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One of the most important enzymes in blood coagulation cascade is Factor Xa. That is why its inhibitors are
promising alternative against thrombotic disorders. In our previous work, we reported the synthesis of hybrid structure
between isoform 2 and 3 of antistasin and the active sequences D-Phe-Pro-Arg; D-Arg-Gly-Arg; Phe-Ile-Arg and
Tyr-Ile-Arg. Besides the analogues with C-terminal COOH group, the peptide D-Phe-Pro-Arg-Pro-Lys-Arg-NH, was
synthesized. The biological activity of the last one was 60 times bigger than that of the natural isoform 3 of ATS and
some times more active than that of the all other synthesized analogues. In the current work, we described synthesis and
biological activity of C-terminal amide analogues of all early synthesized peptides in order to deduce the structure-
activity relationship. The anticoagulant activity according to the APTT and ICs, was determined.
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INTRODUCTION

During the last years the number of deaths due to
hemostatic impairments such as coronary angio-
plasts, coronary thromboembolisms, myocard heart
attack, pulmonary embolism, etc. has become equal
to those caused by cancer formations. Haemostasis
is a key process whose correct functioning is an
important defence mechanism of the human
organism. It is a blood coagulation process activated
in case of injury of the blood system. If it is
functioning correctly, vascular-motor and cell
reactions are triggered and the blood coagulation
cascade is activated. Coagulation is a defence
function of the organism that has to be strictly
regulated. After the bleeding is stopped, a number of
limiting self-regulatory mechanisms are initiated.
They act competitively and their role is to:

- stop further coagulation;

- prevent the thrombus formation in the organism;

- restrict the coagulation to the injured are.

Besides the mechanisms limiting the formation
of thrombocytes, the availability of plasma proteins
is also important in this respect as they deactivate
the serine proteinase of the coagulation, i.e. they act
as inhibitors. The main function of blood coagula-
tion is the conversion of the soluble fibrinogen into
insoluble fibrin clot. This process is accompanied by
a series of enzyme reactions described in 1964 as an
enzyme cascade (Fig. 1) [1]
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Fig. 1. Scheme of the blood coagulation cascade.

A major role in them plays a number of serine
proteinases, which are known as:
* Blood clotting factors

- extrinsic system: Factor III, Factor VII;

- intrinsic system: Factor XII, high molecule
kininogen, prekalikrein, Factor XI, Factor IX,
Factor VIII;

-common pathway: Factor XI, Factor V,
Phospholipids, Factor II, Factor I, Factor XIII

* Factors of the fibrinolysis;
* Factors of the control mechanisms (inhibitors).
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According to the avalanche theory, coagulation
can be considered as an auto-bioenhancing process.
As a result, the inhibition of proteinases located in
the centre of the process would prevent the
avalanche formation of strong enzyme substrates
down the chain. This thesis is proved by the fact that
the inhibition of Factor Xa prevents the activation of
138 thrombin molecules [2]. That is why the main
target in the creation of anticoagulants is the inacti-
vation of Factor Xa.

In the last 20 years, a number of proteins and
peptides with different molecule mass and well-
established anticoagulation activity have been
isolated from the salivary glands of several blood-
sucking animals. Many of the strongest anticoagu-
lants isolated from bloodsucking animals are found
in the saliva of different types of leeches (Table 1).

In 1987 Tuszynski et al. reported for 119 amino
acids protein isolated form the salivery glands of
Mexican leech Haementeria officinalis with strong
anticoagulant properties, which they named anti-
stasin [64] (Fig. 2).

One year later kinetic investigations of Nutt et al.
revealed that antistasin is a potent, slow, tight-
binding Factor Xa inhibitor [45, 65]. A large part of

the natural anticoagulant peptides and proteins
isolated later show partial or complete similarity
between their active centres and other parts of their
molecules and those of antistasin. Thus, it becomes
the founder of the largest group of natural anti-
coagulants — antistasin type inhibitors.

Two years later Condra et al. reported that they
have isolated three isoforms of antistasin corres-
ponding to its C-terminus which saved good anti-
coagulant activity [66]:

- isoform 1 /Arg-Pro-Lys-Arg-Lys-Leu-lle-Pro-

Arg/ICso =5 nM;

- isoform 2 /Arg-Pro-Lys-Arg-Lys/ICs5, = 500 nM;
- isoform 3 /Arg-Pro-Lys-Arg/ICsy = 740 nM.

Recently, the data in literature for short peptides
with strong anticoagulant activity increased. A lot of
authors publish data for tripeptide sequences as
D-Phe-Arg-Pro, D-Arg-Gly-Arg, Tyr-lle-Arg, Phe-
Ile-Arg, which show anticoagulant activity in nano-
molar range [51, 57, 58].

EXPERIMENTAL

All compounds were synthesized by standard
SPPS by means of Rink amide resin/Fmoc-strategy.
The structures were proved by ES/MS.

Table 1. Sources, molecular mass and attacked enzymes of natural inhibitors of the series proteinases published in

literature [3—63].

N ; Inhibition activity against different series proteases Molecular
. ame o imo- ; weight, Source
inhibitor  thrombin plasmin trypsin fr};grsll(il CI;II?:;E; ;Ei?;i elastase Fa;((:;or Di
AT III + ND ND ND ND ND ND + 65000 Blood plasma
haemadin + - - - - - - - 5000 Haemadipsa sylvestris
draculliND - - - - - - - + 83000 Desmodus rotundus
TAP - - - - - - - + 6977 Ornithodorus moubata
savignin + - - - - - - - 12430 Ornithodorus savignyi
AcAP ND ND ND ND ND ND ND + 8697 Ancylostoma caninum
anophelin + ND ND ND ND ND ND ND 6500 Anopheles abimanus
Hirudin + ND ND ND ND ND ND ND ND Hirudo medicinalis
bdellastasin - + + - - - - - 6333 Hirudo medicinalis
hirostasin - - - - - + - - ND Hirudo medicinalis
madanins + ND ND ND ND ND ND ND 7000  Haemaphysalis longicornis
therostasin - - + - - - - + 8990 Theromyzon tessulatum
theromin + - - - - - - - 7215 Theromyzon tessulatum
therin - - + - - - - - 5376 Theromyzon tessulatum
rhodniin + ND ND ND ND ND ND ND ND Rhodnius prolixus
lefaxin ND ND ND ND ND ND ND + 30000 Haementeria depressa
ixolaris ND - - - ND ND ND - ND Ixodes scapularis
guamerin ND ND ND ND ND ND + - 6110 Hirudo nipponia
pyguamerin - + + + + + - - 5090 Hirudo nipponia
ekotin - - + + - - + + 36000 Escherichia coli
ATS - - + - - - - + 15000 Haementeria officinalis
ghilantens - - + - - - - + 15000 Haementeria ghilianii

* 2.6 uM plasma concentration is enough to NDutralized reserve of proteins of factor Xa and thrombin.

ND — not determined.
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Domain 2

Fig. 2. Primary structure of antistasin.

RESULTS AND DISCUSSION

In 2004 we synthesized and characterized a
series of hybrid structures between isoform 2 and 3
of antistasin and the above mentioned tripeptides
[59]. The aim of these compounds creation was to
obtain new structures with better anticoagulant
activity and good selectivity towards different
enzymes included in the blood coagulation cascade
as well as to reveal the role of some amino acids in
the different positions of the molecule. We have
established interesting structure-activity relation-
ships. In the same work, we reported for the syn-
thesis of one hexapeptide replacing its C-terminal
COOH function with CONH,: D-Phe-Pro-Arg-Pro-
Lys-Arg-NH,. The latter showed 12 times better
activity than its analogues with C-terminal COOH
group and 40 times higher activity than the natural
isoform 3 of antistasin (ICso = 60.6 nmoles).

Based on the fact mentioned above, herein we
reported the synthesis of all previously obtained
hybride structures but replacing their C-terminal
COOH function with amide:

Tyr-Ile-Arg-Pro-Lys-Arg-NH,

Tyr-Ile-Arg-Pro-Lys-Arg-Lys-NH,

Phe-lle-Arg-Pro-Lys-Arg-NH,

Phe-Ile-Arg-Pro-Lys-Arg-Lys-NH,

D-Arg-Gly-Arg-Pro-Lys-Arg-NH,

D-Arg-Gly-Arg-Pro-Lys-Arg-Lys-NH,.

The anticoagulant activity according to APTT
and ICsy values were determined. All newly
synthesized peptides have manyfold higher activity
than the natural isoforms of antistasin. Their ICs, are
in nanomolar range. The kinetic investigations on
the enzymes from blood coagulation cascades are in
progress in order to determine the specificity of new
hybride structures. The toxicity studies are in
progress, too.
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CONCLUSIONS

1) Lys'" is very important for the substrate-
enzyme interaction.

2) The replacement of C-terminal COOH with
CONH, results in manifold increasing of anti-
coagulant activity.

3) The replacement of L- with D-amino acid in
P; position is not a key factor for increasing the
anticoagulant activity.
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JIN3AVIH, CUHTE3 U AHTUKOATYJIAHTHU U3CJIEABAHUS HA HOBU AMUIHU AHAJIO3U

HA N3090PMU 2 U 3 HA AHTUCTA3MH

. JI. Jananes*, JI. T. Besenkos

Kameopa ,, Opeanuuna xumust *, XuMuKomexHoi02uier u Memaiypeuier YHugsepcumen,
oya. ,, Knumenm Oxpuocku“ Ne 8, 1756 Cogpus

[octpnuna Ha 6 1onu 2008 r.; Ilpepaborena Ha 18 cenremBpu 2008 r.

(Pesrome)

Enun or Hail-BaXHUTE €H3UMM B Kackajara Ha KpbBHata koarynauus € ®Dakrtop Xa. ETo 3amo Herosure

WHXHOUTOpPHU ca enHa oOelIaBalia anTepHATHBA Cpelly TpoMOOTHYHH 3aboisBaHusA. B mpenwmHa Hama pabota Hue
JOKJIaIBaXMe CHHE3aTa Ha XMOPHIHU CTPYKTYPH MEXIy M30(popMH 2 M 3 Ha aHTHUCTa3MHA W aKTHBHHUTE MOCIENO-
BatenHoctu D-Phe-Pro-Arg; D-Arg-Gly-Arg; Phe-lle-Arg u Tyr-Ile-Arg. OcBen ananosure ¢ C-kpaiina COOH rpyna,
Oeme cuHTe3mpaH u xekcamentun amupa D-Phe-Pro-Arg-Pro-Lys-Arg-NH,. Toit mokasza 60 mpTH mO-BHCOKA
6I/IOJ'IOFI/I'-IHa AKTUBHOCT OT IIpUpoaHaTa 1/130(1)0pMa 3 Ha aHTUCTa3WHA U HIKOJIKO II'bTU II0-BHCOKA AKTUBHOCT OT BCHYKHU
OCTaHAJIM HOBOCHHTE3MPAaHU aHaNo3U. B HacTosmara paboTa HUEe onucBaMe CHHTe3a U OMOJIOrMYHATa akTUBHOCT Ha C-
KpalHUTE aMHUJHHM aHAJIO3M Ha BCHUYKU I10-PAHO CHHTE3WPAHM INENTUAN C LeJ Jia U3BEIEM 3aBHCUMOCTU CTPYKTypa-
OMONIOrMYHA aKTHBHOCT. AHTHKOAryJlaHTHAaTa akTUBHOCT Oemre u3MepeHa no otHoureHne Ha APTT u 6s1xa onpenenenu

ICSO CTOMHOCTHUTE 32 BCHUKHU HOBOCUHTC3UpPAHU CbCANHCHUS.
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