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Abstract

The copper-containing quinoenzyme semicarbazideibem amine oxidase (EC
1.4.3.21; SSAO) is a multifunctional protein. Imsstissues, such as the endothelium, it
also acts as vascular-adhesion protein 1 (VAP-hichvis involved in inflammatory
responses and in the chemotaxis of leukocytesieEavork had suggested that lysine
might function as a recognition molecule for SSA@R/1. The present work reports the
kinetics of the interaction af-lysine and some of its derivatives with SSAO. B
was shown to be saturable, time-dependent but siéerand to cause uncompetitive
inhibition with respect to the amine substratevdss also specific, sinazlysine,L-lysine
ethyl ester and-acetyli-lysine, for example, did not bind to the enzymEhe lysine-
rich protein soluble elastin bound to the enzymiatiresly tightly, which may have
relevance to the reported roles of SSAO in maiirtgithe extra-cellular matrix (ECM)
and in the maturation of elastin. Our data shoat thsyl residues are not oxidized by
SSAOQ, but they bind tightly to the enzyme in thegance of hydrogen peroxide. This
suggests that binding vivo of SSAO to lysyl residues in physiological targetight be
regulated in the presence of®3, formed during the oxidation of a physiologicalA&D
substrate, yet to be identified.

Keywords: Semicarbazide-sensitive amine oxidase (SSAO), Vasaalhesion protein 1
(VAP 1), L-Lysine, Elastin, Hydrogen peroxide.

Abbreviations: ECM, extracellular matrix; SSAO, semicarbazide-gerssamine
oxidase; VAP, vascular-adhesion protein.



1. INTRODUCTION

Semicarbazide-sensitive amine oxidase (SSAQO) ismnwon name for primary-amine
oxidase (EC 1.4.3.21), which was previously clasgdifvith a group of other enzymes as
EC 1.4.3.6 [1]. It is a copper-containing quinopiot that catalyses the oxidative
deamination of endogenous and exogenous primaryesniaccording to the overall
reaction:

RCHNH,+ O, + H,O0 ~ —3A9

RCHO + NEH+ HO,

SSAO is known to be associated with cell membramesblood vessels in mammalian
species [2]. SSAO is a large, dimeric, type |l srimembrane protein, with a very small
intracellular domain and a large glycosylated eodhalar domain containing the
catalytic centre [3]A soluble form of the enzyme also exists, circuigtin plasma ,
which appears to be the result of proteolytic céepevof membrane bound SSAO and it is
likely that several tissues may contribute [4,B].humans SSAO is present in most
organs and tissues, especially in vascular endattald smooth muscle cells, adipocytes
and the umbilical cord, although it is absent frbmain [6]. In addition to its amine
oxidase functions, which include activities towardsnumber of endogenous and
xenobiotic amines [7$SAO appears to be involved in several differetiilee processes
[8]. In some tissues SSAO functions as a vasculaesion protein, VAP-1, that mediates
the slow rolling and adhesion of lymphocytes toahdlial cells [9]. The nature of the
target site on lymphocytes to which endothelial 88AAP-1 binds is unknown. Cell-
surface amino sugars might be possible candidates they have been shown to interact
with SSAO [10] in a process that required hydrogenoxide, with that formed during
substrate oxidation being most effective. Howeves)l-surface amino sugars are
generallyN-acetylated and the free amine group has been shovire necessary for
binding [11]. In preliminary studies, we have showalysine to behave in a similar
manner to the amino sugars, inhibiting SSAO/VAPRLthe presence of the 6,
generated during benzylamine oxidation [12]. Thespnt work was designed to extend
those observations, using kinetic and binding assaye behaviour of some lysine
derivatives and lysine containing peptides was aisestigated, in particular that of the
lysine-rich protein soluble elastin. Cross-link 8yasis in elastin and in collagen involves
oxidative deamination of lysine residues by anott@pper-containing amine oxidase,
lysyl oxidase (E.C. 1.4.3.13). SSAO, although apswontaining enzyme and having a
TOPA-quinone as a cofactor, is distinct from lyeyidase as SSAO is extractable with
detergents such as Triton X-100, has a moleculasmaar 180 kDa, and it has not been
reported yet to act on the soluble precursor aftelatropoelastin [13]. In a study by
Langfordet al. [14] rats were treated acutely or chronicallyhnéither semicarbazide or
the more potent and selective SSAO inhibitors, @ghllylamine derivatives. Treatment
with these compounds produced acute and chronierlog of SSAO activity in aorta
and lung with little effect on the activity of lysgxidase, along with lesions consisting of
striking disorganization of elastin architecturahin the aortic media. This suggested a
role for SSAQO in connective tissue matrix developtrend maintenance, and specifically
in the development of mature elastin [14]. cDNAidies on recombinant tropoelastin



confirmed that the structure of tropoelastin csissiof alternating hydrophobic and
crosslinking domains. In the crosslinking regiotig lysine residues usually occur in
pairs, or triplets (near the central part of thdenole) among clusters of alanine residues
[15]. To better understand the mechanism throughclwlsSAO is involved in the
maturation of elastin, it was decided for the pnéseork to undertake a series of kinetic
and binding studies focused on the interactionsvéet bovine plasma SSAO and
commercially available soluble elastin.

2. MATERIALSAND METHODS

2.1 Materials

Bovine plasma SSAO was purified by an adaptatioB] [@f the chromatographic
procedure of Wang et al. [17]. For binding assapseparation of SSAO by the supplier
BioVar Ltd, Yerevan, Armenia, was also usedysine, polyt-lysine hydrobromideN],
range =1000 to 5000) and soluble elastin, purifrein bovine neck ligament by the
method of Partridge et al. [18,19], were purchaSedch Sigma-Aldrich. Amplex Red
reagentwas purchased from Invitrogen. Other enzymes aedthdals used in this study
were obtained from Sigma-Aldrich.

2.2 Enzyme Assay procedures

All assays were performed at 3Z. SSAO activity towards benzylamine was assayed by
a modification of the direct spectrophotometric Imoek of Taboret al. (1954) [13].The
standard reaction mixture contained 200 mM potasgaosphate buffer, pH 7.2, and
0.010 mg/ml SSAO (final concentration). The reattwas initiated by the addition of
the substrate benzylamine and the rate of changabebrbance, at 250 nm, was
monitored, using a Cary 300-Bio spectrophotomdtbe molar extinction coefficient for
benzaldehyde is 13800 Mem ™ [20].

The oxidation of methylamine was determined spetintometrically by coupling
the formation of formaldehyde to the reduction &N in the presence of formaldehyde
dehydrogenase (FDH) [2IThe reaction mixture contained, in a total voluniiel anl,
0.1 unit of formaldehyde dehydrogenase, P00 NAD", 20 mM methylamine and in 1
ml 200 mM potassium phosphate buffer, pH 7.2. Tdrenhtion of NADH was followed
on a Cary 300-Bio spectrophotometer at 340 nm.

The formation of HO, was determined spectrophotometrically [22] or
fluorimetrically [23] For the spectrophotometric thhed a chromogenic solution was
prepared as previously described [2REactions were followed using a SpectraMax
340PC microplate reader at 498 nm. The molar etbinccoefficient for the dye
produced is 4654 Mcni’. The fluorimetric assays were run in a Spectraemini EM
Fluorimeter, at a constant temperature of’G7in 96-well plates, each well containing
0.5 U/ml horseradish peroxidase and pM Amplex Red, in 200 mM potassium
phosphate buffer, pH 7.2 and a final assay voluh#0pul. The wavelengths were set at
550 nm (excitation) and 585 nm (emission).

WhenL-lysine was assayed as potential SSAO substratéotiy the fluorimetric
and the spectrophotometric,®h detection methods, six groups were assayed fdr eac



run: one contained buffer plus SSAO (0.005, 0.@015 mg/ml, final concentration), a
second contained buffer andysine (0.25, 1, 2 and 4 mM), in group 3, 4 andagh of
the three concentrations of the enzyme as indicatede were assayed in the presence of
the four concentrations of lysine. The control eoméd 0.005 mg/ml SSAO and its
substrate, benzylamine (1 mM). The detection lfimitthis assay has been reported to be
about 5 nM HO, [23].

2.3 Inhibition studies

Reversibility of inhibition was assessed by dilatid@he enzyme (protein concentration,
0.1 mg/ml) and the inhibitor were preincubated luntiibition was essentially complete
(>90 %), using previous time-course experiments amide. 10ul samples were then
removed and diluted into the standard benzylamgsayamixture (final volume = 1 ml),
to give a final protein concentration of 0.010 mig/for activity determinations. A
control sample was also taken through the same=gduwe where inhibitor was added to
the corresponding final concentration, after ddatiA further test involved incubation of
the enzyme (0.01 mg/ml) plus substrate (5 mM blamiye) and 1 mM.-lysine and
monitoring the reaction at 250 nm. After 60 minutgbeen benzaldehyde production had
essentially ceased. additional enzyme (0.01 mg, findl concentration) or substrate (5
mM, final concentration) was added. The progresbasfzylamine oxidation was then
further monitored.

To quantify the time dependence of the inhibitignLblysine, the enzyme (0.010
mg/ml, final concentration) was preincubated atedént times with the amino acid (0.5
mM), in 0.2 M phosphate buffer, at pH 7.4 and af 87 Solutions of -lysine and some
of its derivatives were found to contain small, tatiable, amounts of 4, determined,
by the Amplex Red procedure, to be in the rangepfto 1 uM. To avoid possible
interference from this source, 0.001 units of @dealwere added to the reaction mixtures
for studies on the inhibition by-lysine alone. The reactions were then startedhby
addition of 5 mM benzylamine and their progress masitored at 250 nm for 15 min.

The effects of the products of the SSAO-catalysedction were studied by
preincubating the enzyme (0.010 mg/ml, final com@ion) for various times in 0.2 M
phosphate buffer, 0.5 mM-lysine and one of the following: 1 mM.8; (in the
presence or in the absence of catalase, 0.1 uhits)yl ammonium chloride or 1 mM
benzaldehyde, before starting the assay with banzge (5 mM). When the effects of
H,O, and ammonium chloride were studied, the reactias assayed by following the
production of benzaldehyde at 250 nm. The high éiaswe of the added benzaldehyde
precluded the use of this assay when the effecggadicubation with that product were
studied. In this case the formation of®4 was monitored by the coupled photometric
assay, as described above. Controls in the abs#n8SAO were used to ensure that
lysine did not interfere with either detection yst

2.4 Kinetics of inhibition

The apparent value ¢f; (the dissociation constant of the non-covalent der)for the
inhibition of SSAO byL-lysine was determined by two different approachidse first
involved analysis of the reaction progress curvdsgreas in the second approach only
the initial rates in the presence of 0.1 mM extidyredded HO, were considered. In the



first method, the value df; was obtained by fitting the reaction time coursesgh as
those shown in Fig. 1, to the model shown in Sch&émehich may be described by the
first-order process, shown in equation (1) [10, 24]

INSERT SCHEME 1 HERE
Pt =Py (1 - expK'l) (1)

Where PR is the product concentration at any time t, andi® the final product
concentration when the reaction has ceased.

The relation between apparent first-order condtaribss of activity k', andK; will
depend on the type of non-covalent interaction Withenzyme. If this is competitive
with respect to the amine substrate, as implie@dheme 1, the relationship will be:

K=k{1+(Ki/D1+(SK}? 2)
whereas uncompetitive inhibition will be descrili®dthe relationship:

K =K1+ (K/N[1+Kn/ S 3)

S and | represent the substrate and inhibitor cdretons, respectively. Non-linear
regression, using the software GraphPad Prismi@reBs0) was used to determikieand

P, and, since the value &%, for benzylamine is known, from separate experis\etat

be 1210 + 18QM, the values ok andK; could be determined according to equations
(2) or (3).

When the initial-rate approach was used, the enzgoteity was assayed in the
presence of seven different concentrations of sates(benzylamine; from 0.2 to 2 mM)
and in the presence of 0.1 mM®}. Samples containing the concentrations of sulestrat
indicated above were assayed in the presence eflfiferent concentrations aflysine
(0 to 1 mM). The initial rates of formation of behdehyde were then monitored at 250
nm. The data obtained from four different experitaemere then fitted to the Michaelis-
Menten equation by non-linear regession and thaeevaf the value oK; was determined
from the dependence of the kinetic parameters emtibitor concentration. Where half-
maximal inhibitory concentration (g values were used as a measure of inhibitor
potency, these were determined from dose-respousge< in which the values of
enzyme activity were plotted against the logaritbinthe molar concentration of the
doses of inhibitor used. The resulting sigmoidalves were fitted to a four-parametric
model, with variable slope and thesi®alues, corresponding to the point of inflection of
such curves, were obtained.

2.5 Fluorimetric assays for quantification of protein binding

The binding of ligands to SSAO was monitored by nges in the tryptophan
fluorescence intensity, measured at emission anda¢ion wavelengths of 343 nm and
270 nm, respectively. Samples of SSAO (3.33 nm).inM phosphate buffer, pH 7.4,
were titrated with increasing concentrations ofafig, at 37°C and with continuous



stirring. The relative fluorescence values, coroesient to Eng_uganAFo ssao (Where
Fssao Ligand iS the fluorescence of the SSAO-ligand complex @fdsao is the
fluorescence of 3.33 nm SSAO in the absence omhtijawere then corrected by
subtraction of background due to addition of ligafdthis contributed to the total
fluorescence) and plotted as a function of the entration of added ligand. The data
were then fitted to to a hyperbolic binding curwe fon-linear regresion to obtain an
approximate values of the dissociation const&aat,

2.6 Fitting and statistical procedures

The program GraphPad Prism, version 5.0, was used for all efittheg procedures.
Double-reciprocal plots are used for illustrativergoses only. Standard errors of mean
were determined from at least 3 separate expergnent

3. RESULTS

3.1 Inhibition of SSAO by L-lysine
The presence af-lysine during the oxidation of benzylamine (5 midsulted in a dose-
dependent inhibition of SSAO activity (Fig.1a). 8an results were obtained with
methylamine (20 mM) as the substrate. As shownignlb the inhibition was greatly
reduced by the presence of 0.15 units/ml of cagakisggesting the involvement of®s,
produced during substrate oxidation, in the pracess

The ability ofL-lysine to act as a substrate for SSAO was assésstubation of
the enzyme with the range oflysine concentrations used in the inhibition stgdfor
periods of up to 2 h at 3 and determining D, formation by the procedures described
earlier. There was no detectable formation of firoduct, suggesting that, within the
detection limits of the assayslysine is not oxidised by SSAO.

3.2 Time dependence of the inhibition of SSAO by L-lysine and the effects of the
products of the deamination of benzylamine on theinhibition
Preincubation of SSAO with-lysine (0.5 mM), at 37C, before adding substrate showed
low levels of inhibition in some, but not all, expeents. However this was abolished by
the inclusion of catalase (0.001 units), which hadeffects on its own, suggesting that
the effect was due to the variable contaminatiot WM,O,, discussed above. However,
the inclusion of 1 mM hydrogen peroxide in the peeibation mixture resulted in
essentially complete inhibition at all preincubattimes, an effect that was prevented by
the inclusion of catalase. Preincubation of SSA@ wiydrogen peroxide (1 mM) on its
own for 20 min did not affect the rates of oxidatiof benzylamine, but there was some
significant inhibition after 40 min (ca. 30 %, p0<05 with respect to controls), as shown
in Fig. 2. As might be expected, this inhibitiorasvprevented by the inclusion of
catalase (not shown).

The other products of the of the SSAO-catalyseddation of benzylamine,
ammonia, added as 1 mM NEI, and benzaldehyde (1 mM) had no significanéef



on the activity after preincubation with the eneyraither in the absence or presence of
L-lysine.

3.3 Reversibility of theinhibition of SSAO by L-lysine

The inhibition of SSAO by-lysine after preincubation for 20 min, both in {heesence
and absence of J@, was found to be largely reversible by dilution.eTBAO activity
was restored to around 755+%, compared to control, after dilution. Afteetbnzyme
and benzylamine had been incubated wHlgsine for up to 60 minutes, the addition of
extra substrate did not reverse the inhibiton. Addiof fresh enzyme did, however,
restore activity, which subsequently declined wiite (data not shown).

3.4 Kinetics studies of theinhibition of SSAO by L-lysine.

Initial-rate determinations in the presence of MW H,O, showed that/Vmax for
benzylamine was unaffected by the concentrationL-dfsine (Fig. 3a) suggesting
uncompetitive inhibition, where the inhibitor bindsly to the complex formed between
the enzyme and the substrate, or an intermediatiupt. TheK| value, obtained from the
variation ofK, or Vimax With L-lysine concentration was 166 + 48 M.

Ki values were also determined by analysis of reagtfogress curves such as shown in
Fig. 1la. By fitting the data to equation 1, firstler rate constants were obtained to use in
equation 3, from which &; value of 103 = 14 pM for inhibition of benzylamine
oxidation byL-lysine by uncompetitive inhibition (Fig. 3b).

3.5 Effects of the derivativesof L-lysine and of soluble elastin

D-lysine (Fig. 1a)L-lysine ethyl ester, tosyl-lysine ethyl esterg-acetyl+-lysine and 6-
aminocaproic acid all gave no significant inhilitiat concentrations up to 1 mM, when
added to the assay mixture, or in the presencéserge of 0.1 mM ¥D,. The basic
amino acid_-arginine (1 mM) was also without effect. 1 mdvacetyl-L-lysine and poly-
L-lysine in the range of 1-5 mldoth gave a low level of inhibition (a maximum @f. 0
%). Soluble elastin, was not oxidized by the enzyu inhibited SSAO with an Kg of
approximately 4.6 mg/ml, as shown in Fig.4. The angroduct contained in soluble
elastin has &, of 70,000 [15], so 4.6 mg/ml corresponds to ag [ about 66.M.

3.6 Binding assays

Addition of L-lysine caused a reduction of the tryptophan flaceace of SSAO. Fid
shows the relative decrease as a function of theerdration of-lysine in the presence
of 0.1 mM HO, or 10° units/ml of catalase.-lysine bound to SSAO in the presence of
H,O, with an apparent dissociation constakt) (of 0.10 £ 0.01 mM, whereas there was
little binding in the presence of catalase (ca. Seéuction in fluorescence intensity
compared to unbound SSAO). Additionmdysine, instead of-lysine, had no effect on
the tryptophan fluorescence, either in the presemda the absence of.B, (data not
shown). The stepwise titration of 3.33 nM SSAO wititreasing concentrations of
soluble elastin, in the concentration range froopQ@o 0.25 mg / ml (approximately 3.54
uM), is shown in Fig. 6. In the presence of *linits/ml of catalase there was a non-
hyperbolic decrease of fluorescence, suggestinghieae was some non-specific binding
of soluble elastin. Subtraction of the non-specifinding from the binding curve



obtained in the presence o0$®} resulted in a hyperbolic curve withkg of 0.05 £ 0.02
mg /ml, corresponding to approximately 0.70 uM.

4. DISCUSSION

The endothelial-cell, membrane-bound, SSAO has Baewn to mediate the adherence
and migration of lymphocytes into tissue [9] and lasma-soluble form increases in the
presence of some inflammatory conditions [6] Thedure of the target site on
lymphocytes to which endothelial SSAO/VAP-1 binggurrently unknown, although, as
discussed earlier, amino sugars and lysine-comigiproteins have been suggested as
possible candidates. Preincubation of the enzyntie fn@eL-lysine plus HO,was found

to result in time-dependent decreases in the iniites of benzylamine oxidation.
Furthermore this inhibition was prevented by thespnce of catalase. The other products
of the amine-oxidase catalysed oxidative deaminataf benzylamine reaction,
benzaldehyde and ammonia, had no significant effectthe inhibition of-lysine, when
present at concentrations very much higher thasethbat would be formed during the
enzyme-catalysed reaction.

In the presence of #, L-lysine binding, as assessed by inhibition of sabst
oxidation and perturbation of tryptophan fluoresmenfollows saturation kinetics and
appears to be specific sineelysine neither bound nor inhibited. Wareg al. [17]
reportedL- andD-lysine to be very poor substrates for bovine pla8840O. However,
under the same conditions used in that work, bth @wimore sensitive assay procedure,
we could not detect any significant oxidationLelysine. L-lysine ethyl ester, tosyl-
lysine ethyl ester, and 6-aminocaproic acid wereimubitors and neither was the basic
amino acid)-arginine. Howevem-N-acetyl+-lysine was an inhibitor, albeit a poor one,
suggesting that a freeamine group might be important for the interactioRoly4-
lysine was also found to be a weak inhibitor of 850 + 1% at 5 mM).

The kineticstudies indicated that-lysine behaved as an uncompetitive inhibitor with
respect to benzylamine, a type of inhibition whigre inhibitor does not bind to the free
enzyme but only to an intermediate complex formedng) the reaction. SSAO from this
source has been shown to operate through a doiggcement, or ping-pong,
mechanism in which amine oxidation results inritlease of aldehyde product and the
formation of a reduced form of the enzyme, whichubsequently reoxidised by oxygen
and the formation of D, [25,26].In such a system an inhibitor that bound to the fre
reduced form of the enzyme might be uncompetitiith wespect to the amine substrate,
however, that would not account for the requirenienH,0O,. In this case it appears that
the complex formed includes hydrogen peroxide aelated species is involved. It
appears that several activated oxygen speciesaned between the binding o @ the
reduced enzyme and the release gdH25] and the possibility that-lysine binds to one
of these, rather than the enzymgdplcomplex cannot be excluded, since it is not known
whether the high concentrations of externally ad#&@®, might reverse the steps
involved. This may explain why the concentratioofs added HO, necessary for
significant inhibition when SSAO was preincubateithw-lysine were very much higher
than those formed during the oxidation of benzyt@miHowever, poor accessibility of
the site at which kD, is bound [27] may also contribute.

Hydrogen peroxide is also necessary for the bindih@mino sugars to SSAO



[10,11] and others have suggested it might media¢eprocess of vascular adhesion
[3,8]. It has been proposed thag®4 may induce conformational changes in SSAO due
to sulfydryl-group oxidation to form a vicinal diside bond, and that this may play an
important role in modulating its actions [28]. Hoxee, the amount of ¥D, generated
during the oxidation of benzylamine under the ctods used in the present work would
be very small. It remains to be established whethebinding capacity of SSAO, acting
as VAP-1, is modulated by the presence of substrattation, during the inflammatory
process. b0, formed during substrate oxidation is known to beolwed in mediating
some other functions of SSAO, including the proamwtof glucose transport [see 1,8,
29]. In that case it has been proposed that methgly formed by the intracellular
metabolism of adrenaline by monoamine oxidase, bayhe physiological substrate
[30].

The cell-surface acceptor for VAP-1 would be mooenplex than a free amino
acid. The studies reported here show that soitysine derivatives also to interact with
SSAOQ, although the simple substituted derivativesewconsiderably less potent as
inhibitors. Steric factors may be important if irgtetion occurs at the active site, since
substrates must penetrate a narrow entrance davityler to access the catalytic system
[27,28]. Some small lysine-containing peptides hbeen reported to to inhibit SSAO
[31,32]. Since the elastin is rich in lysine [B3], and many have reported on the role of
SSAO in the maturation of the ECM [14, 34] we inigsted the possible effects of
soluble elastin on the activity of SSAO. The peptidas found to cause inhibition of the
initial rates of oxidation of methylamine and belazgine by the enzyme. The §Cvalue
was 4.6 mg/ml with benzylamine as substrate, wbhmitesponded to approximately 66
uM. Fluorescence quenching assays showed that soklbktin bound SSAO, in the
presence of bD,, with a Ky of approximately 0.1 mg/ml, a value that is ne&@ytimes
less than the correspondings¢Gralue for inhibition of benzylamine oxidation. This
contrasts with the behaviour oflysine, where th&; value was similar t&y. and would
indicate that elastin also binds to sites thad#ferent from the inhibitory binding site.

5. CONCLUSION

The bindingin vitro of SSAO to lysyl residues might serve as a model o
adhesion for SSAO/VAP-1L-lysine and many of its derivatives are not oxidizad
SSAO, but bind to the enzyme in the presence ohtfigogen peroxide produced as a
result of the oxidation of benzylamine. Some lystoataining peptides acting as
inhibitors of SSAO have already been reported mesatudies [35], [31], however the
authors did not consider the effects of hydrogeroxde, whose presence appears
critical for the inhibition.

It is possible that the binding of SSAO/VAP-1 te tell-surface bound target,
may be regulated by the presence of a physiologidastrate. This, after being oxidized
by the enzyme, would produce the®d necessary for the adhesion process. In a similar
fashion, the interaction of SSAO with lysyl residum the elastin precursor, tropoelastin,
might be regulated by the production of hydrogeroyide. The binding of SSAO to
tropoelastin might partly explain the role of SSADthe maturation of elastin in the
ECM. However further studies are needed to contme validity of the modein vivo
and to identify the target(s) and substrate(s) lireah
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Figure Captions

Scheme 1. Reaction of a specific enzyme inhibitor in the presence of a substrate.
Two possible interaction modes for the inhibitoe ahown. Binding to the free enzyme
corresponds to a competitive effect, whereas baqdm E.P (or E.S) represents an
uncompetitive effect.

Fig.l. Effect of L-Lysine on the time courses of the SSAO-catalysed oxidation of
benzylamine. (a) All samples contained SSAO (final protein concaimra0.010 mg/ml)
in phosphate buffer (0.2 M, pH7.2). The reactionsrevstarted by the addition of
benzylamine (5 mM) and their progress was momit@e250 nm on a Cary 300-Bio
spectrophotometer at $C. Data points are representative of 4 differenemeinations
and were fitted to first order exponential curvaththe aid of GraphPad Prism, version
5.00. (b) EitherD-lysine orL-lysine at the final concentration of 0.5 mM wedgded as
inhibitors. When present, catalase was added dirtaleconcentration of 0.15 units/ml.
The reactions were started by the addition of bamye (5 mM) and their progress
was monitored at 250 nm at 3C. All data points are the mean values froimee
different determinations. Error bars were omitteddlarity.
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Fig. 2. The effects of preincubation with L-lysine in the presence or absence of
hydrogen peroxide on SSAO activity. SSAO (0.010 mg/ml, final concentration) was
preincubated, in a waterbath at &7, for different times with or without-lysine (0.5
mM), in the presence or in the absence of 1 mi@tand/or 0.15 units of catalase in 0.2
M phosphate buffer, at pH 7.4. The reactions wiees tstarted by the addition of 5 mM
benzylamine and their initial rates were determibgdlirect detection of benzaldehyde
at 250 nm. Values are the meanS.E.M of 4 determinations; * corresponds to pG50
** to p < 0.001, ** to p < 0.0001 in comparison thi the control (Ctrl) at the
corresponding preincubation times.

Fig. 3. Determination of the kinetic parameters for the inhibition of SSAO by L-
lysine. (a) Samples contained 0.1 mM hydrogen peroxide anc@sing concentrations
of L-lysine (from 0 to 1 mM) and benzylamine (from 02tonM). The values dKn/Vmax
obtained fitting the data to the Michaelis-Mentequation, were invariant to the
increasing of the concentration of inhibitor used evident from the parallel double
reciprocal plots shown in the inset). Data showr (Azso/ min) are the mean values
from four different experimentgb) The time-courses data, such as those shown il Fig.
were fitted to equation (1) described in the texdétermine the values of k’. The slope of
the line obtained is then used to obtain an apprate K value (103 = 14:M) using
equation (3).

Fig. 4. Determination of 1Csy for the inhibition of SSAO by soluble dastin. The
initial rates of formation of hydrogen peroxidefrigted by the oxidation of benzylamine
by SSAQO, in the presence of soluble elastin at eotnations ranging from 0 to 10 mg/ml
were determined by the spectrophotometric methoHddt et al (2006), described in the
text. Reactions were followed at 87TC. The sigmoidal plot was obtained by fitting the
response values, expressed as absorbanceiiff (v in the figure) against the
logarithm of the concentration of inhibitor usedeTcurve fit and the value of 4¢of
4.60_+0.04 mg/ml were obtained with the aid of the cotapgoftware GraphPad Prism,
version 5.00.

Fig. 5. Determination of the binding of L-lysine to SSAO. The fluorescence emission
spectra maxima for SSAO, in the emission range BID-nm, at the excitation
wavelength of 270 nm, were obtained in a Perkin dlrBpectrofluorimeter upon
stepwise titration of 3.33 nM SSAO with increasitmncentrations of-lysine, from a
concentration of 10 uM up to a total concentratbb® mM, in the presence and in the
absence of 0.1 mM of @, . When lysine was present in the absence of eaftgradded
H,O, 103U of catalase were added, to avoid interference ftioe variable amounts of
H.O,, containedn some batches af-Lysine. The relative fluorescence quenching)
values were corrected for background and plottednag the concentration of added
lysine. Data were fitted to a hyperbolic bindingvai with the aid of Graphpad Prism,
version 5.0. All points shown above are the mednesmplus S.E.M. of at least six
different determinations, error bars were less tharepresentation of the points.



15

Fig. 6. Deter mination of the binding of soluble elastin to SSAO

Titration of 3.33 nM SSAO with increasing concetitias of soluble elastin, in the
concentration range from 0 up to 0.25 mg /ml (appnately 3.54uM) and in the
presence of 0.1 mM 4,, was performed as described in Fig. 6. All posftswn above
are the mean values plus S.E.M. of at least sberdifit determinations, error bars were
less than the representation of the points. The-specific binding obtained in the
presence of catalase was subtracted from the albtened in the presence ob®}
resulting in a hyperbolic curve with &g of 0.05 £ 0.02 mg /ml, corresponding to
approximately 0.70 pM.
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