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One of the approaches for studying structure and functions of proteins is their limited proteolysis.
Proteolytic fragments of macromolecules can preserve the biological activity and can be used for the
study of their structural and functional peculiarities. Thus, the characterization of new proteolytic
enzymes and determination of the specificity of their action can be of interest for exploration. In the
present work, we focused on the action of protease from the venom of Gloydius halys halys on fibrinogen,
the crucial protein of blood coagulation system.

Methods. Products of fibrinogen hydrolysis by protease from the venom of G. halys halys were studied
by SDS-PAGE electrophoresis and western-blot analysis using monoclonal antibodies II-5 Cand 1-5A tar-
geted to 20—78 and 549-610 fragments of fibrinogen Aa-chain. Molecular weights of hydrolytic products
were determined using MALDI-TOF analysis on Voyager DE PRO (USA). Sequence of hydrolytic products
were predicted by “Peptide Mass Calculator” soft ware.

Results. SDS-PAGE showed that protease from the venom of Gloydius halys halys initially cleaved
Aa-chain of fibrinogen molecule. Western-blot analysis confirmed that this protease specifically cleaves
off fragment of C-terminal parts of Aa-chain with apparent molecular weight of 22 kDa. Cleaved frag-
ment was identified by MALDI-TOF analysis as the 21.1 kDa polypeptide. “Peptide Mass Calculator”
predicted that such a fragment corresponded to Aa414-610 residue of fibrinogen molecule. Thus, we
showed that studied protease cleaved peptide bond AaK413-L.414 with the formation of stable partly
hydrolyzed fibrinogen desAo414-610.

Conclusions. The use of protease from the venom of Gloydius halys halys would allow obtaining the
unique partly hydrolyzed fibrinogen des Ao 414—-610 that is suitable for the study of structure and func-
tions of fibrinogen aC-regions.
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Proteinases that exhibit fibrinogenolytic
activity can be used to study the structure
and function of fibrin(ogen). Limited
proteolysis allows to obtain unique fragments
of fibrinogen, studying which we can ascertain
the functional importance of cleaved sites in
the processes of fibrin polymerization, platelet
aggregation, endothelial cell proliferation,
leukocyte interaction, etc. [1]. Fragments of
fibrinogen obtained by limited proteolysis can
retain biological activity, information about
which is important in medicine primarily for
understanding the course of pathophysiological
processes [2]. In addition, proteinases targeting

fibrinogen and/or fibrin are also of interest as
potential agents for direct defibrination in vivo
[3, 4]. One of the sources of fibrinogenolytic
proteinases is snake venom, which mostly
contains a- or B-fibrinogenases [5, 6].

The vast majority of a-fibrinogenases iso-
lated from snake venoms are metalloproteinases
with an average molecular weight of 20—26 kDa.
During longer incubation, they are also able to
break down the B-chain of fibrinogen [7]. Such
proteinases have been isolated from venoms of
snakes of the genera Gloydius, Daboia [8], Dein-
agkistrodon [9], Crotalus [10], Trimeresurus
[11], Agkistrodon [12], and Naja [13].
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Most of B-fibrinogenases are serine protei-
nases. They are able to break down the Aa
chain of the fibrinogen molecule at a lower
rate [6]. Such proteinases have been found in
snakes of many genera, such as Trimeresurus
[14], Bothrops, Lachesis [15], Gloydius [16]
and Hydrophis[1T7].

Serine proteinases also include a special
group of so-called thrombin-like enzymes.
These enzymes hydrolyze fibrinogen, and
their action is directed at those bonds that
are affected by thrombin, which leads to the
formation of fibrin [18]. Such enzymes are
known in snakes of the genera Agkistrodon,
Bitis, Trimeresurus, Cerastes, Bothrops, and
Lachesis[18, 19, 20].

Previously, a fibrinogen-specific serine
proteinase with molecular weight of 28 kDa
was obtained from the venom of Gloydius halys
halys [21]. The aim of our study was to study the
specificity of its action on fibrinogen, to identify
the generated partially hydrolyzed form of
fibrinogen and to determine the hydrolyzed bond.

Materials and Methods

Materials

Proteinase with fibrinogenolytic activity
was collected from G. halys halys by a
previously developed method [21]. Fibrinogen
was purified from human blood plasma
obtained by adding sodium citrate according to
the method described by T. V. Varetskaya [22].
Marker proteins (Thermo Fisher Scientific,
USA) and anti-mouse goat antibodies labeled
with horse reddishper oxidase (Sigma, USA)
were used. Mouse monoclonal antibodies II-
5C (anti-Aa20-78) and 1-5A (anti-Aab537-595)
were developed and purified in the Department
of Protein Structure and Function of the Pal-
ladin Institute of Biochemistry of the National
Academy of Sciences of Ukraine [23, 24].

Directed proteolysis of fibrinogen

Hydrolysis of fibrinogen was performed in
theratio of enzyme:substrate=1:300in 0.05 M
Tris(2-amino-2-hydroxymethyl-propane-
1,3-diol)-HCI buffer, pH 7.4, containing
0.13 M NaCl, at a temperature of 37 °C. The
hydrolysis reaction was stopped by adding
electrophoresis sample buffer containing 2%
SDS, 5% glycerol and 2% B-mercaptoethanol
and then boiling the resulting mixture.

SDS-PAGE/ Westernblot

Electrophoresis was performed by the
Laemmli method [25] using the Tris-glycine
system. Separation of proteins was performed
at a current of 19 mA in the concentrating and
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35 mA for the separating gels. Samples for
electrophoresis were prepared by adding the
protein solution to buffer sample, which was
prepared by adding 5% sucrose, 2% SDS and
0,2% bromophenol to the electrode buffer.
Before applying to the gel, the samples were
heated to boiling.

After SDS-PAGE, the proteins were
transferred to the nitrocellulose membrane by
electric current (voltage 100 V) for 2 hours.
The membrane was blocked with 5% skim milk
solutionin TBS (tris-bufferedsaline)for 1 hour.
Then the proteins were incubated with mouse
monoclonal antibodies II-5C (anti-Aa20-78) or
1-5A (anti-Aab537-595) for 2 hours, and after
washingin TBS, incubated with the secondary
secondary anti-mouse goat antibodies labeled
with peroxidase. The strips were incubatedin
a solution of 0.001 M 4-chloro-1-naphthol in
0.5 M Tris pH 7.5 and 0.03% H,0, to develop
specific immunostaining.

Obtaining low molecular weight products of
hydrolysis

To obtain a low molecular weight
productsof hydrolysis, a solution of fibrinogen
(15 mg/ml) in Tris-HCI buffer pH 7.4 with
0.13 M NaCl was incubated for 30 min with
proteinase from the venom of Gloydius halys
halys (0.02 mg/ml) at temperature 37 °C. The
hydrolysis reaction was stopped by salting out
fibrinogen in an equal volume of 16% Na,SO,.
After centrifugation at 3 000 rpm for 30 min,
the supernatant containing the enzyme and
the cleaved polypeptide was collected and
examinedusing mass spectrometry analysis.

Mass spectrometry

Mass spectrometry analysis was performed
on a MALDI-TOF spectrometer Voyager DE
PRO (Applied Biosystems, USA). H+-matrix
ionization was performed by laser irradiation.
The concentration of sinapine acid (Sigma,
USA) in the matrix reagent was 1 mg/ml. The
reagent was dissolved in a solution containing
equal volumes of acetonitrile (Sigma, USA) and
1% aqueous trifluoroacetic acid (Sigma, USA).
The obtained spectra were processed by Data
Explorer 4.0.0.0 (Applied Biosystems)[26].

Statistical processing and bioinformatics
analysis

Statistical processing of the results was
performed using standard statistical software
“Microsoft Excel” for Windows 2000.

Determination of the amino acid sequence,
cleaved from fibrinogen by the action of
proteinase from the venom of Gloydius halys
halys, was performed with the program
“Peptide Mass Calculator” (https://www.
peptidesynthetics.co.uk/tools/).
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Results and Discussion

Fibrinogen-specific proteinase from
the venom of G. halys halys was obtained
by a method previously developed at the
Palladin Institute of Biochemistry of the
National Academy of Sciences of Ukraine.
It was found that the studied enzyme has a
molecular weight of approximately 28 kDa
and belongs to serine proteases, because
the activity of the enzyme is inhibited by
DFP (diisopropylfluorophosphates) and
benzamidine [21].

SDS-PAGE showed that the enzyme from
the venom obtained from G. halys halys is
specific to the Ao chain of fibrinogen, which
was hydrolyzed within 90 min. No cleavage
of BB- and y-chains was observed during the
incubation period.The reaction revealed the
accumulation of hydrolysis products of the
Aoa-chain of fibrinogen, the molecular weights
of which are approximately 44, 20 and 17 kDa
(Fig. 1).

Western blot analysis was performed
to determine which part of the Aa-chain of
fibrinogen is cleaved by proteinase obtained
from G. halys halys. Accumulation of a high
molecular weight polypeptide with a mass of
approximately 43 kDa was shown using II-5C
monoclonal antibody to the N-terminal portion
of the Ao chain of the fibrinogen molecule
(Fig. 2). When using antibodyl-5A to the
C-terminus of the Aa-chain of fibrinogen, the
formation of two products was observed, with
molecular weights of approximately 22 and
18 kDa (Fig. 3).

The obtained results indicate that this

proteinase cleaves a fragment with a molecular
weight of approximately 22 kDa from the
C-terminus of the Aa-chain of fibrinogen.

Detection of two products by Western
blot analysis using antibody 1-5A to the
C-terminal region of the Ao«-chain of
fibrinogen is due to partial hydrolysis of
fibrinogen with low amounts of plasmin
impurities. In this case, plasmin cleaves
the sequence which includes 27 amino acid
residues. As a result, the solution contains
a small amount of partially hydrolyzed
fibrinogen, the molecular weight of which
is 2.8 kDa less than the weight of native
fibrinogen [27]. Therefore, two polypeptides
can be detected among the hydrolysis
products under the action of proteinases
that are specific for one peptide bond of the
C-terminal region of the Aa-chain.

To determine the site of enzymatic
hydrolysis of fibrinogen, the exact mass of the
obtained polypeptides was determined using
MALDI-TOF analysis (Fig. 4). It was found
that the hydrolysis produces peaks in which
the ratio of mass to charge (M/Z) is 21109
and 18375, which indicates the appearance
of polypeptides with masses of 21.1 kDa and
18.4 kDa.

According to calculations in the Peptide
Mass Calculator program, this molecular
weight corresponds to the peptides Ao414-
610 and A0414-583, which are formed by
hydrolysis of the AaLys413-Leu414 bond of
the fibrinogen molecule.

Fig. 1. Electrophoregram of fibrinogen hydrolysis products by proteinase from the venom of G. halys halys:
K — native fibrinogen; 5, 10, 15, 20, 30, 45, 60, 90 minutes of exposure to the enzyme. The samples were

prepared in the presence of 0.2% [B-mercaptoethanol. The gel was stained with Coomassie blue
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Fig. 2. Western blot analysis of products
of fibrinogen hydrolysis by proteinase from
the venom of G. halys halys using monoclonal
antibody II-5C to the N-terminal regions of the
Aa—chain of fibrinogen:
K — native fibrinogen; 15, 45, 90 minutes of
exposure to the enzyme. Samples were prepared in
the presence of 0.2% [B-mercaptoethanol

L4
no-pily G v =
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35-
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15- w-

Fig. 3. Western blot analysis of products of fibrin-
ogen hydrolysis by proteinase from the venom
of G. halys halys using monoclonal antibodyI-5A
to the C-terminal regions of the Aa-chain of
fibrinogen:

K — native fibrinogen; 15, 45, 90 min of exposure
to the enzyme. Samples were prepared in the pres-

ence of 0.2% [-mercaptoethanol

Fig. 4. MALDI-TOF spectrum of hydrolysis products formed by incubation of fibrinogen with proteinase
from the poison of G. halys halys
The arrows indicate the peaks with a mass to charge ratio of 21109 and 18375
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The sequence of the fibrinogen molecule
A0221-610 belongs to the aC-region. In this
region, the connector sequence (Aa221-391)
and oC-domain (Aa392-610) are distinguished
[28]. Itisknown that aC=domains areinvolved
in intermolecular interactions in the lateral
association of protofibrils and fibrils [29].
Also, this sequence is involved in the processes
of platelet aggregation [30], migration
and proliferation of endothelial and other cells
[31, 32].

Our results show that proteinase from the
poison of G. halys halys cleayes the Aa413-414
bond. Therefore, we can obtain a fragment of
fibrinogen Aa414-610 and a form of fibrinogen
desAa414-610 with the help of this proteinase.
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CIIPSIMOBAHUH ITPOTEOJII3 ®IBPHHOTEHY ITPOTETHA 3010
3 OTPYTH Gloydius halys halys

€. M. CmoeHniii, A. B. Pebpies, O. B. I'opruuvka, O. FO. Cromincvruil,
O.II. Kocmwyenko, K. II. Knumenko, B. O. Yepruutenko

IacturyT 6ioximii im. O. B. ITannagina HAH Vkpaiuu, Kuis
E-mail: stogniyevgen@gmail.com

Mema. OgauM i3 miAXO0AiB 10 BUBUEHHA CTPYKTYPU Ta MPYHKIII TPOTEIHIB € iX 00MeKeHUI IPOTeoTis.
OrpuMani mIAXOM Tifgposisy (parmMeHTH mpoTeiHIiB TAaKOK MOKYTH MaTH 0iOJIOTiUHY aKTUBHICTH, IO
MOJKe Oy TH BUKOPHCTAHO B JOCiIKeHHI CTPYKTYPHO-PYHKI[IOHATBHNX 0COOJINBOCTEN ITTX MAKPOMOJIEKYJI.
ToMy aKTyaJbHUM € IIOINYK CEJeKTHBHUX IIPOoTeiHa3 Ta BU3HaueHHA cuemudiuHocTi ixmpoi amii. B mii
poborTi mocaimkyBanacsa mida nporeinasu 3 orpytu Gloydius halys halys (IuToMOpIHVKA 3BUYATHOI0) Ha
(¢i6puHOTEH — OCHOBHUM IIPOTEIH CUCTEMHU 3TOPTAHHA KPOBIi.

Memoodu. IlpogykTu rigposisy ¢ibpuHOreHy mporeinazoio otpyTtu G. halys halys mociimskyBanu 3a
IOIIOMOT'0I0 METOHiB eJeKTpodopesdy y TMOJiaKpuJIaMiZHOMY Tejli Ta BeCcTepH-0J0TYy 3 BUKOPUCTAHHSIM
MoHOKJOHAALHUX aHTUTIN II-5C (arTH-A020-78)Tal-5A (anTu-Ac549-610). MoslekynapHY Macy IPOAYKTIiB
rizponaisy BusuHauamu 3a gomomororo MALDI-TOF mac-cmektpomerpii Ha Voyager DE PRO (CIITA).
ITocnimoBHOCTI, AKi BiAImenamoTbCA Big GiOpHUHOTEHY HOCIIiAKYBAHOI IIPOTEIHA30I0, BCTAHOBJIIOBAIN 3a
JIOIIOMOI'0I0 mporpaMmuoro 3abesneuenus «PeptideMassCalculator».

Pesyavmamu. EnekTpodopeTnyHU aHATIi3 ITIOKAa3aB, 10 npoTeinasa 3 orpyTu G. halys halys HatOiabII
crenu@ivHO PO3IeIane Ao-JIaHIIOr MoJeKyIu (GidopuHOreHy. 3a JOIOMOT0I0 BeCTEePH-0JI0T aHAIi3y 0yJI0
BUSIBJIEHO, 110 IIPOTeIHA3a BiAIeInioe ()parMeHT 3 MOJIEKYJIAPHOIO Macoro npubansuo 22 kDa Big C-rinia
Ao-naHiora MmoJsiekyau (iopuaoreHy. BimmiemmioBauuii ¢parment O0ynao izentudikoano MALDI-TOF
aHajizoMm AK mosimenTun 3 macoio 21,1 kDa. 3riguo nmporpamu «PeptideMassCalculator», meit ¢pparmenT
BinmoBiznae mocainoBrocTi A0i414-610. Otoxe, mpoTeinasa, Buninena 3 orpytu G. halys halys, cientudiuao
rigpouisye nentugamii 38’ a30K AoK413-1L.414 3 yrBopeHHAM cTabiIbHOI YaCTKOBO TiApoisoBanoi (hopmu —
(dibpunoreny desAa414-610.

Bucnosox. BukopucToByoun JOCIHIiiKyBaHy IIpoTeiHasy, Bumineny 3 orpytu G. halys halys, moxxHaA
OTPUMATH YHIKaJbHUI YaCTKOBO riiposaisdoBauuit hparmeHT hiOpuHOTEHY, m030aBaeHul niaaaKku Aod14-
610, AKa JOBBOJUTD JOCTIAUTY CTPYKTYPHO-PYHKITIOHATIBHI 0ocobuBocTi ouC-perioniB ¢ibpuH(oreH)y.

Knrmouwosi cnosa: cupsaMoBaHUil IPOTE0JIi3, hiOpuHOTEH, IpoTeiHasa, mojgiMmepusallisa QibpuHy, remocTas.
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Ali H. M., Elshikh M., Witczak J., Ahmad M.

Agrobacterium rhizogenes — OIIOCEPEJKOBAHA TPAHC®OPMAIIA
AK CIIOCIB CTUMYJIIOBAHHA CHHTE3Y AHTHOKCUAJAHTHHUX CITIOJIYK
Y Artemisia absinthium L.

A.I. Oavxoscvra, K. O. [Ipo6om, A. M. Illaxoscvkuil, H. A. Mameeesa
TacturyT KaiTHHHOIL 6iosorii Ta reneTruHOI iHKeHepil HAH Vkpainu, Kuis
E-mail: nolkhovskaya2012@gmail.com

Pocauuu Artemisia absinthium L. Bigomi #AK TIPOAYIEHTU PEUYOBUH 3 AaHTUOKCUAAHTHUMU
BJIACTUBOCTAMU. 30KpeMa, B HUX BUABJIEHO mHoJideHOSU Ta (PaaBoHOIqu. AKTHUBiI3yBaTU CHUHTE3 ITUX
CHOJIYK MOJKHA IIIJIAXOM TeHeTHWUYHOI TpaHchopwmaliii HaBiThb 6e3 mepeHeCeHHA clIenu@iuyHWX TeHiB,
AKi 6epyTh yuacTb y G6iocuHTesi. Tak, «6opomaTi» KopeHi, omepskaHi micaa Agrobacterium rhizogenes-
omocepeaKoBaHOl TpaHchopMallii, MOKYTh OyTH IPOAYIIEHTAMYU KOMILJIEKCY IiHHNX MeTa0oJIiTiB.

Memoro pobotu OyJio omepskatu «0opomari» KopeHi A. absinthium sSK TPOAYIIEHTH MOJi(PeHOTbHUX
CIOJIYK.

Memodu. «BopomaTri» KoOpeHi ofepsKyBaju IIJIAXOM KYJbBTUBYBAaHHSA JIHUCTKIB 3 CYyCIeHB3i€ro
A. rhizogenes 3 BeKTOopoM pCBI124. HagBHicTb mepeHeceHMX TeHiB miaTBepmsxyBasu Mmeromom ILJIP.
g BusHaueHHA BMicTy (raBoHOIfiB Ta mosidenonis BukopucroByBantu peaknii 3 AICl; Ta peakTuBOoM
doaina-Hoxanbre. AHTHOKCUIAHTHY AKTHUBHICTH OI[iHIOBAJM 34 3JATHICTI0O €KCTPAKTIB BiTHOBJIIOBATU
DPPH panurau.

Pesynvmamu. IIJIP amasis BusABUB HaABHICTH OaKTepialbHUX rol TeHiB Ta BiJCyTHICTH TIeHiB
mnasminu pCB124. Jlinii xKopeHiB BigpisHaauca Mmixk coboro 3a mBHAKicTIO pocTy. «Bopogari» Kopeni
XapakTepusyBaJucAa OinbIMuMM BMicTOM moJiheHOTIB, 30Kpema, (diaBonoigie (mo 4.784+0.10 wmr/r
BM) Ta BumuM piBHeM aHTHOKCHAAHTHOI axkTuBHOCTL (EC;y = 3.657 Mr) y HmOpiBHAHHI 3 KOHTpOJIEM
(3.861+0,13 mr/r CM ta EC5, = 6.716 mMr BigmoBigHO).

Bucnosru. Tparcpopmartiito A. absinthium i3 3actocyBaHHAM A. rhizogenes Moxke OyTH BUKOPUCTAHO
IS Ofep:KaHHA JiHill 3 HiABUINEHUM BMiCTOM IIOJi(DEHOJBLHUX CIIOJYK Ta OiJIbIIIOI0 aHTHOKCHUIAHTHOIO
aKTUBHICTIO.

Kawuosi cnosa: Artemisia absinthium L., Agrobacterium rhizogenes-omocepeikoBaHa TpamchopMallis,
«bopomaTi» KopeHi, (p1aBOHOIAM, ITOIi(DeHONBHI CIIONYKN, AHTHOKCUJAHTHA AaKTUBHICTh.
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