	
	
	
	MOD / SD 
	***
	-1.621 to -0.8324

	
	
	
	
	MOD / OC 
	*
	-0.7943 to -0.005705

	
	
	
	
	SD / OC 
	***
	0.4324 to 1.221

	17 (RT 7-7.45)

	6.93
	FA1F1G1
	821.3271
	0.0002
	CTRL / MD 
	*
	-1.897 to -0.02949

	
	
	
	
	CTRL / MOD 
	**
	-2.421 to -0.5528

	
	
	
	
	CTRL / SD 
	**
	-2.567 to -0.6995

	
	
	
	
	CTRL / OC 
	***
	-3.054 to -1.186

	
	
	
	
	MD / MOD 
	ns
	-1.457 to 0.4105

	
	
	
	
	MD / SD 
	ns
	-1.604 to 0.2638

	
	
	
	
	MD / OC 
	*
	-2.091 to -0.2228

	
	
	
	
	MOD / SD 
	ns
	-1.081 to 0.7872

	
	
	
	
	MOD / OC 
	ns
	-1.567 to 0.3005

	
	
	
	
	SD / OC 
	ns
	-1.421 to 0.4472

	7.02
	828.246
	828.246
	0.0001
	CTRL / MD 
	ns
	-0.07573 to 0.5157

	
	
	
	
	CTRL / MOD 
	**
	0.1176 to 0.7091

	
	
	
	
	CTRL / SD 
	***
	-1.186 to -0.5943

	
	
	
	
	CTRL / OC 
	ns
	-0.3924 to 0.1991

	
	
	
	
	MD / MOD 
	ns
	-0.1024 to 0.4891

	
	
	
	
	MD / SD 
	***
	-1.406 to -0.8143

	
	
	
	
	MD / OC 
	*
	-0.6124 to -0.02094

	
	
	
	
	MOD / SD 
	***
	-1.599 to -1.008

	
	
	
	
	MOD / OC 
	**
	-0.8057 to -0.2143

	
	
	
	
	SD / OC 
	***
	0.4976 to 1.089

	7.35
	836.269
	836.269
	0.0002
	CTRL / MD 
	ns
	-1.019 to 0.9589

	
	
	
	
	CTRL / MOD 
	ns
	-0.7489 to 1.229

	
	
	
	
	CTRL / SD 
	***
	-2.852 to -0.8744

	
	
	
	
	CTRL / OC 
	ns
	-1.032 to 0.9456

	
	
	
	
	MD / MOD 
	ns
	-0.7189 to 1.259

	
	
	
	
	MD / SD 
	***
	-2.822 to -0.8444

	
	
	
	
	MD / OC 
	ns
	-1.002 to 0.9756

	
	
	
	
	MOD / SD 
	***
	-3.092 to -1.114

	
	
	
	
	MOD / OC 
	ns
	-1.272 to 0.7056

	
	
	
	
	SD / OC 
	***
	0.8311 to 2.809

	7.04
	FA2G1
	849.816
	0.0001
	CTRL / MD 
	ns
	-1.504 to 0.3640

	
	
	
	
	CTRL / MOD 
	ns
	-0.6240 to 1.244

	
	
	
	
	CTRL / SD 
	***
	-3.434 to -1.566

	
	
	
	
	CTRL / OC 
	ns
	-1.351 to 0.5173

	
	
	
	
	MD / MOD 
	ns
	-0.05400 to 1.814

	
	
	
	
	MD / SD 
	***
	-2.864 to -0.9960

	
	
	
	
	MD / OC 
	ns
	-0.7807 to 1.087

	
	
	
	
	MOD / SD 
	***
	-3.744 to -1.876

	
	
	
	
	MOD / OC 
	ns
	-1.661 to 0.2073

	
	
	
	
	SD / OC 
	***
	1.149 to 3.017

	7.35
	FA2G1 
	849.816
	0.0001
	CTRL / MD 
	ns
	-0.8240 to 0.4173

	
	
	
	
	CTRL / MOD 
	ns
	-0.2806 to 0.9606

	
	
	
	
	CTRL / SD 
	***
	-3.081 to -1.839

	
	
	
	
	CTRL / OC 
	ns
	-1.091 to 0.1506

	
	
	
	
	MD / MOD 
	ns
	-0.07732 to 1.164

	
	
	
	
	MD / SD 
	***
	-2.877 to -1.636

	
	
	
	
	MD / OC 
	ns
	-0.8873 to 0.3540

	
	
	
	
	MOD / SD 
	***
	-3.421 to -2.179

	
	
	
	
	MOD / OC 
	*
	-1.431 to -0.1894

	
	
	
	
	SD / OC 
	***
	1.369 to 2.611

	6.8
	A3G1
	878.3224
	0.0001
	CTRL / MD 
	***
	-1.756 to -0.5909

	
	
	
	
	CTRL / MOD 
	ns
	-0.8957 to 0.2691

	
	
	
	
	CTRL / SD 
	***
	-2.636 to -1.471

	
	
	
	
	CTRL / OC 
	**
	-1.552 to -0.3876

	
	
	
	
	MD / MOD 
	**
	0.2776 to 1.442

	
	
	
	
	MD / SD 
	**
	-1.462 to -0.2976

	
	
	
	
	MD / OC 
	ns
	-0.3791 to 0.7857

	
	
	
	
	MOD / SD 
	***
	-2.322 to -1.158

	
	
	
	
	MOD / OC 
	*
	-1.239 to -0.07427

	
	
	
	
	SD / OC 
	***
	0.5009 to 1.666

	7.15
	958.297
	958.297
	0.032
	CTRL / MD 
	**
	-1.770 to -0.2700

	
	
	
	
	CTRL / MOD 
	ns
	-0.8334 to 0.6667

	
	
	
	
	CTRL / SD 
	*
	-1.653 to -0.1533

	
	
	
	
	CTRL / OC 
	ns
	-1.350 to 0.1500

	
	
	
	
	MD / MOD 
	*
	0.1866 to 1.687

	
	
	
	
	MD / SD 
	ns
	-0.6334 to 0.8667

	
	
	
	
	MD / OC 
	ns
	-0.3300 to 1.170

	
	
	
	
	MOD / SD 
	*
	-1.570 to -0.06998

	
	
	
	
	MOD / OC 
	ns
	-1.267 to 0.2334

	
	
	
	
	SD / OC 
	ns
	-0.4467 to 1.053

	7.47
	958.297
	958.297
	0.0001
	CTRL / MD 
	***
	-1.523 to -0.5567

	
	
	
	
	CTRL / MOD 
	ns
	-0.3333 to 0.6333

	
	
	
	
	CTRL / SD 
	**
	-1.263 to -0.2967

	
	
	
	
	CTRL / OC 
	ns
	-0.7200 to 0.2466

	
	
	
	
	MD / MOD 
	***
	0.7067 to 1.673

	
	
	
	
	MD / SD 
	ns
	-0.2233 to 0.7433

	
	
	
	
	MD / OC 
	**
	0.3200 to 1.287

	
	
	
	
	MOD / SD 
	***
	-1.413 to -0.4467

	
	
	
	
	MOD / OC 
	ns
	-0.8700 to 0.09664

	
	
	
	
	SD / OC 
	*
	0.06002 to 1.027

	18 (RT 7.45-7.95)

	7.81
	M5
	654.7285
	0.0018
	CTRL / MD 
	*
	-1.452 to -0.1411

	
	
	
	
	CTRL / MOD 
	ns
	-0.4856 to 0.8256

	
	
	
	
	CTRL / SD 
	*
	-1.406 to -0.09439

	
	
	
	
	CTRL / OC 
	ns
	-1.162 to 0.1489

	
	
	
	
	MD / MOD 
	**
	0.3111 to 1.622

	
	
	
	
	MD / SD 
	ns
	-0.6089 to 0.7023

	
	
	
	
	MD / OC 
	ns
	-0.3656 to 0.9456

	
	
	
	
	MOD / SD 
	**
	-1.576 to -0.2644

	
	
	
	
	MOD / OC 
	*
	-1.332 to -0.02106

	
	
	
	
	SD / OC 
	ns
	-0.4123 to 0.8989

	7.83
	M6
	735.7727
	0.0001
	CTRL / MD 
	***
	-1.238 to -0.5150

	
	
	
	
	CTRL / MOD 
	ns
	-0.2950 to 0.4283

	
	
	
	
	CTRL / SD 
	***
	-1.308 to -0.5850

	
	
	
	
	CTRL / OC 
	***
	-1.068 to -0.3450

	
	
	
	
	MD / MOD 
	***
	0.5817 to 1.305

	
	
	
	
	MD / SD 
	ns
	-0.4316 to 0.2916

	
	
	
	
	MD / OC 
	ns
	-0.1916 to 0.5316

	
	
	
	
	MOD / SD 
	***
	-1.375 to -0.6517

	
	
	
	
	MOD / OC 
	***
	-1.135 to -0.4117

	
	
	
	
	SD / OC 
	ns
	-0.1216 to 0.6016

	7.76
	FA1F1G1
	821.3036
	0.0001
	CTRL / MD 
	ns
	-0.03623 to 0.3562

	
	
	
	
	CTRL / MOD 
	**
	0.1171 to 0.5096

	
	
	
	
	CTRL / SD 
	***
	-1.520 to -1.127

	
	
	
	
	CTRL / OC 
	ns
	-0.2562 to 0.1362

	
	
	
	
	MD / MOD 
	ns
	-0.04290 to 0.3496

	
	
	
	
	MD / SD 
	***
	-1.680 to -1.287

	
	
	
	
	MD / OC 
	*
	-0.4162 to -0.02377

	
	
	
	
	MOD / SD 
	***
	-1.833 to -1.440

	
	
	
	
	MOD / OC 
	***
	-0.5696 to -0.1771

	
	
	
	
	SD / OC 
	***
	1.067 to 1.460

	8.08
	FM4A1G1
	829.3117
	0.0001
	CTRL / MD 
	ns
	-1.344 to 1.084

	
	
	
	
	CTRL / MOD 
	ns
	-0.9744 to 1.454

	
	
	
	
	CTRL / SD 
	***
	-5.381 to -2.952

	
	
	
	
	CTRL / OC 
	ns
	-1.621 to 0.8077

	
	
	
	
	MD / MOD 
	ns
	-0.8444 to 1.584

	
	
	
	
	MD / SD 
	***
	-5.251 to -2.822

	
	
	
	
	MD / OC 
	ns
	-1.491 to 0.9377

	
	
	
	
	MOD / SD 
	***
	-5.621 to -3.192

	
	
	
	
	MOD / OC 
	ns
	-1.861 to 0.5677

	
	
	
	
	SD / OC 
	***
	2.546 to 4.974

	7.35
	FA2G1
	849.8339
	0.0001
	CTRL / MD 
	ns
	-0.7793 to 0.3793

	
	
	
	
	CTRL / MOD 
	ns
	-0.2359 to 0.9226

	
	
	
	
	CTRL / SD 
	***
	-3.046 to -1.887

	
	
	
	
	CTRL / OC 
	ns
	-1.046 to 0.1126

	
	
	
	
	MD / MOD 
	ns
	-0.03592 to 1.123

	
	
	
	
	MD / SD 
	***
	-2.846 to -1.687

	
	
	
	
	MD / OC 
	ns
	-0.8459 to 0.3126

	
	
	
	
	MOD / SD 
	***
	-3.389 to -2.231

	
	
	
	
	MOD / OC 
	**
	-1.389 to -0.2307

	
	
	
	
	SD / OC 
	***
	1.421 to 2.579

	7.67
	A2G2/M5A2
	857.8174
	0.0932
	CTRL / MD 
	ns
	-2.645 to 0.6779

	
	
	
	
	CTRL / MOD 
	ns
	-1.908 to 1.415

	
	
	
	
	CTRL / SD 
	ns
	-3.048 to 0.2746

	
	
	
	
	CTRL / OC 
	ns
	-2.721 to 0.6012

	
	
	
	
	MD / MOD 
	ns
	-0.9246 to 2.398

	
	
	
	
	MD / SD 
	ns
	-2.065 to 1.258

	
	
	
	
	MD / OC 
	ns
	-1.738 to 1.585

	
	
	
	
	MOD / SD 
	ns
	-2.801 to 0.5212

	
	
	
	
	MOD / OC 
	ns
	-2.475 to 0.8479

	
	
	
	
	SD / OC 
	ns
	-1.335 to 1.988

	7.85
	FA3G1
	951.3611
	0.0001
	CTRL / MD 
	***
	-1.565 to -0.6688

	
	
	
	
	CTRL / MOD 
	ns
	-0.6145 to 0.2812

	
	
	
	
	CTRL / SD 
	***
	-2.041 to -1.145

	
	
	
	
	CTRL / OC 
	***
	-1.321 to -0.4255

	
	
	
	
	MD / MOD 
	***
	0.5022 to 1.398

	
	
	
	
	MD / SD 
	*
	-0.9245 to -0.02882

	
	
	
	
	MD / OC 
	ns
	-0.2045 to 0.6912

	
	
	
	
	MOD / SD 
	***
	-1.875 to -0.9788

	
	
	
	
	MOD / OC 
	**
	-1.155 to -0.2588

	
	
	
	
	SD / OC 
	**
	0.2722 to 1.168

	19 ((RT 7.95-8.25)

	8.28
	A1G1S1
	820.8275
	0.0001
	CTRL / MD 
	***
	-1.628 to -0.5922

	
	
	
	
	CTRL / MOD 
	ns
	-0.4744 to 0.5611

	
	
	
	
	CTRL / SD 
	***
	-2.094 to -1.059

	
	
	
	
	CTRL / OC 
	**
	-1.294 to -0.2589

	
	
	
	
	MD / MOD 
	***
	0.6356 to 1.671

	
	
	
	
	MD / SD 
	ns
	-0.9844 to 0.05112

	
	
	
	
	MD / OC 
	ns
	-0.1844 to 0.8511

	
	
	
	
	MOD / SD 
	***
	-2.138 to -1.102

	
	
	
	
	MOD / OC 
	**
	-1.338 to -0.3022

	
	
	
	
	SD / OC 
	**
	0.2822 to 1.318

	7.76
	FA1F1G1
	821.2895
	0.0001
	CTRL / MD 
	ns
	-0.02333 to 0.3567

	
	
	
	
	CTRL / MOD 
	**
	0.1333 to 0.5133

	
	
	
	
	CTRL / SD 
	***
	-1.513 to -1.133

	
	
	
	
	CTRL / OC 
	ns
	-0.2500 to 0.1300

	
	
	
	
	MD / MOD 
	ns
	-0.03333 to 0.3467

	
	
	
	
	MD / SD 
	***
	-1.680 to -1.300

	
	
	
	
	MD / OC 
	*
	-0.4167 to -0.03667

	
	
	
	
	MOD / SD 
	***
	-1.837 to -1.457

	
	
	
	
	MOD / OC 
	***
	-0.5733 to -0.1933

	
	
	
	
	SD / OC 
	***
	1.073 to 1.453

	8.08
	FM4A1G1
	829.3235
	0.0001
	CTRL / MD 
	ns
	-1.248 to 0.9879

	
	
	
	
	CTRL / MOD 
	ns
	-0.8712 to 1.365

	
	
	
	
	CTRL / SD 
	***
	-5.305 to -3.069

	
	
	
	
	CTRL / OC 
	ns
	-1.518 to 0.7179

	
	
	
	
	MD / MOD 
	ns
	-0.7412 to 1.495

	
	
	
	
	MD / SD 
	***
	-5.175 to -2.939

	
	
	
	
	MD / OC 
	ns
	-1.388 to 0.8479

	
	
	
	
	MOD / SD 
	***
	-5.551 to -3.315

	
	
	
	
	MOD / OC 
	ns
	-1.765 to 0.4712

	
	
	
	
	SD / OC 
	***
	2.669 to 4.905

	7.86
	FA2G1
	849.8339
	0.0031
	CTRL / MD 
	ns
	-0.9245 to 0.5379

	
	
	
	
	CTRL / MOD 
	ns
	-0.3312 to 1.131

	
	
	
	
	CTRL / SD 
	ns
	-1.455 to 0.007870

	
	
	
	
	CTRL / OC 
	ns
	-0.3945 to 1.068

	
	
	
	
	MD / MOD 
	ns
	-0.1379 to 1.325

	
	
	
	
	MD / SD 
	ns
	-1.261 to 0.2012

	
	
	
	
	MD / OC 
	ns
	-0.2012 to 1.261

	
	
	
	
	MOD / SD 
	**
	-1.855 to -0.3921

	
	
	
	
	MOD / OC 
	ns
	-0.7945 to 0.6679

	
	
	
	
	SD / OC 
	**
	0.3288 to 1.791

	8.29
	A2G2/M5A2
	857.8474
	0.0001
	CTRL / MD 
	ns
	-0.9837 to 0.02374

	
	
	
	
	CTRL / MOD 
	ns
	-0.05707 to 0.9504

	
	
	
	
	CTRL / SD 
	***
	-1.430 to -0.4229

	
	
	
	
	CTRL / OC 
	*
	-1.010 to -0.002925

	
	
	
	
	MD / MOD 
	***
	0.4229 to 1.430

	
	
	
	
	MD / SD 
	ns
	-0.9504 to 0.05708

	
	
	
	
	MD / OC 
	ns
	-0.5304 to 0.4771

	
	
	
	
	MOD / SD 
	***
	-1.877 to -0.8696

	
	
	
	
	MOD / OC 
	***
	-1.457 to -0.4496

	
	
	
	
	SD / OC 
	ns
	-0.08374 to 0.9237

	8.15
	FA3G1
	951.3484
	0.0001
	CTRL / MD 
	***
	-1.467 to -0.4667

	
	
	
	
	CTRL / MOD 
	ns
	-0.6667 to 0.3333

	
	
	
	
	CTRL / SD 
	***
	-1.613 to -0.6133

	
	
	
	
	CTRL / OC 
	**
	-1.283 to -0.2833

	
	
	
	
	MD / MOD 
	**
	0.3000 to 1.300

	
	
	
	
	MD / SD 
	ns
	-0.6467 to 0.3533

	
	
	
	
	MD / OC 
	ns
	-0.3167 to 0.6833

	
	
	
	
	MOD / SD 
	***
	-1.447 to -0.4467

	
	
	
	
	MOD / OC 
	*
	-1.117 to -0.1167

	
	
	
	
	SD / OC 
	ns
	-0.1700 to 0.8300

	20 (RT 8.25-8.45)

	8.28
	A1G1S1
	820.7981
	0.0001
	CTRL / MD 
	***
	-1.504 to -0.7164

	
	
	
	
	CTRL / MOD 
	ns
	-0.3702 to 0.4169

	
	
	
	
	CTRL / SD 
	***
	-1.997 to -1.210

	
	
	
	
	CTRL / OC 
	***
	-1.214 to -0.4264

	
	
	
	
	MD / MOD 
	***
	0.7398 to 1.527

	
	
	
	
	MD / SD 
	*
	-0.8869 to -0.09977

	
	
	
	
	MD / OC 
	ns
	-0.1036 to 0.6836

	
	
	
	
	MOD / SD 
	***
	-2.020 to -1.233

	
	
	
	
	MOD / OC 
	***
	-1.237 to -0.4498

	
	
	
	
	SD / OC 
	***
	0.3898 to 1.177

	8.29
	A2G2/M5A2
	857.8294
	0.0001
	CTRL / MD 
	*
	-0.9538 to -0.006246

	
	
	
	
	CTRL / MOD 
	ns
	-0.03042 to 0.9171

	
	
	
	
	CTRL / SD 
	***
	-1.374 to -0.4262

	
	
	
	
	CTRL / OC 
	*
	-0.9771 to -0.02958

	
	
	
	
	MD / MOD 
	***
	0.4496 to 1.397

	
	
	
	
	MD / SD 
	ns
	-0.8938 to 0.05375

	
	
	
	
	MD / OC 
	ns
	-0.4971 to 0.4504

	
	
	
	
	MOD / SD 
	***
	-1.817 to -0.8696

	
	
	
	
	MOD / OC 
	***
	-1.420 to -0.4729

	
	
	
	
	SD / OC 
	ns
	-0.07709 to 0.8704

	8.15
	FA3G1
	951.3484
	0.0018
	CTRL / MD 
	**
	-1.841 to -0.2591

	
	
	
	
	CTRL / MOD 
	ns
	-1.011 to 0.5709

	
	
	
	
	CTRL / SD 
	**
	-1.994 to -0.4124

	
	
	
	
	CTRL / OC 
	*
	-1.658 to -0.07573

	
	
	
	
	MD / MOD 
	*
	0.03906 to 1.621

	
	
	
	
	MD / SD 
	ns
	-0.9443 to 0.6376

	
	
	
	
	MD / OC 
	ns
	-0.6076 to 0.9743

	
	
	
	
	MOD / SD 
	*
	-1.774 to -0.1924

	
	
	
	
	MOD / OC 
	ns
	-1.438 to 0.1443

	
	
	
	
	SD / OC 
	ns
	-0.4543 to 1.128

	22 (RT 8.65-9)

	9.05
	FA1F1G1F1
	894.3216
	0.001
	CTRL / MD 
	**
	-2.587 to -0.4062

	
	
	
	
	CTRL / MOD 
	*
	-2.410 to -0.2296

	
	
	
	
	CTRL / SD 
	*
	-2.440 to -0.2596

	
	
	
	
	CTRL / OC 
	***
	-3.254 to -1.073

	
	
	
	
	MD / MOD 
	ns
	-0.9138 to 1.267

	
	
	
	
	MD / SD 
	ns
	-0.9438 to 1.237

	
	
	
	
	MD / OC 
	ns
	-1.757 to 0.4238

	
	
	
	
	MOD / SD 
	ns
	-1.120 to 1.060

	
	
	
	
	MOD / OC 
	ns
	-1.934 to 0.2471

	
	
	
	
	SD / OC 
	ns
	-1.904 to 0.2771

	8.83
	FA2F1G1
	922.8484
	0.0001
	CTRL / MD 
	*
	0.008375 to 0.6783

	
	
	
	
	CTRL / MOD 
	*
	0.06171 to 0.7316

	
	
	
	
	CTRL / SD 
	***
	-1.535 to -0.8650

	
	
	
	
	CTRL / OC 
	ns
	-0.05163 to 0.6183

	
	
	
	
	MD / MOD 
	ns
	-0.2816 to 0.3883

	
	
	
	
	MD / SD 
	***
	-1.878 to -1.208

	
	
	
	
	MD / OC 
	ns
	-0.3950 to 0.2750

	
	
	
	
	MOD / SD 
	***
	-1.932 to -1.262

	
	
	
	
	MOD / OC 
	ns
	-0.4483 to 0.2216

	
	
	
	
	SD / OC 
	***
	1.148 to 1.818

	8.95
	FA2G2/FM5A1
	930.8353
	0.0071
	CTRL / MD 
	ns
	-2.244 to 1.297

	
	
	
	
	CTRL / MOD 
	ns
	-1.824 to 1.717

	
	
	
	
	CTRL / SD 
	*
	-3.934 to -0.3931

	
	
	
	
	CTRL / OC 
	ns
	-3.410 to 0.1303

	
	
	
	
	MD / MOD 
	ns
	-1.350 to 2.190

	
	
	
	
	MD / SD 
	ns
	-3.460 to 0.08026

	
	
	
	
	MD / OC 
	ns
	-2.937 to 0.6036

	
	
	
	
	MOD / SD 
	*
	-3.880 to -0.3397

	
	
	
	
	MOD / OC 
	ns
	-3.357 to 0.1836

	
	
	
	
	SD / OC 
	ns
	-1.247 to 2.294

	8.71
	937.746
	937.746
	0.0001
	CTRL / MD 
	ns
	-2.244 to 1.297

	
	
	
	
	CTRL / MOD 
	ns
	-1.824 to 1.717

	
	
	
	
	CTRL / SD 
	*
	-3.934 to -0.3931

	
	
	
	
	CTRL / OC 
	ns
	-3.410 to 0.1303

	
	
	
	
	MD / MOD 
	ns
	-1.350 to 2.190

	
	
	
	
	MD / SD 
	ns
	-3.460 to 0.08026

	
	
	
	
	MD / OC 
	ns
	-2.937 to 0.6036

	
	
	
	
	MOD / SD 
	*
	-3.880 to -0.3397

	
	
	
	
	MOD / OC 
	ns
	-3.357 to 0.1836

	
	
	
	
	SD / OC 
	ns
	-1.247 to 2.294

	23 (RT 9-9.25)

	9.06
	FA1FAGAF1
	894.34
	0.0002
	CTRL / MD 
	**
	-2.420 to -0.6204

	
	
	
	
	CTRL / MOD 
	**
	-2.223 to -0.4237

	
	
	
	
	CTRL / SD 
	**
	-2.250 to -0.4504

	
	
	
	
	CTRL / OC 
	***
	-3.070 to -1.270

	
	
	
	
	MD / MOD 
	ns
	-0.7029 to 1.096

	
	
	
	
	MD / SD 
	ns
	-0.7296 to 1.070

	
	
	
	
	MD / OC 
	ns
	-1.550 to 0.2496

	
	
	
	
	MOD / SD 
	ns
	-0.9263 to 0.8729

	
	
	
	
	MOD / OC 
	ns
	-1.746 to 0.05295

	
	
	
	
	SD / OC 
	ns
	-1.720 to 0.07961

	8.83
	FA2G1F1
	922.8546
	0.0001
	CTRL / MD 
	ns
	-0.01321 to 0.6665

	
	
	
	
	CTRL / MOD 
	*
	0.05345 to 0.7332

	
	
	
	
	CTRL / SD 
	***
	-1.540 to -0.8601

	
	
	
	
	CTRL / OC 
	ns
	-0.05655 to 0.6232

	
	
	
	
	MD / MOD 
	ns
	-0.2732 to 0.4065

	
	
	
	
	MD / SD 
	***
	-1.867 to -1.187

	
	
	
	
	MD / OC 
	ns
	-0.3832 to 0.2965

	
	
	
	
	MOD / SD 
	***
	-1.933 to -1.253

	
	
	
	
	MOD / OC 
	ns
	-0.4499 to 0.2299

	
	
	
	
	SD / OC 
	***
	1.143 to 1.823

	24 (RT 9.25-9.60)

	9.33
	M5A1G1
	837.2935
	0.0001
	CTRL / MD 
	ns
	-1.113 to 0.01316

	
	
	
	
	CTRL / MOD 
	ns
	-0.1632 to 0.9632

	
	
	
	
	CTRL / SD 
	***
	-1.600 to -0.4735

	
	
	
	
	CTRL / OC 
	*
	-1.126 to -0.0001758

	
	
	
	
	MD / MOD 
	**
	0.3868 to 1.513

	
	
	
	
	MD / SD 
	ns
	-1.050 to 0.07649

	
	
	
	
	MD / OC 
	ns
	-0.5765 to 0.5498

	
	
	
	
	MOD / SD 
	***
	-2.000 to -0.8735

	
	
	
	
	MOD / OC 
	**
	-1.526 to -0.4002

	
	
	
	
	SD / OC 
	ns
	-0.08982 to 1.036

	9.63
	FA1G1S1
	893.8248
	0.0001
	CTRL / MD 
	**
	-1.111 to -0.2161

	
	
	
	
	CTRL / MOD 
	ns
	-0.4539 to 0.4406

	
	
	
	
	CTRL / SD 
	***
	-1.981 to -1.086

	
	
	
	
	CTRL / OC 
	***
	-1.294 to -0.3994

	
	
	
	
	MD / MOD 
	**
	0.2094 to 1.104

	
	
	
	
	MD / SD 
	***
	-1.317 to -0.4227

	
	
	
	
	MD / OC 
	ns
	-0.6306 to 0.2639

	
	
	
	
	MOD / SD 
	***
	-1.974 to -1.079

	
	
	
	
	MOD / OC 
	***
	-1.287 to -0.3927

	
	
	
	
	SD / OC 
	**
	0.2394 to 1.134

	9.22
	A2G1S1
	922.3312
	0.0001
	CTRL / MD 
	ns
	-0.3815 to 0.5949

	
	
	
	
	CTRL / MOD 
	ns
	-0.06821 to 0.9082

	
	
	
	
	CTRL / SD 
	***
	-2.932 to -1.955

	
	
	
	
	CTRL / OC 
	ns
	-0.7015 to 0.2749

	
	
	
	
	MD / MOD 
	ns
	-0.1749 to 0.8015

	
	
	
	
	MD / SD 
	***
	-3.038 to -2.062

	
	
	
	
	MD / OC 
	ns
	-0.8082 to 0.1682

	
	
	
	
	MOD / SD 
	***
	-3.352 to -2.375

	
	
	
	
	MOD / OC 
	*
	-1.122 to -0.1451

	
	
	
	
	SD / OC 
	***
	1.742 to 2.718

	9.51
	FA2G2/M5A2
	930.848
	0.0001
	CTRL / MD 
	*
	0.05194 to 0.5814

	
	
	
	
	CTRL / MOD 
	***
	0.3286 to 0.8581

	
	
	
	
	CTRL / SD 
	***
	-1.118 to -0.5886

	
	
	
	
	CTRL / OC 
	ns
	-0.2347 to 0.2947

	
	
	
	
	MD / MOD 
	*
	0.01194 to 0.5414

	
	
	
	
	MD / SD 
	***
	-1.435 to -0.9053

	
	
	
	
	MD / OC 
	*
	-0.5514 to -0.02194

	
	
	
	
	MOD / SD 
	***
	-1.711 to -1.182

	
	
	
	
	MOD / OC 
	***
	-0.8281 to -0.2986

	
	
	
	
	SD / OC 
	***
	0.6186 to 1.148

	25 (RT 9.60-9.85)

	9.63
	FA1G1S1
	893.8248
	0.0001
	CTRL / MD 
	**
	-1.157 to -0.2432

	
	
	
	
	CTRL / MOD 
	ns
	-0.4835 to 0.4302

	
	
	
	
	CTRL / SD 
	***
	-2.000 to -1.086

	
	
	
	
	CTRL / OC 
	***
	-1.317 to -0.4032

	
	
	
	
	MD / MOD 
	**
	0.2165 to 1.130

	
	
	
	
	MD / SD 
	***
	-1.300 to -0.3865

	
	
	
	
	MD / OC 
	ns
	-0.6168 to 0.2968

	
	
	
	
	MOD / SD 
	***
	-1.974 to -1.060

	
	
	
	
	MOD / OC 
	***
	-1.290 to -0.3765

	
	
	
	
	SD / OC 
	**
	0.2265 to 1.140

	9.76
	A2G1S1
	922.3312
	0.0137
	CTRL / MD 
	ns
	-3.269 to 0.2888

	
	
	
	
	CTRL / MOD 
	ns
	-2.005 to 1.552

	
	
	
	
	CTRL / SD 
	*
	-3.922 to -0.3645

	
	
	
	
	CTRL / OC 
	ns
	-2.952 to 0.6055

	
	
	
	
	MD / MOD 
	ns
	-0.5155 to 3.042

	
	
	
	
	MD / SD 
	ns
	-2.432 to 1.125

	
	
	
	
	MD / OC 
	ns
	-1.462 to 2.095

	
	
	
	
	MOD / SD 
	*
	-3.695 to -0.1378

	
	
	
	
	MOD / OC 
	ns
	-2.725 to 0.8322

	
	
	
	
	SD / OC 
	ns
	-0.8088 to 2.749

	9.51
	FA2G2/FM5A2
	930.848
	0.0001
	CTRL / MD 
	**
	0.1173 to 0.4960

	
	
	
	
	CTRL / MOD 
	***
	0.3873 to 0.7660

	
	
	
	
	CTRL / SD 
	***
	-1.023 to -0.6440

	
	
	
	
	CTRL / OC 
	ns
	-0.1627 to 0.2160

	
	
	
	
	MD / MOD 
	**
	0.08064 to 0.4594

	
	
	
	
	MD / SD 
	***
	-1.329 to -0.9506

	
	
	
	
	MD / OC 
	**
	-0.4694 to -0.09064

	
	
	
	
	MOD / SD 
	***
	-1.599 to -1.221

	
	
	
	
	MOD / OC 
	***
	-0.7394 to -0.3606

	
	
	
	
	SD / OC 
	***
	0.6706 to 1.049

	9.81
	FA3F1G1
	1024.3536
	0.0001
	CTRL / MD 
	ns
	-0.5645 to 0.1512

	
	
	
	
	CTRL / MOD 
	ns
	-0.05782 to 0.6578

	
	
	
	
	CTRL / SD 
	***
	-1.514 to -0.7988

	
	
	
	
	CTRL / OC 
	ns
	-0.4845 to 0.2312

	
	
	
	
	MD / MOD 
	**
	0.1488 to 0.8645

	
	
	
	
	MD / SD 
	***
	-1.308 to -0.5922

	
	
	
	
	MD / OC 
	ns
	-0.2778 to 0.4378

	
	
	
	
	MOD / SD 
	***
	-1.814 to -1.099

	
	
	
	
	MOD / OC 
	*
	-0.7845 to -0.06885

	
	
	
	
	SD / OC 
	***
	0.6722 to 1.388

	26 (RT 9.85-10.15)

	10.06
	FM4A1F1G1
	902.3384
	0.0001
	CTRL / MD 
	ns
	-0.7882 to 0.3282

	
	
	
	
	CTRL / MOD 
	ns
	-0.5682 to 0.5482

	
	
	
	
	CTRL / SD 
	***
	-4.008 to -2.892

	
	
	
	
	CTRL / OC 
	*
	-1.155 to -0.03849

	
	
	
	
	MD / MOD 
	ns
	-0.3382 to 0.7782

	
	
	
	
	MD / SD 
	***
	-3.778 to -2.662

	
	
	
	
	MD / OC 
	ns
	-0.9248 to 0.1915

	
	
	
	
	MOD / SD 
	***
	-3.998 to -2.882

	
	
	
	
	MOD / OC 
	*
	-1.145 to -0.02849

	
	
	
	
	SD / OC 
	***
	2.295 to 3.412

	10.01
	FA1F1G1S1
	966.8481
	0.3572
	CTRL / MD 
	ns
	-2.115 to 0.7155

	
	
	
	
	CTRL / MOD 
	ns
	-1.599 to 1.232

	
	
	
	
	CTRL / SD 
	ns
	-1.285 to 1.545

	
	
	
	
	CTRL / OC 
	ns
	-1.872 to 0.9588

	
	
	
	
	MD / MOD 
	ns
	-0.8988 to 1.932

	
	
	
	
	MD / SD 
	ns
	-0.5855 to 2.245

	
	
	
	
	MD / OC 
	ns
	-1.172 to 1.659

	
	
	
	
	MOD / SD 
	ns
	-1.102 to 1.729

	
	
	
	
	MOD / OC 
	ns
	-1.689 to 1.142

	
	
	
	
	SD / OC 
	ns
	-2.002 to 0.8288

	9.81
	FA3F1G1
	1024.3995
	0.0001
	CTRL / MD 
	ns
	-0.3951 to 0.3951

	
	
	
	
	CTRL / MOD 
	ns
	-0.1185 to 0.6718

	
	
	
	
	CTRL / SD 
	***
	-1.542 to -0.7515

	
	
	
	
	CTRL / OC 
	ns
	-0.4951 to 0.2951

	
	
	
	
	MD / MOD 
	ns
	-0.1185 to 0.6718

	
	
	
	
	MD / SD 
	***
	-1.542 to -0.7515

	
	
	
	
	MD / OC 
	ns
	-0.4951 to 0.2951

	
	
	
	
	MOD / SD 
	***
	-1.818 to -1.028

	
	
	
	
	MOD / OC 
	ns
	-0.7718 to 0.01848

	
	
	
	
	SD / OC 
	***
	0.6515 to 1.442

	10.09
	FA3F1G1
	1024.3995
	0.0001
	CTRL / MD 
	ns
	-0.3103 to 0.3103

	
	
	
	
	CTRL / MOD 
	*
	0.03299 to 0.6537

	
	
	
	
	CTRL / SD 
	***
	-1.644 to -1.023

	
	
	
	
	CTRL / OC 
	ns
	-0.4237 to 0.1970

	
	
	
	
	MD / MOD 
	*
	0.03299 to 0.6537

	
	
	
	
	MD / SD 
	***
	-1.644 to -1.023

	
	
	
	
	MD / OC 
	ns
	-0.4237 to 0.1970

	
	
	
	
	MOD / SD 
	***
	-1.987 to -1.366

	
	
	
	
	MOD / OC 
	**
	-0.7670 to -0.1463

	
	
	
	
	SD / OC 
	***
	0.9097 to 1.530

	10.17
	FA3G2
	1032.3917
	0.0001
	CTRL / MD 
	***
	-0.5836 to -0.1697

	
	
	
	
	CTRL / MOD 
	ns
	-0.05697 to 0.3570

	
	
	
	
	CTRL / SD 
	***
	-1.467 to -1.053

	
	
	
	
	CTRL / OC 
	***
	-0.6336 to -0.2197

	
	
	
	
	MD / MOD 
	***
	0.3197 to 0.7336

	
	
	
	
	MD / SD 
	***
	-1.090 to -0.6764

	
	
	
	
	MD / OC 
	ns
	-0.2570 to 0.1570

	
	
	
	
	MOD / SD 
	***
	-1.617 to -1.203

	
	
	
	
	MOD / OC 
	***
	-0.7836 to -0.3697

	
	
	
	
	SD / OC 
	***
	0.6264 to 1.040

	27 (RT 10.15-10.45)

	10.46
	M7
	816.7659
	0.003
	CTRL / MD 
	**
	-1.637 to -0.3365

	
	
	
	
	CTRL / MOD 
	ns
	-0.6935 to 0.6068

	
	
	
	
	CTRL / SD 
	**
	-1.800 to -0.4999

	
	
	
	
	CTRL / OC 
	*
	-1.447 to -0.1465

	
	
	
	
	MD / MOD 
	**
	0.2932 to 1.593

	
	
	
	
	MD / SD 
	ns
	-0.8135 to 0.4868

	
	
	
	
	MD / OC 
	ns
	-0.4601 to 0.8401

	
	
	
	
	MOD / SD 
	**
	-1.757 to -0.4565

	
	
	
	
	MOD / OC 
	*
	-1.403 to -0.1032

	
	
	
	
	SD / OC 
	ns
	-0.2968 to 1.003

	10.06
	FM4A1F1G1
	902.3445
	0.0001
	CTRL / MD 
	ns
	-0.8070 to 0.3137

	
	
	
	
	CTRL / MOD 
	ns
	-0.5670 to 0.5537

	
	
	
	
	CTRL / SD 
	***
	-4.007 to -2.886

	
	
	
	
	CTRL / OC 
	*
	-1.157 to -0.03634

	
	
	
	
	MD / MOD 
	ns
	-0.3203 to 0.8003

	
	
	
	
	MD / SD 
	***
	-3.760 to -2.640

	
	
	
	
	MD / OC 
	ns
	-0.9103 to 0.2103

	
	
	
	
	MOD / SD 
	***
	-4.000 to -2.880

	
	
	
	
	MOD / OC 
	*
	-1.150 to -0.02967

	
	
	
	
	SD / OC 
	***
	2.290 to 3.410

	10.29
	FA2G2/FM5A2
	930.8478
	0.0001
	CTRL / MD 
	ns
	-0.3600 to 0.5400

	
	
	
	
	CTRL / MOD 
	ns
	-0.08999 to 0.8100

	
	
	
	
	CTRL / SD 
	***
	-1.757 to -0.8567

	
	
	
	
	CTRL / OC 
	*
	-1.010 to -0.1100

	
	
	
	
	MD / MOD 
	ns
	-0.1800 to 0.7200

	
	
	
	
	MD / SD 
	***
	-1.847 to -0.9467

	
	
	
	
	MD / OC 
	**
	-1.100 to -0.2000

	
	
	
	
	MOD / SD 
	***
	-2.117 to -1.217

	
	
	
	
	MOD / OC 
	***
	-1.370 to -0.4700

	
	
	
	
	SD / OC 
	**
	0.2967 to 1.197

	10.34
	FA1F1G1S1
	966.8545
	0.0001
	CTRL / MD 
	ns
	-0.6125 to 0.6592

	
	
	
	
	CTRL / MOD 
	ns
	-0.5492 to 0.7225

	
	
	
	
	CTRL / SD 
	***
	-3.339 to -2.067

	
	
	
	
	CTRL / OC 
	ns
	-0.8559 to 0.4159

	
	
	
	
	MD / MOD 
	ns
	-0.5725 to 0.6992

	
	
	
	
	MD / SD 
	***
	-3.363 to -2.091

	
	
	
	
	MD / OC 
	ns
	-0.8792 to 0.3925

	
	
	
	
	MOD / SD 
	***
	-3.426 to -2.154

	
	
	
	
	MOD / OC 
	ns
	-0.9425 to 0.3292

	
	
	
	
	SD / OC 
	***
	1.847 to 3.119

	10.11
	FA2F1G1F1
	995.8722
	0.0008
	CTRL / MD 
	*
	-1.140 to -0.03951

	
	
	
	
	CTRL / MOD 
	ns
	-0.5838 to 0.5172

	
	
	
	
	CTRL / SD 
	ns
	-0.2438 to 0.8572

	
	
	
	
	CTRL / OC 
	*
	-1.184 to -0.08284

	
	
	
	
	MD / MOD 
	*
	0.006173 to 1.107

	
	
	
	
	MD / SD 
	**
	0.3462 to 1.447

	
	
	
	
	MD / OC 
	ns
	-0.5938 to 0.5072

	
	
	
	
	MOD / SD 
	ns
	-0.2105 to 0.8905

	
	
	
	
	MOD / OC 
	*
	-1.150 to -0.04951

	
	
	
	
	SD / OC 
	**
	-1.490 to -0.3895

	10.53
	FA2F1G1F1
	995.8722
	0.0001
	CTRL / MD 
	*
	-1.395 to -0.1049

	
	
	
	
	CTRL / MOD 
	ns
	-0.9585 to 0.3318

	
	
	
	
	CTRL / SD 
	***
	-2.205 to -0.9149

	
	
	
	
	CTRL / OC 
	*
	-1.462 to -0.1715

	
	
	
	
	MD / MOD 
	ns
	-0.2085 to 1.082

	
	
	
	
	MD / SD 
	*
	-1.455 to -0.1649

	
	
	
	
	MD / OC 
	ns
	-0.7118 to 0.5785

	
	
	
	
	MOD / SD 
	***
	-1.892 to -0.6015

	
	
	
	
	MOD / OC 
	ns
	-1.148 to 0.1418

	
	
	
	
	SD / OC 
	*
	0.09820 to 1.388

	11.06
	FA2G1S1
	995.348
	0.0001
	CTRL / MD 
	***
	-1.574 to -0.5665

	
	
	
	
	CTRL / MOD 
	ns
	-0.5502 to 0.4568

	
	
	
	
	CTRL / SD 
	***
	-3.224 to -2.216

	
	
	
	
	CTRL / OC 
	**
	-1.360 to -0.3532

	
	
	
	
	MD / MOD 
	***
	0.5198 to 1.527

	
	
	
	
	MD / SD 
	***
	-2.154 to -1.146

	
	
	
	
	MD / OC 
	ns
	-0.2902 to 0.7168

	
	
	
	
	MOD / SD 
	***
	-3.177 to -2.170

	
	
	
	
	MOD / OC 
	**
	-1.314 to -0.3065

	
	
	
	
	SD / OC 
	***
	1.360 to 2.367

	10.09
	FA3F1G1
	1024.3995
	0.002
	CTRL / MD 
	ns
	-0.6633 to 0.8300

	
	
	
	
	CTRL / MOD 
	ns
	-0.4267 to 1.067

	
	
	
	
	CTRL / SD 
	*
	-1.713 to -0.2200

	
	
	
	
	CTRL / OC 
	ns
	-0.8300 to 0.6633

	
	
	
	
	MD / MOD 
	ns
	-0.5100 to 0.9833

	
	
	
	
	MD / SD 
	**
	-1.797 to -0.3033

	
	
	
	
	MD / OC 
	ns
	-0.9133 to 0.5800

	
	
	
	
	MOD / SD 
	**
	-2.033 to -0.5400

	
	
	
	
	MOD / OC 
	ns
	-1.150 to 0.3433

	
	
	
	
	SD / OC 
	*
	0.1367 to 1.630

	10.17
	FA3G2
	1032.3785
	0.0001
	CTRL / MD 
	*
	-0.6414 to -0.07861

	
	
	
	
	CTRL / MOD 
	ns
	-0.1081 to 0.4547

	
	
	
	
	CTRL / SD 
	***
	-1.525 to -0.9619

	
	
	
	
	CTRL / OC 
	**
	-0.6847 to -0.1219

	
	
	
	
	MD / MOD 
	***
	0.2519 to 0.8147

	
	
	
	
	MD / SD 
	***
	-1.165 to -0.6019

	
	
	
	
	MD / OC 
	ns
	-0.3247 to 0.2381

	
	
	
	
	MOD / SD 
	***
	-1.698 to -1.135

	
	
	
	
	MOD / OC 
	***
	-0.8581 to -0.2953

	
	
	
	
	SD / OC 
	***
	0.5586 to 1.121

	10.24
	1096.336
	1096.336
	0.0001
	CTRL / MD 
	ns
	-2.726 to 0.05240

	
	
	
	
	CTRL / MOD 
	ns
	-1.639 to 1.139

	
	
	
	
	CTRL / SD 
	***
	-6.042 to -3.264

	
	
	
	
	CTRL / OC 
	**
	-3.899 to -1.121

	
	
	
	
	MD / MOD 
	ns
	-0.3024 to 2.476

	
	
	
	
	MD / SD 
	***
	-4.706 to -1.928

	
	
	
	
	MD / OC 
	ns
	-2.562 to 0.2157

	
	
	
	
	MOD / SD 
	***
	-5.792 to -3.014

	
	
	
	
	MOD / OC 
	**
	-3.649 to -0.8709

	
	
	
	
	SD / OC 
	**
	0.7543 to 3.532

	28 (RT 10.45-10.60)

	10.46
	M7
	816.8011
	0.0008
	CTRL / MD 
	**
	-1.743 to -0.2636

	
	
	
	
	CTRL / MOD 
	ns
	-0.7764 to 0.7031

	
	
	
	
	CTRL / SD 
	**
	-1.910 to -0.4302

	
	
	
	
	CTRL / OC 
	*
	-1.553 to -0.07356

	
	
	
	
	MD / MOD 
	*
	0.2269 to 1.706

	
	
	
	
	MD / SD 
	ns
	-0.9064 to 0.5731

	
	
	
	
	MD / OC 
	ns
	-0.5498 to 0.9298

	
	
	
	
	MOD / SD 
	**
	-1.873 to -0.3936

	
	
	
	
	MOD / OC 
	*
	-1.516 to -0.03689

	
	
	
	
	SD / OC 
	ns
	-0.3831 to 1.096

	10.63
	M4A1G1S1
	901.827
	0.0001
	CTRL / MD 
	ns
	-1.785 to 0.07134

	
	
	
	
	CTRL / MOD 
	ns
	-1.085 to 0.7713

	
	
	
	
	CTRL / SD 
	***
	-3.011 to -1.155

	
	
	
	
	CTRL / OC 
	**
	-2.188 to -0.3320

	
	
	
	
	MD / MOD 
	ns
	-0.2280 to 1.628

	
	
	
	
	MD / SD 
	**
	-2.155 to -0.2987

	
	
	
	
	MD / OC 
	ns
	-1.331 to 0.5247

	
	
	
	
	MOD / SD 
	***
	-2.855 to -0.9987

	
	
	
	
	MOD / OC 
	*
	-2.031 to -0.1753

	
	
	
	
	SD / OC 
	ns
	-0.1047 to 1.751

	10.63
	FM5A1G1
	910.3229
	0.0001
	CTRL / MD 
	ns
	-0.2398 to 0.4931

	
	
	
	
	CTRL / MOD 
	ns
	-0.1565 to 0.5765

	
	
	
	
	CTRL / SD 
	***
	-4.263 to -3.530

	
	
	
	
	CTRL / OC 
	ns
	-0.4198 to 0.3131

	
	
	
	
	MD / MOD 
	ns
	-0.2831 to 0.4498

	
	
	
	
	MD / SD 
	***
	-4.390 to -3.657

	
	
	
	
	MD / OC 
	ns
	-0.5465 to 0.1865

	
	
	
	
	MOD / SD 
	***
	-4.473 to -3.740

	
	
	
	
	MOD / OC 
	ns
	-0.6298 to 0.1031

	
	
	
	
	SD / OC 
	***
	3.477 to 4.210

	10.54
	FA2F2G1
	995.8787
	0.0001
	CTRL / MD 
	**
	-1.180 to -0.2800

	
	
	
	
	CTRL / MOD 
	ns
	-0.7300 to 0.1700

	
	
	
	
	CTRL / SD 
	***
	-1.927 to -1.027

	
	
	
	
	CTRL / OC 
	**
	-1.210 to -0.3100

	
	
	
	
	MD / MOD 
	ns
	-0.00004723 to 0.9000

	
	
	
	
	MD / SD 
	**
	-1.197 to -0.2966

	
	
	
	
	MD / OC 
	ns
	-0.4800 to 0.4200

	
	
	
	
	MOD / SD 
	***
	-1.647 to -0.7466

	
	
	
	
	MOD / OC 
	*
	-0.9300 to -0.02995

	
	
	
	
	SD / OC 
	**
	0.2666 to 1.167

	10.53
	FA2F1G2
	1003.8759
	0.0017
	CTRL / MD 
	ns
	-2.305 to 0.1718

	
	
	
	
	CTRL / MOD 
	*
	-2.845 to -0.3682

	
	
	
	
	CTRL / SD 
	**
	-3.438 to -0.9616

	
	
	
	
	CTRL / OC 
	ns
	-2.008 to 0.4684

	
	
	
	
	MD / MOD 
	ns
	-1.778 to 0.6984

	
	
	
	
	MD / SD 
	ns
	-2.372 to 0.1051

	
	
	
	
	MD / OC 
	ns
	-0.9418 to 1.535

	
	
	
	
	MOD / SD 
	ns
	-1.832 to 0.6451

	
	
	
	
	MOD / OC 
	ns
	-0.4018 to 2.075

	
	
	
	
	SD / OC 
	*
	0.1916 to 2.668

	29 (RT 10.60-10.90)

	10.63
	M4A1G1S1
	901.827
	0.0001
	CTRL / MD 
	ns
	-1.657 to 0.02994

	
	
	
	
	CTRL / MOD 
	ns
	-0.9633 to 0.7233

	
	
	
	
	CTRL / SD 
	***
	-2.753 to -1.067

	
	
	
	
	CTRL / OC 
	**
	-1.963 to -0.2767

	
	
	
	
	MD / MOD 
	ns
	-0.1499 to 1.537

	
	
	
	
	MD / SD 
	*
	-1.940 to -0.2534

	
	
	
	
	MD / OC 
	ns
	-1.150 to 0.5366

	
	
	
	
	MOD / SD 
	***
	-2.633 to -0.9467

	
	
	
	
	MOD / OC 
	*
	-1.843 to -0.1567

	
	
	
	
	SD / OC 
	ns
	-0.05327 to 1.633

	10.63
	FM5A1G1
	910.3043
	0.0001
	CTRL / MD 
	ns
	-0.1847 to 0.3181

	
	
	
	
	CTRL / MOD 
	ns
	-0.05806 to 0.4447

	
	
	
	
	CTRL / SD 
	***
	-4.168 to -3.665

	
	
	
	
	CTRL / OC 
	ns
	-0.3281 to 0.1747

	
	
	
	
	MD / MOD 
	ns
	-0.1247 to 0.3781

	
	
	
	
	MD / SD 
	***
	-4.235 to -3.732

	
	
	
	
	MD / OC 
	ns
	-0.3947 to 0.1081

	
	
	
	
	MOD / SD 
	***
	-4.361 to -3.859

	
	
	
	
	MOD / OC 
	*
	-0.5214 to -0.01861

	
	
	
	
	SD / OC 
	***
	3.589 to 4.091

	10.54
	FA2G1S1
	995.3674
	0.3852
	CTRL / MD 
	ns
	-2.623 to 0.7293

	
	
	
	
	CTRL / MOD 
	ns
	-2.286 to 1.066

	
	
	
	
	CTRL / SD 
	ns
	-2.193 to 1.159

	
	
	
	
	CTRL / OC 
	ns
	-2.613 to 0.7393

	
	
	
	
	MD / MOD 
	ns
	-1.339 to 2.013

	
	
	
	
	MD / SD 
	ns
	-1.246 to 2.106

	
	
	
	
	MD / OC 
	ns
	-1.666 to 1.686

	
	
	
	
	MOD / SD 
	ns
	-1.583 to 1.769

	
	
	
	
	MOD / OC 
	ns
	-2.003 to 1.349

	
	
	
	
	SD / OC 
	ns
	-2.096 to 1.256

	10.53
	FA2F1G2
	1003.8824
	0.0169
	CTRL / MD 
	ns
	-2.990 to 0.7637

	
	
	
	
	CTRL / MOD 
	ns
	-3.584 to 0.1703

	
	
	
	
	CTRL / SD 
	*
	-4.284 to -0.5297

	
	
	
	
	CTRL / OC 
	ns
	-2.687 to 1.067

	
	
	
	
	MD / MOD 
	ns
	-2.470 to 1.284

	
	
	
	
	MD / SD 
	ns
	-3.170 to 0.5837

	
	
	
	
	MD / OC 
	ns
	-1.574 to 2.180

	
	
	
	
	MOD / SD 
	ns
	-2.577 to 1.177

	
	
	
	
	MOD / OC 
	ns
	-0.9803 to 2.774

	
	
	
	
	SD / OC 
	ns
	-0.2803 to 3.474

	10.67
	FA3G2
	1032.3917
	0.0001
	CTRL / MD 
	ns
	-0.9290 to 0.4756

	
	
	
	
	CTRL / MOD 
	ns
	-0.1623 to 1.242

	
	
	
	
	CTRL / SD 
	***
	-2.869 to -1.464

	
	
	
	
	CTRL / OC 
	ns
	-1.079 to 0.3256

	
	
	
	
	MD / MOD 
	*
	0.06437 to 1.469

	
	
	
	
	MD / SD 
	***
	-2.642 to -1.238

	
	
	
	
	MD / OC 
	ns
	-0.8523 to 0.5523

	
	
	
	
	MOD / SD 
	***
	-3.409 to -2.004

	
	
	
	
	MOD / OC 
	*
	-1.619 to -0.2144

	
	
	
	
	SD / OC 
	***
	1.088 to 2.492

	30 (RT 10.90-11.15)

	11.06
	FA2G1S1
	995.3415
	0.0001
	CTRL / MD 
	***
	-1.494 to -0.5456

	
	
	
	
	CTRL / MOD 
	ns
	-0.4977 to 0.4511

	
	
	
	
	CTRL / SD 
	***
	-3.138 to -2.189

	
	
	
	
	CTRL / OC 
	**
	-1.234 to -0.2856

	
	
	
	
	MD / MOD 
	***
	0.5223 to 1.471

	
	
	
	
	MD / SD 
	***
	-2.118 to -1.169

	
	
	
	
	MD / OC 
	ns
	-0.2144 to 0.7344

	
	
	
	
	MOD / SD 
	***
	-3.114 to -2.166

	
	
	
	
	MOD / OC 
	**
	-1.211 to -0.2623

	
	
	
	
	SD / OC 
	***
	1.429 to 2.378

	10.92
	1010.285
	101.285
	0.3014
	CTRL / MD 
	ns
	-2.037 to 1.257

	
	
	
	
	CTRL / MOD 
	ns
	-1.041 to 2.254

	
	
	
	
	CTRL / SD 
	ns
	-1.984 to 1.311

	
	
	
	
	CTRL / OC 
	ns
	-1.374 to 1.921

	
	
	
	
	MD / MOD 
	ns
	-0.6507 to 2.644

	
	
	
	
	MD / SD 
	ns
	-1.594 to 1.701

	
	
	
	
	MD / OC 
	ns
	-0.9840 to 2.311

	
	
	
	
	MOD / SD 
	ns
	-2.591 to 0.7040

	
	
	
	
	MOD / OC 
	ns
	-1.981 to 1.314

	
	
	
	
	SD / OC 
	ns
	-1.037 to 2.257

	10.89
	A3G1S1
	1023.8679
	0.0002
	CTRL / MD 
	*
	-2.400 to -0.1729

	
	
	
	
	CTRL / MOD 
	ns
	-1.577 to 0.6504

	
	
	
	
	CTRL / SD 
	***
	-3.740 to -1.513

	
	
	
	
	CTRL / OC 
	*
	-2.294 to -0.06628

	
	
	
	
	MD / MOD 
	ns
	-0.2904 to 1.937

	
	
	
	
	MD / SD 
	*
	-2.454 to -0.2263

	
	
	
	
	MD / OC 
	ns
	-1.007 to 1.220

	
	
	
	
	MOD / SD 
	***
	-3.277 to -1.050

	
	
	
	
	MOD / OC 
	ns
	-1.830 to 0.3971

	
	
	
	
	SD / OC 
	*
	0.3329 to 2.560

	11.06
	FA3G2
	1032.3983
	0.0001
	CTRL / MD 
	ns
	-0.8856 to 0.2923

	
	
	
	
	CTRL / MOD 
	ns
	-0.5123 to 0.6656

	
	
	
	
	CTRL / SD 
	***
	-3.462 to -2.284

	
	
	
	
	CTRL / OC 
	ns
	-1.162 to 0.01564

	
	
	
	
	MD / MOD 
	ns
	-0.2156 to 0.9623

	
	
	
	
	MD / SD 
	***
	-3.166 to -1.988

	
	
	
	
	MD / OC 
	ns
	-0.8656 to 0.3123

	
	
	
	
	MOD / SD 
	***
	-3.539 to -2.361

	
	
	
	
	MOD / OC 
	*
	-1.239 to -0.06102

	
	
	
	
	SD / OC 
	***
	1.711 to 2.889

	11.15
	FA3G1S1
	1096.8752
	0.0001
	CTRL / MD 
	***
	-1.951 to -0.7753

	
	
	
	
	CTRL / MOD 
	ns
	-0.9547 to 0.2214

	
	
	
	
	CTRL / SD 
	***
	-2.531 to -1.355

	
	
	
	
	CTRL / OC 
	**
	-1.648 to -0.4719

	
	
	
	
	MD / MOD 
	**
	0.4086 to 1.585

	
	
	
	
	MD / SD 
	ns
	-1.168 to 0.008076

	
	
	
	
	MD / OC 
	ns
	-0.2847 to 0.8914

	
	
	
	
	MOD / SD 
	***
	-2.165 to -0.9886

	
	
	
	
	MOD / OC 
	*
	-1.281 to -0.1053

	
	
	
	
	SD / OC 
	**
	0.2953 to 1.471

	31 ( RT 11.15-11.30)

	10.53
	FA2F1G2
	1003.8824
	0.0099
	CTRL / MD 
	ns
	-2.616 to 0.6622

	
	
	
	
	CTRL / MOD 
	ns
	-3.229 to 0.04889

	
	
	
	
	CTRL / SD 
	**
	-3.912 to -0.6344

	
	
	
	
	CTRL / OC 
	ns
	-2.362 to 0.9156

	
	
	
	
	MD / MOD 
	ns
	-2.252 to 1.026

	
	
	
	
	MD / SD 
	ns
	-2.936 to 0.3422

	
	
	
	
	MD / OC 
	ns
	-1.386 to 1.892

	
	
	
	
	MOD / SD 
	ns
	-2.322 to 0.9556

	
	
	
	
	MOD / OC 
	ns
	-0.7722 to 2.506

	
	
	
	
	SD / OC 
	ns
	-0.08889 to 3.189

	11.15
	FA3G1S1
	1096.8752
	0.0001
	CTRL / MD 
	***
	-1.908 to -0.7187

	
	
	
	
	CTRL / MOD 
	ns
	-0.8713 to 0.3180

	
	
	
	
	CTRL / SD 
	***
	-2.488 to -1.299

	
	
	
	
	CTRL / OC 
	**
	-1.621 to -0.4320

	
	
	
	
	MD / MOD 
	**
	0.4420 to 1.631

	
	
	
	
	MD / SD 
	ns
	-1.175 to 0.01467

	
	
	
	
	MD / OC 
	ns
	-0.3080 to 0.8813

	
	
	
	
	MOD / SD 
	***
	-2.211 to -1.022

	
	
	
	
	MOD / OC 
	*
	-1.345 to -0.1553

	
	
	
	
	SD / OC 
	**
	0.2720 to 1.461

	32 (RT 11.30-11.60)

	11.4
	FM5A1G1
	910.3043
	0.062
	CTRL / MD 
	ns
	-0.9827 to 1.289

	
	
	
	
	CTRL / MOD 
	ns
	-1.136 to 1.136

	
	
	
	
	CTRL / SD 
	*
	-2.556 to -0.2839

	
	
	
	
	CTRL / OC 
	ns
	-1.356 to 0.9161

	
	
	
	
	MD / MOD 
	ns
	-1.289 to 0.9827

	
	
	
	
	MD / SD 
	**
	-2.709 to -0.4373

	
	
	
	
	MD / OC 
	ns
	-1.509 to 0.7627

	
	
	
	
	MOD / SD 
	*
	-2.556 to -0.2839

	
	
	
	
	MOD / OC 
	ns
	-1.356 to 0.9161

	
	
	
	
	SD / OC 
	*
	0.06392 to 2.336

	11.57
	FA2F1G2
	1003.8694
	0.0001
	CTRL / MD 
	***
	0.1997 to 0.6336

	
	
	
	
	CTRL / MOD 
	***
	0.3564 to 0.7903

	
	
	
	
	CTRL / SD 
	***
	-0.9770 to -0.5430

	
	
	
	
	CTRL / OC 
	ns
	-0.1736 to 0.2603

	
	
	
	
	MD / MOD 
	ns
	-0.06030 to 0.3736

	
	
	
	
	MD / SD 
	***
	-1.394 to -0.9597

	
	
	
	
	MD / OC 
	**
	-0.5903 to -0.1564

	
	
	
	
	MOD / SD 
	***
	-1.550 to -1.116

	
	
	
	
	MOD / OC 
	***
	-0.7470 to -0.3130

	
	
	
	
	SD / OC 
	***
	0.5864 to 1.020

	33 (RT 11.60-11.85)

	11.56
	FA2F1G2
	1003.8564
	0.0001
	CTRL / MD 
	***
	0.2004 to 0.6463

	
	
	
	
	CTRL / MOD 
	***
	0.3570 to 0.8030

	
	
	
	
	CTRL / SD 
	***
	-0.9696 to -0.5237

	
	
	
	
	CTRL / OC 
	ns
	-0.1763 to 0.2696

	
	
	
	
	MD / MOD 
	ns
	-0.06632 to 0.3796

	
	
	
	
	MD / SD 
	***
	-1.393 to -0.9470

	
	
	
	
	MD / OC 
	**
	-0.5996 to -0.1537

	
	
	
	
	MOD / SD 
	***
	-1.550 to -1.104

	
	
	
	
	MOD / OC 
	***
	-0.7563 to -0.3104

	
	
	
	
	SD / OC 
	***
	0.5704 to 1.016

	11.7
	FA2F1G1S1
	1068.3884
	0.0184
	CTRL / MD 
	ns
	-3.606 to 3.886

	
	
	
	
	CTRL / MOD 
	ns
	-3.172 to 4.319

	
	
	
	
	CTRL / SD 
	*
	-7.572 to -0.08102

	
	
	
	
	CTRL / OC 
	ns
	-3.969 to 3.522

	
	
	
	
	MD / MOD 
	ns
	-3.312 to 4.179

	
	
	
	
	MD / SD 
	*
	-7.712 to -0.2210

	
	
	
	
	MD / OC 
	ns
	-4.109 to 3.382

	
	
	
	
	MOD / SD 
	*
	-8.146 to -0.6544

	
	
	
	
	MOD / OC 
	ns
	-4.542 to 2.949

	
	
	
	
	SD / OC 
	ns
	-0.1423 to 7.349

	11.82
	1264.293
	1264.293
	0.0047
	CTRL / MD 
	ns
	-0.1116 to 1.152

	
	
	
	
	CTRL / MOD 
	ns
	-0.3683 to 0.8949

	
	
	
	
	CTRL / SD 
	ns
	-1.092 to 0.1716

	
	
	
	
	CTRL / OC 
	ns
	-0.3683 to 0.8949

	
	
	
	
	MD / MOD 
	ns
	-0.8883 to 0.3749

	
	
	
	
	MD / SD 
	**
	-1.612 to -0.3484

	
	
	
	
	MD / OC 
	ns
	-0.8883 to 0.3749

	
	
	
	
	MOD / SD 
	*
	-1.355 to -0.09173

	
	
	
	
	MOD / OC 
	ns
	-0.6316 to 0.6316

	
	
	
	
	SD / OC 
	*
	0.09173 to 1.355

	34 (RT 11.85-12.15)

	12
	FM4A1G1S1
	974.8627
	0.0001
	CTRL / MD 
	***
	-1.692 to -0.6479

	
	
	
	
	CTRL / MOD 
	ns
	-0.7988 to 0.2455

	
	
	
	
	CTRL / SD 
	***
	-4.382 to -3.338

	
	
	
	
	CTRL / OC 
	***
	-1.909 to -0.8645

	
	
	
	
	MD / MOD 
	**
	0.3712 to 1.415

	
	
	
	
	MD / SD 
	***
	-3.212 to -2.168

	
	
	
	
	MD / OC 
	ns
	-0.7388 to 0.3055

	
	
	
	
	MOD / SD 
	***
	-4.105 to -3.061

	
	
	
	
	MOD / OC 
	***
	-1.632 to -0.5879

	
	
	
	
	SD / OC 
	***
	1.951 to 2.995

	12.05
	A2G2S1
	1003.3626
	0.0001
	CTRL / MD 
	***
	-0.9941 to -0.4792

	
	
	
	
	CTRL / MOD 
	**
	0.2026 to 0.7174

	
	
	
	
	CTRL / SD 
	***
	-1.667 to -1.153

	
	
	
	
	CTRL / OC 
	*
	-0.5241 to -0.009220

	
	
	
	
	MD / MOD 
	***
	0.9392 to 1.454

	
	
	
	
	MD / SD 
	***
	-0.9308 to -0.4159

	
	
	
	
	MD / OC 
	***
	0.2126 to 0.7274

	
	
	
	
	MOD / SD 
	***
	-2.127 to -1.613

	
	
	
	
	MOD / OC 
	***
	-0.9841 to -0.4692

	
	
	
	
	SD / OC 
	***
	0.8859 to 1.401

	11.97
	FA2G2S1
	1076.3683
	0.0001
	CTRL / MD 
	ns
	-0.4421 to 0.5288

	
	
	
	
	CTRL / MOD 
	ns
	-0.3021 to 0.6688

	
	
	
	
	CTRL / SD 
	***
	-2.735 to -1.765

	
	
	
	
	CTRL / OC 
	ns
	-0.9288 to 0.04211

	
	
	
	
	MD / MOD 
	ns
	-0.3454 to 0.6254

	
	
	
	
	MD / SD 
	***
	-2.779 to -1.808

	
	
	
	
	MD / OC 
	*
	-0.9721 to -0.001221

	
	
	
	
	MOD / SD 
	***
	-2.919 to -1.948

	
	
	
	
	MOD / OC 
	*
	-1.112 to -0.1412

	
	
	
	
	SD / OC 
	***
	1.321 to 2.292

	12.18
	FA3G1S1
	1096.903
	0.0001
	CTRL / MD 
	***
	-1.966 to -1.000

	
	
	
	
	CTRL / MOD 
	ns
	-0.8430 to 0.1230

	
	
	
	
	CTRL / SD 
	***
	-2.310 to -1.344

	
	
	
	
	CTRL / OC 
	***
	-1.786 to -0.8204

	
	
	
	
	MD / MOD 
	***
	0.6404 to 1.606

	
	
	
	
	MD / SD 
	ns
	-0.8263 to 0.1396

	
	
	
	
	MD / OC 
	ns
	-0.3030 to 0.6630

	
	
	
	
	MOD / SD 
	***
	-1.950 to -0.9837

	
	
	
	
	MOD / OC 
	***
	-1.426 to -0.4604

	
	
	
	
	SD / OC 
	*
	0.04037 to 1.006

	35 (RT 12.15-12.30)

	12.04
	A2G2S1
	1003.3821
	0.0001
	CTRL / MD 
	***
	-1.124 to -0.5427

	
	
	
	
	CTRL / MOD 
	**
	0.1827 to 0.7640

	
	
	
	
	CTRL / SD 
	***
	-1.774 to -1.193

	
	
	
	
	CTRL / OC 
	*
	-0.5906 to -0.009358

	
	
	
	
	MD / MOD 
	***
	1.016 to 1.597

	
	
	
	
	MD / SD 
	***
	-0.9406 to -0.3594

	
	
	
	
	MD / OC 
	***
	0.2427 to 0.8240

	
	
	
	
	MOD / SD 
	***
	-2.247 to -1.666

	
	
	
	
	MOD / OC 
	***
	-1.064 to -0.4827

	
	
	
	
	SD / OC 
	***
	0.8927 to 1.474

	12.54
	FA2F1G2
	1003.8629
	0.0001
	CTRL / MD 
	ns
	-0.5193 to 0.2793

	
	
	
	
	CTRL / MOD 
	ns
	-0.2426 to 0.5559

	
	
	
	
	CTRL / SD 
	***
	-1.719 to -0.9207

	
	
	
	
	CTRL / OC 
	*
	-0.8326 to -0.03406

	
	
	
	
	MD / MOD 
	ns
	-0.1226 to 0.6759

	
	
	
	
	MD / SD 
	***
	-1.599 to -0.8007

	
	
	
	
	MD / OC 
	ns
	-0.7126 to 0.08594

	
	
	
	
	MOD / SD 
	***
	-1.876 to -1.077

	
	
	
	
	MOD / OC 
	**
	-0.9893 to -0.1907

	
	
	
	
	SD / OC 
	***
	0.4874 to 1.286

	12.27
	FA3F1G2
	1105.4044
	0.0001
	CTRL / MD 
	ns
	-0.2023 to 0.9623

	
	
	
	
	CTRL / MOD 
	ns
	-0.1323 to 1.032

	
	
	
	
	CTRL / SD 
	**
	-1.559 to -0.3943

	
	
	
	
	CTRL / OC 
	ns
	-0.8823 to 0.2823

	
	
	
	
	MD / MOD 
	ns
	-0.5123 to 0.6523

	
	
	
	
	MD / SD 
	***
	-1.939 to -0.7743

	
	
	
	
	MD / OC 
	*
	-1.262 to -0.09768

	
	
	
	
	MOD / SD 
	***
	-2.009 to -0.8443

	
	
	
	
	MOD / OC 
	*
	-1.332 to -0.1677

	
	
	
	
	SD / OC 
	*
	0.09435 to 1.259

	37 (RT 12.55-12.85)

	12.8
	M8
	897.8153
	0.0045
	CTRL / MD 
	*
	-1.693 to -0.08716

	
	
	
	
	CTRL / MOD 
	ns
	-0.8062 to 0.7995

	
	
	
	
	CTRL / SD 
	*
	-1.723 to -0.1172

	
	
	
	
	CTRL / OC 
	ns
	-1.576 to 0.02950

	
	
	
	
	MD / MOD 
	*
	0.08383 to 1.690

	
	
	
	
	MD / SD 
	ns
	-0.8328 to 0.7728

	
	
	
	
	MD / OC 
	ns
	-0.6862 to 0.9195

	
	
	
	
	MOD / SD 
	*
	-1.720 to -0.1138

	
	
	
	
	MOD / OC 
	ns
	-1.573 to 0.03284

	
	
	
	
	SD / OC 
	ns
	-0.6562 to 0.9495

	12.76
	FM5A1F1G1
	983.3605
	0.0001
	CTRL / MD 
	ns
	-0.9847 to 0.3980

	
	
	
	
	CTRL / MOD 
	ns
	-0.8247 to 0.5580

	
	
	
	
	CTRL / SD 
	***
	-5.528 to -4.145

	
	
	
	
	CTRL / OC 
	*
	-1.385 to -0.001954

	
	
	
	
	MD / MOD 
	ns
	-0.5314 to 0.8514

	
	
	
	
	MD / SD 
	***
	-5.235 to -3.852

	
	
	
	
	MD / OC 
	ns
	-1.091 to 0.2914

	
	
	
	
	MOD / SD 
	***
	-5.395 to -4.012

	
	
	
	
	MOD / OC 
	ns
	-1.251 to 0.1314

	
	
	
	
	SD / OC 
	***
	3.452 to 4.835

	11.56
	FA2F1G2
	1003.8824
	0.0001
	CTRL / MD 
	***
	0.2089 to 0.6311

	
	
	
	
	CTRL / MOD 
	***
	0.3689 to 0.7911

	
	
	
	
	CTRL / SD 
	***
	-0.9711 to -0.5489

	
	
	
	
	CTRL / OC 
	ns
	-0.1678 to 0.2545

	
	
	
	
	MD / MOD 
	ns
	-0.05112 to 0.3711

	
	
	
	
	MD / SD 
	***
	-1.391 to -0.9689

	
	
	
	
	MD / OC 
	**
	-0.5878 to -0.1655

	
	
	
	
	MOD / SD 
	***
	-1.551 to -1.129

	
	
	
	
	MOD / OC 
	***
	-0.7478 to -0.3255

	
	
	
	
	SD / OC 
	***
	0.5922 to 1.014

	12.05
	A2G2S1
	1003.3626
	0.0001
	CTRL / MD 
	***
	-1.038 to -0.4350

	
	
	
	
	CTRL / MOD 
	**
	0.1716 to 0.7750

	
	
	
	
	CTRL / SD 
	***
	-0.8950 to -0.2916

	
	
	
	
	CTRL / OC 
	ns
	-0.5684 to 0.03503

	
	
	
	
	MD / MOD 
	***
	0.9083 to 1.512

	
	
	
	
	MD / SD 
	ns
	-0.1584 to 0.4450

	
	
	
	
	MD / OC 
	**
	0.1683 to 0.7717

	
	
	
	
	MOD / SD 
	***
	-1.368 to -0.7650

	
	
	
	
	MOD / OC 
	***
	-1.042 to -0.4383

	
	
	
	
	SD / OC 
	*
	0.02497 to 0.6284

	12.66
	FM4A1F1G1S1
	1047.8781
	0.0001
	CTRL / MD 
	ns
	-1.043 to 0.5231

	
	
	
	
	CTRL / MOD 
	ns
	-0.9898 to 0.5765

	
	
	
	
	CTRL / SD 
	***
	-6.076 to -4.510

	
	
	
	
	CTRL / OC 
	ns
	-1.436 to 0.1298

	
	
	
	
	MD / MOD 
	ns
	-0.7298 to 0.8365

	
	
	
	
	MD / SD 
	***
	-5.816 to -4.250

	
	
	
	
	MD / OC 
	ns
	-1.176 to 0.3898

	
	
	
	
	MOD / SD 
	***
	-5.870 to -4.304

	
	
	
	
	MOD / OC 
	ns
	-1.230 to 0.3365

	
	
	
	
	SD / OC 
	***
	3.857 to 5.423

	12.88
	FA2F2G2
	1076.8866
	0.0002
	CTRL / MD 
	**
	-1.551 to -0.3356

	
	
	
	
	CTRL / MOD 
	ns
	-1.071 to 0.1444

	
	
	
	
	CTRL / SD 
	***
	-2.028 to -0.8122

	
	
	
	
	CTRL / OC 
	*
	-1.404 to -0.1889

	
	
	
	
	MD / MOD 
	ns
	-0.1278 to 1.088

	
	
	
	
	MD / SD 
	ns
	-1.084 to 0.1311

	
	
	
	
	MD / OC 
	ns
	-0.4611 to 0.7544

	
	
	
	
	MOD / SD 
	**
	-1.564 to -0.3489

	
	
	
	
	MOD / OC 
	ns
	-0.9411 to 0.2744

	
	
	
	
	SD / OC 
	*
	0.01558 to 1.231

	12.88
	FA2G2S1
	1076.3683
	0.0007
	CTRL / MD 
	*
	-1.447 to -0.1933

	
	
	
	
	CTRL / MOD 
	ns
	-1.017 to 0.2367

	
	
	
	
	CTRL / SD 
	***
	-1.893 to -0.6399

	
	
	
	
	CTRL / OC 
	*
	-1.357 to -0.1033

	
	
	
	
	MD / MOD 
	ns
	-0.1967 to 1.057

	
	
	
	
	MD / SD 
	ns
	-1.073 to 0.1801

	
	
	
	
	MD / OC 
	ns
	-0.5367 to 0.7167

	
	
	
	
	MOD / SD 
	**
	-1.503 to -0.2499

	
	
	
	
	MOD / OC 
	ns
	-0.9667 to 0.2867

	
	
	
	
	SD / OC 
	ns
	-0.09008 to 1.163

	12.48
	1083.785
	1083.785
	0.0019
	CTRL / MD 
	ns
	-1.601 to 0.4942

	
	
	
	
	CTRL / MOD 
	ns
	-0.6209 to 1.474

	
	
	
	
	CTRL / SD 
	**
	-2.471 to -0.3758

	
	
	
	
	CTRL / OC 
	ns
	-1.594 to 0.5009

	
	
	
	
	MD / MOD 
	ns
	-0.06753 to 2.028

	
	
	
	
	MD / SD 
	ns
	-1.918 to 0.1775

	
	
	
	
	MD / OC 
	ns
	-1.041 to 1.054

	
	
	
	
	MOD / SD 
	**
	-2.898 to -0.8025

	
	
	
	
	MOD / OC 
	ns
	-2.021 to 0.07420

	
	
	
	
	SD / OC 
	ns
	-0.1709 to 1.924

	12.27
	FA3F1G2
	1105.3839
	0.0002
	CTRL / MD 
	ns
	-0.2533 to 1.060

	
	
	
	
	CTRL / MOD 
	ns
	-0.2167 to 1.097

	
	
	
	
	CTRL / SD 
	**
	-1.607 to -0.2933

	
	
	
	
	CTRL / OC 
	ns
	-0.9200 to 0.3933

	
	
	
	
	MD / MOD 
	ns
	-0.6200 to 0.6933

	
	
	
	
	MD / SD 
	***
	-2.010 to -0.6967

	
	
	
	
	MD / OC 
	*
	-1.323 to -0.009993

	
	
	
	
	MOD / SD 
	***
	-2.047 to -0.7333

	
	
	
	
	MOD / OC 
	*
	-1.360 to -0.04666

	
	
	
	
	SD / OC 
	*
	0.02999 to 1.343

	38 (RT 12.85-13.25)

	13.13
	M8
	897.8276
	0.0001
	CTRL / MD 
	***
	-1.573 to -0.6675

	
	
	
	
	CTRL / MOD 
	ns
	-0.6358 to 0.2692

	
	
	
	
	CTRL / SD 
	***
	-1.609 to -0.7042

	
	
	
	
	CTRL / OC 
	***
	-1.356 to -0.4508

	
	
	
	
	MD / MOD 
	***
	0.4842 to 1.389

	
	
	
	
	MD / SD 
	ns
	-0.4892 to 0.4158

	
	
	
	
	MD / OC 
	ns
	-0.2358 to 0.6692

	
	
	
	
	MOD / SD 
	***
	-1.426 to -0.5208

	
	
	
	
	MOD / OC 
	**
	-1.173 to -0.2675

	
	
	
	
	SD / OC 
	ns
	-0.1992 to 0.7058

	13.28
	M5A1G1S1
	982.8782
	0.0003
	CTRL / MD 
	ns
	-2.315 to 0.6283

	
	
	
	
	CTRL / MOD 
	ns
	-1.492 to 1.452

	
	
	
	
	CTRL / SD 
	***
	-4.398 to -1.455

	
	
	
	
	CTRL / OC 
	*
	-3.155 to -0.2117

	
	
	
	
	MD / MOD 
	ns
	-0.6483 to 2.295

	
	
	
	
	MD / SD 
	**
	-3.555 to -0.6117

	
	
	
	
	MD / OC 
	ns
	-2.312 to 0.6317

	
	
	
	
	MOD / SD 
	***
	-4.378 to -1.435

	
	
	
	
	MOD / OC 
	*
	-3.135 to -0.1917

	
	
	
	
	SD / OC 
	ns
	-0.2283 to 2.715

	13.26
	FM5A1G1
	983.3477
	0.0096
	CTRL / MD 
	ns
	-2.550 to 1.256

	
	
	
	
	CTRL / MOD 
	ns
	-2.036 to 1.770

	
	
	
	
	CTRL / SD 
	*
	-4.320 to -0.5138

	
	
	
	
	CTRL / OC 
	ns
	-3.356 to 0.4495

	
	
	
	
	MD / MOD 
	ns
	-1.390 to 2.416

	
	
	
	
	MD / SD 
	ns
	-3.673 to 0.1328

	
	
	
	
	MD / OC 
	ns
	-2.710 to 1.096

	
	
	
	
	MOD / SD 
	*
	-4.186 to -0.3805

	
	
	
	
	MOD / OC 
	ns
	-3.223 to 0.5828

	
	
	
	
	SD / OC 
	ns
	-0.9395 to 2.866

	12.88
	FA2G2S1/FM4A2G1S1
	1076.402
	0.0005
	CTRL / MD 
	**
	-1.423 to -0.2041

	
	
	
	
	CTRL / MOD 
	ns
	-1.009 to 0.2093

	
	
	
	
	CTRL / SD 
	***
	-1.879 to -0.6607

	
	
	
	
	CTRL / OC 
	*
	-1.339 to -0.1207

	
	
	
	
	MD / MOD 
	ns
	-0.1959 to 1.023

	
	
	
	
	MD / SD 
	ns
	-1.066 to 0.1526

	
	
	
	
	MD / OC 
	ns
	-0.5259 to 0.6926

	
	
	
	
	MOD / SD 
	**
	-1.479 to -0.2607

	
	
	
	
	MOD / OC 
	ns
	-0.9393 to 0.2793

	
	
	
	
	SD / OC 
	ns
	-0.06926 to 1.149

	13.38
	FA2G2S1/FM4A2G1S1
	1076.402
	0.0001
	CTRL / MD 
	*
	-0.7308 to -0.04920

	
	
	
	
	CTRL / MOD 
	ns
	-0.1075 to 0.5741

	
	
	
	
	CTRL / SD 
	***
	-2.001 to -1.319

	
	
	
	
	CTRL / OC 
	***
	-1.134 to -0.4525

	
	
	
	
	MD / MOD 
	***
	0.2825 to 0.9641

	
	
	
	
	MD / SD 
	***
	-1.611 to -0.9292

	
	
	
	
	MD / OC 
	*
	-0.7441 to -0.06253

	
	
	
	
	MOD / SD 
	***
	-2.234 to -1.553

	
	
	
	
	MOD / OC 
	***
	-1.367 to -0.6859

	
	
	
	
	SD / OC 
	***
	0.5259 to 1.207

	12.88
	FA2F2G2
	1076.8933
	0.0001
	CTRL / MD 
	**
	-1.469 to -0.3644

	
	
	
	
	CTRL / MOD 
	ns
	-1.012 to 0.09224

	
	
	
	
	CTRL / SD 
	***
	-1.959 to -0.8544

	
	
	
	
	CTRL / OC 
	**
	-1.336 to -0.2311

	
	
	
	
	MD / MOD 
	ns
	-0.09557 to 1.009

	
	
	
	
	MD / SD 
	ns
	-1.042 to 0.06224

	
	
	
	
	MD / OC 
	ns
	-0.4189 to 0.6856

	
	
	
	
	MOD / SD 
	**
	-1.499 to -0.3944

	
	
	
	
	MOD / OC 
	ns
	-0.8756 to 0.2289

	
	
	
	
	SD / OC 
	*
	0.07109 to 1.176

	12.93
	1083.805
	1083.805
	0.0001
	CTRL / MD 
	ns
	-0.4997 to 0.4264

	
	
	
	
	CTRL / MOD 
	ns
	-0.05640 to 0.8697

	
	
	
	
	CTRL / SD 
	***
	-1.333 to -0.4069

	
	
	
	
	CTRL / OC 
	ns
	-0.6097 to 0.3164

	
	
	
	
	MD / MOD 
	ns
	-0.01973 to 0.9064

	
	
	
	
	MD / SD 
	**
	-1.296 to -0.3703

	
	
	
	
	MD / OC 
	ns
	-0.5731 to 0.3531

	
	
	
	
	MOD / SD 
	***
	-1.740 to -0.8136

	
	
	
	
	MOD / OC 
	*
	-1.016 to -0.09027

	
	
	
	
	SD / OC 
	**
	0.2603 to 1.186

	13.04
	A3G2S1
	1104.9271
	0.0001
	CTRL / MD 
	ns
	-1.409 to 0.2755

	
	
	
	
	CTRL / MOD 
	ns
	-0.7088 to 0.9755

	
	
	
	
	CTRL / SD 
	***
	-4.085 to -2.401

	
	
	
	
	CTRL / OC 
	ns
	-1.369 to 0.3155

	
	
	
	
	MD / MOD 
	ns
	-0.1421 to 1.542

	
	
	
	
	MD / SD 
	***
	-3.519 to -1.835

	
	
	
	
	MD / OC 
	ns
	-0.8021 to 0.8821

	
	
	
	
	MOD / SD 
	***
	-4.219 to -2.535

	
	
	
	
	MOD / OC 
	ns
	-1.502 to 0.1821

	
	
	
	
	SD / OC 
	***
	1.875 to 3.559

	13
	FA3F1G2
	1105.4113
	0.0001
	CTRL / MD 
	ns
	-1.051 to 0.2714

	
	
	
	
	CTRL / MOD 
	ns
	-0.5281 to 0.7947

	
	
	
	
	CTRL / SD 
	***
	-3.101 to -1.779

	
	
	
	
	CTRL / OC 
	ns
	-1.021 to 0.3014

	
	
	
	
	MD / MOD 
	ns
	-0.1381 to 1.185

	
	
	
	
	MD / SD 
	***
	-2.711 to -1.389

	
	
	
	
	MD / OC 
	ns
	-0.6314 to 0.6914

	
	
	
	
	MOD / SD 
	***
	-3.235 to -1.912

	
	
	
	
	MOD / OC 
	ns
	-1.155 to 0.1681

	
	
	
	
	SD / OC 
	***
	1.419 to 2.741

	12.97
	1168.856
	1168.856
	0.0022
	CTRL / MD 
	ns
	-4.031 to 1.251

	
	
	
	
	CTRL / MOD 
	ns
	-2.178 to 3.104

	
	
	
	
	CTRL / SD 
	**
	-6.604 to -1.322

	
	
	
	
	CTRL / OC 
	ns
	-4.014 to 1.268

	
	
	
	
	MD / MOD 
	ns
	-0.7876 to 4.494

	
	
	
	
	MD / SD 
	ns
	-5.214 to 0.06761

	
	
	
	
	MD / OC 
	ns
	-2.624 to 2.658

	
	
	
	
	MOD / SD 
	**
	-7.068 to -1.786

	
	
	
	
	MOD / OC 
	ns
	-4.478 to 0.8043

	
	
	
	
	SD / OC 
	ns
	-0.05094 to 5.231

	39 (RT 13.25-13.45)

	13.28
	M4A1G1S1
	982.8718
	0.0001
	CTRL / MD 
	ns
	-1.819 to 0.4593

	
	
	
	
	CTRL / MOD 
	ns
	-1.216 to 1.063

	
	
	
	
	CTRL / SD 
	***
	-3.643 to -1.364

	
	
	
	
	CTRL / OC 
	*
	-2.609 to -0.3307

	
	
	
	
	MD / MOD 
	ns
	-0.5360 to 1.743

	
	
	
	
	MD / SD 
	**
	-2.963 to -0.6840

	
	
	
	
	MD / OC 
	ns
	-1.929 to 0.3493

	
	
	
	
	MOD / SD 
	***
	-3.566 to -1.287

	
	
	
	
	MOD / OC 
	*
	-2.533 to -0.2540

	
	
	
	
	SD / OC 
	ns
	-0.1060 to 2.173

	13.38
	FA2G2S1/FM4A2G1S1
	1076.3953
	0.0001
	CTRL / MD 
	*
	-0.7522 to -0.04781

	
	
	
	
	CTRL / MOD 
	ns
	-0.1289 to 0.5755

	
	
	
	
	CTRL / SD 
	***
	-2.036 to -1.331

	
	
	
	
	CTRL / OC 
	***
	-1.169 to -0.4645

	
	
	
	
	MD / MOD 
	**
	0.2711 to 0.9755

	
	
	
	
	MD / SD 
	***
	-1.636 to -0.9311

	
	
	
	
	MD / OC 
	*
	-0.7689 to -0.06448

	
	
	
	
	MOD / SD 
	***
	-2.259 to -1.554

	
	
	
	
	MOD / OC 
	***
	-1.392 to -0.6878

	
	
	
	
	SD / OC 
	***
	0.5145 to 1.219

	14.31
	FA2G2S1/FM4A2G1S1
	1076.3953
	0.0001
	CTRL / MD 
	ns
	-0.9985 to 0.2851

	
	
	
	
	CTRL / MOD 
	ns
	-0.5385 to 0.7451

	
	
	
	
	CTRL / SD 
	***
	-2.108 to -0.8249

	
	
	
	
	CTRL / OC 
	ns
	-1.222 to 0.06181

	
	
	
	
	MD / MOD 
	ns
	-0.1818 to 1.102

	
	
	
	
	MD / SD 
	**
	-1.752 to -0.4682

	
	
	
	
	MD / OC 
	ns
	-0.8651 to 0.4185

	
	
	
	
	MOD / SD 
	***
	-2.212 to -0.9282

	
	
	
	
	MOD / OC 
	*
	-1.325 to -0.04152

	
	
	
	
	SD / OC 
	**
	0.2449 to 1.528

	13.3
	FA3G3/M5A3G1
	1113.4116
	0.0001
	CTRL / MD 
	*
	0.02718 to 0.6462

	
	
	
	
	CTRL / MOD 
	**
	0.2438 to 0.8628

	
	
	
	
	CTRL / SD 
	***
	-1.149 to -0.5305

	
	
	
	
	CTRL / OC 
	ns
	-0.3895 to 0.2295

	
	
	
	
	MD / MOD 
	ns
	-0.09282 to 0.5262

	
	
	
	
	MD / SD 
	***
	-1.486 to -0.8672

	
	
	
	
	MD / OC 
	**
	-0.7262 to -0.1072

	
	
	
	
	MOD / SD 
	***
	-1.703 to -1.084

	
	
	
	
	MOD / OC 
	***
	-0.9428 to -0.3238

	
	
	
	
	SD / OC 
	***
	0.4505 to 1.069

	40 (RT 13.45-13.80)

	13.38
	1076.305
	1076.305
	0.0001
	CTRL / MD 
	**
	-0.6822 to -0.1711

	
	
	
	
	CTRL / MOD 
	ns
	-0.04224 to 0.4689

	
	
	
	
	CTRL / SD 
	***
	-2.006 to -1.494

	
	
	
	
	CTRL / OC 
	***
	-1.109 to -0.5978

	
	
	
	
	MD / MOD 
	***
	0.3844 to 0.8956

	
	
	
	
	MD / SD 
	***
	-1.579 to -1.068

	
	
	
	
	MD / OC 
	**
	-0.6822 to -0.1711

	
	
	
	
	MOD / SD 
	***
	-2.219 to -1.708

	
	
	
	
	MOD / OC 
	***
	-1.322 to -0.8111

	
	
	
	
	SD / OC 
	***
	0.6411 to 1.152

	13.86
	FA3G3/M5A3G1
	1113.4116
	0.0046
	CTRL / MD 
	ns
	-1.092 to 1.099

	
	
	
	
	CTRL / MOD 
	ns
	-0.7191 to 1.472

	
	
	
	
	CTRL / SD 
	*
	-2.376 to -0.1842

	
	
	
	
	CTRL / OC 
	ns
	-1.649 to 0.5424

	
	
	
	
	MD / MOD 
	ns
	-0.7224 to 1.469

	
	
	
	
	MD / SD 
	*
	-2.379 to -0.1876

	
	
	
	
	MD / OC 
	ns
	-1.652 to 0.5391

	
	
	
	
	MOD / SD 
	**
	-2.752 to -0.5609

	
	
	
	
	MOD / OC 
	ns
	-2.026 to 0.1658

	
	
	
	
	SD / OC 
	ns
	-0.3691 to 1.822

	41 (RT 13.80-14.05)

	13.9
	1076.758
	1076.758
	0.0001
	CTRL / MD 
	ns
	-0.05428 to 0.4209

	
	
	
	
	CTRL / MOD 
	***
	0.2391 to 0.7143

	
	
	
	
	CTRL / SD 
	***
	-1.344 to -0.8691

	
	
	
	
	CTRL / OC 
	ns
	-0.3209 to 0.1543

	
	
	
	
	MD / MOD 
	*
	0.05572 to 0.5309

	
	
	
	
	MD / SD 
	***
	-1.528 to -1.052

	
	
	
	
	MD / OC 
	*
	-0.5043 to -0.02905

	
	
	
	
	MOD / SD 
	***
	-1.821 to -1.346

	
	
	
	
	MOD / OC 
	***
	-0.7976 to -0.3224

	
	
	
	
	SD / OC 
	***
	0.7857 to 1.261

	14.04
	FA2F1G2S1
	1149.4049
	0.0001
	CTRL / MD 
	ns
	-0.5808 to 0.4208

	
	
	
	
	CTRL / MOD 
	ns
	-0.3441 to 0.6574

	
	
	
	
	CTRL / SD 
	***
	-2.114 to -1.113

	
	
	
	
	CTRL / OC 
	*
	-1.114 to -0.1126

	
	
	
	
	MD / MOD 
	ns
	-0.2641 to 0.7374

	
	
	
	
	MD / SD 
	***
	-2.034 to -1.033

	
	
	
	
	MD / OC 
	*
	-1.034 to -0.03256

	
	
	
	
	MOD / SD 
	***
	-2.271 to -1.269

	
	
	
	
	MOD / OC 
	**
	-1.271 to -0.2692

	
	
	
	
	SD / OC 
	***
	0.4992 to 1.501

	42 (RT 14.05-14.50)

	14.31
	FA2G2S1
	1076.3818
	0.0001
	CTRL / MD 
	ns
	-0.9510 to 0.2444

	
	
	
	
	CTRL / MOD 
	ns
	-0.5044 to 0.6910

	
	
	
	
	CTRL / SD 
	***
	-2.074 to -0.8790

	
	
	
	
	CTRL / OC 
	ns
	-1.191 to 0.004363

	
	
	
	
	MD / MOD 
	ns
	-0.1510 to 1.044

	
	
	
	
	MD / SD 
	***
	-1.721 to -0.5256

	
	
	
	
	MD / OC 
	ns
	-0.8377 to 0.3577

	
	
	
	
	MOD / SD 
	***
	-2.168 to -0.9723

	
	
	
	
	MOD / OC 
	*
	-1.284 to -0.08897

	
	
	
	
	SD / OC 
	**
	0.2856 to 1.481

	14.04
	FA2F1G2S1
	1149.4188
	0.0001
	CTRL / MD 
	ns
	-0.6014 to 0.3614

	
	
	
	
	CTRL / MOD 
	ns
	-0.3581 to 0.6047

	
	
	
	
	CTRL / SD 
	***
	-2.131 to -1.169

	
	
	
	
	CTRL / OC 
	**
	-1.128 to -0.1653

	
	
	
	
	MD / MOD 
	ns
	-0.2381 to 0.7247

	
	
	
	
	MD / SD 
	***
	-2.011 to -1.049

	
	
	
	
	MD / OC 
	*
	-1.008 to -0.04525

	
	
	
	
	MOD / SD 
	***
	-2.255 to -1.292

	
	
	
	
	MOD / OC 
	**
	-1.251 to -0.2886

	
	
	
	
	SD / OC 
	***
	0.5219 to 1.485

	14.29
	FA3G2S1
	1177.9176
	0.0001
	CTRL / MD 
	**
	-1.268 to -0.2585

	
	
	
	
	CTRL / MOD 
	ns
	-0.4315 to 0.5782

	
	
	
	
	CTRL / SD 
	***
	-2.368 to -1.358

	
	
	
	
	CTRL / OC 
	*
	-1.125 to -0.1152

	
	
	
	
	MD / MOD 
	**
	0.3318 to 1.342

	
	
	
	
	MD / SD 
	***
	-1.605 to -0.5952

	
	
	
	
	MD / OC 
	ns
	-0.3615 to 0.6482

	
	
	
	
	MOD / SD 
	***
	-2.442 to -1.432

	
	
	
	
	MOD / OC 
	**
	-1.198 to -0.1885

	
	
	
	
	SD / OC 
	***
	0.7385 to 1.748

	44 (14.75-15.20)

	15.2
	FA2F1G2S1/FM4A2F1G1S1
	1149.4119
	0.0001
	CTRL / MD 
	***
	-1.663 to -0.7107

	
	
	
	
	CTRL / MOD 
	ns
	-0.8560 to 0.09598

	
	
	
	
	CTRL / SD 
	ns
	-0.7993 to 0.1527

	
	
	
	
	CTRL / OC 
	**
	-1.183 to -0.2307

	
	
	
	
	MD / MOD 
	**
	0.3307 to 1.283

	
	
	
	
	MD / SD 
	**
	0.3873 to 1.339

	
	
	
	
	MD / OC 
	*
	0.004016 to 0.9560

	
	
	
	
	MOD / SD 
	ns
	-0.4193 to 0.5327

	
	
	
	
	MOD / OC 
	ns
	-0.8027 to 0.1493

	
	
	
	
	SD / OC 
	ns
	-0.8593 to 0.09265

	15.2
	FA2F2G2F1
	1149.9196
	0.0001
	CTRL / MD 
	***
	-1.634 to -0.7057

	
	
	
	
	CTRL / MOD 
	ns
	-0.7376 to 0.1909

	
	
	
	
	CTRL / SD 
	ns
	-0.8076 to 0.1209

	
	
	
	
	CTRL / OC 
	*
	-1.058 to -0.1291

	
	
	
	
	MD / MOD 
	***
	0.4324 to 1.361

	
	
	
	
	MD / SD 
	**
	0.3624 to 1.291

	
	
	
	
	MD / OC 
	*
	0.1124 to 1.041

	
	
	
	
	MOD / SD 
	ns
	-0.5343 to 0.3943

	
	
	
	
	MOD / OC 
	ns
	-0.7843 to 0.1443

	
	
	
	
	SD / OC 
	ns
	-0.7143 to 0.2143

	14.29
	FA3G2S1
	1177.9247
	0.0001
	CTRL / MD 
	**
	-1.279 to -0.1941

	
	
	
	
	CTRL / MOD 
	ns
	-0.4726 to 0.6126

	
	
	
	
	CTRL / SD 
	***
	-2.396 to -1.311

	
	
	
	
	CTRL / OC 
	*
	-1.186 to -0.1007

	
	
	
	
	MD / MOD 
	**
	0.2641 to 1.349

	
	
	
	
	MD / SD 
	***
	-1.659 to -0.5741

	
	
	
	
	MD / OC 
	ns
	-0.4493 to 0.6359

	
	
	
	
	MOD / SD 
	***
	-2.466 to -1.381

	
	
	
	
	MOD / OC 
	*
	-1.256 to -0.1707

	
	
	
	
	SD / OC 
	***
	0.6674 to 1.753

	14.88
	FA3F2G2
	1178.4264
	0.0003
	CTRL / MD 
	ns
	-0.6857 to 1.272

	
	
	
	
	CTRL / MOD 
	ns
	-0.6324 to 1.326

	
	
	
	
	CTRL / SD 
	**
	-2.612 to -0.6543

	
	
	
	
	CTRL / OC 
	ns
	-0.8124 to 1.146

	
	
	
	
	MD / MOD 
	ns
	-0.9257 to 1.032

	
	
	
	
	MD / SD 
	***
	-2.906 to -0.9476

	
	
	
	
	MD / OC 
	ns
	-1.106 to 0.8524

	
	
	
	
	MOD / SD 
	***
	-2.959 to -1.001

	
	
	
	
	MOD / OC 
	ns
	-1.159 to 0.7991

	
	
	
	
	SD / OC 
	***
	0.8209 to 2.779

	15.2
	FA3F1G3
	1186.4442
	0.0001
	CTRL / MD 
	ns
	-0.1507 to 0.9041

	
	
	
	
	CTRL / MOD 
	*
	0.04926 to 1.104

	
	
	
	
	CTRL / SD 
	**
	-1.354 to -0.2993

	
	
	
	
	CTRL / OC 
	ns
	-0.5774 to 0.4774

	
	
	
	
	MD / MOD 
	ns
	-0.3274 to 0.7274

	
	
	
	
	MD / SD 
	***
	-1.731 to -0.6759

	
	
	
	
	MD / OC 
	ns
	-0.9541 to 0.1007

	
	
	
	
	MOD / SD 
	***
	-1.931 to -0.8759

	
	
	
	
	MOD / OC 
	*
	-1.154 to -0.09926

	
	
	
	
	SD / OC 
	**
	0.2493 to 1.304

	45 (RT 15.20-15.55)

	15.37
	M9
	978.8375
	0.0001
	CTRL / MD 
	***
	-1.174 to -0.4722

	
	
	
	
	CTRL / MOD 
	ns
	-0.2111 to 0.4911

	
	
	
	
	CTRL / SD 
	***
	-1.124 to -0.4222

	
	
	
	
	CTRL / OC 
	**
	-0.8911 to -0.1889

	
	
	
	
	MD / MOD 
	***
	0.6122 to 1.314

	
	
	
	
	MD / SD 
	ns
	-0.3011 to 0.4011

	
	
	
	
	MD / OC 
	ns
	-0.06776 to 0.6344

	
	
	
	
	MOD / SD 
	***
	-1.264 to -0.5622

	
	
	
	
	MOD / OC 
	***
	-1.031 to -0.3289

	
	
	
	
	SD / OC 
	ns
	-0.1178 to 0.5844

	15.2
	FA2F1G2S1
	1149.4188
	0.0009
	CTRL / MD 
	***
	-1.263 to -0.3772

	
	
	
	
	CTRL / MOD 
	ns
	-0.5762 to 0.3095

	
	
	
	
	CTRL / SD 
	ns
	-0.5695 to 0.3162

	
	
	
	
	CTRL / OC 
	ns
	-0.6795 to 0.2062

	
	
	
	
	MD / MOD 
	**
	0.2438 to 1.129

	
	
	
	
	MD / SD 
	**
	0.2505 to 1.136

	
	
	
	
	MD / OC 
	*
	0.1405 to 1.026

	
	
	
	
	MOD / SD 
	ns
	-0.4362 to 0.4495

	
	
	
	
	MOD / OC 
	ns
	-0.5462 to 0.3395

	
	
	
	
	SD / OC 
	ns
	-0.5528 to 0.3328

	15.2
	FA2F2G2F1
	1149.9196
	0.0001
	CTRL / MD 
	***
	-1.592 to -0.6876

	
	
	
	
	CTRL / MOD 
	ns
	-0.7024 to 0.2024

	
	
	
	
	CTRL / SD 
	ns
	-0.7691 to 0.1358

	
	
	
	
	CTRL / OC 
	*
	-1.032 to -0.1276

	
	
	
	
	MD / MOD 
	***
	0.4376 to 1.342

	
	
	
	
	MD / SD 
	***
	0.3709 to 1.276

	
	
	
	
	MD / OC 
	*
	0.1076 to 1.012

	
	
	
	
	MOD / SD 
	ns
	-0.5191 to 0.3858

	
	
	
	
	MOD / OC 
	ns
	-0.7824 to 0.1224

	
	
	
	
	SD / OC 
	ns
	-0.7158 to 0.1891

	15.2
	FA3F1G3
	1186.4655
	0.0001
	CTRL / MD 
	ns
	-0.1981 to 0.8647

	
	
	
	
	CTRL / MOD 
	*
	0.01526 to 1.078

	
	
	
	
	CTRL / SD 
	**
	-1.388 to -0.3253

	
	
	
	
	CTRL / OC 
	ns
	-0.6181 to 0.4447

	
	
	
	
	MD / MOD 
	ns
	-0.3181 to 0.7447

	
	
	
	
	MD / SD 
	***
	-1.721 to -0.6586

	
	
	
	
	MD / OC 
	ns
	-0.9514 to 0.1114

	
	
	
	
	MOD / SD 
	***
	-1.935 to -0.8719

	
	
	
	
	MOD / OC 
	*
	-1.165 to -0.1019

	
	
	
	
	SD / OC 
	**
	0.2386 to 1.301

	46 ( RT 15.55-15.85)

	15.64
	FA2F1G2S1
	1149.4258
	0.0001
	CTRL / MD 
	*
	-0.6928 to -0.01388

	
	
	
	
	CTRL / MOD 
	ns
	-0.2695 to 0.4095

	
	
	
	
	CTRL / SD 
	***
	-1.883 to -1.204

	
	
	
	
	CTRL / OC 
	**
	-0.8895 to -0.2105

	
	
	
	
	MD / MOD 
	*
	0.08388 to 0.7628

	
	
	
	
	MD / SD 
	***
	-1.529 to -0.8505

	
	
	
	
	MD / OC 
	ns
	-0.5361 to 0.1428

	
	
	
	
	MOD / SD 
	***
	-1.953 to -1.274

	
	
	
	
	MOD / OC 
	***
	-0.9595 to -0.2805

	
	
	
	
	SD / OC 
	***
	0.6539 to 1.333

	15.6
	FA3F1G3
	1186.4655
	0.0019
	CTRL / MD 
	ns
	-1.670 to 2.096

	
	
	
	
	CTRL / MOD 
	**
	-4.730 to -0.9637

	
	
	
	
	CTRL / SD 
	ns
	-2.586 to 1.180

	
	
	
	
	CTRL / OC 
	ns
	-2.026 to 1.740

	
	
	
	
	MD / MOD 
	**
	-4.943 to -1.177

	
	
	
	
	MD / SD 
	ns
	-2.800 to 0.9663

	
	
	
	
	MD / OC 
	ns
	-2.240 to 1.526

	
	
	
	
	MOD / SD 
	*
	0.2603 to 4.026

	
	
	
	
	MOD / OC 
	**
	0.8203 to 4.586

	
	
	
	
	SD / OC 
	ns
	-1.323 to 2.443

	47 (RT 15.85-16.30)

	16.12
	A2G2S2
	1148.9182
	0.0001
	CTRL / MD 
	***
	-2.865 to -2.102

	
	
	
	
	CTRL / MOD 
	ns
	-0.1947 to 0.5680

	
	
	
	
	CTRL / SD 
	***
	-2.831 to -2.069

	
	
	
	
	CTRL / OC 
	***
	-1.498 to -0.7353

	
	
	
	
	MD / MOD 
	***
	2.289 to 3.051

	
	
	
	
	MD / SD 
	ns
	-0.3480 to 0.4147

	
	
	
	
	MD / OC 
	***
	0.9853 to 1.748

	
	
	
	
	MOD / SD 
	***
	-3.018 to -2.255

	
	
	
	
	MOD / OC 
	***
	-1.685 to -0.9220

	
	
	
	
	SD / OC 
	***
	0.9520 to 1.715

	15.6
	FA3F1G3/FM5A3F1G1
	1186.423
	0.0106
	CTRL / MD 
	ns
	-0.5569 to 0.8702

	
	
	
	
	CTRL / MOD 
	ns
	-0.4169 to 1.010

	
	
	
	
	CTRL / SD 
	ns
	-1.384 to 0.04355

	
	
	
	
	CTRL / OC 
	ns
	-0.8369 to 0.5902

	
	
	
	
	MD / MOD 
	ns
	-0.5735 to 0.8535

	
	
	
	
	MD / SD 
	*
	-1.540 to -0.1131

	
	
	
	
	MD / OC 
	ns
	-0.9935 to 0.4335

	
	
	
	
	MOD / SD 
	**
	-1.680 to -0.2531

	
	
	
	
	MOD / OC 
	ns
	-1.134 to 0.2935

	
	
	
	
	SD / OC 
	ns
	-0.1669 to 1.260

	48 (RT 16.30-17)

	16.5
	FA2F2G2S1
	1222.4423
	0.0001
	CTRL / MD 
	***
	-3.912 to -2.102

	
	
	
	
	CTRL / MOD 
	*
	-1.952 to -0.1418

	
	
	
	
	CTRL / SD 
	ns
	-1.732 to 0.07820

	
	
	
	
	CTRL / OC 
	*
	-2.008 to -0.1985

	
	
	
	
	MD / MOD 
	***
	1.055 to 2.865

	
	
	
	
	MD / SD 
	***
	1.275 to 3.085

	
	
	
	
	MD / OC 
	***
	0.9985 to 2.808

	
	
	
	
	MOD / SD 
	ns
	-0.6849 to 1.125

	
	
	
	
	MOD / OC 
	ns
	-0.9615 to 0.8482

	
	
	
	
	SD / OC 
	ns
	-1.182 to 0.6282

	16.53
	FA3G3S1
	1258.9347
	0.2961
	CTRL / MD 
	ns
	-1.490 to 1.924

	
	
	
	
	CTRL / MOD 
	ns
	-1.090 to 2.324

	
	
	
	
	CTRL / SD 
	ns
	-1.980 to 1.434

	
	
	
	
	CTRL / OC 
	ns
	-2.220 to 1.194

	
	
	
	
	MD / MOD 
	ns
	-1.307 to 2.107

	
	
	
	
	MD / SD 
	ns
	-2.197 to 1.217

	
	
	
	
	MD / OC 
	ns
	-2.437 to 0.9769

	
	
	
	
	MOD / SD 
	ns
	-2.597 to 0.8169

	
	
	
	
	MOD / OC 
	ns
	-2.837 to 0.5769

	
	
	
	
	SD / OC 
	ns
	-1.947 to 1.467

	17.51
	FA3G3S1
	1258.9347
	0.0002
	CTRL / MD 
	ns
	-0.3498 to 0.8632

	
	
	
	
	CTRL / MOD 
	ns
	-0.08649 to 1.126

	
	
	
	
	CTRL / SD 
	**
	-1.493 to -0.2802

	
	
	
	
	CTRL / OC 
	ns
	-0.6832 to 0.5298

	
	
	
	
	MD / MOD 
	ns
	-0.3432 to 0.8698

	
	
	
	
	MD / SD 
	***
	-1.750 to -0.5368

	
	
	
	
	MD / OC 
	ns
	-0.9398 to 0.2732

	
	
	
	
	MOD / SD 
	***
	-2.013 to -0.8002

	
	
	
	
	MOD / OC 
	ns
	-1.203 to 0.009823

	
	
	
	
	SD / OC 
	**
	0.2035 to 1.416

	49 (RT 17-17.35)

	17.3
	FA2G2S2
	1221.9619
	0.0001
	CTRL / MD 
	**
	-3.024 to -0.8494

	
	
	
	
	CTRL / MOD 
	ns
	-1.611 to 0.5640

	
	
	
	
	CTRL / SD 
	***
	-3.997 to -1.823

	
	
	
	
	CTRL / OC 
	**
	-2.751 to -0.5760

	
	
	
	
	MD / MOD 
	*
	0.3260 to 2.501

	
	
	
	
	MD / SD 
	ns
	-2.061 to 0.1140

	
	
	
	
	MD / OC 
	ns
	-0.8140 to 1.361

	
	
	
	
	MOD / SD 
	***
	-3.474 to -1.299

	
	
	
	
	MOD / OC 
	*
	-2.227 to -0.05272

	
	
	
	
	SD / OC 
	*
	0.1594 to 2.334

	17.15
	FA3F2G2/FM4A3F2G2
	1259.4806
	0.0042
	CTRL / MD 
	ns
	-0.8310 to 1.038

	
	
	
	
	CTRL / MOD 
	ns
	-0.5743 to 1.294

	
	
	
	
	CTRL / SD 
	*
	-2.004 to -0.1357

	
	
	
	
	CTRL / OC 
	ns
	-0.8410 to 1.028

	
	
	
	
	MD / MOD 
	ns
	-0.6777 to 1.191

	
	
	
	
	MD / SD 
	*
	-2.108 to -0.2390

	
	
	
	
	MD / OC 
	ns
	-0.9443 to 0.9243

	
	
	
	
	MOD / SD 
	**
	-2.364 to -0.4957

	
	
	
	
	MOD / OC 
	ns
	-1.201 to 0.6677

	
	
	
	
	SD / OC 
	*
	0.2290 to 2.098

	17.35
	FA3F1G3S1/FM4A3F1G1S1
	1331.9871
	0.0797
	CTRL / MD 
	ns
	-2.629 to 0.9094

	
	
	
	
	CTRL / MOD 
	ns
	-1.749 to 1.789

	
	
	
	
	CTRL / SD 
	ns
	-3.289 to 0.2494

	
	
	
	
	CTRL / OC 
	ns
	-2.453 to 1.086

	
	
	
	
	MD / MOD 
	ns
	-0.8894 to 2.649

	
	
	
	
	MD / SD 
	ns
	-2.429 to 1.109

	
	
	
	
	MD / OC 
	ns
	-1.593 to 1.946

	
	
	
	
	MOD / SD 
	ns
	-3.309 to 0.2294

	
	
	
	
	MOD / OC 
	ns
	-2.473 to 1.066

	
	
	
	
	SD / OC 
	ns
	-0.9327 to 2.606

	50 (RT 17.35-17.65)

	17.3
	FA2G2S2
	1221.9332
	0.0001
	CTRL / MD 
	***
	-2.686 to -1.574

	
	
	
	
	CTRL / MOD 
	*
	-1.113 to -0.0003888

	
	
	
	
	CTRL / SD 
	***
	-3.743 to -2.630

	
	
	
	
	CTRL / OC 
	***
	-2.366 to -1.254

	
	
	
	
	MD / MOD 
	***
	1.017 to 2.130

	
	
	
	
	MD / SD 
	***
	-1.613 to -0.5004

	
	
	
	
	MD / OC 
	ns
	-0.2363 to 0.8763

	
	
	
	
	MOD / SD 
	***
	-3.186 to -2.074

	
	
	
	
	MOD / OC 
	***
	-1.810 to -0.6971

	
	
	
	
	SD / OC 
	***
	0.8204 to 1.933

	17.51
	FA3G3S1
	1258.9275
	0.0001
	CTRL / MD 
	ns
	-0.08686 to 0.5202

	
	
	
	
	CTRL / MOD 
	**
	0.1731 to 0.7802

	
	
	
	
	CTRL / SD 
	***
	-1.310 to -0.7031

	
	
	
	
	CTRL / OC 
	ns
	-0.4202 to 0.1869

	
	
	
	
	MD / MOD 
	ns
	-0.04352 to 0.5635

	
	
	
	
	MD / SD 
	***
	-1.527 to -0.9198

	
	
	
	
	MD / OC 
	*
	-0.6369 to -0.02981

	
	
	
	
	MOD / SD 
	***
	-1.787 to -1.180

	
	
	
	
	MOD / OC 
	***
	-0.8969 to -0.2898

	
	
	
	
	SD / OC 
	***
	0.5865 to 1.194

	17.49
	FA3F2G3
	1259.4442
	0.0001
	CTRL / MD 
	ns
	-2.168 to 0.4810

	
	
	
	
	CTRL / MOD 
	ns
	-1.581 to 1.068

	
	
	
	
	CTRL / SD 
	***
	-5.204 to -2.556

	
	
	
	
	CTRL / OC 
	*
	-2.858 to -0.2090

	
	
	
	
	MD / MOD 
	ns
	-0.7377 to 1.911

	
	
	
	
	MD / SD 
	***
	-4.361 to -1.712

	
	
	
	
	MD / OC 
	ns
	-2.014 to 0.6344

	
	
	
	
	MOD / SD 
	***
	-4.948 to -2.299

	
	
	
	
	MOD / OC 
	ns
	-2.601 to 0.04768
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	0.0001
	Tukey's Multiple Comparison Test
	Summary
	95% CI of diff
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	MD / MOD 
	***
	2.258 to 3.996

	
	
	
	
	MD / SD 
	*
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	MD / OC 
	***
	1.698 to 3.436

	
	
	
	
	MOD / SD 
	***
	-2.862 to -1.124

	
	
	
	
	MOD / OC 
	ns
	-1.429 to 0.3089

	
	
	
	
	SD / OC 
	**
	0.5644 to 2.302

	51 (RT 17.65-18.15)

	17.49
	1259.4418
	1259.4418
	0.0001
	CTRL / MD 
	*
	0.01647 to 0.6035

	
	
	
	
	CTRL / MOD 
	***
	0.2598 to 0.8469

	
	
	
	
	CTRL / SD 
	***
	-1.364 to -0.7765

	
	
	
	
	CTRL / OC 
	ns
	-0.3069 to 0.2802

	
	
	
	
	MD / MOD 
	ns
	-0.05019 to 0.5369

	
	
	
	
	MD / SD 
	***
	-1.674 to -1.086

	
	
	
	
	MD / OC 
	*
	-0.6169 to -0.02981

	
	
	
	
	MOD / SD 
	***
	-1.917 to -1.330

	
	
	
	
	MOD / OC 
	***
	-0.8602 to -0.2731

	
	
	
	
	SD / OC 
	***
	0.7631 to 1.350

	18.18
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	***
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	***
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	MOD / OC 
	ns
	-1.928 to 0.5211

	
	
	
	
	SD / OC 
	***
	4.796 to 7.244

	17.83
	FA3G2S2
	1323.5114
	0.0001
	CTRL / MD 
	**
	-4.724 to -0.8898

	
	
	
	
	CTRL / MOD 
	ns
	-2.277 to 1.557

	
	
	
	
	CTRL / SD 
	***
	-6.897 to -3.063

	
	
	
	
	CTRL / OC 
	ns
	-3.647 to 0.1868

	
	
	
	
	MD / MOD 
	*
	0.5298 to 4.364

	
	
	
	
	MD / SD 
	*
	-4.090 to -0.2565

	
	
	
	
	MD / OC 
	ns
	-0.8402 to 2.994

	
	
	
	
	MOD / SD 
	***
	-6.537 to -2.703

	
	
	
	
	MOD / OC 
	ns
	-3.287 to 0.5468

	
	
	
	
	SD / OC 
	**
	1.333 to 5.167

	18.36
	FA3F1G3S1
	1331.9796
	0.2864
	CTRL / MD 
	ns
	-3.044 to 1.651

	
	
	
	
	CTRL / MOD 
	ns
	-2.234 to 2.461

	
	
	
	
	CTRL / SD 
	ns
	-1.434 to 3.261

	
	
	
	
	CTRL / OC 
	ns
	-2.734 to 1.961

	
	
	
	
	MD / MOD 
	ns
	-1.538 to 3.158

	
	
	
	
	MD / SD 
	ns
	-0.7376 to 3.958

	
	
	
	
	MD / OC 
	ns
	-2.038 to 2.658

	
	
	
	
	MOD / SD 
	ns
	-1.548 to 3.148

	
	
	
	
	MOD / OC 
	ns
	-2.848 to 1.848

	
	
	
	
	SD / OC 
	ns
	-3.648 to 1.048

	52 (RT 18.15- 18.30)

	18.26
	1259.4418
	1259.4418
	0.098
	CTRL / MD 
	ns
	-1.931 to 2.324

	
	
	
	
	CTRL / MOD 
	ns
	-2.097 to 2.157

	
	
	
	
	CTRL / SD 
	ns
	-3.667 to 0.5875

	
	
	
	
	CTRL / OC 
	ns
	-2.977 to 1.277

	
	
	
	
	MD / MOD 
	ns
	-2.294 to 1.961

	
	
	
	
	MD / SD 
	ns
	-3.864 to 0.3908

	
	
	
	
	MD / OC 
	ns
	-3.174 to 1.081

	
	
	
	
	MOD / SD 
	ns
	-3.697 to 0.5575

	
	
	
	
	MOD / OC 
	ns
	-3.007 to 1.247

	
	
	
	
	SD / OC 
	ns
	-1.437 to 2.817

	18.18
	FA2F1G2S2
	1294.9894
	0.0001
	CTRL / MD 
	*
	-2.414 to -0.1929

	
	
	
	
	CTRL / MOD 
	ns
	-1.704 to 0.5171

	
	
	
	
	CTRL / SD 
	***
	-8.344 to -6.123

	
	
	
	
	CTRL / OC 
	*
	-2.394 to -0.1729

	
	
	
	
	MD / MOD 
	ns
	-0.4004 to 1.820

	
	
	
	
	MD / SD 
	***
	-7.040 to -4.820

	
	
	
	
	MD / OC 
	ns
	-1.090 to 1.130

	
	
	
	
	MOD / SD 
	***
	-7.750 to -5.530

	
	
	
	
	MOD / OC 
	ns
	-1.800 to 0.4204

	
	
	
	
	SD / OC 
	***
	4.840 to 7.060

	53 (RT 18.30-18.70)

	18.74
	FM5A3F1G1S1/FA3F1G3S1
	1331.9722
	0.0125
	CTRL / MD 
	ns
	-1.640 to 0.6337

	
	
	
	
	CTRL / MOD 
	ns
	-0.7203 to 1.554

	
	
	
	
	CTRL / SD 
	ns
	-2.197 to 0.07699

	
	
	
	
	CTRL / OC 
	ns
	-1.800 to 0.4737

	
	
	
	
	MD / MOD 
	ns
	-0.2170 to 2.057

	
	
	
	
	MD / SD 
	ns
	-1.694 to 0.5803

	
	
	
	
	MD / OC 
	ns
	-1.297 to 0.9770

	
	
	
	
	MOD / SD 
	*
	-2.614 to -0.3397

	
	
	
	
	MOD / OC 
	ns
	-2.217 to 0.05699

	
	
	
	
	SD / OC 
	ns
	-0.7403 to 1.534

	18.69
	FA2F2G2S2
	1367.9883
	0.0001
	CTRL / MD 
	ns
	-1.113 to 0.2259

	
	
	
	
	CTRL / MOD 
	ns
	-0.7226 to 0.6159

	
	
	
	
	CTRL / SD 
	***
	-4.789 to -3.451

	
	
	
	
	CTRL / OC 
	ns
	-0.9592 to 0.3792

	
	
	
	
	MD / MOD 
	ns
	-0.2792 to 1.059

	
	
	
	
	MD / SD 
	***
	-4.346 to -3.007

	
	
	
	
	MD / OC 
	ns
	-0.5159 to 0.8226

	
	
	
	
	MOD / SD 
	***
	-4.736 to -3.397

	
	
	
	
	MOD / OC 
	ns
	-0.9059 to 0.4326

	
	
	
	
	SD / OC 
	***
	3.161 to 4.499

	54 (RT 18.70-18.90)

	18.76
	FA3F1G3S1
	1332.4812
	0.0012
	CTRL / MD 
	ns
	-1.912 to 0.2921

	
	
	
	
	CTRL / MOD 
	ns
	-0.7754 to 1.429

	
	
	
	
	CTRL / SD 
	*
	-2.472 to -0.2679

	
	
	
	
	CTRL / OC 
	*
	-2.459 to -0.2546

	
	
	
	
	MD / MOD 
	*
	0.03456 to 2.239

	
	
	
	
	MD / SD 
	ns
	-1.662 to 0.5421

	
	
	
	
	MD / OC 
	ns
	-1.649 to 0.5554

	
	
	
	
	MOD / SD 
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	-2.799 to -0.5946

	
	
	
	
	MOD / OC 
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	-2.785 to -0.5812

	
	
	
	
	SD / OC 
	ns
	-1.089 to 1.115

	18.69
	FA2F2G2S2
	1367.9883
	0.0001
	CTRL / MD 
	ns
	-1.313 to 0.06000

	
	
	
	
	CTRL / MOD 
	ns
	-0.8700 to 0.5033

	
	
	
	
	CTRL / SD 
	***
	-5.093 to -3.720

	
	
	
	
	CTRL / OC 
	ns
	-1.170 to 0.2033

	
	
	
	
	MD / MOD 
	ns
	-0.2433 to 1.130

	
	
	
	
	MD / SD 
	***
	-4.467 to -3.093

	
	
	
	
	MD / OC 
	ns
	-0.5433 to 0.8300

	
	
	
	
	MOD / SD 
	***
	-4.910 to -3.537

	
	
	
	
	MOD / OC 
	ns
	-0.9867 to 0.3867

	
	
	
	
	SD / OC 
	***
	3.237 to 4.610

	55 ( RT 18.90-19.30)

	19.06
	FA3F2G3S1
	1404.9922
	0.0009
	CTRL / MD 
	ns
	-0.7259 to 0.8259

	
	
	
	
	CTRL / MOD 
	ns
	-0.4493 to 1.103
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	**
	-1.926 to -0.3741

	
	
	
	
	CTRL / OC 
	ns
	-0.9326 to 0.6193
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	ns
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	**
	-1.976 to -0.4241

	
	
	
	
	MD / OC 
	ns
	-0.9826 to 0.5693

	
	
	
	
	MOD / SD 
	***
	-2.253 to -0.7007

	
	
	
	
	MOD / OC 
	ns
	-1.259 to 0.2926

	
	
	
	
	SD / OC 
	*
	0.2174 to 1.769

	56 (RT 19.30-19.65)

	19.4
	FA3F1G3S1/FM5A3F1G1S1
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	0.0001
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	ns
	-0.4369 to 0.3302
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	-0.01353 to 0.7535
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	CTRL / OC 
	ns
	-0.5202 to 0.2469
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	MD / SD 
	***
	-2.060 to -1.293
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	***
	-2.484 to -1.716
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	-0.8902 to -0.1231
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	***
	1.210 to 1.977
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	1404.9691
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	-0.9613 to 3.041
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	ns
	-2.861 to 1.141

	
	
	
	
	MD / OC 
	ns
	-1.881 to 2.121
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	ns
	-3.901 to 0.1013

	
	
	
	
	MOD / OC 
	ns
	-2.921 to 1.081

	
	
	
	
	SD / OC 
	ns
	-1.021 to 2.981

	58 ( RT 20.05-20.55)

	20.07
	FA3F3G3F1
	1405.4998
	0.2174
	CTRL / MD 
	ns
	-1.729 to 0.9027
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	-1.376 to 1.256
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	-1.383 to 1.249
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	ns
	-2.183 to 0.4494
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	ns
	-1.736 to 0.8960

	
	
	
	
	SD / OC 
	ns
	-0.8694 to 1.763
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	MD / OC 
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	-1.027 to 0.8999
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	-2.267 to -0.3401
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	ns
	-1.510 to 0.4165

	
	
	
	
	SD / OC 
	ns
	-0.2065 to 1.720

	21.12
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	1478.0203
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	ns
	-0.6960 to 0.5493
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	ns
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	ns
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	ns
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	MD / OC 
	ns
	-0.7993 to 0.4460

	
	
	
	
	MOD / SD 
	***
	-2.056 to -0.8107

	
	
	
	
	MOD / OC 
	ns
	-1.103 to 0.1427
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	**
	0.3307 to 1.576
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	1478.5789
	0.0064
	CTRL / MD 
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	-4.491 to -0.8361

	
	
	
	
	CTRL / MOD 
	ns
	-2.944 to 0.7105

	
	
	
	
	CTRL / SD 
	ns
	-2.174 to 1.481

	
	
	
	
	CTRL / OC 
	ns
	-3.007 to 0.6472

	
	
	
	
	MD / MOD 
	ns
	-0.2805 to 3.374

	
	
	
	
	MD / SD 
	*
	0.4895 to 4.144

	
	
	
	
	MD / OC 
	ns
	-0.3439 to 3.311

	
	
	
	
	MOD / SD 
	ns
	-1.057 to 2.597

	
	
	
	
	MOD / OC 
	ns
	-1.891 to 1.764

	
	
	
	
	SD / OC 
	ns
	-2.661 to 0.9939

	61 (RT 21.90-22.70)
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	A5G2S1
	1551.0559
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	CTRL / MD 
	***
	-3.404 to -1.263

	
	
	
	
	CTRL / MOD 
	ns
	-1.817 to 0.3238

	
	
	
	
	CTRL / SD 
	*
	-2.194 to -0.05291

	
	
	
	
	CTRL / OC 
	ns
	-2.010 to 0.1304

	
	
	
	
	MD / MOD 
	**
	0.5162 to 2.657

	
	
	
	
	MD / SD 
	*
	0.1396 to 2.280

	
	
	
	
	MD / OC 
	*
	0.3229 to 2.464

	
	
	
	
	MOD / SD 
	ns
	-1.447 to 0.6938

	
	
	
	
	MOD / OC 
	ns
	-1.264 to 0.8771

	
	
	
	
	SD / OC 
	ns
	-0.8871 to 1.254

	22.87
	FA5G5S1
	1624.0587
	0.0006
	CTRL / MD 
	*
	0.01732 to 2.249

	
	
	
	
	CTRL / MOD 
	ns
	-0.5060 to 1.726

	
	
	
	
	CTRL / SD 
	ns
	-2.226 to 0.006012

	
	
	
	
	CTRL / OC 
	ns
	-0.4993 to 1.733

	
	
	
	
	MD / MOD 
	ns
	-1.639 to 0.5927

	
	
	
	
	MD / SD 
	***
	-3.359 to -1.127

	
	
	
	
	MD / OC 
	ns
	-1.633 to 0.5993

	
	
	
	
	MOD / SD 
	**
	-2.836 to -0.6040

	
	
	
	
	MOD / OC 
	ns
	-1.109 to 1.123

	
	
	
	
	SD / OC 
	**
	0.6107 to 2.843

	23.11
	FA5G5S1
	1624.0587
	0.0508
	CTRL / MD 
	*
	-2.762 to -0.1185

	
	
	
	
	CTRL / MOD 
	ns
	-2.192 to 0.4515

	
	
	
	
	CTRL / SD 
	ns
	-2.115 to 0.5282

	
	
	
	
	CTRL / OC 
	ns
	-1.818 to 0.8248

	
	
	
	
	MD / MOD 
	ns
	-0.7515 to 1.892

	
	
	
	
	MD / SD 
	ns
	-0.6748 to 1.968

	
	
	
	
	MD / OC 
	ns
	-0.3782 to 2.265

	
	
	
	
	MOD / SD 
	ns
	-1.245 to 1.398

	
	
	
	
	MOD / OC 
	ns
	-0.9482 to 1.695

	
	
	
	
	SD / OC 
	ns
	-1.025 to 1.618
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a b s t r a c t



Oral Cancer (OC) is a subset of head and neck cancer (HNC) with an annual worldwide incidence of
275,000 cases. OC remains a significant burden worldwide in terms of diagnosis, treatment and progno-
sis. Despite desirable outcomes in early diagnosed OCs and treatment advances most OCs are detected in
advanced stages. The 5-year survival rate of early-stage disease is !80% and that of late-stage disease is
only !20%. Recurrence and chemoresistance from a treatment point of view and pain and disfiguration
are important factors contributing to the high morbidity and mortality of OC. Furthermore the process
of oral carcinogenesis is complex and not yet fully understood. Consequently numerous potential
biomarkers have been hypothesised though controversial results across the board hamper their clinical
implementation. Of greatest advantage would be biomarkers signalling early events preceeding OC.
Biomarker targets predominately involve deregulated molecular events that participate in cell signalling,
growth, survival, motility, angiogenesis and cell cycle control but can also use changes in metabolic genes
to discriminate healthy form disease state. Promising potential biomarkers include the growth signalling
oncogenes, Epidermal Growth Factor Receptor and Cyclin D1, the anti-growth signalling components p53
and p21, apoptotic effectors such as Bcl-2 and also components involved in immortalisation, angiogene-
sis, invasion and metastasis processes. Translation of these potential biomakers to the patients is closer
than ever though few issues remain to be resolved. Firstly large clinical trials are needed to validate their
clinical applicability but also standardised methods of collection, storage and processing methods are
needed to minimise variability.



! 2016 Elsevier Ltd. All rights reserved.



Carcinogenic pathways in oral cancer



The use of molecular markers to diagnose oral pre/cancerous
lesions is not a new concept. Recent advances in modern screening
techniques has opened the door and enabled identification of rele-
vant targets aiming to exploit their potential for early cancer detec-
tion. Biomarkers that signal early changes in the epithelium would
impact significantly on patients, positively correlating to better
prognosis, quality of life and lower treatment costs. The demand
for clinically reliable biomarkers has led to a proliferation in the
literature of possible targets at genetic, mRNA, protein and meta-
bolome levels, the vast majority of which are intrinsically linked
to the aberrant growth of cancer cells. The list of genetic alterations
that occur in dysplastic/cancerous cells are numerous, including
point mutations, deletions, translocations, amplifications, methyla-
tions, microsatellite instability and loss of heterozygosity.
Although this growing list of possible biomarkers is extensive,
there is currently little transfer of this knowledge into a clinical



setting. One example being SaliMark a diagnostic salivary test for
Oral Cancer (OC) devised by Elashoff et al. [11] which targets
significant changes in seven mRNA and three protein markers
identifying patients at risk (see Figs. 1 and 2).



This review summarises the deregulated molecular events
occurring in OC and examines their potential as biomarkers.



Self sufficient growth stimulatory signalling



EGFR, HER-2, Her-3, Her-4 and EGF



Signal transduction pathway dysfunction is a focal point in
understanding the pathologic route driving cancer. Accordingly
epidermal growth factor receptor (EGFR) is one of the most studied
oncogenes and an OC treatment target. The EGF family of trans-
membrane tyrosine kinase receptors includes homodimers or het-
erodimers of four receptors: EGFR, Her-2, Her-3 and Her-4. Ligand
binding triggers autophosphorylation and activation of multiple
intracellular signalling cascades including RAS-RAF-MAPK, PI3K/
AKT, mTOR, JAK and STAT pathways resulting in a variety of



http://dx.doi.org/10.1016/j.oraloncology.2016.07.013
1368-8375/! 2016 Elsevier Ltd. All rights reserved.
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