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V AGREGACIJA TROMBOCITOV
KRVNI STRDEK
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+ prokoagulantni
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Snake venom

Vipero bens berus

Vigero areead)Tes anmodyoes
Prosecme

Neuroseedcity
Thrombocysopenia

Vipera berus berus (Vbb) is the most widely distnbuted and Vipera ammodytes ammedytes (Voa) the most
venomous viper in Europe. In particular areas of the Old continent their toxic bites constitute a considerable
public health problem. To make the current envenomation therapy more effective we have analysed the
proteome of Vbb venom and compared it with that of Voz. We found the proteome of Vbb to be much less
m#gx-ﬂmmmmsmalhkvdsd wulary snaclecs and sPLAgs. Snadecs are probably ble for
The sPLAGS, dytoxins, are i) h&emspeuﬁr&amrenﬁhe
Wuvaulnpnmun; mdmofmntymmumuemlmdumwhndmm
venom. Both induce t hage and coagulop nnmAstanthbmpmhomb-
gous Pulll snake venom metalloproteinases, the main factors, the severity of the haemorrhage is
mwwmmmww&nmdmmhmmmrmum‘nm&m
venom than that of Ybb venom lies in its higher extrinsic pathway coag: factor-protealysng activity and

mmudmmdmmwmbhdlhe hromb complex fi )
Biological significance: E by snakes itute 2 iderable public bealth problem
worldwide, and also in Europe. In the submitted work we analysed the venom proteome of Vipera berus berus
(Vhb), the mast widely distnbuted venomous snake in Europe and compared it with the venom peoteome of
the most vencenous viper in Europe, Vipera ammodytes ammodytes (Voa). We have offered 2 possible explanation,
uﬂwnﬂemlaknth!heﬁ&nmamdm:dpmmﬂnedbymm:ndmmWEhavt

ded an expl fioe the effecti f of Vbb ion by Voa and

ﬁyhﬂmmdhmpmngby“mdmﬁmkmmMMmm
cases of severe poisoning. The latter makes 3 strong case for Voo antiserum prodisction as we are faced with its

shortage due to ceasing of production of two most frequently used produscts,
© 2016 Elsevaer B.V. All nghts reserved.

L Introduction

the last three are those, according to the WHO Guidelines 2010, whose
bite is of the highest medical im The average number of

Venomous snakes make use of a complex cockail of proteins and
peptides in their venoms as a deadly weapon for hunting and defence.
Of the six European endemic species of vipers, Vipera latasti, Vipera
xanihine, Vipera ursinii, Vipera aspis, Vipera berus and Vipera amimodytes,

* G f author ar: of N
Seelan [nstinuge, Jamova 39, 1000 Lubijang, Sloveada.
E-aman address: igoc Jorizaj@4s.si (L Krida).
' These aumhors contridused equally 1o this week.

and Biomedi Jazet

hirpe A dolong/1 0. B0 36/} j proc 20 16.06 020
1674-39190 2016 Hsevier RV. AR rights reserved.

snakebite cases per year between 1970 and 2010 in Europe has been
estimated to be 7992 (~1 per 100,000 inhabitants), of which
appeoximately 15% were considered severe and 4 were [atal [1]. We fo-
cused our stixly on the two subspecies that are mest relevant from the
medical point of view, Vipera berus berus (Vbb) and Vipera ammodytes
ammodyles (Vaa). The former, known as the adder, or common viper,
is the most widely distributed viper in Europe, causing more bites
than any of its congeners | 1,2]. The Latter, also called the nose-homed
viper, the Western sand viper, the long-nosed viper or the rhinoceros
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viper, is the most venomous Eurcpean snake, responsible for the
majority of severe poisoning cases, edpecially in the southfeastern
parts of Eurape where it is the most comman vensmous snake and
whirie encounter with people is relatively requent [3-5]

The principal local effects af VBl venom poisoning are hasmarthage,
eedlerna, myonecrosis, bruising and pain |25-8 | and lypatersion is the
Mot important sign of systenic envenamation |S-11 |, This & relleced
in gastroin testinal problems, with recurent vomiting, nawsea, circulsto-
ry instability and hsemutolegical disturharsces. A patient may feel Qint,
anl chilldren in particular may become drowsy or semiconscious |2.12].
Ouher systemic effects that can appear indude abdeminal colic, inconti-
memce of urine and feces, dwesting, vaoconstricion, ey cardia, and
angi-oederma of the face, lips, gums, ongue, throst, and epigholtis,
urticaria and bronchospasm [Z2,10,11]. There is some evidence that
the venom contains cardiotoxic components thal can cause elecirocar-
disgraphic T wave mverdion of flattening ST elsdation, second
degree heart block and bradyfischyarrbythmias, atrial beillation, and
myocardial infarcticn [10,13,14). Labaratory tests have lrequently
revealed thrombocylopenis, neutrophilia, elevated erum creatine
phosphokinase, elevated creatinine and metabalic acidosis [27,10,14).
Haemaghobin may remain high at frst, bul anaemia may ocour Laler
210,14 Repors af neurotaxic eflscs [B15-17) systemic haemor-
rhage and cosgubopathy an Vil enven omation are rane [2,11].

The most compréebensive description of dinikal manifestations
caused by Vg venom in man has been presented by Luk3ic e al. 4]
and Karabunda e al [5) wiho have reviewed several hundreds of snake-
bite cages in southern Croatia. The main clinical signs thar appear
lolbowing the venomous bite of Vina résult from the hematotoxic and
meurolasie sotivity of the venom. All the envenomed persond displayed
extensive Swelling and cedema, over 90 had discoloration of kin and
ecchymesis Cranial nerve paresis or paralysis was the most comman
subsequent general complication [ 16E) most elten reflected in plasis,
ophthalmoplegia, dyvsphonda, dysphagia, swelling problems and
neuremuscular weakness. A relatively high percentage (5.9%) of the
patients suffersd central nervows system ((MS) depression, some of
therm [1.1%] without exhibiting shock, hypotendion, of cranial nerde
paresis or paralysis This indicates that Ve venom does not only have
neuroloxic stivily on cranial nerves but can abo exert a direct toxic
actsamn o Che CNS.

Proteamic and ranscriptomic studies in recent years have provided
a comprehensive insight into the complexity and functioning of many
snake veroms. State-of-the-art analytical approaches have greatly
accelerated the elsbaration of more effective reatments of snake
venom poisoning | 18] The risk of severe envenoming snakebiles in
Europe is relatively small Neverthaloss, in particulas aress, for example
in Medilerranean countries, snake wvenom poisoning répresents
considerable public health issue arguing lor further improvements
[4.5] Venom proteomes of two European viper sulbpecies, Vaa and
Vipera ammimodyles meridionals | Vamm) have been reported so b [19).
The venom proteome ol Vb is presented in this work.

The registered clindcal syrptoms and the signs of envenomation by
Vi vendin diller i several dpects fom those of Vid venom. For e-
ple, systemic haemorrhage and coagulopathy are uswally much more
sewere in the case of the former. The maost striking difference in patho-
legical action on man i, swever, in elidting reuroioxe ellecs. These
are wery rarely observed in the case of Vid venom bites but frequently
in that of Vaa and constitute a medical emergency, since they can
progress [rom plodi to interse musoular weakness that can perist far
several hours |d4-10). By analysing the Vb venom proleome we
propoded an explanation, st the malecular level, of the differences in
dlinical pictures irdlicted by the Vhb and Voo venoms. We have provided
i explanstion fof the e fectivenets of rreatrment of Vil envenamation
by Waa antiserurn and explained why full protection aof Vea venom
paoisoning by Vil antiserum should nol be always expected, especially
fil i chdes of severe poisoning. The Latter makes & strong case lor Vaa
antiserum production as we are [sced with its shortage due to ceaging

of production, in Croatia and in France {both in 2015), af two st
Irequently used products.

2 Material and methods
21, Wemairs

Commercial [reeze-dried ¥hh vemomn, obtained from Russia
[Serpentariurm of the Central Trade Bate Too-obyedinense Khimbky,
Moseow DHstrict), was the generows gift of D JGri Siggur from the
Mational Institute of Chemical Phiysics and Biophysics, Tallinn, Estonia.
Crude Vas venom was obtained from the ngtitute of [mmunobgy,
Zagreh, Croatia. The venom was lyophilkzed and stored ar —20°C.

22, RP-HPLL froctionation

The compasition of Vbb and Via venems was analysed by HPLC
(Flexar FX10, PerkinElmer, USA). 25 ul of venom (5 mgfml) was
didgalved i 625 jl 0.1 (¥) TRA (solvent A) and applied on i reversed
phase (RP) column PLEP-S (300 A, 8 pm; 46 = 150 mm; Agilent
Technologies). The colurmn was eluted with an inmeasing concentration
of salvent B (00X [v) ACN and 0LUX (vfv] TFA] at 1 mLfmin wging the
Tl lowing gradient: 0=45% {v/v] B in 5 min, 45-100% (vv] B in 45 min.
Fractions were collected manually and dried in a SpeedVac vacuum
concentrator {Savant, USA) Fractions were analyded using SOS-PAGE
a5 described below. Fractions | to 6, containing components of lower
molecular mass not visible on 12X (wiv) palyacrylamide gel, were
pooled and re-chromatographed on an RP=HPLC C18 colurmn (B0 A,
5 pm: 46 « 30 mm: PerkinElmer, USA). Components were eluted at
1 mlfmin wsing the same solvents as for PLRP-S analysis, starting at
0% solvent B and increasing with sobvent B to 100X (/] in 58 min.
The isolsted fractiond were submitted to the N-terminal arming scid
SECJUen Cirg.

23 W-germinai e ocid sequencing

N-terminal aming acid sequences of peplides and proteins were
determined by Edman degradation on a Procise 4924 Automated

Sequencing System [Applied Bicsystens, LISA).
Zd. 1D S05-PAGE

Fractions of Vird amd Via venoms abtained by BP-HPLC separation
arl the products of cleavage of fibrinogen by the two venoms were
analysed using 1% {wiv] and 12.5% [wiv] polyacrylamide gels in the
presence al 506 [SD5-PAGE) under non-réducing conditbors [20] Pro-
L in gels were visuslized by silver staining using a modified method
of Marrissey |21 | where the protein fixation was sccamplished by the
mibetuire af 300 {v/v) ethamal and 10 [ ) Scetic acid The glutarslde-
Iy fixation step was omitted. In the cass of Vbl venom, protein
spots were excised rom the gel and processed for assessment by mass
spectromerry [M5)L Malecular mass standards were fram Fermentas
(Lithisinia)

25 2-0F

2.5.1. First dimension - IEF

Freere-dried Vaa or Vb venom was digiolved in double distilled
water giving final total profein cancentrations of 5 mg/mL 4 ul of the
solution was added 1o 121 ul of rehydrstion bulfer containing 7 M
urea, 2 M thioures, 30 mM Trig, 25% (wiv] CHAPS detergent, 025X
(i) ASE-14 detergent, 1.5X (v/v] DeStreak rexgent (GE Healthe are,
Sweden], 1% [w/v) IPG buffer, pH 3-11 nonlinear (NL], (GE Heslthcare,
Sweden) and DD0ZE (w)'v) bromophenol blue. The sample was loaded
o6 & 7 it IPG st { lmenobiline DryStrip) pH 3=11 NL (CE Healthcars,
Sweden). The strip was relpdrated overnight ar room temperature.
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Proteins were submitted to1EF on an IPGphor electrophonesis apparatis
({GE Healthcare, Swieden] with the following rumning conditions: step 1:
300 V for 45 min, step 22 1000 V for 30 min, step 32 5000 V for 80 min
and step 4: 5000V wntdl G000 Wi per Strip was reached,

252 Spoonsd dimetesan - SD8-PAGE

Following the IEF, the IPG strip was incubated 3t room [Emperaiure
in 65 mi DTT in equilibration buller conLaining & M urea, 125 mbd Tris!
HC (pH 7.5), 4% (w/v) SD5 and DUO0ZE [wiv) bromephenal blue for
15 rminy with sporadic shakeimg. After reduction, the strip was allylated
in equilibration bulfer containing 135 mM icdoscetamide under the
same conditions. The sirip was then washed in the SDS-PAGE running
Briifles [03% [wi'v] Teid, 1.44% (] ghveine and 01T [wv) SDS), placed
onte 1 25% (wiv) polyacrylamide gel and covered with 0.5% {wiv) aga-
rose solulion containing 0LO2% (wiv) bromophenol blue and 15 {w))
S5, The SDE-PAGE was run at 5 mA per gel with gradual increase of
current up o 15 mA per gel as described |22). Gels wiere stained with
collaidal silver as described above and imaged with optical Image
Seamner using LabScan 5 software (GE Healtheare Lile Scepnces, LISA).
Gel scans were analysed using Imsge Master 2D Platinum 6.0 salbware
{GE Healthcare Lile Scences, USA).

26 Muass spectroietry

In-gel ryplic digestion of Vb venom proleing, their extraction from
the gel and analyais on an IT mass spectrometer 1200 series HPLC=Chip-
LC/MSD Trap XCT Ultra { Agilent Technologies, Germany) wene cartied
oul as described |22]. Proteins were identifisd using Spectrum Mill
software Rev A03.03.084 [Agilent Technologies, USA) against Snakes'
{taxid B750: 15231 entried) profein database extracted rom e mof-
redundant NCBI (National Cemter for Biotechnology Information)
protein databank in May 2004, and supplemented with translated
nucleotide sequenced from Vaa venom depadited in NCEl GenBank in
015 [KUZ49650-KUZ49656, KT14B817-KT148834) The following
search parameters were used: parent jon error Wlerance of 2.5 Da,
fragment error tolerance of 075 Do, maximum of 2 enzyrme mised
clesvages, peptide charges +2 amd + 3, methionine axidation a8
variable modification and carboamidomethyl cysteine as fixed moddifi-
cation. The results were validated using Scaffald software [version 2,
Prateame Software, Ine. USA) with the following parameters: protein
confidence of 95X and one peptide per protein at 95X confidence.
MN=terminally blocked short peptides were analysed using ESI Q=TOF-
SIS [Waters-Micromads, LK) 8 descriled [ 23]

7. Western blof analysis

20 g of Vad ar Vhb raw veno was separsted by 2-DE 4 deseri bed
abiwe. Profeins were iramferred 1o an NC2 PYDF membrane [Serva,
Germany) at room temperature and 200 mA per gel for 90 min in
Towhin transfer buffier (25 mM TrisMCL pH B3, 192 mM ghycine, 01K
(v} 505 and 208 (v&) methanod ). Following Crans e, the PVDF menm-
brame was biocked for 1 h at room emperature in 1% (wv) Western
it blocking solution (WES) [Roche, Germany) in TBS (50 mM Trisf
HCL, pH 75 and 150 mb K0 ) and then inoubated overnight with either
rabibsl anti-raw ¥ venom serm (anti-Via), anti-haemormhagic vemom
fraction serurm (anti=H), anti-ammodyiokin A serem (anti-AA) and
anti-ammmodytin [z serum [anti-Amlz) at a dilution af 1:1.000.000
{anti-Viag and anti-H) and 1210000 {anti-ArA and anti-Atnl;) in 0.5%
{wiyv] WES in TBS at 4 *C, lallowed by incubstion with horseradish
peroxidase [HRPj-oonjugited secondary anti-rablit [§Gs [1:10.000 in
OLSE [wiv) WES in TES] for 45 min al the room lemperalure. Spots
were visualized with the ECL Lumi-LightPLUS Western Blotting
substrate (Rocke, Germany) and sxpodute to Amersham Hyperfilm
ECL (GE Hsalthcare, UK) fallowing the manifaciurer's instructions.

2.8 Fbrinagenalytic activity assay

Fibrimagenolytic scivity of Viaa and of Vis venorm was determmined x5
described [24) Husnan fibrinogen and venoms were dissohved in TBS ar
a concentration of 5 mg/mL Fibrinogen and venom were incubated at a
ratia of 100:1 {w/w) at 37 *C in either the presence or absence af a
protease inhibitor, either EGTA (2.5 mM) or Pelabloc {1 mM). a15, 15
and 60 min after mising fibrinogen and the venomy, 10 . aliquats of
Ll reaction mixture were analysed by SDS-PAGE as described sheve.
Gels were stained with PageBlue® scoording 1o the mamulacturer™s
instructions {Thermo Fisher Scientific, USA). Gels were digitized with
Irnage Scanner and LabScan 5 solfware (GE Healthcare Life Sohenoes,
LISA).

2.8 Blaod coagudalion assays

Disturbance of the coxgulstion system by Vhb and Vg venoms was
assayed using three clinical blood coagulation tests: i) prothrambin
Lifise [PT) - the time nesded for Blood to coagulate alter initiation of
the extringic pathway by addition of thromboplastin and Co*+ 1w
citrated hlad: ii) activated partial thromboplastin time [aFTT) = the
cirme needied for clot formation after initiation of the infrinsic paawny
by adding Ca?*, phesphalipids, and kaolin 1o a sample af citrated
Indooee]; aned i) Chrambin e {TT) = the time nesded loe Gibrin ciot lor-
maticn abter the sddition of a=-thrombin o citrated biood 5 @ of Vish ar
Vi venarn solulion {25 ug total proteins), oe 5 il of bulfer [20 mb MES,
2 mM Ca0l,, pH 7.5) containing no venom as a contral, was added to
45 i ol pocbed plasma [Contral Flasma N [Dade Behring, Germany)
and incubated for 1 min at 37 °C In the case of the PT assay, the
coagulation process was initiated by the addition of 100 pL of
Thrambarel § reagent [Dade Behring, Germany], & sowrce of thrambo-
plastin s C°* ins, while, in the case ol the TT assay, the coagulation
process was initiated by the additgon of a-thrombin in 100 pl of BC
Thromibin reagent [ Dade Behring, Germany). In the aPTT assay, the plas-
ma was incubated with 50 L of Pathrealin 5L Reagent [Dade Behring,
Germarny) for 2 mmin a1 37 *C, after which the caxgulstion was initiated
by the addition of 50 @ of 25 mbd CaCly. Al times were measuned on
a Behring Coagulstion Timer (BCT) System | Dade Behring, Germany)
according o the respective sy protocol |25).

2.10. Patefer aggregation ausay

Elood was donsted by the experimenter in acoordance with permis-
sion Moo S3/08/11 of the Natienal Medical Ethics Committes of the
Republic of Slovenia. Platelet-rich plasma (PRF) and platelet- poor
plasma (PPP) was prepared as described [26]. 250 pl of PRP was pre-
incubated with and without 25 pg ol ¥hb or Voo venom For 5 min ac
37 °C 25 L of collagen [Diabed, Switzerland ). 1o 4 find concentration
of 10jgfm, ristocetin {Chrono-Log Conparation, LSA] toa final conden-
tration of 1 mgfml, or ADP [Chrono-Log Carporation, UISA), to & final
concentration of 10 pM, were added and the change in the optical
derdity monitored lar 5 min uding & Model 700 Whole Blood A0ptical
Lumi-Aggregameter {Clhirsno-Log Corparation, USA). The PRP aptical
density read represented 100% while that of PPP represented the 0%
value [25]

Z.11. Twirch tension recording of mouse phrenic nerve-hemidiaphrogm
prepanation

Muscle contractbon was mexsured as described |27] Briefly, the
diaphragm musche with the xociated phrenic nerves was dissected
oul and kept in an exygenated bath conlaining Krebd-Ringer solution.
Each hemidiaphragm preparation was pinned on its iteral side o a
silbcone-coated glass chamber. The henvidiaphragom medial side with
tendan was attached 1o 4 slk thread vig & sixinless-stee] hook e an
isormetric mechano-electrical transducer, Grass Force-displacement
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tramsclucer FTO3 {Grass Instruments, USA). Nerve-evoked contraction,
direct musde simulstion and directlyfindirectly elicited Stanic muscle
contractiong af the isolsted mouse hermidiaphragm were followed in
the presence of raw Vib venom at room emperature. The experimenial
protoool was a8 follows: indired muscle stimulbastion [N] 10 min, direct
midele stismulition () 3 i, tetanmic indirect muscle stimlation (Ta),
paie 3 min, tetanic direct muscle stimulation (Td), pause & min,
N 1 min, D 1 min, M = 10 min control recording, addition of Vb
venom o 4 final concentration af 125 petmL N 150 min, D 5 min, Tn,
paisse 3 min, Td, pavse 3 min, 4 times washing with Krebs-Ringer
solution, N 15 min, D 5 min, Tr, pause 3 min, Td, pause 3 min,

. Results
1.1, Comparative furetioral anysis of Vb ard Vaa venar

1.1L 1. Fectropysiology on mouse phrenic merve-hemidiophrogm
prefRalion

Under eontrolled experimental condithorns, no change in amplitude
of twitch and tetanic conlractions was observed during the 90 min #x-
posure. Thse muscls one remained agthe baseline throughout the ernline
duration of the experiment (Fig. 1A). 125 jgriml of the Vi venom, how-
ever, completely blocked merve-evoked as well as directly elicited single
twitch resparses and indirectly and directhy svoked (eamic contractions
(Fig. 1B). Al foam lemperature, U venom produced o 50% block in
665 + 6.6 min and 2 complete block of the nerve-svoled witch
respanses of the muscle in 142 + 7.1 min (0 = 31 Nerve-evoked and
directly evoked single twitch contractions and tetanic contractons did
mol recover after 20 min of exterdive washing of the preparation with
venom-lree Krebs-Ringer solution. Based on the increase ol basal
tengion and the cormplete block of both directly evaled muscle pwiteh
and retanic contractsons, the effect of Vb venom on the isolated
mouse neuro-misculsr (NM) preparation is cancluded m be predomi-
nantly myolaxic [28).

27

g

3.1 2 Fibrinogenalytic activity
Bath uipErirJ wenams wene able 1o ceave ﬂ.bﬂm'l. =Chelas mﬂ

in the coagulition cascade (Fig. 2). Degradation by Yaa wenom was mone
intensive. This venom was alio bess specific, deaving effectively - and
[=chains of the substrate, while Vhb venom apparently contained only
i-fibrinogenmes. Experimentd in the presence of specific inhilsitors of
SVMPs or SV5Ps, ie. EGTA or Pelablock [PB), revealed that, in both
venoms, fibrinogenalytic activity was mainly sisociated with SWMPs.

.13 Effert on bived coagulation

Effects of Vi and Vog venoms on bliood cosgulston were compared
by meeasuarieng PT {influence on tisue factor of extrimsic pathway], aPTT
[influence on contact activation of nirinsse pathway ] and TT{infuence
on common pathiway). The most sepndfi cant difference between the two
VEROmS wid in Che measured PT, which was about three-fold loager in
the presence of Via venom than of the Vb venom. According to the
contral experifvent Vid venom prolonged PT by almedt 170%, thus
acting anticoagulantly, while Vbl venom shortened it by about 20%,
thus displaying a procosgulant effect (Fig. 3). Both venoems shortened
thie &PTT, Vi vernom by 38X and Vb venom by 56X, while their effect
on the TT was similar, L& 2 prolongation of the platelst coagulation
time by sbout 10 (Fig. 3). From clinical reparts, both venoms induce
bleeding i vivo that is tepically more severs in the case of Vaa venom
poisoning. [0 was slso reported that blesding disthesis is not typical of
Whir venon poisoning (2,11, The i virre blosd cosgulation results
here confirmed these observations by establishing the anticoagulant
nature af Vag venom and a balance berween anti- and procoagulant
effects in the case of Vhb venom paisoning.

314 Effect on platelel aggregotionfaggitina ton

PMatelet aggregation, induced eitter by ADP or collagen, and plateler
agglutination, induced by ristocetin, was effectively inhibited in the
presence of both viper venoms [Fig. 4). Irrespectively of the mode of in-
dhu ction, the inhibition of the plateler sggregation/agelulination prooess
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was always almost complete in the presence of Vaa venom but not of
Vb The Latter p fully inhibited the collagen-induced plate-
let aggregation while the ADP- and ristocetin-induced processes were
inhibited by only about 50X,

3.2, Proteomic analysis of Vbb venam and ifs comparison with Vaa venom

3.21. Two-dimensional gel electrophoresis

Comparative 2-DE analysis of crude Vb and Vaa venoms includes
proteins with molecular masses of 10 to 150 kDa, having isoelectric
points (pls) in the pH range 3-11. A distinctive dilference between the
venoms is that Vbb venom displayed far fewer peotein spots than Vaa
venom (Fig. 5). The former was resolved into 160 distinet spots and
the latter into 260. The distribution of spots on the gel however was
similar for both venoms. The relative intensities of the corresponding
spots in the two venons mostly differed (Fig. 5). Some proteins were
highly expressed in Vb venom and some others in Vo venom. In
both venoms, the components are spread similarly between the acidic
and peutral areas on the 2-DE gel. Characteristically, Vioa venom
contains proteins that are much more basic than those in Vbb venom
(Fig. 5). The former is also much richer in components with molecular
masses lower than 20 kDa and higher than 60 kDa.

32.2. Structural proteonics

Toidentily proteins in Vhb venom structurally, the crude venom was
first resolved into 14 fractions by RP-HPLC, using the PLRP-S column
(Fig. 68). Fractions 7 to 14 were further analysed by SDS-PAGE to
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£ 200%
)
= 1500 1 mcontrol
'3 o Ves
g 100% - o Vb
=
€ s0% 4

0% -

PT aPTT T

Fig- 3. Effect of the viper venoms on bood coagelation. Influence of the Vb and Viaa

separate proteins by mass in the range of 15 to 150 kDa Under non-
reducing conditions, 30 discrete protein bands were detected on the
gel by silver staining (Fig. 7). The bands were excised, proteins in-gel
digested, extracted and then analysed by MS. 31 different proteins
were identified (Table 1) representing all major protein families of
viperid venoms: SVSPS, SVMPs, sPLA;s, CRISPs, LAAOs, snaclecs and
disintegrins. Interestingly, identified for the first time on the protein
level in snake venoms, one of the proteins is 3 member of the aspartic
protease family (AspP) |29). Drawing a paraliel with the Voa venom 2-
DE pattern, spots in the gel above 60 kDa represent various isoforms
of LAADS, P-HIl SVMPs and snaclecs, spots of intermediate mass (20 to
50 kDa) represent SVSPs, P-1 SVMPs and CRISPs, and spots below
20 kDa reflect the abundance of sPLA; molecules and disintegrins.
Although fractions PRLP-S 1 1o 6 were analysed under the same
conditions by SDS-PAGE, no protein band was seen by silver-staining,
suggesting the presence of only low molecular mass components in
these RP-HPLC fractions. They were pooled and re-chromatographed
on a RP-C18 HPLC column into 12 peaks (Fig. 6C). Using either Edman
degradation or ESI Q-TOF-MS/MS we identified in these peaks inhibitors
of SVMPs, natriuretic peptides, a Kunitz-type protease inhibitor
(inhibitor of SVSPS), an sPLA -like myotaxic ammodytin L (Atnl) and
a covalently beterodimeric disintegrin VB7 (Table 2). Interestingly,
also N-terminal peptides of serine pr orthologous 1o VaspPl
|30}, VoaSPH-1, VaaSP-2 and VaaSP-4 were identified. Probably degra-
dation products of these proteins were detected since, according o
their molecular masses, they should be visible on SDS-PAGE analysis
but were not. Volume (area x intensity) of the SDS-PAGE protein
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venom on Blood coagelation was asalysed using three dinical bicod assays:

time (PT), parsal timne (3PTT) and trombia time
(IT). I controls, clottiag times were measured in the Jdseace of venoms and hese
values were taken Imxm-zﬂnmnn were pesformed it 37 °C oa 2 Behning
Coagelation Timer System wsing the dard assay p Resudts are
expressed relative mmmvﬂmdwanm 4 SD of deplicare
MesUremeas.

ing 2 change in optical dessity ummmmmammm
Bhoot0ptical Lumi-Aggregemetes. Agpregation of biood platelets was iaduced with the
addition of either ADP or collagen, while their agglutiasion was indeced with e
addason of ristocetin. Control experiments, i which the aggeegation of agghutination of
platelers was measured in the absence of venoms, Lave values that were takes i 1008
All other resalis are expressed relarive 10 contrd values and dsplaped as means & SD of
duplicae meassrements.
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bands and area of peaks eluting at the HPLC analysis of the Vbb venom
were used 1o estimate the quantity of proteins/peptides belonging to
dilTerent polypeptide families in the venom. In Fig. 8, the pee chart is
presented, which shows the ratios between the major polypeptide
[amilies in the Vb venom.

3.3, Immunologicel comparison of the Vbb and Vaa vencens

The two were first analysed using 2-DE; the proteins were
then electroblotted from the gel onto a PVDF membrane and incubated
with rabbit antisera against the following antigens: raw Ve venom, the
most ic venom comgp A the non-toxic SPLA; erzyme
Atnl, and the total haemorrhagic fraction of Vag venom. Anti-AtxA
was shown 1o rexct exclusively with ammodytaxins (Axs), presynapti-
cally neurotoxic sPLA, isoforms, but not also with paralogous
ammodyting (Atns), non-toxic SPLAS or myotoxic SPLA-like proteins,
froen Vaa venom |31} Similarly, anti-Atnd, recognized Atns but not
Atxs. Anti-Voa recognized particularly strongly Vaa venom proteins
with masses above 40 kDa. Anti-Vag also recognized proteins in
heterclogous Vb venom with comparable strength. Interestingly, the
number of venom components in Vbb that reacted with anti-Vaa was
larger than those in Vaa (Fig. 9 - top half). A similar result was obtained
with anti-H (Fig. 9 - bottom half). Anti-ALxA recognized antigens oaly in
Voa venom (Fig. 10 - top haif) while the orthologues of Atnl, were
detected also in Vhb venom (Fig, 10 - bottom half).

4. Discussion
4.1. The Vb venom proteome is less complex than that of Vaa

The venom proteome of Vhb has been analysed and compared to
available proteomic data for Vaa venom from the literature. Under
identical conditions, raw Vbb venom was separated by 2-DE into 160
distinct spots and Vaa venom into 260 (Fig. 5). Consistent with the
results of 2-DE analysis, Vaa venom was resalved using the PLRP-S RP-
HPLC column into almast twice as many peaks as Vib venom under
identical conditions (Fig. 6B). The venom of Voa i thus more complex
than that of Vbb. Immuno-reactivity patterns demonstrated that all
the major protein groups present in Vag venom are present in Vbb
venom also (Figs. 8 and 9). The antibodies directed against whole Vaa
venom (anti-Vaa) and those directed only against its haemorrhagic
fraction (anti-H) recognized summ populations of molecules in heter-
ologous venom (Fig. 9). A striks logical difference by

-]

o VDO venom () were
the second dimension. Cels were silver stained

the 7 cm IPG strips, pH 3-11, in the firsz, and on 12.5% (whv)

the two venoms was however noted when immuno-staining was car-
ried out with anti-ALA serum (Fig. 10 - top half). While 2 stroag signal
was obtained in the case of the Vaa venom analysis, it was completely
absent from the analysis of Vhb venom. This result suggests that there
is no Atx-like sPLA; molecule in Vb venom.

42 Protein families present in Vb venom

42.1. Snake venom serine proleases (SVSPs)

SVSPs mostly affect hemostasis in mammals, by influencing blood
coagulation, fibrinolysis, platelet aggregation and vasoconstriction
|32]. They belong to the sublamily S1A chymotrypsin-like proteases
and show high macromolecular trypsin-like substrate specificity [33].
Most SVSPs are N- or O-glycosylated, but to different extents. As report-
ed for Vaa venom [ 19], diverse SVSPs are abundant in Vbd venom also
(Table 1). Vb SVSPs, with apparent molecular masses of 25, 35, 40
and 55 kDa, were identified in PRLP-S fractions 8 to 14 by simélarity to
SVPSs from related snakes, Vao, Macrovipera lebeting (M. lebetina),
Crotalus etrox (C. atrox), Agkistrodorn confortrix contortrix (A. ¢. conlortrix)
and Trimeresurus stejmégeri (T. stejnegeri). These Vbb SVSPs may
thus exert thromben-like, fibrinogenolytic and kallikrein-like activities
|34-38|. However, as demonstrated in Fig. 2, the fibrinogenolytic
activity of the Vbb and Vo venoms is mainly caused by their SVMPS. A
protein, probably a degradation product originating from VasP1 [30],
VaaSPH-1, VaaSP-2 or VaaSP-4-like Vhb molecule, was found in RP-C18
fraction 12 (Table 2).

422 Snake venom metafioproteases (SVMPs)

Most of the haemorrhagic activity of Vag venom originates from s
P11l SVMPs [39]. Antibodies directed against the haemorrhagic fraction
of Vaa venom (anti-H) reacted strongly with molecules in Vid venom
with apparent molecular masses greater than 55 kDa (Fig. 9). SVMPs
are synthesised as multi-domain enzymes, whose p Bytic activity
depends on the presence of Zn** joas and is down regulated with
citrate jons, acidic pH and competitive inhibitory tripeptides [40).
SVMPs are grouped structurally into three major classes: P+, consisting
of a protease domain (20-30 kDa), P11, that consists of two domains,
protease and a disintegrin (30-60 kDa), and the P11 class, that consists
of three domains, protease, disintegrin and a cysteine-rich domain
(60100 kDa ). SVMPs affect the hemostatic system in many different
ways. They may degrade components of the capillary basement
membrane, which results in haemorrhage, and prothrombin or lactor
X (FX), which Jeads to their depletion. They can Xt as prothroenbin or
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Fig. 6. Reversed phase HPLC analyses of the viper venoms. The RP-HPLC columa PLRP-S
(300 A 8 um; 46 x 150 mm) was equileared is 0.1% (V) TFA (solvent A) and eluted
Wit an indicated gradient of 90K (W) ACN ia 0.1% (W) TFA (solvers B) at a flow rane
of | ssdjmin. Chromatograms (A) and (B) display the analysis of the Vias and Vid
venoms. (C) VI PLEP-S fractons 1 10 6 were pooled asd further chromatographed on
an RP-C13 columa (80 A, 5 jmg 4.6 x 30 man) equilideated in solvent A AT | mdfmis,
venom companents were duled using the indicased gradient of solvest B.

FX activators, inactivators of serpins, and as inhibitors of platelet
aggregation |40,41). Most SVMPs exhibit fibrinogenolytic activity. The
presence of 2 haemarrhagic SVMP in Vhb venom was first reported in
1990 [42}. In our proteomic survey, we identified orthologues of the
haemorrhagins VaH3 and VaHd4, dimeric P-flic SVMPs from Vaa
venam |25.43). With apparent molecular masses above 100 kDa, these
molecules were found in PRLP-S fractions 9, 13 and 14, Proteins in
fraction PRLP-S 11 were identified as orthologues of the P-Hlid subdass
SVMPS, characterized by a P-lII SVMP with a covalently attached two-
chain snaclec subunit. These are the coagulation FX activators VAFXA-
1l and VLEXA, the first present in Vaa [26] and the second in M. lebetina
venom [44). Also, Vb orthologues of P-Il SVMPs from Echis carinalus
and Bothrops erythromelas, both known as peothrombin activators |45,
46), were found in PRLP-S fraction 11 (Table 1). SVMPs were also iden-
tified in the 33 kDa band of fraction PLRP-S 12. Two peptides identified
in this fraction were sequentially identical to segments of VaaMPII-3
(KT148833), indicating the presence of unprocessed P-Il SVMP in Vbb
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Fig. 7. SOS-PACE analysis of the FLRF-S vesom fractions. 12.5% (w)v) and |zz(wm

and noo. were used to Vae (A)
mmmmmmmmmM|mmmnm
(whire rectangles) were excised from the gel aad typsaed Resslsiog peptide
fragmenes were extracied Ssom the ged and asalysed by mass spectrometry.

venom Two other peptides in this fraction originate from a disintegrin-
like and cysteine-rich (DC) domain of a protein orthologous to VaH4-B
|25). Hemostatically active DC domairns appear in venoms as products of
proteolytic processing of the P-IEb SVMPs (discussed under Disintegrins)
|47} Samel and Siigur [48] reported a VBb SVMP of 38 kDa with FX
activating activity (VBFXAE) and some of the peptides identified in this
fraction may originate from this molecule.

For effective control of proceolytic activity, SWVMP-rich snake venoms
are usually rich in low molecular mass peptide inhibitors [49]. Such
a molecule was identified in Vbd venom in the RP-CI8 fraction 3
(Fig. 6C). Using ESI Q-TOF-MS/MS (Table 2), the inhibitor was identified
as a tripeptide: pyroglutamate-lysine-tryptophan (pEKW). The same
reversible inhibitor of SVMPs, a product of proteolytic processing of a
longer translational product, has been described in other viper venoms
49}

42.3. Aspartic protease (AspF)
MS/MS analysis of the band with an apparent molecular mass of

40 kDa in the PLRP-S fraction 13 (Fig. 5) revealed the presence of two
peptides characteristic of renin-like AspPs (Table 1) This is the first
report of an AspP in snake venoms. At the transcriptional level, AspP
was identified in the venom of the snake Echis ocellatus (E. oceflatus)
|29] The sequence of E. ocellatis AspP is highly similar to human and
mouse renin and, their substrate specificity is presumably also samilar.
The main role of renin is regulation of systemic hypertension. [t converts
angiotensinogen, by proteolysis, to angiotensin 1, which is further
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Assigament af thae Vb venm COMpONEnts, separated on the BF-HPLOC-18 cobamn [Fig, 50, using Edman depradarion asd ES1 (-TOF-MS/MS. kdearficari on of peptde/proren was made

Acoopding o i N-rerminal or MS/NS-derived sequence

what i libedd MOE] accession nussber and the main vty of the mos similar ieatifed proteins along with the peooeis Gy ane

specified. Cys residues in peprides wine not derivatized before Edman seqeeacing, s teir coumende in sequences is oaly infmed based on the absence of a sigeal and smilarity o e

Imoem sequences (Ol Al wudl, o d
HFLC  M-serminal sequencing or MEME  Profcis WCB acoession sember Bellain acrivwiry Fronein famiy
Traczion
C18-3  pEEW Tripepide MF inhiitor precersor[Viaa]  KT143817, KTI4BENR SVMF inhisiion [42] -
CIB-5  DMEPFK Tripeptide MP inhibitor precsrsor [Visg]  KT148813 nd Matriuretic pepride
CIB-7  DMEPFKKVEPNS[C]FGHIIDR Tripepride MP inhibitor precersor [V KT148818 nd Matriuretic pepride
C18-8  DMEFF Tripepide MP inhibitor precsrsor [Visg]  KT148813 nd Matriuretic pepride
CI8-5  DMEFF Tripepride MP inhiitor precsrsor [V KT148818 nd Matriuretic pepride
CIE-10  SVIEFGKMIG Ammodytin L [Vab] CAEAT2SE nd PLAy
HSCHPICIOPY VETA [VL0] FOCEAS bstegrin a5l ihibitien [72]  Dimeric disistegrin
ELLMSGRF(C] WETE [Vib] FOCEAT
ROBFKF|{CTYLP WaaChi [aa ANPO4EES 5P inhiirion |&4) enirz-rype
protease inhdsnar
CIB-11  SVIEFGKMID Ammidytin L Vb CAEATISE nd PLi,
C18-12  WIGEOE{CIMIN VasPl Flbrisdngenas: [13] VIR
WaafPH-1, VaaSP-2, VaaSP-4 [Vas] KTL&RAD4, KTI48ED5, KTI4E3ZT mdl
Irydiralysed by sin-comverting enzyme (ACE] o vasoconstrictor  in Visb venoen wasdetected in the RP-HPLE [racticns C18-10 and C18-11

angiotensin 11 |50} By inducing bocal lypertension, possible robes of
AspPs i snake venoms are promation of lEsue disruption caused by
SVIMIPS and Lacilitation of the spread of venom through the victim®s
bloodsiream

A2 Secreted phosphofipases Az (PLA)

Using specific anti-sPLA; antisera we showed that Vib venom con-
Laifs at least twio Atnk-like molecules, but no Atc-like sPLAz (Fig. 10).
sPLA, mobecules, charscteristic of viperid venoms, belong structurally
to the LA group |51 ] These are standard vensom probeins exerting either
digestive andfor toxic functions. Toxicity of SPLAz molecules can be
manifested in mamy diferent ways, Tor example in neuroloxicty,
myataxicity, cardiotosicity and anticosgulant scivity [52]. Using
Lamdem M3 we identified two peptides in ¥bb vesom PLEP-5 [raction
7 that are a0 predent in the primary strsciure of VBSPLAG, & bagic
arilicougidant <PLA, [53 ] The primary strudtune of VBbPLA, is only 57%
identical with the primary structure of the neuroloxic At fram Vioa
venom | 54] and, not surprisingly, these malecules are not immunaologi-
cally eross-reactive (Fig. 10 - tisp hall). The ather type of sSPLA; molecule

disinbegrin 1%
AspP 0.12%
KR 0.07%

LAsD 2%
snackec 2%

SWMP inhibitor
4%

Fig. & Compesition of Vb venom acoording oo profeis and pepride Gimiles. Relaive
abssndance of venom polypeptide Gamdies wens calrulited from the normalized valames
of comespanding STE-PALE probsin hasds and normaloed aneas of cormesponding peaks
eluting ar the HPLC asalysis of the Wb venem. S9SF, snake venom serine profese;
SWhEF, snake venom metallopreteinase; LAAD, [-aming sl oxbdie; sPLA,, secreted
phospholipase A AspP, aspartic pretease; CRISP, cysbeine-rich secretony proteis;
smacler, snake vesom C-Dype lecting MP, samieretic pepide; P, Kenitz-cype profeass
inhibnsr,

(Figg. 6C, Table 2} Edman degradation showed that this molecule has the
N-terminus identical to that of Atnl, 4 myatocic sSPLA-analogue from
Waa venom [35] Suggestively, the myatasxicity of Vid venam, indcated
in.an ex vive twitch tension experiment on mouse NM préparation, is
caused by this protein (Fig. 1), In scoordances with our proteamic results,
analysis of the sPLA; genes of Vb fom centrsl France feveslsd the
presence of genes encoding the VhbPLA,, Arnl, Atnl, and Atnly |56).
Interestingly, genes of the A and B subunits of vaspin, a beterodirmeric
meurolakin similar to vipaxin [57), were also detected in this study.
The suthors speculated that vaspin is probably either expressed ar a
very how bevel or nof at all in the studied Vi venom, because no neurc-
Laxic envenomation ha ever been reparted in the region wisene the
snakes were captured. We have also not found neurotoxic sSPLAGS, either
dimeric vaspin of monomeric ALxs, in Vib venom investigated, in line
with s mom=neurolasic naure.

425 [-Amita acid wddeses (LAADS)

The presence of LAADS in Vil venom is indicated by its yellow colour.
LAAD comtain the prosthetic flavin adenine dimicleotide (FAD) grougp,
the fidly oxidized FAD group appesring yellovw. LAADS have been lound
i PLRP-5 fraction 11 (Talsle 1], in SDS-PAGE bands of apparent molecis-
lar mass 55, 110, 150 and 250 kDa. Under non-denaturing conditions,
LAADS wsually lorm homadimers, 3o LAADS identilied in the 55 kDa
band are probably menomers of the 110-250 kDa LAADS In the
55 kDa band, peptides identical to the Via-LAAD | from Visa venom
|58] or 1o the LAAD rom Setrures colemeius edwardsdi (5 ¢ edwoardsii)
venem |59 have been identified. Only 5. ¢ edwarndsii LAAD-peptides
have been detected in the barnds with higher masses One of the LAAD
isoforid has alfeady been dolited from Vb wenom and parislly
charscterized [60]. The enzyme disturbed hemastasis by inhibiting
ADP-induced platelet aggregation, and induced apoptosis in cultured
HeLa and K562 cells. Bt effects have been induiced by by doogen perox-
idee, a reaction product of axidative deamination of L-amino acids by
LAAD.

426 Cy rich secretory proleins [CRISPs)

CRISPS are 20 to 30 kDa proteins, contxining 16 cysteins o lorm 8
disullide bands |61,62]. CRISPs are a [requent constituent af snake
venams and, not surprisingly, we found them also in Vb venom
(Table 1). CRISP peptides were mast abundantly present in the fraction
PLEP-5 E, in the 25 kDa protein bard. Peptides were identified according
e their iderlity witl Hse respective parts of CRISP: [raim the venom of 1
berus |63 and the V. berus-relaned vipers, Vipera mikolskii |63),
Protobothrops mucrasquamatis (P. mucrosguanarus) (TM-CEVE) [54]
asd P fleevaviridis (trillin] [65). A CRISP of apparent maleculas s
25 kDa was also identilied in the Iraction FLEP-S 10, with the two
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peptides matching the structure of V. berus CRISP |63].1
ingly, CRISPs were also detected in SDS-PAGE bands of 55 and 65 kDa

snaclecs, disulfide-bonded ofi-heterodimers of 13-15 kDa CRD-like
subunits, have not been detected, which is very different from Voa

(PLRP-S fractions 8 and 9 in Figs. 6A and 7). Since, to our & dge,
snake venom CRISPs do not form dimers and are not been glycosylated,
we assume that on non-reducing SDS-PAGE they migrated in complex
with an SVSP detected in the same band (Table 1). This suggests
synergistic action of certain CRISPs and SVSPS |66] Such a possibility is
supported by the fact that, in spite of extensive testing, no pharmacolog-
ical activity appears 1o have been detected in the case of the pure Vaa
CRISP, the molecule 96X identical in its amino acid sequence
(KT148819) tothe V. berus CRISP (Zlajpah M, personal communication ).
Oldlmesmnmmmmmlnlomthbmmmm

In Vaa m, snaclecs are abundantly present as proteins of
25-50 kDa | 39). These molecules are the major inducers of thrombocy-
topenia, which is clinically manifested as excessive platelet aggregation/
agglutination. In contrast to our platelet aggregation/agglutination re-
sults obtained int vitro (Fig. 4), thrombocytopenia is relatively frequently
encountered in patients posoned by Vbb or by Vaa venom |4,10) Since
no agonists of platelet aggregation have been detected in the venoms,
snaclecs may be responsible for the occurrence of thrombocytopenia
in vivo by activating platelets through interaction with platelet GPIb
receptor or by mediating platelet adhesion to blood vessel walls.

the activity of only triflin (P. flavoviridis CRISP) has been d

Dy d snaclec peptides probably originate from snaclec subunits of

[65]. Triflin inhibited the high K*~induced contraction of the rat-tail
arterial smooth muscle, tentatively by blocking the conductance of the
L-type Ca* channels.

42.7. Smaclecs

Saaclecs are characterized by a conserved region of 115-130 amino
acid residues, homologous to the carbohydrate recognition domain
(CRD). CRDs bind saccharides in a Ca” *-dependent manner in C-type
lecting while in snaclecs they lack the carbohydrate-binding activity
[67]. In Vb venom, snaclecs were only detected among the 90 kDa
high molecular mass proteins in PLRP-S fraction 11 (Table 1) Classic

the P-Illd SVMPs, which have been identified in the same fraction. The
snaclec sequence AFCCPSCWSAYDQNCY s identical to the N-termims
of the light chain 1 (a-snaclec subunit) of the Vaa FX activator,
VAFXA-I1 | 26). The other snaclec peptide was identified as part of the
f=subunit of lebecin, a b dimeric 30 kDa snaclec from M. lebeting
|68, so the possibility that Vbb snaclecs form high molecular mass
oligomers cannot be excluded [69]

4.2.8. Kunitz-type protease inhibitors (KPE )
KPIs share a conserved fold of about 60 amino acid residues stabe-
lized with three disulfide bridges. Besides inhibiting serine proteases,
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which could result in interference with the coagulation cascade, other
KPIs, eg. dendrotoxing and calciclaudine, block conductance of K+ or
Ca** ion channels. The presence of a KPl in VBb venom was confirmed
by N-terminal amino acid sequencing of peptides in the RP-HPLC
fraction C18-10 (Fig. 6C, Table 2). One of the peptides in this fraction
s the N-terminal amino acid sequence of the Vag venom

sin inhibitor (VaaChi) [70). VeaChi was first described by Ritoaja et al.
|71] and recently shown to form a complex with AtxA |72] By itself,
VaaChi is just a potent inhibitor of a-chymotrypsin (K, = 4.3 nM) and
is non-toxic to mouse, however, complexing to AIXA, appears [0 Jug-
ment its toxicity [72] The most recent demonstration of the snake
venom Loxicil ing role of 3 KPI was in Micrurus tener venom
|73} A KPiand an SPLA; molecude from this venam form a non-covalent
complex that targets acid-sensing ion channels, producing pain. A
similar function for Vbb venom KPI in generating pain is possible. Struc-
turally, VaaChi belongs to the nor ic snake KP1s that
have lost the ability to inhibit conductance of K™ and Ca®* channels
| 74). s amino acid sequence is 87X identical to that of Macrovipera
lebeting transmediterranea venom KPf which is abde to inhibit adhesion,
migration and invasion of human ghicblastoma US7 cells by binding to
integrin receptoes via the RGN motif [75]. The RGN motif is also present
in VooChi and, probably, also in Vhb KPI, suggesting a cancer inhibiting
activity.

M [«Dal
vl |

35

42.9. Natriuretic peptides (NPs)

NPs are polypeptide hormones about 40 amino acid residues long
that elevate the level of natriuresis and diuresis in organisms |76} In
the case of Vbb venom we identified them in the RP-C18 fractions 6-9
(Fig. 6C, Table 2). The N-terminal sequences of peptides eluting in
these fractions have been matched with part of the sequence of the
Vaa NP precursor (KT148818) corresponding to the mature form of
the NP. Snake venam NPs are typical inducers of systemic hypotension.
Most probably, the NPs in the venom of Vbd are the main reason for the
pronounced decrease of systemic blood pressure observed in patients
envenomed by Vhb venom |14].

42.10. Disintegrins

Disintegrins are mono- or dimeric snake venom proteins without
enzymatic activity. These cystine-rich molecules of 4-14 kDa selectively
bénd integrin receptors on cells, obstructing their function |77]. In this
way, they can affect, for example, the shaping, survival, proliferation,
migration and invasion of cells |78]. A heterodimeric disintegrin, VB7,
s been already described in Vb venom [79] and its presence was con-
firmed in our proteomic survey. The N-termini of the two subunits were
detected in the RP-C18 fraction 10 (Fig. 68, Table 2). VB7 consists of 1 64
amino ackl residue subunit A Enked to 2 63 amino acid residue subunit B
by interchain disulfide bonds. It binds stroagly to the cell membrane
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fibramectin-binding integrin asf. In this way VBT inhibits adhesion of
e crafi-expressing cells to filronectin, 1 companent af blood plisma
and extracellular matrix [78]. Fibronectin plays a crucial robe in wound
healing and formation of a blood clat 1o stop blesding and pratect the
underlying tissue, therefore, upon emenomation, VBT supposedly
hinders Chese procesdes.

The effects of viper venoms induced by their integrin-binding
activity are, bovwesver, nol associated only with disintegring but also
with their rvultidoomain P-[1 and P-I 5VPS, which contain disintegrin,
disintegrin-like and DL domains. These domaing can be alio rebeaded
from their precursors by posi-iranslational protealytic processing [47)
In PLEP-5 [raction 12, in the 33 kDa band, we detected for example a
DC domain homologous o thar of VaH4-B |25].

5 Conclusions

1. Neurological disturbances are frequent in the case of podsoning by
Vina venam but anly rare in the case of Vb venom poisoning The
main neureloking of Ve versom are AL, presynaplically peuntasb:
APLAZS. These mobecules were niol detected in Vil venom, either by
specific antibodies or by sequencing. Although Vhb possesses genes
encoding the neuroloxic SPLAGS |SE|, these are abviously expreased
only accasionally and 1o a very limited sxtent.

L Systemic haemorrhage and coagulopathy are usually much more
severe in cases of Voo poisoning than poisoning with Virk venom.
The haemoerhagic sctivity af Vag venom is associated exclusively
with the P-Il SVIPE and, using pre ic and i bagical
snudies, similar molecules are shown to be present in Vbl venam
alsn. The le€s severe systemic haemorrhage in the case of Vib
venom poisoning i probably only the consequence of a lower
concentration of activity of the respective haemorrhagic Vi P-11
SWMPs. Vg venom degrades fbrinogen more intengively and less
specifically than Vish venam, although a similar effect on TT was
abserved in both cases, Incontrast 1o Vil vencn, Vo venom showed
& pranournced anticoagulant effect founded on radical prolangation
of the PT by this venom. This could be explined by the excestive
comumption of coagulation actors [39) and by inhibition af the
assembly/activity of the prothrombinase complex by Al through
Dbindirsg o Fa [20]

3 Mareder aggregation and agghutination ane completely inhibited by
Vioa venom, but anly partially by Vb vencm. Flatelet aggregation/
sgplutimation i inhibited by a range of snake venom profeins
[SVIMPs, sPLAGS, LAADS, 5 -nucleolidases, disiniegrin, snaclecs and
three-linger Loxins ), either by hydrolysis of ADP, by degradation of
platelet recepors involved in these processes, ar by antagonising
callagen- or van Willsbrand [ctor receptor binding [41] Our study
expased snaclecs a5 one of the most possible Dctors of such differ-
ence between both venams. Clissic snaciecs, which ane abundantly
predent in Vaa venam [39), have namely nol been found in Vib
venam arall
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The nose=<homed viper (Vipero ammod'ytes ammuodytes ) is the most Eurcpean make. lts venom
is lenown a5 haematotooic, myobmec and newrobocc but it exerts also cardiotonic effects. To farther
explore the cardioioxicity of the yenom we separated it into four fractions by gel filtration chromatogs
raphy. Three fractions that contain polypeptides (4, B, and C) were tested for their effects on isolated rae
heart. Heart rate {HR), incidence of artythmias {(sinoventricalar (AY] blocks, venincular tachyeardia,
ventricular fibrillation, and asystalia L coronary fow {CF) systolic, developed and diastolic left ventricular
preszare [LYF) were measured before, during, and after the application of venom fractions in three
different concentrations. Fraction A, containing proteins of G0—100 kDa, displayed no effect on the rac
heart Fractions B and C disturbed beart functioning in similar way, but with different potenoy that was
higher by the latter. This was manifesied by significant decrease of HRE and CF, the increase of diasiolic,
and the decrease of systolic and developed LvPs. All hearts treated with fraction C in the final CF con-
cendrations X255 and 375 pgiml suffered rapid and imeversible asystolia withour AV blodkade. They
underwent also ventricular fibrillation and ventricular tachyrardia. Fraction B affected hearts only at the
highest dose inducing asystalia in all hearts, ventricular Gbrillation in 802 and ventricular tachycardia in
TUE of the hearts. Venom fraction € induced 71% of all recorded heart rhythm disturbances, signaficanthy
maore than fraction B, which induced 2% Most abundant proteins in fraction C were secreted phios=
phalipases Az among which the venom component acting on the heart is most probably to be looked faor.

© 2006 Elsevier Lid All rights reserved.

L Introduction

injected directly into the blosdsiream of the victim or in the vi-
cinity all his beart [Reid, 1976; Persson and [restedt, 1981; Lusksid

The nose-horned viper, Vipera ammodytes amumodyres (¥ o
ammodyies) is the most venomous viper in Europe (Lukiid et al,
2006; Chippaux, 2012; Karabuva et al, 2016) Poisoning by . o
amunedyies venom can vary from mild o severe, with olsyious
syslemic odcity, and be even Catal The more severns cioes of
poisoming have been recorded especially when the venom was

* Comesponding author, Clinscal Deparment of Infacrious Dissases, Unkversicy
an-‘nl Cenire Split, Seltanska 1, Spdi, Cooaria.
E-mall gddfresiest sy jetlanakarabiva@gailooem [5. Karabuva), ivcabrizio@ner
hr (L Brizidl sowicalacieewic®jssi (2 Ladnowi), Adrijanaleonardi@ijssi
(A Leonandi], igeckrizaj@ijss (L Mrzaj) boris huksic | @sri-combhe (B Laksic).

horp: e dolorg) W0 6] aoedoon 2 i 6059001
D041-0800 M5 3016 Elsewier Lad. All rights nesenved.

el al, 2000% V. o omumodyies venom B a complex mixture of
enzymatic and non-snzymalic proleins and peptides with diverse
pathophysiological activities (Ceorgieva et al, 2008; Krikaj, 2011;
Sajevic el al, 2003) beading 1o several clinical appearances, most
characteristic, neuwroloxic and haematoloxie [Lukiac er al, DD0E;
Karabuva et al, 2016)

waﬂl i..l,g.lli- have Been described a5 the most oommon
general complication in children and in adulis in the case of the ¥ o
aispodyted envenamation [Lukiid er al, 2006; Chippaux, 20012;
Karabuva et al, 2006} Descriptions of neuwrological effects have
been frequently found also in case reports of envenomation by
Viperinoe snakes cosely related o the V. o ammodytes (Ferguel
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et al, 2007 De Haro e al, 2009:; Malina e al, 2003: Lonati e al,,
2014; Jodlver er o, 3015; Karabuva et al, 2016) Proteins that
alfect the nervous system of the victim have been most extensively
characterized in the V. o ammoedyies venom by bischemical, mo-
lscular biology, immunological and ather methods, and ane very
well known [KriZsj, 2001; Sribar et al, 2014}

Disturbances of the haemostatic system with systemic effects
like hasmorrhagic symdrome with massive intravascular haemok-
ysis, pulmonary bleading, severe coagulopatly, and other haefmo-
dynamic  altermations  have been  [frequently  described  ar
envenoming by the V. o ammodytes and other Viperinag venoms
{Dzay et al, 2005; White, 2005; Luksi? et al, 2006, 2000; De Hara
el al, 2009; Karabuva et al, 2006). Companents of the Viperinae
v that alfect normal fundctioning ol the haemosLatic syitem
are already well known, biochemically and srocturally, and their
actions are mainly mechanistically explained (Markland, 1995
Gutidrrez et al, 2005; Sajewic el al, 2011, 20013).

Several case reparts abouwt patients sulfering from a Viperinag
venomous bite are describing vessel and myocandial dysfunctions,
for exarmple, dilferent riythen abnormalities, arterial hypertension
and hypotension also, ST elevation myocardial infarction, non-
bacterial thrombotic endocarditis, and states of threatening shock
{Moore, 1988; Singh et al, 1998; Luksic et al, 2006, Z010; Malima
el al, 2008; Silva e al, 2012) Experimental animals paisoned
wilh ¥iperinge venorm, in which cardiovasoular repercissions have
been registered, uswally manifested a rapid Gall of aortic pressure
with rhythm abnormalities (Valora el al, 1970; Sket et al, 19735,
Kimjo er al, 1990; Alloarti et al, 1991; Faehi-Hassanabad and
Fatehs, 2004) Avadlable studies are however nal very reliable as
they were usually conducted in echnically uncontrolled systems
and using non-sLandardized venoms.

We described previously dode-dependent cardiotoxic elfects of
the whole standardized crude Vo ammodytes venom on isolated
ral heart asserting the depression of contractlity and electro-
physiclogical instability (Lukdil et al, 2008 To further explose
these sffects we separatisd the orude ¥ 0. amnmodyies venom into
several [ractions, and vested individual fractions lor their eflecs on
different parameters of cardiae function in the moded of isolated
perfused rar heart. Viperinae venom components that affect the
heart function are unknown This study B therelore also a starting
point towards their description.

2. Materials and methods
21 Materials

Crude V. o ammodyes venom was procured from the [nstitute of
Imrmunology Inc, Zagreb, Croatia. Venom was collected by “rmilk-
ing" snakes from regions of Krapina [70E) and Samobor (30E). The
crude venom was dried at the ambient temperature, lyophilised
and stored in dry, dark bottles at = 20*C All ather chemicals were
of anabytical and sequencing grade.

22 Methods

221 Gel filtraton chromatography of the crude Vo amemodytes
VeI

Crude venaim {1 ) was dissalved in 15 mL ol 30 mM Tris buller,
pH 7.0, containing 2 mM CaCly and 300 mM NaCl, and separated at
4 oC on a Sephacryl 5-200 superfine column (100 = 4 cm) equili-
braed in the same buller, ar a fow rate of 336 mLh. Eight mL
fractions were collected and the absorbance was measured at
ZB0 nm (Amoe) Fractions from the same peak were posled and
concEntratsd.

222 SDS-palyacryfamide gel slectrophoresis

Profein compogitions of concentrated gel filtration fractions
were analysed by SDS-PAGE on 125X (wiv) polyacrylamide gel
under non-reducing conditions according (o Laemmli [Leermmls,
1970). Molecular mass standards were from Fermentas (Vilniug,
Lithuanda). Gel-separated proteins were stained with oolloidal
silver.

223 Concertralfons of proleind in the veinom [roctiom wsed i
[esring

Luk3id et al reported cardiotoxic effects in isolated rat heart
upon usage of 3, 0, and 15 mgfml stock solution of the raw L a
ammirrodyles venom, which resulted in final coronary flaw (CF)
venom concentrations 30, 90, and 150 pgfml, respectively [Luksic
et al, 2008) With an estimation that each wenom gel filiration
fraction (&, B, and C) containg 25% of the whole venom protein
content we used in our assays 0.75, 2325, and 3.75 mglml stock
solutions ol each fraction in the modified Krebs-Henseleir solution.
Stock solutions of fractions were infused into the rat hearts for
M0 mim an the rate of 1% of CF to get the final CF venom protein
concentrations of 7.5, 225, and 375 pgfml

224, Prepanation of the rat heart and measurement of cardios
Sfurctions

Ex vivo cardise measurements were done on Langendor! maodel
of isolated perfused] rar heart according to the same preparation
conditions describsed in research of Lukdid ot al (Lukiid et al, 2008).
Sims rhythm was condidered o be a physiologically normal
thythin i the baseline conditions, and heart fate (HR) in this
resparch was measured scconding to noted riythm AV conduction
time was determined as the interval between the superior right
atrial beat and the right vemtficulal conis beat. In cades of pro-
longed AV conduction ime, AV blocks wene noled as following:
first-degree AV block (delayed impulse conduction [rom atria (o
ventrickes), second-degres AV block [oondition when one of mone,
but mat all of the strial impulses fail to conduct to the ventricles],
third-degree (complete] AV block (impulses generated in the
atrium do nol propagate (o Uhe ventricles). Ventricular tachycardia
{VT) was defined as four or more consecutive undlorm or multiform
ventricular wavelorms, and a [xster ventricular than atrial rate.
Ventricular fibrillation (VF] was registered by the pressnce of
irregular setivity in the ventricular electrocardiogram, and by the
absence of pressure generation by the lelt ventricle. The absence alf
electrical and mechanical activity of the heart was considered as
asystolia (asystolic cardiae arrest)

225, Experimental profocol

The control group of isolated perfused rat hearts (N = 100 wag
nol treated with any substamsce, amd was monitored for 70 ouin.
Groups of treated hearts (total N = 90) were first monitored for
30 min before wenom fraction application, then the period ol
v [raction delivery started [the 30 min after the Isegzami ngg ol
the experiment] and Lasted for the next 10 oo, During this period,
each venom [raction (A, B, and C) was administered in three
different dodes (refer to section 2.2.3.) All pararmeters of the cardise
function were registered ar the beginning of the venom (raction
delivery (0 min), then in the 3rd min of the venom fraction delivery,
and finally in the 13th min past the start of the venom (raction
delivery, ie in the 3rd min alter the cease of the venom [raction
delivery. In the end, observation period lasted for 30 min. Complete
eiperiment therefore lasted 70 min Procedures and all handling
with animals were in strict scordance with the ED Directive 86/
BO9fEEC, and Convention 123, the Directive 20D0/63{EL. Ethics
Committess of the Mostar University School of Medicine and Split
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226 Staristion analysis

Categorical vafiables sre presented i counts (N} and percent-
ages, and were caboulated using yi-test. Quantitive data are
expressed a5 mean + standard deviation (mean + 50), and were
s sied with analysis of vasianee [ANOVA] and Krugical-A\%allis nest,
followed by Bonferroni or Tubey's post-hoc multiple comparisons.
Data were processed using SPSS Statistics (version 1.0, 5PSS INC,
Chicago, llinoig, USAL Pyalue < 001 was considered as statistically
significant.

3. Resulis
. Prepuration and characterisation of the venam froctions

Using gel filtration chromatography the crude V. o anmodytes
venom was separated in four fractions: A, B, C, and E (Fig. 1} Their
S0E=-PAGE analysis under non-reducing conditions is shown in the
mndet of Fig | Fraction A was abundant in venom proteing with
apparent moleculas masses of G0—100 kD The majority af proteins
in fraction B displayed masses in the range 30—40 kDa, while
fraction C contained 14—15 kDa proleing 1n our previous study we
showed rhat fraction E contains mainly a tripeptide pEKW, an in-
hibitor of snake venom metalloproteinases (SYMPs) (Sajevic et al.,
2013 ] therefore, this fraction has not been considered in our study.

32, Effects of the vernom frockons on the ral hearl ex viva

321 Hecraphysislogical effects

Sinus riythm was predominant in all bearts in the beginning of
an experiment (Table 1) Fraction C induced the most pronounced
effect on Irequency of the isolated perfused rat heart beat [Table |
and Fig. 15A) Hearts exposed to the final CF concentration 7.5 pgf
mLof fraction C showed significant slowing of the HR a3 measured
i the 3rd and 13th min from the start of the fraction delivery in
comparison  with the baseline heart frequency P o< 001)
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Fig. 1. Gel Mltration eh graply of the | & dytes venom. Doe g of the
T VSR Wi separaned on the Sephacryl 5- 200 Superfine colsmn. Fractons [A, B, C,
atad E) waere collecnsd as deplrred. Inser: SDS-PACGE ol of the vendin racrioes
under non-reducing condihens. The gel & slver stained, M mobecular mass, 5 profen
stasadiods, A<E: venom fracrion.

Particularly interesting i a significant decrease in the 13th v 3rd
min (P 001: Table | and Fig. 15A), this i 3 min after the end of the
wenom [raction delivery. During measurements, i rate was the
prime riythm, and no change of the rhythm type was observed, HRE
that was kwer in the period of the venom fraction expasure
remained the same during the observation persod, and did mot
recower wilil the end of experiment [Fig. 15A). Alter administering
fraction C in the final CF doses of 22.5 and 37.5 pgfml, cardisc arresg
wiad registered in all hearts in -2 min (Fig. 154 and Fig. 2], which
wias conlirmed with statistical significance [P < 0.01). In all cases
[N = 20) of cardiac arrest, ventricular tachycardia, and ventricular
fibrillation preceded agy<tolia (Fg 2) Fraction B in the final CF
concentration of 75 pgfml caused dinically insignificant vasiations
ol HR (Table 1 and Fig. 15B). Increase of the CF concentration of this
fraction to 22 5 pgfml induced gignificant but reversible demease of
HR and no changes of the rhythm type (P < 001 Table 1 and
Fig. 15B) On the confrary, in concentration of 37.5 pgfml this
fraction caused significant slowing of the ginus HR in the 3rd min
fram the beginning of the sample delivery, and then, =12th min past
the application of the sample, complete arrest of electrophysio-
bogical activity of the heart (P« 0U01; Table 1 and Fig. 15B). Hearts
didl ot recover until the end af the measurement $o the elfset wis
Erreversible (Fig. 1SB) In these cases, before cardiac arrest, sinus
rhythm changed into ventricular tachycardia (7 out of 10, followed
by ventricular fibrillation (B out of 10) that very quickly led o
asystolia i all exposed hearts (N = 10) (Fg. 2L S chythm wias
alsa the main elecrical sctivity in all bearts in the period during
and after exposure (o fraction A No sttistically or dinically sig=
nillcant change in HR Wi abserved ot sy concentration of raction
A rested (Table 1) As well, no arrhythmias were recorded with
fraction A (Fig. 2} These were significantly more frequent at
375 pgfenl of fraction B and C [P 0.01) than st 225 pgfml (Fig 2L
Of altagetier 5 heart rhythm disturbances documented, fraction ©
wias responsible for 71% and fraction B for 29% (P < 0.01). Any case
all A blsck was detected.

322 Covonary flow

At the beginning of the obssrvation the CF was about the same
i all hearts (Table 1) Most significantly the CF was affected by the
wenom [raction C, at all three doses (Table 1 and Fig. 25A). Hearts
exposed o the final COF concentrations 72.5 and 375 pgfml of
fraction C digplayed irreversible muscle contracuse rom -2nd min
af the exposure on (Fig. 75A) This led 1o precluded coronary cir-
culation demonstrated as significant decrease of the CF values
[P 0015 Table 1) After application of 7.5 pgfmL of fraction C, CF
abio significantly decreased (P« 001) and remained low until the
end of the mexurement (Fig. 25A). Exposure of hearts to the final
CF doge of 75 pg/ml of fraction B did mot result in important
changes in the CF (Fig. 25B) Howewer, 225 pgfml of fracion B
significantly decreased CF in the 13th min (P < 0.01), this & 3 min
after the venom fraction delivery has beéen interrupted. Intenest-
ingly, lurther on the cormmary circulation started o recover slighthy
but steadily (Fig. 5B} AU the highest final CF concentration
(375 ngfml) raction B significantly decreased the CF due to the
cardiac afrest that eccurfed - 12 min past the stam of hearts
exposure. Statistically significant (P 0U01), teereafter hearts stayed
permanently contracted (Fig. 75B). Fraction A did not induce amy
significant change of the CF (Tabkle 1)

323 LefT ventricular presswres

Fraction A was without an elfect on the deviVF, the dIVP and e
SLVP at all concentrations tested, while fraction C induced the most
significant variation of these parameters. AL the final CF dose of
75 pgfml, fraction C indwced a slight decrease in the devlVP;
hewever, sl doses 22.5 and 375 pglml, an abrupt diop of this
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Table 1
Cardiac paramesers measured in the isolaned perfueed ran hearts expesed o the ¥ o
a5 means + 50 of wen independ and caloulared wing ANOVA.

dytes venom gel fitration chromategrapty ractions (Fig. | Al values ane expressed

Fractisn Time: Cardiac parameeters [mean + S0
Irgmi] Jrmin] HR* o AV AP ALV
|beats{man| [ fmin| [mmHg| [mmHg] |mankg]
Costitred G+ 16 [T 160223 16D =23 a
A[TS]
a HUE 4 15 LT 2 01 165225 1165 = 15 a
3 HEI 15 1T 01 N58= 17 158 = 1.7 o
13 HEI 15 TLT 01 TG0 = 22 106D = 22 a
AJ225]
o ISR 4 25 102+ 02 116E = 1E 1168 = LE o
3 1B+ 28 102+ 02 153213 153 = 13 o
13 IEGS 4 26 102 01 148217 1148 = 1.7 o
A[TS]
o HLE 4 17 N7E= 17 178 2 1.7 o
3 =1.5+13 N53=13 153 =13 o
13 &0+ 22 N45=13 145 = 1.3 o
Costitred 31425 1160 = 1LE 16D = LE a
B75]
a ELE 4 R0 1G5 =13 165 = 1.3 a
3 EHLE 4 21 MG =13 163 = 1.3 a
12 HT5 421 100+ 01 M52 13 145 = 1.3 a
B |25
a ELE + 30 100+ 03 NT0=22 7= 22 a
3 ITEE + 45" EY PR 153221 140 = 22 13 =
12 S 43" &1+ 02" 970 + 22" 9555 21" 15=
B|3TS5)
o L3 4 30 102+ 02 TGS = 1.0 1168 = 10 o
3 350 + 67" al s 10 1328 = 2.3 L 403 3+ 107
13 100+ QU 46 + 03 1285 = 1.7 92E = LI 368 + 107
Costitred HLT 4 2A 11 01 159212 159 2 1.2 o
(4|
a 20422 101+ 03 1N58= 10 1158 = 1.0 a
3 7550 + 38" 998 = T 955 + 1.0 40 = 0E" I8 =05
13 22154437 86 + 07 970+ 1.6 31T 28 =05
Cl2z5)
a E1I 433 11 202 M55 13 1552 1.3 a
3 1.0+ u” 45 07 ATE 3 15 13 05" 865+ 137
13 100+ Gl 3E &+ 02 A0 3 1.8 15+ 08" 4553 13"
C|ars)
o L5 4 42 L1 01 N15= 13 175 = 13 o
3 1.0+ 2 45 ¢ 03" 530 4 L6 13 205" 508 + 137
13 1.0+ " 37 £ 05" 523 3 1.0 10+ 00" 5133 107
P MO v conorel cardiad paramemers
4 HR: hiaim rane.

L] CF: coromary fow.

< sLWP: sysolic left wemmicular pressone.
 dew WP deve boped left wenmicular pressare.
* dLVP: diacnolic kel wentrioalar pressane.

parameter i zerg value resulted in =2 min following the applica-
tion (Fig. 35A4). In the case of (raction B, at the highest final CF
concentration ol 375 pgfml, the decresse of the devlVP was
comparalde o that observed at the lowest final CF concentration
(7.5 pgfmlL) of the venom fraction C (Table 1 and Fig. 35) Interest=
ingly, atan interimediate dose of [faction B (22.5 pgfiml], the deviVP
first decreased and after = 10 min started 1o rise again towarnds the
initial bevel (Fig. 358) The change in the dIVP wis opposite o the
change of the devilVP in the presence of increasing final CF con-
centrations of fractions B and C{Table | and Fig. 45]). The dLVP af the
isolated perfused rat hearts was increasing in the presence of the
increasing concentrations of fractions B and C. Again, the effect was
mare pronounced in the case of fracion C Significant decrease of
the LY and the deviVP in the 3rd min of heart treatment and the
Ird min past the treatment was linked with rsing of dLVF even
with the lowest dase (75 pglml) of fraction C (P < 0.01 Figs. 354
amdd 45A) In experiments with the linal CF concentrations of 22.5
and 37.5 pgfml of Iraction C the deviVP wias almost immeasurable
dise o the extreme e of the dLVP (Figs 354 and 45A) which was

observed as significant change vi. baseling conditions (P < 0.01;
Table 1) This is in acoordance with irmeversible heart contractiune
that ooowrred during s exposure o fracton C in these doses.
Fraction B induced significant and irreversible changes in sSIVP and
deviVP, and a high increase of the devlVP only at the final CF
concentration af 375 pgfml (P < 001), where all expoded hearts
remained in an irreversible contracture state, and finally experi-
enced asystalic armest in =12th min after the point of application
(Figs 350 and 458) Upon expasiare of rat hearts o 22.5 pgfml slight
rising of the ALVP was noticed in the 3rd min of the expasure that
still persisted in the 3rd min after the exposure. This was accom-
panied by 4 dgnificant lowering of the sAVP (P < 0.01) and the
devIVP (P o 0013 Table 1) All mentioned changes were reversible
(Figs. 35B and 456) The final CF fraction dose of 7.5 pgiml did not
induce changes in IVPs [Table 1)

A Dscussion

Regarding significant medical importance of envenomation by
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damaged heart. Intermediate dose of fraction B, 22.5 pgfml,
inflwenced heart function reversibly. This could be explained by
predominately haematotoxic nature of fraction B (Sajevic et al,
2013) Reversible effect on heart action was reported also by
Lukist et al when they exposed rat hearts to the lowest final CF
diose al 30 pgfmL of the raw V. o ommadytes venom (Luk3id e al,
2008) Observation of two ypes of heart elfecs, reversible and
irreversible, can be interpreted by the presence of components in
the V. a4 ariradytes venom that crise reverdible candiotoedeity and
the components that induce irreversible damage to the heart. The
Litter is in accordance with the report of De Haro et al. who
olserved o auwtopsy 4 severe myocardial damage lollowing en-
wenomation by the venom of the closely related Vipera agpis snake
[De Haro et al,, 2009)L Alternatively, reversibility of the cardiotoxic
elfect may depend on the concentration of cardioloxc component.
Proteing of various protein families are présent in the venom

oz % Kewebeva e ol [ Tovkoos 2] [200E) S8
10 4
5//
pé / ] .
g
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2 /‘/': - - 25 ﬂ}.;&-’\
0 = - o ar wTE (N
WTOVE ASYS VT WF ASYS
[ = i i
Wenom fraction

Fig. & Dirse-dependent incidence of fytho disterbances of the Bolated perfused
i hgarts by che ¥ o omsmodynes vensan fractions. [solaed rar heans wene desad
with e venom ged Mragion hromatograpby fractions A, B, and © i the final corenary
Mo concentrations; 75, 125, and 375 gl Witk cach faction &t each dose the
cuperiment was perfommed on ten heams. Framion A did sor affecr rar hears ar all
Incidence of Beart anhytheas: veniriosks la [VTL vesaricular Sbvilation
[VF), and asystalia {ASYS), in the case of faction B and © b displayed.

the V. o ammodytes wenom in particular areas of Ewrope, for
exarmple in Mediterranean countries [Luksic et al, 2006; KEarabuva
el al, 2016, we simed in ths work oo further digssect cardiotoxic
effects of the raw venom that were reported before [Luksid er al,
20081 To this end we separated the venom using gel fltration
chromategraphy into four fractions (Fig. 1) The inflwence on an
array of cardiac parameters of the fractions that contain proteins
(fractions A, B, amd C) has been evaluated and related to their
protein compasitions (Georgieva el i, 2008; Sajevic et al, 2003).

Concentrating on the candiovasculas sfects of Viperidae venoms,
the previously conducted studies were focused on basic electro-
cardiographic changes with no attention on malignant rhythm
changes and with only 4 few messured parameters that ase clini-
cally classifbed as cardiotoic { Kinjo et al, 1590; Alloatn et al., 1991)
As well, in these studies non-standardized venoms were wsed in
uneontrolled systems together with potentially cardio-protective
agenls aiming o search for pharmacological mwlE of venom
neutralization. Experimental model that we have employed in our
qtudy was a controlled system of the Bolated perfused rat heart
[Lukiic et al, 2008). The mode] has some Lmitatsons, which one has
1o be aware of at interpretation of the resulis. The isolated heart
cannol respand [0 envenomation in the same way a5 the complete
organidm would respond. For example, in cases of haemodynamic
insrability the organism activates compensatory mechanisms, like
renal anteries and peripheral circulation resistance 1o Support car-
diae insulficiency, which i abviously not possible in the case of the
solated heart.

The venom [raction A was nol cardioloxic in our madel. The
constituents of this raction are proteing of G0—100 kDa, mainky
class P01 SVMPs, haemorthagic and non-haemorchagic, and L-
amind acid oxidases [Leonardi et al, 2007, 2008, Georgieva et al.,
20D8; Sajevic o al, 2003; Leonardi er al, 2015)

Fraction B, compoded of 30—40 kD venom proteins, fully
expressed its cardiotoxicity only at the highest final CF dase tested
[37.5 pgimL). Infused by such concentration, sach heart experi-
enced arflythmiss and sulfered asyatolia. Asrhythimogenic effect
may be caused by (myojioxic components of the fraction B that
induced hypercontracture state of myocardium, and  arresg
together with aberrant conduction pathways lormed in the

fraction B! snake venom serine proteases (SVSPs ], class P-1 SVMPs,
cystsne=rich secretory proteins (CRISPS), snake C-lype lecting
[smaclecs), and disintegrins (Ceorgieva et al, 2008; Sagevic e al,
2013 ). Myotosxic activity of fraction E, the most likely cause of its
cardiotoxicity, may be the result of CRISP: that inhibit
depalarization-induced onlraction of arterisl smooth muscle by
interacting with voltage-gated Ca?* and K+ channels, and also by
blocking cyclic nucleotide-gated channeds [Yamazaki et al, 2005;
Yarnazaki and Morita, 2004; Ramazanova et al, 2009) Myotoc
activity of this fraction likely stems aBo from ammodytin L, the
main myobedn of the venom. 1t has a structuse of sscreted phos-
pholipase Ay (sPLAz) (KriZaj et al, 1991) with =14 kDa, but a8 it ig
prone o form 4 dimer it B durely present 1o Some extent algo in
fractson B. 5V5Ps, SWMPs, snaclecs, and disintegrins in raction B, a5
far as we know, influence in the first place haemostatic system
[Sajevic et al, 2013), but cardiotosic sctivity of some of e
milecubes cannot be excluded.

The large majority of cardiotoxicity of the V. o omimodyres
wenom wis associsted with it gel filtration chromatography frac-
nion C. Cardiotoxicity was revealed as significant decrease of HR and
CF. together with the increase of the dLVP joined with the decrease
ol SIVP and devIVE. Rat hearts expoged to the venom fraction C in
final CF eoncentrations af 22.5 and 375 pgiml suffered irreversible
asystolic cardiac arrest dresdy alter =2 min. As well, fracion C
induced significantly more rhythm disturbances than other venom
fractions. Cardsotaxic effects induced by the venom fraction C wers
wery similar 1o those reported for the raw venom in the same
experimental system [Lukiil er al, 2008), suggesting that the main
cardiotoic [actors ol the venom are in this fraction. The most
prominent effect reported was a depression af the heart contractile
function, linked (o significant dose-depended increase of
hiochemical markers due to the heart damage. The same study alse
reported about electrophysiological abnormalities manifested a5
short period ol increase of HR followed by its dose-dependent slow
dowen [Lukiil er al, 2008) Such effects were also observed with
crude Vipers febeting and B nasfioormis venoms [Alloatt et al,
1986, 1991 ; Fatehi-Hassanabad amd Fatehi, 2004). Since positive
chronotropic effects were preventesd by propranolol and ranitidine,
fradrenengic and histamine receptar blockers, it was suggested that
the activities were mediated by catecholamines and histamine
releaded from the heart [(Alloami et al, 1986, 1991; Fatehi-
Hagsanabad and Fateld, 300d) Rhythm aboormalities, likee AV
blocks, and ventricular malignant arrhythmiss that preceded
asystolia were also registered in Luk3id et al, study where prolon-
gation of AV conduction time during Loxic Sxpasure Was permanent
and dase-dependent {Luk3id et al, 2008} We did not detect pro-
longation of AV conduction time, and ventricular tachycardia and
fibrillation along with asystolia occurmed mone often than reported
by Luksid et al. for the whole venom [ Luksid ot al, 2008} Observed
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differendes in effect om rat heart between the whole venom and its
isolated fraction C afe likely the result of combination of effecs of
e components in the case of crude venom, some ol which were
absent in fraction C Increase of dLVP and decrease of sLVP was
sirmilar i the rat heart was perfused with the erude venom (Lukiid
e al, 2008) or it fraction C.

Profound decrease of CF registersd during expasure o our
fraction C and also to the raw wenom [Lukiid e al, 2008 ) was not a
reduilt af the difect damage of the Venom 1o coronary veddels, It is
probably the consequence of the myocandial contracture and
precluded coronary circulation since heart contracture happened
before blood Now through coronary arteries stopped. The pro-
posed meehanism for explaining the effect of the venam lraction C
on myocardium contractility i impairment of intracellular Ca*
channels that results in uncontrolled input of Ca®* leading 1o
elevation of cytosel Ca?+ in the myocytes, primarily as a result of
cell membrane damage, which in the end induces contracture of
the heart muscle and increases heart energy expenditure that
worsens ventricular contracture [Lukiid er al, 2008; Mantecucca
et al, 2008 Lukfid er al reported that exygen fmyocardial con-
sumplion remained relatively high in comparison (o the greater
comtractility depredsion indicating expenditure of axygen and
energy in hearts envenomed with the raw venom (Luksic et al,
2008L

Fraction C harbours proteinsg of =14 kDa These are mostly
sPlazs, neurotoxic ammodytoxing (Knfy, 2011), non-toxic
ampodyting (KriZaj et al, 1992), and enzymatically inactive
myotdic ammsdytin L (KriZy et o, 1991). As classical cardiotox-
ind, toxing of ~6 kDa with a three-finger Tald (Kini and Daley, 2000,
are nol présent in the venom of the V. o ammodytes (Ceorgieva
el al, 2008; Sajevic et al, 2013), it i3 most likely that cardiobos-
icity of the venom s induced by one or mone sPLA; molecules in
the venom. Cytodytic action of a cardio-active venam component is
inferred, as the level of biochemical markers in the heart ellluent
increased dependently on the venom dose [Lukid er al, 2008).
Based on indirect experimental evidence, a myotoxic sPLA;
analegue ammadytin L B most likely one of the venom profein
with cardiotoxic sctivity. Interactions of some snake venom sPLA;
midecules with different isolated cell pypes are well known (Kini,
2003; Doumansy el al, 3014}, and the dired wtion on heart has
been also indicated by other suthors: the sFLAz from Najo nig-
ricollis venom induced hypatendion and bradyeardia with a block
in electrical conduction in the myocardium {Barringlon el al,
1986], while the one from Bothrops morgjoensis venom short=
ened, independently on it enzymatic acrivity, resting membrane
potential amplitude and duration of the sction potential, reducing
in this way contractility of the isclated rat ventricular right wall
(Evangedista et al, 20107 Exposure o Bohrops jardrociussy snake
venom  was found o cause an irreversible concentration-
dependent contracture of the isclated rat atria which was
confirmed by quantification of creatine kinase relexse and histo-
logical evidence of muscle damage, while pre-treastment with a
sPLA: inhibitor abolished mentioned carditoxicity [Rodrigues
et al., 2014). Also, myotaxicity and cardiotoxicity of the Bumgarus
Jesciani venom can be antigonized with compounds that inhibit
sPLA activity indicating that tosicity of the whole venom origi-
males from SPLA) (Gomes et al, 2012).
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ARTICLE INFO AEBESTRACT

Venom of the nose<barmed viper (1 o ammadytes) ax alsa venoms of some related European viperids can
induce also cardi effects in m Is. In thvis work we demanstraced that the protein im the ¥ a

ammodytes venom acting on heart is a myotoxic secreted phospholipase 43 analogee ammodytin L
{Aml]) In the isolated perfussd rat heart AL induced significant and irreversible cardiotoxicity chars
acterized by ainoventricular (AV) blockade. This venom protein induced appearance of high levels of
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creatine kinase, lactate detywdroge aspartabe aminot ard troponin | in the sinus efflwent of
P . the isolated beart, indicative for myocardial damage, which is obviously the primary cause of its car-
Viper " pyies diotoxic action. Cel filtration chromatography subfractions C1 and 2 of the V. o ommodytes venom
leolaned rai bt harboured most of the venom cardiotoxicity. A= we showed, just these two subfractions contained also
Candimemicicy Amnl Subfraction C1 in the final CF concentration 113 pgjml {containdng 3.1 pgfml Atnl) induced a
AdvurasdyTin L complete cardiac arrest wiile subfraction C2 in the final CF oncentration 6.0 pgiml (contaimng 0.8 pgf

mi Atnl) and the pure AmL {10 pgiml) did mot. Comtrary to Atnl, subfraction C1 at 11.3 ggfml was no
able to induce the AY blockcade. This exposed the only octher cardiotoic subfractions-spexific venom
protein, 3 cysteinesrich secretory protein (CREPL a5 an additional venom component potentialby
involved in modulation of the heart activity. Cardintoxicity reported in some cazss af the adder (¥ kerus)
venom and the asp viper (V. ospis) venom poisonings may be assigned to Al in these venoms.

© 2017 Elsevier Lid All rights reserved.

L Introduction Sajevic ef al, 2013). Mast frequent manifestations of poisoning by

this venom are hasmalaloxicity and newrolasicty [Lubkid o0 al,

The nose-horned viper, Vipera ammodytes ammodpres [V oo
arurodyres) is the largest and the most venomous European viper
[Lukiid ef al, 2006; Chippaus, 2012). Local and systermic dinseal
repercussions of the Vo, anrsodyres envenomation in chiklren and
i adulis have Been woell documented {Luki.l-.' el al., 2006 Karabuva
el al, 2006a) V. & ammodytes venom s a complex mixiure of
enrymatic and noreenrymatic components producing diverse
pathophysiolagical effects (Georgieva el al, 2008, Krizaj, 2011;

E-rmiadl addrrases: Sﬂ:lhul.k.ilihud.ﬂl sailoom (5 Karabuva ) bors. lulsicl @sc
combr (B Lukf'), ivicabrizio@nechr (L Brizifl  soricalacinevic®ijssi
[ Latinowic], Adrganalsonaedisbipsi (A Leonardi), igockonizaj@ips [L Knizaj)

horps: ke orgf 10,00 bS]} peed oon 30T 1003
D041-0800 M5 3017 Elsevier Lud. All righes reserved.

2008; Karabuva el al, 2016a) Cordiotaxicity has been only rarehy
reported, however, when emerged it caused life threatening
insrahiliny of the patient due o severs myocardial dysfunctions, for
example various rhythm abnormalites and even myocandial
infarction [Aravanis el al, 1982; Lukiid er al., 2010]. Toxic compo-
nents of tee V0. ammodyles vepom inducing neurobogical impair-
ments have been thoroughly described from  Bochemical,
milecular, immunological and ather aspects (Krizaj, 2001; Sribar
el al, 20141 Also the venom components alfecting haemosiasis
are well known (Sajevic et al, 2011, 2013). On the coniracy, mio-
becular basis of the Vo ammodyles venom cardiotoxicity is scill
unidentified. We documented previously a dose-dependent car-
diotoxic effed of the standardifed crude ¥ o dmmodyles venom
and its gel filrration chromatography fraction © in a model of
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isolared raf heart [LukSic et al, 2008; Karabuva et al, 2016h).

Aiming to define, which component of the venom [raction C i
responsible for the observed cardiotoxicity we split in this wark the
vemnom [raction Cinto four sublractions and tested each sublraction
for its cardiotoxicity. We determined protein composition of gub-
fractions and confirmed that ammodytin L (Atnl), 3 well-known
myolaxic protein with 2 sscreted phospholipase Ay (SPLA;) struc-
ture (Krikaj et al, 1991 is the main candiotoic mobecule of the 1V a
il e Ve

2 Materials and methods
21 Muoterials

Crude . & ammodytes venom was obtained rom the [nstitute of
Immunology Inc, Zagreb, Croatia. The venom was collected by
“milking” snakes from regions of Krapina (70%) and Samabor (30%]),
dried at the ambient Eemperature, lyophilised and stored in dry,
dark bottles at =20 *C until wed. All other chemicals were of
analytical and sequencing grade.

22 Methods

221 Reversed phase HPLC

The raw V. o amemodyles venom was gel filirated a8 described
{Barabuva et o, 20166} and the fraction Coollected in four separate
sublractsons (C1 o C4) Each of the sublractions was [urther ana-
Iysed on the HPLC (Hewlen-Packard Series 1100, USA) using the
reverded  phase C4  (RP-C4) column  (Aquapore  BU-300,
I = 4.6 num, 7 om) equilibrated in 00X (vjv) rifluoroacetic acid
in water {solution A) at Mow rate of 1 mijmin 500 pL of each sub-
fraction was dilited with salution A to | mL before the analy<is.
Proteins retained on the column where subsequently eluted with
solution B (90 acetonitrile in solution A) at the same flow rate,
using the following gradient: 0—20% in 5 min: 20—45% in 15 min:
45—60% in 5 min; 60-100% in 5 min Elution of proteins was
manitored by measuring the absorbance of the mobdle phase at
215 nm [Agg). Chromatographic ractions wers collscted manwally
and drsed in a vacuum concentrator [Savant, USA) Further analyses
were performed at the ambient temperatune.

222 5DS-potyacivaiide gel elecroplionesis

Profein EDI‘]‘I‘NR.i[iDI'I of the RP-HPLC sublractions Cl 1o Cd were
analysed by SDE-PAGE using 12.5% (myjv) polyacrylamide gel under
non-reducing condilions aceording to Liemmli (1970]. Molecular
muss standards were [rom Fermentas {".I'jl.l'l.iL‘l!-,I ].i[hl.‘lﬂl'l.i.l]. Proteins
were visualized by silver straining,

223 Concentralions of vemnom prolétns used it experiments on mat
heart

Lukdid er al (2008) reported cardiotoxic eflscs in isolated rat
heart using the fnal comnary Oow [(OF) venom profEin oonceén-
trations of 7.5, 235 and 375 pgiml, and Karabuva et al [20166)
registered cardiotoxicity of the venom gel filtration fraction C in
equivalent dodes. With an estimation that the subfraction C1 con-
Lains 30% (mm) of ttal protein content of the fraction C, we used
in our testing the final CF concentrations of 2.3, 6.8 and 113 pgfmL
of thig subfraction. The subfraction C2 was estirmated to consist of
16% (mm) of all profeins present in the raction C £0 it was tested in
doses 1.2, 3.6 and 60 pgiml As approximated, the sublraction C3
harboured 21% (mim) of the fraction C proeing. 1T was probed
therefore in concentrations 16, 4.7 and 79 pgimL Finally, the
suldraction C4, representing the remaining 33% (m{m) lraction €
proteing, was applied to the Bolated rat heart in the final CF con=
cenlrationg of 2.5, 7.4 and 12.4 pgfml

AL was prepared as described (Gubeniek et al, 1980; Thowin
el al, 1983; Kriiaj er al, 1991) amnd dissalved in water at 100 pg/
mil. Esch solated rat heart was exposed o Al at the final CF
concentration of 1.0 pgiml

224, Rat heart preporation and reconding of heart furctioning
Cardisc experiments were done using Langendarll model of the
isolated perfused rat heart as previously described {Karaloova et al.,
2016b) The lolkvwing heart parameters were recorded: Heart rate
(HRE — betagfmin) was measured s atrial beats in ex wvo hears,
Arrioventriculas [AV) conductson time (ms) was determined a5 the
period between the right atrial beat and the right ventricular conus
beat. This parameter was wisd ako o determine the prolongation
ol AV conduction time in order 1o define AV blockade, which was
registen=d as a condition when one or mone, but not all of the atrial
impulses were unable to pulse @ the ventricles. Ventricular
tackeardia (VT — N amd X) wad defined a2 four of fore consecutive
wavelorms of ventricular activity, and a faster ventricular than
atrial rate. Ventricular fibrillation (VF — N and X) was noted by the
presence of irregular action in the ventricular slectrocardiogram,
and by the absence of pressure generation by the lelt ventricke. No
electrical and mechanical activity of the myocardial muscle was
congidered a9 asystolic cardise arrest (ASYS — N and X Coronary
fow (CF — mlmin] and the pressures in the lelt ventricle {mmig)
[develaped belt ventricular pressure — devIVE, diasmolic [&lt ven-
tricular pressure — dIVP and systolic &t ventricular pressure —
SIVP) where meruned 38 previously described (Karabuva et al,
216l Biochemical markers of heart injury, creatine kinase (CK),
lactate dehydrogenase (LDH ), aspartate aminotransferase (AST ) and
troponin [, were measured in the 3 min alter the heart was
expased toa venom sample by taking bood sample fram the sinus
effluent, according 1o the methods presented in Luk3id et al. (2008],

225 Experimental profocal

Wi used the dame experimental Setup as deseribed in Karabuva
et al. [2016h). Biochemical markers of myocardial damage were
measwred follvwing 3 min of exposwre of the heart to a venom
sample, when cardiotoxic effect has already been fully developed.
Al handling and procedures with wsed animals were in strict
accordance with e EUF Directive BE/GOSEEC, and Convention 123,
thee Directive 201063/ELL Ethics Committees ol the Modtar Uni-
versity School of Medicine and Split University School of Medicine
approved all experiments on animals.

226, Stotistical anolysis

Cualitative varishles are grﬂmm as gounts (N) and percent-
ages, and were tested using 3 -test. Quantitative data are expressed
a5 mean + standard deviation (mean + S0 and were tested with
analysis of variance (ANOVA) and Kruskal-Wallis test, followed by
post-hoe Bonferroni of Tukey's multiple compardons. Data were
calculsted using 5P55 Statistics [version 140, PSS INC, Chicago,
Minois, USAL P value < 001 was considered as statistically
significant.

227, Neterminal profein sequemncng

N-terminal amino acid sequendng of proleins wis accom-
plshed using a Procise 4924 Aulomated Sequencing System
(Applied Bicsystems, USA)L

228 Muoss spechrometry

Profeins have been analysed using electro spray ionization
quadrupole tme-of-Might tandem mass spectrometry (ES1 Q-TOF
MSMS: Waters Micromass, U] a2 deseribed (Sodic ot al, 2016)
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3. Resulis

. Preporation of the veram subfroction

Using gel filtration chromatography, the raw Vo amrmodytes
wenom was separated in four major fractions, A to 0. Most of the
wenom cardiotoxicity was concentralied in fraction C (Earabuva
el al, 2016h). To narmow a complement of venom proteing which
ctivity i potentially directed to heart, we subdivided fraction C by
collecting it into four separate test tubes 1o obtain sulbfractions C1

irreversible m!.r:u:al'dul contracture. Therefore, CF significantly
decreased in the 3 min of exposure 1o the highest doce of sub-
fractson C1 (4.3 = 02 mlfmin vs 11.2 + 02 mljmin at the mme 0,
P 001, and also in the 13™ min, this is 3 min alter stopping the
wenom sample delivery (36 + 0.4 milfmin v5. 112 + 02 mlfmin at
the time 0, P « 001; Table 1). Decrease of devIVP from
NE4 = 12 mmHg ar the beginning of the experiment o
12 = 0.4 mmHg in its 3™ min was accompanied by an increase of
dIVP from O mmHg o 59.2 + L2 mmHg in the same e <pan
[P 01 ; Table Th A pwio kvwer finad CF concentrations tested, 2.3

1o Cd. and 6.8 pgfml, sublraction C1 did not induce any significant toxic
effect an the rat heart (Tables 1 and 2, Suppl. Fig 1),

Subfraction 2 affected the rat heart in a similar way a8 sub-
fraction C1. Cardiotoxicity of this sublraction was registered only at
the highest linal CF concentration tested [ 6.0 pgfmL), at wihich it did
not induce cardisc arrest (Tables | and 2, Suppl. Fig. 1) U was
manifested as irreversible and statistically significant decrease of
HE in the 3 and 13" min (2350 + 6.7 beatsjmin and 2337 = 56
beats|min, respectively, vs. 2921 + 3.7 beats)min at the beginning
af the experiment [P < 001; Table 1), and significant bowering of CF
in the 13™ min in comparison 1o the time 0 (8.0 + 0L mLjrmin vs.
1L0 = 0.2 mlJmin, P 001: Table 1) Na chythm disturbances wiérne
naticed dusing experiments with sublraction C2. Mentioned car-
diotoxic relations of heart contracture were in accordance with
statistically significant decrease of the devLVF and insignificant
increase of dIVP (Table 1, Suppl Fig |

Venorm sublractions C3 and C4 did not affect amy of the candiac

32 Effects of the wemom subfroctions on the mar heart ex vivo

Venom subfractions C1, C2, C3 and C4 were tested for their ef-
fects on HE, CF, sLVE, devi VP and dLVP in the system of the iselated
perfused rat heart (Langendoell modell The moast prominent
change in HRE was produced by the subfraction C1 af its highest final
CF concentration 113 pglmLl (Table 1, Suppl. Fig 1) All hearts
exposed (o such dose of the subfraction C1 (N = 10) sulfered irre-
verdible cardise arrest abready in the 3™ min of envenomation
period, mipported with an abvious statistical significance (1.0 = 0UD
beats/min vi. 2012 + 3.9 beats{min al the tme 0, P< 001 Table 1)
Also, all 10 hearts that stopped beating ended in asystolia with VT
preceding VE AV blockade was not registersd while esting sub-
fractson CL In accordance with elearophysiological changes, pa-
rameters of contractile function changed in conformity with the

Tabde 1
Cardice pararestirs miesdansd inthe Laage nderlT mioadel of the olaved penfised ran beasr. Bar heams wien perfussd with thves different doces of seblireaions C1 and O3 of the
.. asmmaadytes venom gel filration dromasegra phy fracten C and the solution of Anl Hean race (HR), corenary few [(TF), syseoles lef il [=1%F], devek d

ledft wemaraoalar pressane {dewlVF] and Sacoole left venoioular poesuce (dIVP ) wiere reginered in each experiment in Mdlﬂ'ﬂmrlhﬂepﬁm a :hehg;ln.rungd'me
experiment, after 3 min of the sample delivery and 3 min afer the siege of the sample delivery. All values are expressed as mean + SO of ten i nde pond
tested wing ANOVAL

Selbfiraction [aglml] '.I'-u_'t Candlac parameners [mean + 50]
[imie] HR o SLVF e VP ALVE
| bears/min] Jmljmin] [miHg] |mumHg| |mrkg]

Caniral IO + 1.6 T 1160 + 23 116D+ 23 [
cljz3y

o HEE 4 14 103 + 02 1163 + 24 1163 + 24

3 15414 102 + 01 1156 + 15 1156+ 1.5 o

13 W62+ 13 101 & 00 1151 20 1151 + 20 a
Cl |65

a A+ 21 102+ 032 1166 + 25 1166 + 26 a
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Fig. L BP-HPLLC separation of ¥ o amnsodyre subliractiesns C1 (o 04 Sehiracions C1 5o Cd, obtained by ged Ararion cheomaiograply of the raw | @ ammadyles vesam, wene
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parameters measured (Suppl Table 1)

The extent of ryocardisl damasge has been evaluated by
measuring concentrations of enzymes, CK, LDH and AST, and
troponin | in the sinus effluent of the isolated rat heart after 3 min
of expodure of the heart (o venom samples, at the paint when
cardiotaxic effect lwas already been fully manifested. While venom
sublractions O3 and C4 did not influence these biochemical in-
dicators, subfractions C1 and C2 drastically increased their con-
centfations in the rat heart perfusate (Talsle Z). At the highest
concentration tested (113 pgiml), sublracton C1 induced 38-lald
increase in CK activity, 825-fold increase in LOH activity, 126-Tald
increage in AST activity and 778-fold increase in troponin | con-
centration in the sinus effluent (Table 2) The highest concentration
of subfraction C2 tested was 6.0 pg/ml, and this induced 7-fold
increage in CK soivity, 60-fold increass in LDH activity, 45-Tald
mcrease in AST activity and 251-fold increase in troponin [ con-
tent in the perfusate (Table 21

Presented results clearly show that cardiotasscity of the V. o
arfuraodytes venom B confined to sublractsons C1 and C2.

13, Biochemical characrerization af the vénom subfractions

To get an idea about passible cardiotoxic companents in sub-
fractions C1 and CZ of the Vo ammodytes venom, sach sublraction
wiad chromatographed on the RP-HPLC Cd eolumn and the sepa-
rated polypeptides  structurally characterized. Peptides of
BO0—1200 Da eluted from the column during the first 10 min of
atalisis then proteing followed (Fig. 1) Molecular identity of pro-
IEins was specified by Edman sequencing and MS {Table 3). In al
four subfractions different sPLA;S, ammodytoxing [Ams] and
amimodytind (Atnd) (Kriky, 2011) were detected An sPLAx-like
protein Atnl (FKria et al, 1991 ) and a cysteine-rich secretory pro-
tein (CRISP) were discoversd exclusively in bath cardiofoxic sub-
fractiond. Due (o its well established myotoxic activity, AL
appeared as the main candidate protein o act adversely on heart.
From RP-HPLC chromatograms in Fig. | we estimated that Atnl
represented 28X (mm) of proteind in subfraction C1 and 13% (mfm)
ol proteins in subfraction C2. On this basis we conchueded that
probing the pure Aml on rat beart af the final OF concentration
1.0 pgfml should undoubtedly reveal whether the molecule B
cardinlaxic or ndel.

4. Effects of the Aml on the ral heart ex viva

To verify our assumplion of AInL s the venom component with
candiotaxic JEI:il.rjl'!.r wie measured the elfects of the pure Arnl an the
isolated rat lveart [Talde |, Suppl. Fig. | L Perfusion of the hearts with
the selution containing 10 gl Atnl significantly lowered the HR
abmerved in the 3™ and 13 min of the experiment (2210 =+ 43

Tabsle 3
Strwcnsral identification of proteins s sublractions C1 te C4. Dry RP-HPLC frac-
tions [Fig. 1) were dissoberd in 20% () aceronitmile. Moleodar masses of proteing in
Trastions were deremined using ES Q-TOF MSBAS whie their N-renmuinal amins
i sy by d Eman de grad Sytin 11z}
L, Arrd 1L amvmod yrain AJRJC, ADGAEAC; cysaeine-rich secretsay protein, CRISE.

Fraction Edman sequencing M+ H™ [Da] Protin
1 SVIEF 13658 ArnL
2 NLYgF 13628 + 13558 Arnly
3 SVOFOSER 24674 CRISF
4 HLSQFCIM 13700 + 136E3 Arnly
SLL 13745 Ar
5 NLYGF 13623 + 13558 Arnly
6 SLL 13779 + 13746 AruARIC
13780 + 13778 ALsAH

beats/min and 2194 + 5.1 beats{min, respectively) comparing o
the initial valse (2921 + 37 beatsfmin, P 0.01: Table 1) Also the
CF vahwes ponsiderably decreased from initial 11.0 + 0.1 mLfmin to
Bl = 02 and 7.7 + 0.1 ml{min in the 3rd and 13th min of the
experiment (P 001; Table 1) The same happensd to sSLVP and
dev[VE The first reduced from the initial value of 115.E + 1.3 mmHg
090 + LEmmHg in the 3rd min and 892 + 1.2 mmbyg in the 13th
min of experiment, while the Later dropped  from
N5.E + 13 minHg st the time 0 o 72.8 + L5 swnHg in the 3rd min
and 76.2 x 18 mmHg in the 13th min of experiment. Oppaositely,
dIVP went up from O mmHg (min 0) 0 123 + 0.4 mmHg (min 3)
and 131 + U6 mmHg [min 13} Amy af the shserved cardiotoxic
ellects did nol revert lollvwing cessation of the delivery ol Atnl
meaning that the damage caused by Atnl to the beart was irre-
werdible [Suppl. Fig 1) AL induced AV blockade in all tegted hearts
[N = 10], but no other type of arrhythmdas, AV Bockade scourned
always about 3 min from the start of the AtnL delivery to the heart
and lasted during the whole experiment. No candisc armest wis
regrtened at 1.0 pgiml Aml.

4. Disgussion

As we reported, the Large majority of cardiatoxicity of the V. o
aifumodyles venom was concentrated in its gel filiration chroma-
tography fraction C (Karabuva er al, 2006b). s lfects on the heart
wiere similar 1o those inflicted by the raw venom [Lukiid er al,
2008} Fraction C caused considerable decrease of HRE and CF,
together with the increase of dIVP joined with the decresis of IVP
and deviVP In thig work, the venon [raction C wis split by gel
filtration chromatograply into four sublractions, C1 o Cd, and
tested in the Langendorll model of the solated perfused rat heart
for their influence on the following cardise parameters, HR, CF,
SLVE, devi VP and dIVE. Sublractions C1 and C2 alTected these heart
parameters in a very similar way as the venom fraction C (Table 1
aned Suppl. Fig. 1: Karabuva et al, 2016b) while sublractions C3
and €4 were ineffective even at the highest doses (Swppl. Table 1)
Subfractson C1, at the highest dose tested (113 pgfml), induced
irreversible asystolic arrest of rat bearts. Cardiac arrest did not
ooowr at alower dose of sublraction Cl (6.8 pgfmlL) a< also not at the
highest dose of sublraction C2 rested (60 pgfml) suggesting its
dependence on the concentration of the cardiolosic component]s)
To identily proteind present in the venom sublractions, each sub-
fraction was chromatographed on the RP-HPLC (Fig. 1) and the
separated components subjected to Edman degradation and ES1 Q=
TOF-MS/MS analysis. Atnl, & myoloxic sPLA-like profein (Krizaj
el al, 19591), and a CRISP molecube [Yamazaki and Morita, 2004},
wiere exclusively found only in cardiotoxic sublfractions C1 and CZ
[Tabde 3L which exposed these bwo proteins i< posdible heart-
targeting components of the venom. In all four sublracsons
mixture of different sPLAs, Atnly, Atnly and Axs, was also detected
[Fig. | and Table 3] but, & demonstrated by the absence of amy
effect of sublractions O3 and Cd on the rat heart, these molecules
were nol cardioboxic.

Increased levels of biochemical markers, CK, LDH, AST and
wrapoinin 1, in the sinus efluent of the Bolated rat lbean follovwing
exposure of the heart o cardiotoxic sublractions C1 and C2
revealed that injury of the heart ook place (Table 2) This suggested
myoloxic Atnl a8 the most plassble cardiotaxic substance in the
wenom. Strongly supporting such astumplion, the extent of the
miyocardial damage reflected in the level of biochemical markers in
the leart efflusnt corresponded to the concentration of AtnL in the
heart perfusate. We wltimately confirmed that Amml acs car-
diotexically by exposing the rat heart tothe pure Atnl obtaining the
aarme main effects on the heart a5 with sublractions Cl and C2
[Tabdes 1 aid 2, Suppl. Fig 1)L Atxs, enzymatically active paralogs of
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AnL, which we were not able to lyse musche cells (Krizaj e al,
19971 ) woere aloo mol able [o affect the heart 28 we demonsirated
(Suppl. Talde 1, Fig. 1 and Table 3). Cardiotexicity of Al is most
likely the consequence af i1 myoloxiaty. A myotoxic sSPLAz male-
cule, Lys49 sPLA; protein rom the wenom of a pit viper Agkistrodon
p. piEcivorus, has already been indicated as being cardiotocic
[Dhillon et al, 19871 18 s also knowmn that venomds of snakes from
the genus Bothrops contain igh concentrations of sPLAz myoloxing
and that cardiotoicity is a common coude af death after Bathrops
snakebite (Sifuentes e al, 20081

In the fimal OF concentration L0 pgfml, Al induced in the rat
Beart all of the effecs that were inducsd also by the Vo ammaodples
vemom subfraction C1, with one exception. The AV blockade was
recorded in the case of pure AL bul not also in the case of the
vemnom sublraction C1. This may indicate that besides Aml addi-
tional component exists in the nose-homed viper venom that
madulates the heant response. Candsdate molecule to be further
eiplored in this dirsction is obviously 4 CEISP molecube that was
ako present just in the two candsstoxic venom sublractions (Fg 1
and Table 3). Certain snake venom CRISP: have been demon-
strated o inhibit voltage-gated or cyclic nucleotide-gated ion
chanpels in miuscle edlls (Yamuzaki et al, 2003 Yamazaki and
Mborita, 2004; Ramazanova et al, 2009) and swch function oy be
anticipated also for the ¥ 0. ammodytes venom CRISE.

There are sx endemic species of vipers in Europe. Although
rarely, cardsotoxicity has been undoubtedly recorded in patients
poisoned by the nose-homed viper (V. o omiemodyles) venom
(Aravanis et al, 1982 Luk3id et al, 2010), the adder [V heruws) venom
{Chadha &t al., 1968 Moose, 1988: Magdalan et al., 2000 Ceajlea
et al, 013; Henge el al, 2015) and the asp viper [V aspis) venom
(D Haro et al, 2009}

The ¥ bheri wenom can induce electrocardiographic T wave
inversion or flattening, STelevation, second degres AV black, brady|
tachyasrhythmias, atrial fbrillation and myocardial inlarction
({Moore, 1988 Mapdalan et al, 2000; Crajka et al, 2003: Hange
et al, 2015} Arguments for a direct toxic effect of the adder
vemnorm on the myocardium have been also presented in the case of
a 1d years ald infant [Chadla et al, 196E). Existence ol AInl in the
W berus wenom has been confirmed [Latinovid et al, 2016) so we
suggest that Atnl is mainly responsible lor cardiotoxic effects alsa
in the case of the adder venam poisoning.

Direct intesvasculas injection ol the \ aipés venom induced
massive myocardial injury amd led to a rapid death af 2 45-year-old
man {De Haro et al, 2009). The expression of AtnL in this venom
has not been conflirmed yet but it is passible that, similarly 2 in e
case of peuroioxic Amxs, the myotocic V. aspis snake population
appeared a3 a result of hybridization between W aspis and
W ammodyles species (Ferqued et al, 2007).

Cardiotoxicity is usually an irrelevant elfect al envenomation of
hurmans by one of the European vipers. Exceptional in this respect
can be the cases where snake injects it venom dirsctly into the
blsod stream { De Haro et o1, 3009) ar in the vicinity of the heart of
the wictim. Exceptional can also be envengmations of young people
as snakes do not adjust the volume af venom ejected Lo the body
s ol o prey of predator allowing cardislonic components 1o
reach the elfective concentrations in the blood {Luksic et al, 2000).
Cardiotaxicity i probably more regular way 0 subdue rodents,
natural prey of vipers, Wi demonstrated here that the main car-
diotoxic molecule in ¥ a. ammodytes venom, a8 likely alo in
vendms of the other European vipers, is the myotoxic sPLAz-like
protein Atnl
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3.4 Znanstvena publikacija 4: Strukturna in biokemijskarakterizacija
molekule VaF1, fibrinogenolizre metaloproteinaz P-llla iz
modrasovega supa
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ARTICLE INFO ABSTRACT
Articke history: A high molecular mass P with a«fibcinogenalytic activity, ed VaF1, was purified from
Received 13 November 2014 nose-homed viper (Vipera dy dy jwnocn.-‘- injection of 9 g of VaF1 did not
Accepted 19 December 2084 induce bleeding in rats. heless, in vitro it degraded coll IV, nidogen and fib 1
Avallable oaline 27 December 2014 Mmﬂdtmrxdhhrmnxmmmmeﬁuqﬂmmvmmukm
- pmdtoexmmwhmmdmmn“‘,‘ofﬂ:‘ wen, factor X, proth and
Myt ived in blood coagulation. The enzy uasnskdanmm
“s"m'mm mthannkcuhxnussol697koa.a ined by mass spec y. and ic points
MetaBiopeoreinase centred at pH 5.8 The plete amino acd ofthe anaF‘lwud!dmdbychnmg
a-Fibrinogenase and sequencing its cONA. Compoased of L like and cy ich
Serceherapy Vﬂsawﬂ“ﬂaskﬁnsmbwmmmnmw a coll bind
einits d VaF1 d Iy mdf«tmcdhgnmﬁndplathw
mmm!mmmmﬂgﬁmnmn in the seq of VaFl, h , the extent
of its glycasylation is low, oaly 5.2% of the total molecular mass. ingly, in d ‘uperimﬂlil

conditions VaF1 is not recognised by antiserum against the whole venom, o it can contribute to posts

serotherapy col

5, such as ineffective blood l

m the tent.
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L Introduction

Snake (SV) is a of various pharmacologically
active proteins and peptides that affect different physiological sys-
tems, mostly nervous, muscular, and cardiovasculas. Many of these
components are highly specific lor a variety of molecular targets and
thus constitute potential therapeutic and diagnostic agents [ 1—4|.
Viperid snake venoms are particularly rich in proteins that disturb
the haemostatic system, acting as pro-coagulants that activate
coagulation factor X (FX), prothrombin and fibrinogen, or as anti-
coagulants, lysing fibrin{fogen), inhibiting coagulation factors and
interfering with platelet aggregation [4L Of these proteins,

€2 biokegie

(SFEEM). All rights reserved.
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metalloproteinases (MPs) have the broadest spectrum of activities, a
o mce of their modular structure. Snake venom MPY (5WMPL)
are fn-*=-dependent enzymes that are synthesised in venom glands
as multidomain, inactive zymogens and subsequently activated by
thee cysteine-switch (Cys=twitch) mechanism, common [o SV= and
rmatrix MPs |5,6]. According to their domain organisation and post-
translational processing, three major classes of SVBPS exist [7] In
thie P=l clads, the pro-domain is followed by 2 catalytic MP domain.
Twe matils characterise the catalytic slte in the MP domain, the
Zn**-binding maotif {HEXCHONEOM) and the methionine-turm [C-
I=M1=5-X) [E] P-Il S¥MPs are composed of the MP domain and a
digintegrin domain, and serve a4 precursors of disintegring. In the P-
I class SWBAPS, the MP domain is ollewed by a disintegrin-like (dis-
like) and a cysteine-rich {Cys-rich) domain. Depending on the [ype
of maturation of the P-I1 and P-IT class SWAPS, which can be
dimersation, proteclytic processng and inter-molecular disulphide
bond formation, these molecubes are further categorised into sub-
clagses [Pella—g, P=llla—d] SVMPs are structurally and evolutionarily
related 1o plysiologically and pathologically important mammakan
ADAM [ A Disintegrin And Metalloproteinase) proteins |9]. Together
thiy belong to the reprobysin family of the M1ZE clan of zine met=
allsproteinises [MERDPS clisafication: hitp: [fmernops simger.ac.uk)
cpgi=bi o Lamsum Harmily= 1ZE)

Degradation of plasma fibrinogen & one of the mast pronounced
climical effects following snake bites and is caused by metallo- and
serine profeinases. SWMPS are directly acting fibrind ogen)ol ytic
enzyrmes, Le, they do not require additional Dotors fram the blood
lior their activity. They cheave preferentially the Az- or Bf-chain of
fibringogen) and, accordingly, are rélernesd o as o- o f-flrinogen)
ases | 10L SWMPs are not inhibited by human serum proteinase
inhibitors (serping), which makes them wvery useful in the devel-
opment of diagnodtic tests and therspeutic agents |11]. For
exarmple, this characteristic is one of the main advantages of SVMP-
based anti-thrombotics aver the anti-thrombotics currently used in
thee clinic. The lamer affect coagulation indirectly by activation of
the endogenous Gbrinfogenjolyiic system (Le activating plasmin-
ogen) and are readily inhibited by serpins.

Since haemorrhage and necrodis are the most pronounced clinical
effects in humans ollowing envenomation by nose-homed viper
[Vipern omemodytes ammodytes, Vaa) venom, the proteolytic compo-
nents of this venom have been smdied intensively All four potent
Vg hemmorrhaging characterised so far VaH1, VaH3, VaH4 and
ammodytagin, have pronounced librinogenolytic activity |12—15).
Non-hemorrhagic ammodytase acts a5 a potent fibin{ogen jase | 16],
while FX activators, VAFXA-] and VAFXA-IL express bow fibrinoge-
nolytic sctivity | 17]. A serine protease [5P) with fibsinofgena)lytic
activity, VasPl, has recently been purified from Vaa vemom | 18] e
report here the purification and soensive bischemical characteri-
sation, incleding complete primary structure determination, of a
new a-fibrincgenclytic MF, VaFl [V ammodyes banogenase 1)
This molscube is not hemorrhagic. In standand experimental condi-
tions it B nol recognised by Vad venom anSerum, Suggesting s
participation in delayed pathological effects following serotherapy of
envenomed patients, possibly a5 an anti-coagulant

2. Materials and methods

Crude Voa venom wai oblained from the Institute of Immu-
nology, Ine., Croatia. Al other chemicals were of analytical or
sequencing grade.

2.1 Iselatéon of VaF!

WaFl was iselared in the course of pu:inc.rl:inn ul]nen‘mhag.ic
MP Va3 as described | 14] In the last step of VaH3 purilication,

FPLC on a Mano S colurmn (binding buffer: 20 mM MES, 2 mM CaCla,
5% (wiv) glyveeral, pH B.5; linear gradient elution from 0 to 1 M NaQl
in binding buffer], VaF] was eluted at 200 mb Madl. This raction
was tested for fibrinogenolytic and hemorrhagic activities. It was
concentrated and dialysed against 20 md TrisfHO buffer, 2 mM
CaClz, 5% {wiv] glyeerol, pH 8.5 and applied onto an FPLC Moo
column equilibrated in the same buller. Bound proteins were sluted
with 4 30 min linear gradient of 1 8 NaQl in the equilibration buffer
at & Aew rate of 1 mifmin. Proteind were monitored by absobance
at 280 nm throughout the isolation procedure.

22 SDS-polyacrylamide pel electropharesis and ispelectric
Jocussing

SDS-PAGE on 12.5%, 10 or 7.5% (wiv) polyacrylamide gels under
reduicing and pof-redicing conditions | 19) was used to dnalyse the
isolated protein and cleavage products of different proteins
hydrolysed by VaFl. Molecular mass standards used were from
Fermientis (Lithuania).

IEF was performed on a Phast System (Amersham Pharmacia
Bintech, Sweden) using a PhastGel Boelectric locussing (1EF) 3—9
slab-gel (L35 = 43 = 50 mm) scording © O manufaciurer's in-
structions. pl (3.5-93) standards used were from the same
manulaciurer. Prodeing were visualised by Coomassie Brilliant Blue
R250 staining

23, N-Deglycosplotion

& g of dry VaF] were incubated with 1% (w/v] SDS at 100 °C for
5 min and mixed with 1L5% [w)v) CHAPS in 50 mbd MayHPO,, pH 75,
Half the sample was mixed with 3 U of peptide N-glycosidase F
{PN::F. Roche, l;!rl'ﬂ.!l‘l!i’]: the ather hall served as control. After
ceernight incubation ar 37 #C both samples were analysed by SDS-
PACE on 12.5% gel under reducing conditions.

24, Ediman sequencing and moss Spectromerry

N-terminal aming acid sequencing of proteins and peptides was
performed on a Procise 4924 Automated Ssquencing System
(Applied Bicsystems, USA)L

The molecular mass of natural VaFl was determined by MALDI-
TOF mass spectrometry (MS) as described in Ref. [15].

2 ng of VaF1 purified by HPLC and vacwum drisd was recon-
stituted in 10 plol 6 M wres in 30 mbd KHHOD. I was reduced by
adding 0.25 ul of 100 mM dithiothreitel (DTT) in 50 md NHyHCOy
for 1l at 37 °C. The mixture was then diluted with 10 pl of 50 mM
NH4HCOy and alkylated with 0.8 pl of 250 mM iodoacetamide in
30 mM MHaHCOz lor 45 min ot room emperaiure in the dark The
alkylation was stopped by adding 2.5 pl of DTT, and 50 mM
NH4HCOz then added to 90 pl, followed by 10 pl (005 pg) of
trypsin in 50 mM NH4HCOs. Hydrolysis proceeded overnight at
37 = The reaction was stopped by adding formic acid to QX (v]v)
final concemtration. The sample wid decalted and concentrated
using Vivapure C18 micro spin columng (Sartorius Stedim Biotech,
Germany] according to the manufacturer’s instructions, except
that formic acid was used ingtead of triflusroacetic scid. The
pratein hydrolysate was analysed on an oo [rap mass spectrom-
eter 1200 series HPLC-Chip-LOMSD Trap XCT Ultra (Agilent
Technologies, Germany). MS and tandermn MS [MS/MS) spectra
were searched against the Voo venom gland cDNA ranscripts li-
brary and the non-redundant NCEl database using the Spectrum
Mill (Agilent Technologies, CA, UISA) and Mascot softw ane (Matrix
Science, Lid., UK).
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25, cDMA sequence of VaF]

The cDMA sequence of VaF] wag obtained uging a cDMNA brary
ol mRNA transeripts from Voo venom glands and PCR primers
desigred seeording to the conserved 5' and 3" untranslated regions
of mENAs encoding P-II SVMPs, as described previously | 14).

26, Pratenlylic activity and specificity of VaFl

The fbrinogenclytic activity of VaFl and the specificity of
fibrinogen cleavage were examined as described [ 14].

The fibeinalytic sctivity of VaF] was examined using the mods-
fied fibrin plate assay of [20) Human fibrinogen {Hypen Biobed,
Framce] wias dissolved in 10 mM NaHPOy buffer, pH 7.4, containing
150 mM MaCl at a final concentration of 9.5 pgful. Fbrinogen so-
hution, in 300 pl aliquets, was sdded to the seells na 2d-well plate
and clotred by addition of 10 pl of 2-thrarmbin solutson | LODD Lyl
with gentle shaking at room termperaiurne. The plate was incubated
for 3 hoat 37 °C, then VaF1 (5 pg in 10 pl), of plasmin as positive
contral, was added on the top of fibrin clot and incubated for
anather 15 h. The enrymes were assayed in triplicate. Dissolution of

fibrin was indpectsd viswally.

The effect of VaFl on bovine factor X (FX), prothrombin and
plasminogen (Haematobogic Technologies, Ine., USA] was tested as
follows. 30 pg of each substrate was incubated with or without
[contral) 1 ug of VaFl in 55 pl of 50 mM TrisfHCL, 2 mM Cally, pH
B.S5 at 37 *C_ 10 pl aliquots were withdrawn after 2, 4 and 24 h and
analysed by 1258 SD5-PAGE under reducing conditions. FX, o-
thrombin and plagmin were uted a5 positive controls.

The proteolytic action of VaFl on the isolated extracellular
matrix (ECM) and baserment membrane (BM) proteing (ECMBM
proteins), murine Laminin, human type IV ollagen and bavine
fibronectin (Sigma, Germany), and on soluble BM matrix (BD
Matrige] Matrix Growth Factor Reduced, BD Biosciences, USA) was
exarined as described | 14).

Hydrolysis of insulin B-chain (100 ug) by VaF] (2 pg) in 50 mM
TrisfHCL, 2 mM CaCly, pH E.S, was followed by C4-RP-HPLC analysis
ol reaction mixture aliquats after 05, 1, 3 and 24 h of incubation at
37 L, a8 described in detail in Refl |17]. Cleavage sites were
dietermined by N=terminal sequencing of Bolated (ragments.

27 Hemorthagic activily

Hemorthagic activity of VaF1 (9 pg) was assayed according to
[21], and a8 previously described [ 22]

28 Mateler aggregation aisay

The effect of VaF] on collagen-induced platelel aggregation was
evalusted using the procedure of | 14]. VaF] was tested at 300 nb
COmcenlruso.

29 Thromibin generalion aisay

Thrombin generation in plasma was measured Muorimetrically
using Technothrombin®™ TGA reagents (Technockone, GmbH,
Austria). 40 pl ol contral plasma (TGA contred high, lyophilised)
wiere pre-incubated with 4 pl ol VaFl {1 pM final concentration ) for
2 min. The rm,gﬂa[inn cascade was then activated bj' addition of
10 pl of igsue Dactor and phospholipids (TGA reagent C(RC) Low)
followed by 50 pl of & Nuodigenic substrate fof thrombin [TGA
substrate [5‘.'3}}. Fluarescence was monitored a0 37 *C ar 1 min
intervals for 90 min using a Victor™ X2 multilabel plate reader
[Perkin Edmer, Finland) Software [wiwwlechnoclonecom) wis
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