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Summary. Recognition of functional partners is a pivotal factor in the regulation of protein
interactions. The areas of direct contact between complementary molecules that interact according
to Koshland's "key - lock" scheme deserve special attention. The relevance of the study of this kind
of interactions is obvious. In the case of the simplest serine proteinases the increased affinity of the
enzyme to a certain area of the target protein is ensured by the synchronous interaction of the
binding and allosteric sub-sites with amino acid residues of the target protein, that are adequate
by ligand specificity and placed in an optimal conformation. The purpose of this work is to clarify
the compliance of the components of the blood clotting cascade with this rule. Comparison of the
primary sequences of sites of activation cleavage, reactive centers of serpins and sites of proteolytic
inactivation testifies in favor of this assumption.
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Among the various transformations that protein molecules undergo during their
existence, from biosynthesis on ribosomes to proteasomal cleavage to amino acids, a
special place belongs to activation transformations. The vast majority of functionally
active proteins are synthesized in the form of inactive precursors - proenzymes,
profactors, proforms, etc. On the proper stage of protein processing, an inactive
precursor undergoes transformations that lead to the appearance of functional activity.
There are at least three distinct types of activation transformations. The first of them,
mediated by chemical modification of the protein molecule, is inherent mainly to
intracellular processes. A typical example of such activation is the phosphorylation of
various tyrosinekinases involved in the regulation of many intracellular processes. For
extracellular processes, two other types of activation processes are more
characteristic - associative and proteolytic ones. Associative activation is due to the
formation of active forms as a result of complex formation with a certain protein or non-
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protein component. Instead, proteolytic activation is caused by the cleavage of one or
more specific bonds by the proteinase-activator (PA) in the protein precursor. This leads
to conformational changes and the appearance of this or that activity in the activated
protein. A characteristic feature of PAs is high selectivity for limited number of cleavage.
This feature is due to the mutual complementarity of the active center of the PA and the
site of activation cleavage of the protein pro-form. The most famous PAs are trypsin-like
serine proteinases. Like other proteins, they are also synthesized as inactive precursors
that undergo one or another type of activation. Activated enzymes can be activators of
other pro-forms, forming a kind of activation cascades. In the case of the simplest seine
proteinases the recognition and selective cleavage in protein pro-forms is a
consequence of the synchronous interaction of the binding and allosteric sub-siyes of
the enzyme with the corresponding residues of the activation cleavage region of the
protein pro-form [1]. According to the Schechter-Berger nomenclature, the binding and
allosteric sub-sites of the active center correspond to the S1- and S2'-sites of the zone
of direct contact of the enzyme and the corresponding amino acid residues correspond
to the P1- and P2'-residues, respectively (Fig. 1).
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Fig. 1. Placement of the polypeptide chain a
to Schechter-Berger nomination [2]. The arrow indicates the peptide bond that is
being cleaved

Similarly, high affinity of the simplest serine proteins to the reactive centers of
protein inhibitors of proteinases is ensured [1]. In terms of ligand specificity, the
positively charged amino acid residues of lysine and arginine correspond to the
binding site of trypsin (E.C. 3.4.21.1), and both positively charged and hydrophobic
residues correspond to the allosteric site.

This work is devoted to clarifying the extent of this regularity to the activation
cascade of the blood coagulation system, which is mediated by the sequence of
activation cleavages in the group of trypsin-like proteinases, which undergo
sequential activation and are in complex and ambiguous interactions with each
other and with other components of the hemostasis system ( Fig. 2).

Thrombin (E.C.3.4.21.5) deserves special attention. It is not only a key enzyme
of the blood clotting system, but is also involved in a number of physiological and
pathophysiological processes [4]. It has long been known about the existence of an
additional binding site for hydrophobic molecules in this enzyme, which is located
somewhere near the active center [5]. It is also known about the stimulation of the
hydrolytic activity of thrombin by hydrophobic iso-propanol [6]. A comparison of the
primary sequences of the sites of activation cleavage of the so-called proteinase-
activated receptors clearly indicates that the ligand specificity of the S2'-site of
thrombin meets the requirements for the hydrophobicity of the ligand [7]. In order
to assess compliance with these requirements of other components of the blood
clotting cascade, the primary sequences of the corresponding activation cleavage
sites in the interval P1-..-P2' were analyzed (Table 1).
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Fig. 2. The coagulation cascade showing the final conversion of fibrinogen to fibrin

[3]

Table 1

P1-..-P2' sequences of activation cleavage sites of key factors of the blood
coagulation cascade.

Pi-...-P2' sequences of
Activated form Activators sites of activation
Factor
cleavage
Xl Xia E.C.3.4.21.27 | Xlla, lla, Xla -R3e9 1370-V371- (8]
VI Vila lla, IXa, Xa, Vlla, Xlla, -Ris2)l153-V1s4- [9]
npokoHseptnH | E.C. 3.4.21.21 kallikrein, plasmin
IX [Xa Xla -R145LA146-E147-
Christmas factor | E.C.3.4.21.22 -Rigod Vig1-Viga- [10]
VI Villa lla -R1389) S1390-F1391-
-R74015741-F742-
R372 S373-V374- [11]
X Xa Under the influence of | -Rigall195-Vig6- [12]
Stuart-Prower EC34.216 factors Vlla, Vllla, IXa
factor and tissue factor
\Y; Va lla -R709)S710-F711-
proaccelerin -R1018) T1019-F1020-
-Ri545]S1546-M1547-  [13]
[l Ila Xa, lla R273lT274-A275-
prothrombin E.C34215 R322 l|323-\/324- [1 4]
Xl Xllla lla in the presence of R37] G3g-M3g- [15]
transaminase fibrin and Ca?*
E.C23.2.13
Protein C APC lla in complex with RigolL170-1171 [10]
£.C3.4.21.69 thrombomodulin and
phospholipid
membrane.

| - 3830k akmueayiliHO20 po3ujenneHHs.
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As follows from the data presented in Table 1, the P1 positions of the activation
cleavage sites are occupied exclusively by arginine, as it should be for hydrolysis by
trypsin-like enzymes. On the other hand, in P2'-positions there is an almost total
dominance of hydrophobic amino acid residues. Therefore, we can confidently talk
about the participation of allosteric S2'-regions of the components of the blood
coagulation system in the recognition and cleavage of the sites of activation cleavage
of inactive factors of the blood coagulation cascade.

The sequence of reactive centers of key inhibitors of the blood coagulation
system is subject to the same pattern (Fig.3, Tabl.2).
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Fig. 3. Schematic diagram of the natural inhibitors of the blood coagulation
pathways [16].

Table 2
P1-..-P2' sequences of reactive centers loops (RSL) of inhibitors of key factors of
the blood coagulation cascade.

Inhibitor Blood coagulation factors P1-..-P2' sequences of RSL
that undergo inhibition
Q-IHribITOp NpoTeiHa3s lla, Xa, Xla, Xlla, APC M3sg| S359-1360 [17]
AHTUTPOMOGIH ] lla, Xa, Xa, Xla,Xlla R393]S394-L395 [18]
C1-inhibitor Xla,Xlla Ra44| Taas-Laas [19]
Tissue factor pathway Vlla, Xa K36l As7l3s
inhibitor (TFPI) Ri070G1osY109  [20]

| - the reactive center of the inhibitor.

At the same time, it is worth noting several important details. The TFPI structure
consists of three domains, each of which is a homologue of the Kunitz-type trypsin-
kallikrein inhibitor. The reactive center of the first domain (Kss|Asylss) inactivates factor
Vlla, and the reactive center of the second (R107] Gi1osY100) - factor Xa. On the other hand,
the third domain (Rigg|A200N201) does not show an inhibitory effect [20]. al-inhibitor of
proteinases, antithrombin IIl and C1-inhibitor belong to the family of serpins. Unlike
most families of protein inhibitors, the main form of their complex with proteinases is a
covalent acyl-enzyme [21,22]. In addition, RSLs of serpins are mobile, passing through
the "canonical conformation” that is optimal for interaction with the active center of
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enzymes [23]. It is likely that this mobility provides a broad inhibitory specificity of the
al-inhibitor of proteinases in relation to blood clotting factors (Table 2). Placement of
the methionine residue in the P1-position of this inhibitor, which is atypical for trypsin-
like proteinases, does not become an obstacle for effective enzyme-inhibitor interaction
due to the "blurring" of the ligand specificity of the S1-site when the allosteric site S2"is
included in the process [24]. The data on the composition of the sites of inactivation
cleavage of factors by activated protein C are also of interest (Table 3).

Table 3

P1-...-P2' sequences of the sites of inactivation cleavage by activated protein C of
activated factors Va and Vllla.

Factor P1-..-P2' sequences of inactivation cleavage sites
Va R306 M307-L308

Rso6 Gso7-1s08

Re79) Ksgo-Mss1 [13]
Villa R336) M337-Ks3s

Rs62] Gse3-Nsea (11]

| - site of inactivation cleavage

As can be seen from the Table. 3 data, in the case of inactivation of the factor
Va P2'-positions of all three inactivation cleavages are occupied exclusively by
hydrophobic amino acids. In the case of factor Vllla, these positions are occupied by
positively charged lysine and neutral asparagine.

Discussion.

As follows from the above material, the pronounced dominance of hydrophobic
amino acids in the P2'-positions of the areas of functional interaction of the
components of the blood coagulation system indicates the participation of the
allosteric areas of the corresponding proteinases in the regulation of the coagulation
cascade of the hemostatic system. It is worth noting that most of these processes take
place with the participation of third components (phospholipid membranes, cellular
components, protein factors, fibrin, heparin, etc. Because of this, the substituents in
the P2'-positions of functional cleavages are clearly worth more attention than the
statement of "not-acidic acid" [25]. On the one hand, it contributes to the necessary
conformational changes necessary to transfer certain components into a reactive
state. On the other hand, the fixation of two components at the distance necessary
for their interaction is functionally equivalent to the growth of their local concentration
with a dramatic change in the dynamics of interaction. All this is a prerequisite for the
regular and consistent course of processes of the blood clotting system.
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