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Abstract: Methylation has been the most widely used conventional tool in the structural characterization
of polysaccharides. In the series of developments in methylation methods 1 a diverse range of solvents
and methylating reagents under basic conditions, the main emphasis relied upon inclusive solubilization of
polysaccharides during the reaction procedure. In our laboratory, Acacia tortilis ssp. raddiana (Savi) Brenan
polysaccharide (AcTP) has been reported for antidiabetic activity and hence its chemical structure has been
investigated. AcTP was found to be composed of L-rhamnose, L-arabinose, D-mannose, D-galactose, D-
galacturonic acid, and D-glucuronic acid in molar ratio 1:34:1:10:2:2 respectively. The polysaccharide was
subjected to Hakomori methylation protocol for linkage analysis. However, the method encountered following
limitations: undermethylation, partial degradation of polysaccharide, and decline in solubility of methylated
product in hydrolytic and reducing reagents for further derivatization to partially methylated alditol acetates
(PMAA). The limitations were circumvented by applying key modifications in standard protocol viz. in situ
production of methylsulfinyl methyl sodium; purification of a product by dialysis; replacing 0.15M H,SO, by
4M trifluoroacetic acid and performing the reduction by NaBH, in methanol/chloroform (7:3) solvent system.
Fherefore; permethylation of AcTP to PMAA was realized by the proposed modified method and glycosyl
linkages were studied by GC-MS. The monosaccharide composition based on alditol acetate investigation and
successive PMMA analysis demonstrated complete methylatior}\s-igﬂ-i-fy-'mg the worthiness of the modified
method. The methylation was also confirmed by FTIR results. Unlike the original protocol, the modified
method is more feasible, efficient, and effective can be used for permethylation of neutral as well as acidic
polysaccharides.

Keywords: Acacia tortilis, structural characterization, polysaccharide, modification.

Introduction

In view of the obvious of gum exudates
and other important polysaccharides in the glo-
bal bio-economy, their structural characterization
is an essential prerequisite to understand the
structure-activity relationship and subsequent
structural modifications for diverse applications.
Methylation analysis is the most extensively used
method in carbohydrate chemistry and has been
practiced for numerous decades in the structural

investigation of polysaccharides. It is primarily
used to study the nature and position of glyco-
sidic linkages among constituent monosaccha-
rides and thus it is a very helpful technique for
structural analysis '. Per-alkylation is preferred
over other derivatizations (e.g. per-acetylation,
per-silylation) since the ether bonds formed there-
after are stronger than the glycosidic linkages and
hence stable under acidic conditions during hy-
drolysis 2. There are several methods -2 for
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methylation of oligosaccharides and polysaccha-
rides in aqueous and non-aqueous media. Methy-
lation technique was first proposed by Purdie and
Irvine, 1903 * by employing methanol, silver ox-
ide, and methyl iodide; however, it did not work
due to the reaction of methyl iodide with metha-
nol. Further, acetone, being inert to Mel, was used
but the former has lower polysaccharide solubi-
lizing ability than methanol. Hence, the method
was limited to methylation of non-reducing gly-
cosides as silver oxide oxidizes the reducing sug-
ars to esters.

Consequently, the method was modified by
Haworth, 1915 *using dimethyl sulfate and 50 %
NaOH. However, in several cases, the method
suffered from a low degree of substitution and
higher polysaccharide degradation 'tf;\harsh alka-
line conditions leading to lower recovery. Fur-
ther, Kuhn et al.,1955 ° and Wallenfels et al., 1963
8 proposed methylation by taking polysaccharide
in dimethylformamide (DMF) 7% or DMSO °
and treating with dimethyl sulfate in presence of
BaO or Ba(OH), to make the procedure more ef-
fective. Later, silver oxide was replaced by A1 O..
The use of non-oxidizing metal oxide in DMF
increased the yield of methylated products in com-
parison with modified Purdie’s reagent’—\heweveﬁ
the quest for solubilizing the polysaccharide in-
solvent before reaction had still not been com-
pletely resolved. Subsequently, Falconer and
Adams, 1956 ' proposed methylation using dim-
ethyl sulfate and solid NaOH in tetrahydrofuran
(THF). The method was also inadequate due to
the insolubility of polysaccharides in THF. Barker
etal., 1959 !, proposed liquid ammonia-sodium-
methyl iodide method of methylation, wherein,
polysaccharide was swollen in liquid ammonia,
followed by addition of sodium and methyl io-
dide. However, the procedure is extremely sensi-
tive as sodamide formed during reaction causes
extensive degradation of the polysaccharide.
Srivastava et al., 1964 '? proposed modification
in Falconer and Adams '° method using dimethyl
sulfate and NaOH pellets in dimethyl sulphoxide.
Subsequently, Hakomori ! in 1964 proposed a
modified methylation protocol employing DMSO
and dimsyl sodium as base and methyl iodide as
a methylating agent. The dimsyl ion is generated
by treating sodium hydride (NaH) with DMSO.

However, NaH being highly reactive may ignite
in air to produce inflammable H, gas. Therefore,
itis preserved in mineral oil; the oil acted
as a source of impurities in the chromatogram of
partially methylated alditol acetates (PMAA) .
Further, butyllithium was used as a substitute to
NaH, giving lithiummethylsulfinylcarbanion as a
precursor to methylation '*!°, Ciucanu and Kerek
'°in 1984, while working on Srivastava ef al. 1964
12 method, also proposed the use of solid NaOH
or KOH in t-BuOH ag\comparatively milq\base
to reduce the degradation of the polymer.

In the series of developments in methylation
methods over decades, the main emphasis relied
upon inclusive solubilization of polysaccharides
during the reaction procedurg such that free hy-
droxyls are per-methylated to achieve accurate
linkage information. Despite the development of
several methylation methods and their subsequent
modifications, Hakomori method ! is still the most
widely used protocol for methylation of carbo-
hydrates ''°, wherein, DMSO and dimsyl sodium
(methylsulfiny]l methyl sodium) are used as the
base, resulting in the formation of polyalkoxide
ion of the substrate, which is a critical step. Etheri-
fication is then achieved by methyl iodide. In case
of polysaccharides, partial solubility may prevent
complete methylation in one step. Hence the usual
approach is to obtain a partially methylated poly-
mer in the first step, which would eventually have
lower polarity and higher solubility in methylat-
ing reaction mixture, thereby, leading to a higher
degree of alkylation. The limitation in complete
O-methylation is due to the steric hindrance of
the polysaccharide possessing a 3-dimensional
structure, wherein hydroxyl groups are highly
restricted with intra- and inter molecular hydro-
gen bonding.

In the present investigation, Acacia tortilis
polysaccharide (AcTP) from the gum exudates
was taken as a case study. The studies carried out
in our laboratory conclusively reported 4. fortilis
polysaccharide as a good in vitro o-glucosidase
inhibitor and showed inhibition against Saccha-
romyces cerevisiae yeast as well as mammalian
intestinal a-glucosidase Kl. Intriguingly, due to
lack of structural information, the polysaccharide
1s underrated and underutilized. Hence, it was de-
cided to investigate the structure of AcTP by


Shipra
Cross-Out

Shipra
Replacement Text
under

Shipra
Cross-Out

Shipra
Replacement Text
. However,

Shipra
Cross-Out

Shipra
Cross-Out

Shipra
Replacement Text
. Conversely,

Shipra
Inserted Text
 a

Shipra
Inserted Text
er

Shipra
Inserted Text
,

Shipra
Cross-Out

Shipra
Inserted Text
20,


Hakomori methylation procedure. However, dur-
ing the study, the method encountered limitations
such as undermethylation, partial degradation,
loss of material, and decline in solubility of me-
thylated polysaccharide in hydrolytic and reduc-
ing reagents for further derivatization to PMAA.
The above limitations were extensively studied
and circumvented based on modified experimen-
tal protocol developed in a laboratory. Hence, this
manuscript aims to provide the technical details
and critical procedural steps necessary for suc-
cessful methylation.

Materials and methods
Materials

The sample of 4. tortilis ssp. Raddiana (Sabi)
Brenan gum exudate was provided by Central Arid
Zone Research Institute (CAZRI), Jodhpur re-
search farm under the network project on ‘Har-
vesting, processing and value addition of Natural
Resins and Gums’. The material was authenticated
and verified by Dr. J. C. Tewari, Principal Scien-
tist (Forestry), CAZRI, Jodhpur, India.

General methods of analysis

If not stated otherwise, all chemicals were of
analytical grade, purchased from Merck India.
3,5- dimethylphenol and all monosaccharide stan-
dards viz: L-arabinose, D-glucose, D-galactose,
L-rhamnose, D-mannose, D-glucuronic acid and
D-galacturonic acid were purchased from Sigma-
Aldrich (St. Louis, MO, USA). All the experi-
ments were performed in triplicate to minimize
experimental error. Gel permeation chromatog-
raphy (GPC) was performed using Sephadex G-
200, packed in the Pharmacia column [C56/70]
and fractions were collected using Gilson frac-
tion collector-201 and HP2 mini plus pump. High-
performance size exclusion chromatography (HP-
SEC) was performed on the Waters-HPSEC sys-
tem. The system contained Waters binary HPLC
pump (1525) with in-line degasser attached to
waters SEC column (HSP Gel AQ-MB-H)
coupled with Waters refractive index detector
(2414). The colorimetric tests were performed on
Chemito UV-Vis Spectrophotometer UV-2500 at
different wavelengths. Gas-liquid chromatogra-
phy was carried out on Thermo Scientific gas
chromatograph GC-600 fitted with a flame ion-

ization detector (FID) and BPX70 capillary col-
umn under the following operating conditions:
single ramp program with initial temperature
190°C (1 min hold) with an increase of 3°C/ min
to reach final temperature 260°C (10 min hold)
with a Nitrogen flow rate of 1.5-2.0 mL/min. The
GC-MS analyses were performed on a 7890B gas
chromatograph coupled with 5977A mass spec-
trometer, equipped with electron ionization (EI)
and quadrupole analyzer (Agilent Technologies,
Santa Clara, CA, USA). Samples were loaded in
1 uL injection volume and eluted from RTX 2330
(Restek) column using helium as carrier gas at a
flow rate of 1.2 mL/min. The operating condi-
tions were as follows: single ramp program with
injection port temperature 250°C; initial column
temperature- 190°C (1 min hold) with an increase
of 3°C/ min to reach final temperature 240°C (5
min hold); GC-MS Transfer Line Temp, 280°C;
MS Source: 230°C; MS Quad: 150°C.

Isolation and purification of polysaccharide

The polysaccharide was isolated by standard
protocol # that involves the dissolution of exu-
date samples in distilled water followed by pre-
cipitation. Briefly, the crude gum sample (10 g)
was milled and dissolved in a minimum amount
of water (60 ml). The solution was filtered through
a sintered glass filter (G1) to remove water in-
soluble impurities (0.38 g) and give a clear pale-
yellow filtrate. To this solution, three folds of ace-
tone (180 ml) was added with continuous stirring
and left overnight at 4°C. After a period of 10 h,
the white fluffy settled layer was recovered by
centrifugation (10 min, 2000 rpm) to give a white
precipitate, which was freeze-dried to yield crude
polysaccharide (6.7g, 67 %).

The isolated crude polysaccharide was purified
by re-precipitation and ion exchange chromatog-
raphy 2. In brief, the polysaccharide was dissolved
in water and re-precipitated with acetone. The
precipitate was washed several times with acetone
and ether and dried in a vacuum desiccator. The
re-precipitated polysaccharide solution (200 mg/
mL) was de-ionized by successively passing
through the columns of the freshly regenerated
cation (Dowex-50 W-X8) and anion (Seralite-
SRA-400) exchange resins. In both the experi-
ments, after sample elution, columns were washed
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until the eluted solution showed a negative
‘Molisch test’. The de-ionized polysaccharide
solution was concentrated (1/4%volume) and dia-
lyzed using the dialysis membrane of MWCO 12-
14 kDa against distilled water for 72 h. The dia-
lyzed product was lyophilized to obtain the pure
AcTP in the form of a white amorphous powder
(4.69 g,46.9 %).

Homogeneity of polysaccharide

AcTP solution (20 mg/mL) was loaded on GPC
column and 80 fractions were collected with frac-
tion size of 2 mL. Each fraction was tested for
polysaccharide content by anthrone-sulphuric acid
test 24, wherein, 200 UL of eluent of each fraction
was treated with anthrone-sulphuric acid reagent
and absorption was measured at 620 nm. A graph
of absorbance versus the number of fractions was
plotted (Figure 1). The fractions 28 to 31 illus-
trating a single peak were combined, concentrated
to a small volume and precipitated by ethanol.
The precipitated polysaccharide was filtered, lyo-
philized and used for further study. The homoge-
neity of polysaccharide was further confirmed by
HP-SEC. The sample was dissolved in HPLC
grade water (1.0 mg/mL and 0.05 mg/ml) and fil-
tered through a 0.45 um filter. It was then loaded
(20 pl) via a manual injection port system and
eluted with HPLC grade water with a flow rate of
0.4 ml/min.

Neutral monosaccharide composition
AcTP (10 mg) was hydrolyzed by 2M
trifluoroacetic acid (TFA, 5 mL) at 100°C for 4

h. TFA was removed under stream of dry nitro-
gen to give dry mass. The hydrolyzates obtained
were reduced with a 0.25M sodium borohydride
solution at 60°C for 2 h. Boric acid (a by-product
of reduction) was removed by co-distillation with
acetic acid-methanol (15 %, 5 ml, 3 times) fol-
lowed by washing with methanol (5 ml) to yield
a dry mass. The alditol mixture was acetylated
with acetic anhydride (1 ml) and pyridine (250
ul), at 90°C for 2h. The alditol acetates were ex-
tracted with dichloromethane (DCM) and washed
with saturated solution of sodium bicarbonate, 0.1
M HCI, and water. The DCM layer was dried over
activated sodium sulfate and concentrated. The
alditol acetates of standards and samples were
subjected to GLC analysis ».

Acidic monosaccharide composition
Spectrophotometric quantification of uronic acid
The presence of uronic acids was determined
qualitatively and quantitatively by 3,5-dimethyl
phenol method ?. The method facilitates indepen-
dent estimation of glucuronic as well as galactu-
ronic acids. Method A (for galacturonic acid):
Sample containing 0.125 mL of AcTP solution
(100 pg/mL) and 0.125 mL of 2 % NaCl was
treated with 2 mL conc. sulfuric acid followed by
vortexing. The mixture was heated at 70°C for
10 minutes, cooled at room temperature, followed
by the addition of 0.1 mL 3,5-dimethylphenol
solution (0.1g 3,5-dimethyl phenol in 100 ml gla-
cial acetic acid) and absorbance was instantly
measured after vortexing at 450 nm and 400 nm.
Galacturonic acid standards of varying concen-
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Figure 1. Gel permeation chromatography elution pattern of AcTP Polysaccharide



trations (20-80 pg/mL) were prepared and their
absorptivity values were multiplied by correction
factor 1.12 to obtain a calibration curve, which
was then used to estimate uronic acid content in a
sample. Method B for glucuronic acid quantifi-
cation was similar to method A except for two
differences. The 2 % NaCl solution was replaced
by NaCl-H,BO, (2 g NaCl and 3 g boric acid dis-
solved in 100 mL water) solution and the time of
heating was 40 min. The concentration of glucu-
ronic acid was determined by subtracting the ab-
sorbance difference observed in method B from
that of method A. The subtracted values were com-
pared to the calibration curve of the glucuronic
acid to provide the glucuronic acid content.

Reduction of uronic acids

The uronic acid present in polysaccharide was
reduced by the method of Taylor and Conrad,
197227, AcTP solution (10 mg/mL) was acidified
to pH 4.75 and 1 mmol of solid 1-ethyl-3-(3-dim-
ethyl aminopropyl)carbodiimide (EDC) was
added. The reaction proceeded for 45 min at pH
4.75 until the evolution of hydrogen ceased. 25
mL of 3M NaBH, was added drop wise at 25°C
in the one hour while simultaneously maintain-
ing the pH of reaction mixture 7.0 by the addi-
tion of 1 MHCI. The resultant mixture was then
made slightly acidic to destroy the remaining
NaBH, if any. The solution was thoroughly dia-
lyzed (12-14 kDa) against distilled water for 72 h
and concentrated under reduced pressure to a
small volume (4 mL). The reduced polymer was
then precipitated by adding three volumes (12 mL)
of ethanol, filtered and dried to give reduced
polysaccharide (AcTPR, 0.076 g). The complete
reduction of uronic acid was confirmed by a nega-
tive carbazole-sulphuric acid color test. Alditol
acetates of ACTPR were prepared in the same way
as mentioned in section Neutral monosaccharide
composition. The molar ratio of native and re-
duced polysaccharides was compared to give
uronic acid contents.

Methylation method
Standard methylation protocol

Initially AcTP was subjected to standard
methylation procedure '. In brief, methylsulfinyl
methyl sodium base was prepared ex-situ by add-

ing 30 mL dried dimethyl sulphoxide (DMSO) to
1.5 g of 57 % suspension of sodium hydride in
mineral oil mixed with 10 mL of anhydrous ether.
The polysaccharide solution of DMSO (5 mg/mL)
was treated with a 0.4 mL methylsulfinyl methyl
sodium base followed by the addition of 0.3 mL
dry methyl iodide and the reaction mixture was
left for 1-6 h at room temperature. The methy-
lated polysaccharide was extracted with 4 mL
chloroform. The CHCI, layer was washed with
water and dried over anhydrous magnesium
sulfate. The product was purified by column chro-
matography on Sephadex LH-20. The methyla-
tion process was repeated thrice and IR spectra
of native and methylated polymer were recorded
to confirm the per-etherification of free hydroxyl
groups.

The methylated polymer was depolymerized by
90 % formic acid at 105°C for 1.5 h. Formic acid
was removed and the product was hydrolysed by
0.15 M H,SO, at 105°C for 12-18 h under inert
conditions. The acid was neutralized by BaCO,
and 0.1 M NaOH. The hydrolyzate mixture was
reduced to alditols by solid NaBH, for 12 h at
room temperature. Excess of reducing agent was
neutralized by Dowex 50 (H") ion-exchange resin
and the by-product was removed by co-distilla-
tion with methanol. The alditols were acetylated
by 0.5 mL of equal parts of acetic anhydride and
pyridine at 105°C for 2 h to give PMMA.

Modified methylation protocol

5 g sodium hydride suspension (60 % in min-
eral oil) was washed with ether (10 mL x 3) and
completely dried under a stream of nitrogen. The
polysaccharide (100 mg) was dissolved in 10 mL
DMSO (dried over molecular sieve) in a three-
necked flask, attached to the reflux condenser
under regular nitrogen supply. The reaction mix-
ture was heated at 55°C with continuous stirring
and dried sodium hydride was added slowly dur-
ing a period of 2 h. After complete addition, the
reaction mixture was stirred for the next 2 h at
55°C under nitrogen source until the evolution of
hydrogen ceased. It was then cooled on an ice
bath and 3 mL methyl iodide was added slowly.
The reaction mixture was left for 18 h followed
by further addition of 2 mL methyl iodide. The
reaction was continued for the next 1 h and then
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quenched by adding 15 mL distilled water. It was
dialyzed for 96 h against distilled water to remove
residual DMSO, followed by fractionation with
chloroform (15 mL x 3). The chloroform layer
was washed thoroughly with distilled water to
remove water-soluble impurities and traces of
DMSO. The organic layer was dried over acti-
vated anhydrous sodium sulfate (30 min), filtered,
and concentrated to syrup (70 mg). IR spectrum
of the sample was recorded to check the absorp-
tion band in the -OH region (3590-3225 cm™).
The methylation process was repeated twice un-
til -OH band completely disappeared.

Partially methylated alditol acetates (PMAA)

The methylated polysaccharide (67 mg) was re-
fluxed with 90 % (v/v) formic acid (5 mL) at
100°C for 1 h and excess of formic acid was
evaporated in a rotary evaporator to dryness. The
depolymerized methylated product was hydro-
lyzed by 4 M TFA (5 mL) at 100°C for 6 h and
acid was removed under a nitrogen stream. Com-
pletely dried hydrolyzates were solubilized in a
mixture of methanolic chloroform (3:7) followed
by the addition of 150 mg sodium borohydride.
The reaction mixture was kept for 18 h at room
temperature. The resulting solution was neutral-
ized by 2 % methanolic acetic acid and boric acid
(a by-product of reduction) was removed by re-
peated co-distillation with methanol (3 x 5 mL)
under reduced pressure. The partially methylated
alditols were treated with acetic anhydride and
pyridine, 1:1 (4 mL) and the reaction mixture was
refluxed for 6 h. PMAA thus obtained were extrac-
ted with DCM (4x5 mL). The organic layer was
repeatedly washed with water and dried over
anhydrous sodium sulfate. PMAA mixture of
AcTP and AcTPR samples were subjected to GC-
MS analysis to give a molar ratio and linkage of
constituting residues.

Results and discussion

Despite substantial literature available on me-
thylation analyses discussing diverse approaches
for etherification of carbohydrate polymer, no
technique has been developed yet which could
promise the permethylation of polysaccharides
containing combinations of labile pentose and
deoxy monosaccharides, mild hexoses and refrac-

tory uronic acid and aminosugars in one attempt.
The major inadequacy in methylation protocol is
partial or poor solubility of polysaccharides in the
reaction mixture, which may be due to polarity
difference of solute and solvent; steric hindrance
due to their 3-dimensional conformational struc-
ture of the polymer and/or presence of restricted
intra- and inter-molecular H-bonding that ob-
structs the solvent access required for dissolution.
Therefore successive modifications have been
made to the series of methods developed; how-
ever, there are several technical aspects regard-
ing the procedure being used accurately depend-
ing upon the specific characteristics of the poly-
saccharide and consequently demand careful at-
tention and considerable experience to achieve
complete methylation. It is worth mentioning that
ensuring precise methylation of the polysaccha-
ride before proceeding to subsequent steps is cru-
cial to obtain reliable results. In the present com-
munication, we have attempted to modify the ex-
isting methylation protocol to enable the dissolu-
tion of polysaccharide samples at different steps
and extend the utility of protocol varying from
neutral to acidic carbohydrate polymers.

The crude polysaccharide was obtained in 67
% yield, which has been reduced to 46.9 % after
purification by re-precipitation, ion-exchange
chromatography; and dialysis. The CHN content
of crude and pure polysaccharides were recorded
and provided in Table 1. A meager fall in elemen-
tal composition has been observed after purifica-
tion. AcTP was subjected to GPC as well as HP-
SEC analyses and the polymer was found to be
homogenous. HP-SEC elution profile of AcTP has
been indicated in figure 2.

Neutral and acidic monosaccharide composi-
tion

Native and reduced AcTP samples were hydro-
lyzed with TFA, converted to alditol acetates, and
subjected to GLC analysis. Pinitol was used as
an internal standard to examine the recovery of
the polysaccharide sample. The constituent mono-
mers were separated and identified based on re-
tention time (RT) of standard monosaccharides.
AcTP was found to be composed of L-rhamnose,
L-arabinose, D-mannose and D-galactose. The
uronic acids were reported to be galacturonic and
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Table 1. Yields and CHN analysis of Crude and Purified Polysaccharides

Parameters Crude polysaccharide(%) Purified polysaccharide (AcTP) (%)
Yield 67.0 46.9
Carbon 42.5 40.8
Hydrogen 6.1 5.7
Nitrogen 1.9 1.7
4.00
3.00 "
2.00 '
2o |
1.00 J
0.00 ~— Luﬁ("——-—-f"" _—
-1.00
5.00 10.00 15.00 20.00 25.00 30.00
Minutes

Figure 2. HP-SEC elution profile of AcTP polysaccharide

glucuronic acids, which were reduced to give two
corresponding peaks, RT of which was coincid-
ing with that of galactose and glucose respectively
in GLC chromatogram. Alditol acetate studies re-
vealed the recovery of 68.5 % of the sample. The
detailed monosaccharide composition of native
and reduced AcTP is given in table 2. The spectro-
photometric studies ascertained the presence of
galacturonic acid and glucuronic acid in a molar
percent of 4.29 % and 4.96 % respectively.

Methylation analysis

The purpose of methylation analysis is deter-
mination of linkage of constituent monomers.
Methylation involves the introduction of methyl
groups at all free hydroxyl groups that are not
engaged in glycosidic linkage or attached to any
other substituent, to produce the etherified prod-
uct. The permethylated polysaccharide thus ob-
tained is hydrolyzed to give partially methylated
monosaccharides containing free hydroxyl group
at sites which were earlier involved in linkage.
The monomers are then reduced and acetylated
to form partially methylated alditol acetates
(PMAA), which are separated and characterized

by GC-MS to provide complete information about
the linkages between constituent monosaccha-
rides. In methylation protocol, polysaccharides are
treated with base to produce alkoxide ions that
react with methyl iodide to give methylated poly-
mer (Figure 3).

Standard methylation protocol

AcTP sample was subjected to methylation
employing standard protocol % and the sample
was found to be undermethylated even after three
subsequent methylations and the consequent re-
covery of the product was less (36 %). The IR
spectra of native polysaccharide and its methy-
lated counterparts have been illustrated in figure
4 (A,B,C,D).

Limitations in standard methylation protocol

The standard method encountered several de-
merits. Firstly, undermethylated polysaccharide
was obtained even after three successive methy-
lations of the sample. Secondly partial degrada-
tion of the polysaccharide has been observed that
resulted in subsequent loss of the material.
Thirdly, when undermethylation and partial deg-
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Figure 4. Methylation with Standard Method: A native polysaccharide; B one-time
methylated; C two-times methylated; D three-times methylated polysaccharide.



@e 2. Monosaccharide composition of native and reduced AcTP polysaccharide

Molar ratio of monosaccharides
in polysaccharide
/N 0. Monosaccharides Retention time (min) Native  Reduced  Difference
1  Rhamnose 4.18 1 1 -
2 Arabinose 5.71 34 34 -
3 Mannose 9.65 1 1 -
4  Galactose 10.44 10 12 2
5  Glucose 11.24 - 2 2

radation occurred simultaneously during the re-
action, under/un-methylated degraded parts of the
polymer owing to higher polarity, could not be
extracted by chloroform, thereby dwindling the
yield as well as structural information ealy of the
parp\polysaccharide which is extracted i or-
ganic solvent. Fourthly, methylated polysaccha-
ride obtained thereafter, was found to have poor
solubility in 0.15 M H,SO, and aqueous NaBH,
reagents due to a sudden fall in the polarity of
biopolymer by etherification. Hence partial dis-
solution of the sample resulted in incomplete hy-
drolysis as well as reduction. Such limitations lead
to incomplete methylation and curtail the infor-
mation required for the structural characterization
of polysaccharide.

Subsequent modifications in standard pro-
tocol

The limitations illustrated by standard methyl-
ation protocol were studied and subsequent
modifications were introduced in the method as
follows:

a) In situ production of methylsulfinyl methyl
sodium

In the present protocol, methylsulfinyl methyl
sodium has been prepared in the same reaction
flask containing polysaccharide sample.

Explanation

The problem of undermethyaltion was analyzed
and it was found that ex situ production of
methylsulfinyl methyl sodium by reacting sodium
hydride with DMSO in a separate flask, is

unstable and undergoes rapid degradation in the
presence of moisture and atmospheric CO,*.
When the base (dimsyl ion) underwent degrada-
tion before its action, all the free hydroxyl groups
were not converted to alkoxide ions, thereby lead-
ing to undermethylation. The solution to this prob-
lem was found to be in situ production of methyl-
sulfinylmethyl sodium, so that as soon as dimsyl
ion was formed, it reacted with free hydroxyl
groups to form alkoxide ions.

b) Independent successive methylations

Sequential methylations were carried out inde-
pendently i.e. after 1% methylation, the product
was purified and then subjected to 2™ methyla-
tion.

Explanation

It has been mentioned in the literature 3% ! that
one can carry out successive methylations of the
sample in the same reaction flask using repeated
amounts of dimsyl ions and CH.I. However, it
was found that higher amounts of these methy-
lating reagents in the presence of DMSO may lead
to the formation of sodium iodide, dimethyl-
methoxysulphonium salt ?°, and other byproducts
that subsequently decrease the rate of methyla-
tion. To reduce the formation of these side prod-
ucts, successive independent methylations were
performed.

¢) Purification of methylated product by dialysis

The methylated product was thoroughly dia-
lyzed with a membrane of MWCO 3.5 kDa against
distilled water for 96 hours.
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Explanation

The extraction of the methylated product by
chloroform has two implications. Firstly, in the
event of simultaneous occurrence of undermethyl-
ation as well as partial degradation or peeling (in
case polysaccharide contains neutral monosaccha-
rides with reducing ends), chloroform may ex-
tract only methylated fraction of the polymer,
while rest may remain in the reaction mixture.
Secondly, DMSO being completely miscible in
chloroform can be easily extracted along with
polymer. Accordingly, it was observed from ex-
perimentation that several washings of chloroform
layer with water did not aid ingomplete removal
of DMSO from the solution. These difficulties
were circumvented by dialyzing the methylated
product that facilitated the removal of CH.I,
DMSO, and other by-products as well as the con-
servation of polysaccharide (methylated or under
methylated) sample. The same has been supported
by literature 3233, The dialyzed product was sub-
jected to chloroform extraction.

d) Replacing 0.15 M H SO, by 4 M Trifluoro-
acetic acid (TFA)

The methylated polysaccharide was hydrolyzed
by 4 M TFA (100°C, 6 h) instead of 0.15 M H_,SO,
(105°C, 12-18 h)

Explanation

The methylated polysaccharide was not soluble
in 0.15 M H,SO, even after depolymerization with
90 % formic acid. The reason behind such insolu-
bility may be the difference in polarity of mineral
acid and alkylated polysaccharide as well as the
extent of depolymerization occurred. On the cont-
rary, 4 M TFA being an organic acid could easily
solubilize and hence hydrolyze the etherified bio-

polymer even without any prior depolymeriza-
tion.

e) Taking the reducing agent NaBH jin metha-
nol/chloroform mixture

The hydrolyzate mixture was dissolved in a sol-
vent system of methanol: chloroform (7:3) and
then NaBH, was added to the solution.

Explanation

It was observed that the hydrolyzate mixture
(obtained after hydrolysis with 0.15 M H_SO,)
was not soluble in an aqueous solution of sodium
borohydride due to differences in polarity. Under
this condition, a mixture of methanol: chloroform
in ratio 7:3 was taken to solubilize the hydro-
lyzates, followed by the addition of NaBH,. The
technique aided ir}(:pmplete reduction. It is ad-
vised to use NaBD, instead of NaBH, that would
make it easier to identify the head and tail of
PMAA residues in GC-MS analysis.

Modified methylation protocol

AcTP was subjected to modified methylation
protocol as discussed previously in section “Sub-
sequent Modifications” in Standard Protocol and
the method yielded permethylated polysaccha-
ride in higher yield (67 %) only after two succ-
essive methylations. The IR spectra of native
polysaccharide and its methylated counterparts
have been illustrated in figure 5 (A, E, F). The
O-H and C-H stretching values (in cm™) of the
respective spectra obtained under standard and
modified protocols have been given in table 3.
In the IR spectrum of native polysaccharide, a
broadband of higher intensity has been observed
at 3400 cm! due to O—H stretching. The
broadness of the band indicated the presence of

Table 3. IR interpretation of native and methylated polysaccharides

Spectra  O-H band (v, cm™') C-H band (v, cm™)
A 3400 2929
B 3450 2925
C 3445 2920
D 3450 2910
E 3394 2925
F - 2925
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Figure 5. Methylation with modified method: A native polysaccharide; B one-time methylated; C
two-times methylated polysaccharide. The band in -OH stretching region disappeared after 2 sequential
methylations of sample thereby indicating permethylation

hydrogen bonding between —OH groups of
polysaccharide chains. With an increasing deg-
ree of methylation, free hydroxyl groups were
substituted by ~OCH, and hence contributed to
a sharp band shifting to 3394 cm™' is due to de-
creasing H-bonding in the polymer. Further, the

intensity of the C-H band was enhanced with
increasing methyl groups. To sum up,
permethylation of polysaccharide has been con-
firmed by the simultaneous loss of the O-H band
and increased intensity of the C-H band at 2925
cm.



Partially methylated alditol acetates (PMAA)
The permethylated AcTP and AcTPR polysac-
charide samples were hydrolyzed by TFA, re-
duced with sodium borohydride, and then acety-
lated with acetic anhydride in the presence of
pyridine to produce PMAA. The samples were
then subjected to GC-EI-MS analysis. The frag-
mentation pattern of the peaks obtained in two
chromatograms (native and reduced) was studied
and linkage was interpreted. The PMAA chro-
matograms of native polymer illustrated 7 peaks
corresponding to residues L-Rhap-(1—, L-Araf-
(1=, = 2)-L-Araf-(1—, D-Manp-(1— , D-Galp-
(1=, =3)-D-Galp-(1— and =3,6)-D-Galp-(1-,
while that of reduced polysaccharide sample dis-
played two additional peaks corresponding to
—4)-D-GalAp-(1— and —=4)-D-GlcAp-(1—.The
molar ratio of the residues is given in table 4.

Comparison of PMAA data and alditol acetate
studies

The molar ratio of constituent residues obtained
in methylation analysis was compared to mono-
saccharide composition of AcTP obtained by
alditol acetate analysis as given in table 5. PMAA
data was found to be well corroborated by
monosaccharide composition. The results reveal

that the modified methylation method worked
splendidly over standard protocol in linkage
analysis. The results indicated complete methy-
lation of acidic polymer in two successive me-
thylations without any significant loss of mate-
rial. It is clear from the data that AcTP comprised
of backbone of arabinose and galactose as major
monomers and rhamnose, mannose, galacturonic
and glucuronic acids as minor monosaccharides.
The polymer with repeating chain of =3)-D-Galp-
(1= and branching of = 2)-L-Araf-(1—, at C6
of =3)-D-Galp-(1— resembles type II arabino-
galactans.

Conclusion

Cold water-soluble polysaccharide has been iso-
lated from A. tortilis and subjected to standard
methylation protocol that suffered several dis-
crepancies, which were counteracted by incorpo-
rating optimal modifications in the former method.
The results of standard and modified methylation
methods were evaluated and the later has been
found vividly superior over the former in terms
of higher recovery of sample (minimum degra-
dation & losses) and greater efficiency (less num-
ber of methylations required) that collectively
provides more accurate and reliable data required

Table 4. Linkage analysis of reduced and unreduced AcTP polysaccharides

Molar ratio
/No. Methylated Native Carboxyl Linkage type Major mass fragments (m/z)
residues reduced
1 2,3,4-Me,-Rha 1 1 L-Rhap-(1- 43,101,117,131,161,175,205
2 23,4-Me,-Ara 6 6 L-Arag(1- 43,45,58,71,87,101,117,129,145,161,
205
3 3,5-Me,-Ara 28 28 = 2)-L-Araf(1- 43,45,71,87,101,129,161,173,189
4 23,4,6-Me,-Man 1 1 D-Manp-(1-> 43,45,59,71,87,101,117,129,145,161,
205
5 2,3,4,6-Me,-Gal 1 1 D-Galp-(1- 43,45,59,71,87,101,117,129, 145,161,
205
6  2,4,6-Me,-Gal 3 3 —3)-D-Galp-(1- 43,45,71,87,99,101,117,129,161, 201,
233
7 2,4-Me-Gal 6 6 —3,6)-D-Galp-(1->  43,58,73,87,99,101,117,129,189,201,
233,305
8  2,3,6-Me,-Gal 0 2 —-4)-D-Galp-(1- 43,45,71,87,99,101,113,117,129,173,
233
9  2,3,6-Me-Glc 0 2 =4)-D-Glep-(1- 43,45,71,87,99, 101,113,117,129,173,
233
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Table 5. Comparison of alditol acetate and partially methylated alditol acetate

Partially methylated
Alditol acetate alditol acetate
Monosaccharides Mol. ratio Mol. ratio Residues
Rhamnose 1 1 L-Rhap-(1—
Arabinose 34 6 L-Araf-(1—>
28 - 2)-L-Araf-(1—>

Mannose 1 1 D-Manp-(1—
Galactose 10 1 D-Galp-(1—

3 -3)-D-Galp-(1-

6 —3,6)-D-Galp-(1—>
Galacturonic acid 2 2 —4)-D-GalAp-(1—

for meticulous structural characterization. By
employing the modified protocol, one can obtain
permethylated polysaccharide in a lesser number
of steps with diminutive degradation and higher
yields. Moreover, the polysaccharide isolated
from 4. fortilis was found to be an acidic polysac-
charide and this fact further substantiates that
unlike standard protocol, the modified method can
be extended for structural characterization of neu-
tral as well as acidic carbohydrate polymers as
well. Further, linkage analysis of the polysaccha-
ride of 4. tortilis has been carried out for the first
time, which may prove to be useful from a pros-
pective of therapeutic applications. The knowl-
edge of the chemical structure of the polysaccha-
ride-based on appropriate methylation protocol
is a basis for understanding its bioactivity and
resultant enhanced pharmacological utilization.
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