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It was shown by monoclonal antibodies that BB N-region of fibrin desA molecule (BB1-53) comprises
the polymerization site including the peptide bond BB14-15. This site participates in the second stage of
fibrin polymerization — lateral association of protofibrils. In the BB15-53 fragment was also found the
site called «C», which together with the site «A» participate in the first stage of polymerization — the
protofibrils formation. The model of the primary intermolecular interaction of fibrin was designed. It was
found by monoclonal antibodies II-4d the site («c») in the N-terminal half of y chain of the fibrin D-region.
This site participates in the protofibrils formation and is complement to site «C» as we assume.

We have discovered two neoantigenic determinants. One of these determinants exposes within the coiled-
coil fragment B 126-135 of fibrin as a result of fibrinopeptide A splitting off from fibrinogen by thrombin.
The structural rearrangements discovered in this site of the fibrin molecule are necessary for the following
protofibrils lateral association. The second neoantigenic determinant is localized in the fragment Bp134-190
of D-dimer formed after plasmin degradation of fibrin stabilized by FXIIIa. We have obtained the fibrin-spe-
cific monoclonal antibodie FnI-3C to the first determinant and D-dimer-specific mAb III-3b to the second one.

Three monoclonal antibodies were obtained against the aC-region of fibrin(ogen) molecule. It has been
experimentally shown by of one of them that aC-domains is connected with the fibrinopeptides B in fib-
rinogen and fibrin desA molecules, but removes from the core of the molecules after fibrinopeptides B
splitting off by thrombin. Two other monoclonal antibodies specifically inhibit the fibrin polymerization
by blocking two unknown polymerization sites within the aC-region.

The test-systems for the soluble fibrin and D-dimer quantification in human blood plasma were
designed on the basis of monoclonal antibodies FnI-3C and III-3b as «catch»-antibodies and one II-4d as a
«tag»-antibody, respectively. The clinical trials of the test-systems were carried out in Ukraine. It was
shown that for the prediction of postoperative thrombotic complications and monitoring the efficiency of
antithrombotic therapy the simultaneous quantification of soluble fibrin and D-dimer before the opera-
tion and at different time intervals after the operation is required. Only in this case it is possible to get
information about the state of the balance between blood coagulation and fibrinolytic systems, and deter-
mine the degree of the threat of thrombosis.
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Fibrinogen (Fg) is a protein playing the
main role in functioning of blood coagulation
system [1]. It has a dimeric structure where
two subunits are formed by three polypeptide
chains: Ao, Bf and y. The fibrinogen molecule
consists of a central E, two peripheral D-
regions and two extended aC-regions.

The E-region, consisting of (Aa1-104, Bp1-
133, y1-72),, is formed by the N-terminal seg-
ments of all six polypeptide chains. The two D-
regions, each comprising of Anl05-219,
Bp134-461 and y73-411 in the C part of the
molecule, have the globular pC232-461 and
vC170-411 nodules. The extended oC-regions
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(A0220-610) consist of an unstructured
flexible aC-connector (Ax220-391) and a more
structured aC-domain (Aa392-610)[2, 3].

The peripheral D-regions are connected
with the central E-region by two long flexible
coiled-coil connectors each of which consists of
polypeptide fragments Ao48-161, BE79-193,
v23-135. The N-parts of these fragments
include A048-104, BB79-133, y23-62 and
belong to the E-region. The C-parts Aal05-
161, Bp134-193, v63-135 belong to the D-
region (Fig. 1).

Fig. 1. The model of fibrinogen molecule created
with graphics system PyMol on the base of X-ray
and NMR analysis of fibrin(ogen) fragments [2].
Aca-chains — blue; Bf-chains — green;
y-chains — red

The splitting off of fibrinopeptides A
(FpA) — Aal-16 from fibrinogen (Fg) by
thrombin results in the formation of desA fib-
rin (Fn) with two exposed polymerization sites
called A-knobs [4]. The two A-knobs interact
with a-holes in the two D-regions of the other
Fn molecules forming protofibrils. The
protofibrils associate laterally, giving rise to
fibrils and, finally, the three-dimensional fib-
rin net. At the stage of protofibril and fibril
formation thrombin splits off of fibrinopep-
tides B (FpB) — Bp1-14 from Fn desA mole-
cules exposing the B-knobs which are involved
in the process of protofibril lateral association
interacting with the b-holes in the D-regions
of the other molecules [5].

Two steps of fibrin polymerization —
protofibrils formation and their lateral associa-
tion — are carried out by the intermolecular
and interprotofibril binding of specific poly-
merization sites [6, 7]. Polymeric fibrin is sta-
bilized by factor XIIIa [8]. After polymeric
fibrin formation plasminogen is activated on
fibrin surface by tPA and transformed into
plasmin [9, 10]. Plasmin splits polymeric fib-
rin stabilized by factor XIIla forming E-frag-
ment and D-dimer.

Monoclonal antibody (mAb) can be
obtained against antigenic determinant (epi-
tope), which can coincide or be located closely
to the polymerization site of fibrin molecule.
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Such a mAb presumably inhibits fibrin poly-
merization by blocking the polymerization site
or the neighboring one. MAb can also «recog-
nize» minor alterations in the epitope confor-
mation. That is why mAbs have been used as
molecular probes for localization of unknown
antigenic determinants and/or polymerization
sites[11, 12].

The tactics of our investigations was
following:

¢ obtaining of antigen for mice immuniza-
tion: native or slightly denaturated fib-
rin(ogen) molecules or their fragments;

« obtaining of mAbs;

« selection of mAbs and obtaining their
Fab-fragments, which both specifically inhibit
fibrin polymerization;

« electron microscopy for determination of
fibrin polymerization stage, which is inhibited
by the mAb and Fab-fragment.

« epitope localization in fibrin(ogen) mole-
cule for mAb — inhibitor;

« synthesis of the peptide, which imitates
the amino acid sequence of fibrin molecule in
the monAb epitope region;

« testing of the synthetic peptide inhibito-
ry action on fibrin polymerization.

Three types of monoclonal antibodies of
different specificity have been obtained
against the N-terminal disulphide knots of fib-
rinogen and fibrin. Their effects on distinct
stages of fibrin polymerization have been
studied. These antibodies were shown to be
directed against various epitopes of the Bf1-53
fragment of the fibrinogen molecule. The
mAbs had different effects both on the rate of
protofibril lateral aggregation and on the final
turbidity of fibrin clots. The mAbs were of
three specificities: mAb 2d-2a and its Fab-
fragment inhibited the rate of lateral aggrega-
tion of protofibrils and decreased the turbidi-
ty of the final clot; those from clone B-4C
accelerated the polymerization, but did not
affect the clot turbidity; and those from clone
D-IB did not have any effect on either fibrin
polymerization or final clot turbidity and
served as the negative control. The most inter-
esting results were obtained with mAb 2d-2a,
epitope for which was localized in fibrin desA
fragment including the peptide bond Bf14-15
[13]. This mAb and its Fab-fragment inhibited
the lateral association of fibrin desA protofib-
rils (Fig. 2) by blocking the site comprising
amino acid residues located around the peptide
bond Bf14-15. We suggested that N-terminal
part of fibrin desA Bp-chain concludes one of
the active sites involved in protofibril lateral
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association. Fibrinopeptide B does not need to
be split off for functioning of this site.
Interestingly that only one mAb molecule can
bind to one of two its epitopes in dimeric fibrin
desA molecule blocking one peptide bond
Bp14-15 and inhibiting 60% of fibrin poly-
merization. In such a case, thrombin may split
off only one fibrinopeptide B from fibrinogen.
However, two Fab-fragments of this mAb can
bind to both epitopes in fibrin desA, blocking
them and inhibiting about 100% of polymeri-
zation. This mAb has been used as catch-anti-
body in our ELISA test-system for fibrinogen
quantification in human blood plasma after its
dilution in 200 times [14].

Fig. 2. Dependence of the rate of protofibrils
lateral association (V) on the concentration
of mAb 2d-2a

D-dimer of human fibrin was also used as
antigen to obtain monoclonal antibodies. We
have obtained 16 hybridomas producing mAbs
of different specificity. MAb III-3b binds D-
dimer with K4y = 1.4:10" M without cross-
reaction with fibrinogen and fibrin. The epi-
tope for this mAb is located in fibrin(ogen)
fragment Bf134—-190 (Fig. 3). The latter site
is buried in the coiled-coil structure of fib-
rin(ogen), but it is exposed as a neoantigenic
determinant (NAD) in D-dimer upon plasmin

Fig. 3. The scheme of epitopes localization
for mAb I-3c and mAb III-3b in fibrin
and D-dimer molecules, respectively

hydrolysis of fibrin [15]. MAb III-3b has been
used in our ELISA immunodiagnostic test-sys-
tem as a catch-antibody for quantification of
D-dimer in human blood plasma [16].

Only two of these 16 hybridomas produced
mAbs of the IgG-class that inhibited fibrin
polymerization. MAb II-4d inhibited fibrin
polymerization to 100% at a molar ratio
mAb:fibrin = 1.0. Fab-fragments of the mAb
inhibited fibrin polymerization completely at
the same molar ratio (Fig. 4, 1). The epitopes
for the mAbs studied are situated in the NH,-
terminal part of the y-chain in fibrin D-
domain. Electron microscopy showed that fib-
rin was in monomeric form in the presence of
these mAbs or their Fab-fragments (Fig. 4, 2).
Thus, these mAbs inhibit the initial step of
fibrin polymerization, i.e. protofibril forma-
tion. Only one site of protofibril formation
located in COOH-terminal half of the D-
domain y-chain is known now named «a» site,
which is complementary to the «A» site in the
central E-domain of fibrin molecule. Our
experiment with immobilized GPRP showed
that the «a» site in fibrin D-fragment pre-
served its binding activity to GPRP when the
D-fragment was complexed with mAbs-inhibi-
tors of fibrin polymerization. Thus, these two
mADbs inhibit fibrin polymerization not by
blocking the sites «a», but either by blocking
another (inconsistent with «a») unknown spe-
cific site of polymerization in D-domain or by
steric hindrance of highly organized fibrin
polymerization process [17]. MAb II-4d has
been used in three our immunodiagnostic test-
systems for fibrinogen, soluble fibrin and D-
dimer quantification in human blood plasma
as the tag-antibody [14, 16, 18]

Four mAbs of the IgG, class to the throm-
bin-treated N-terminal disulfide knot of fib-
rin, secreted by various hybridomas, have
been selected. Epitopes for two mAbs I-3C and

1 24 B c

Fig. 4. 1 — Dependence of the velocity of fibrin
polymerization (V) on the molecular ratio of
mADb II-4d and it Fab-fragments to fibrin desAB.
2 — Electron microscope images of fibrin desAB
polymerizing in the presence (A, B, C) and in the
absence (D, E, F) of mAb II-4d after 3, 5 and
7 min, correspondingly. There were no difference
between electron microscope images obtained
in the presence of Fab-fragments and mAb II-4d
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III-10d were located in human fibrin fragment
BB15-26, and epitopes for mAbs I-5G and I-3B
were in fragment BB26—36. Three of these
mAbs, I-5G, I-3B and III-10D as well as their
Fab-fragments decreased the maximum rate of
fibrin desA and desAB polymerization up to
90-95% at a molar ratio of mAb (or Fab-frag-
ment) to fibrin of 1 or 2. The fourth mAb I-3C
did not influence on fibrin desAB polymeriza-
tion and inhibited by 50% the maximum rate
of fibrin desA polymerization. These results
suggest that these mAb-inhibitors block a lon-
gitudinal fibrin polymerization site. As the
mAbs retard both fibrin desAB and fibrin
desA polymerization, one can conclude that
the polymerization site does not coincide with
polymerization site ‘B’ (B15-17). To verify
this suggestion, the polymerization inhibitory
activity of synthetic peptides
BBSARGHRPLDKKREEA(12-26),
BRPLDKKREEA((19-26),
BBAPSLRPAPPPI(26-36),
BBAPSLRPAPPPISGGGYRARPA(26-46)
and BBGYRARPA(40-46), which imitate the
various sequences in the N-terminal region of
the fibrin BB-chain, have been investigated.
Peptides Bp12-26 and Bf26-46, but not
Bp40-46, BB19-26, and B326—-36, proved to
be specific inhibitors of fibrin polymerization.
The ICy, values for BB12-26 and Bf26-46
were 2.03-10™* and 2.19-10™* M, respectively.
Turbidity and electron microscopy data
showed that peptides Bf12—-26 and B326-46
inhibited the fibrin protofibril formation
stage of fibrin polymerization. The conclusion
was drawn that fibrin fragment Bf12-46,
named as the site «C», took part in fibrin
protofibril formation simultaneously with site
«A» (Aal7-19) prior to removal of fibrinopep-
tide B. A model of the intermolecular connec-
tion between fragment BB12-46 of one fibrin
desA molecule and the D-domain of another
has been constructed (Fig. 5) [7].

Fig. 5. The model of the intermolecular connec-
tion between the D-domain of one fibrin desAA
molecule (blue) and Bf12—46 (magenta) of another.
The model was prepared with PYMOL [17]
on the basis of the X-ray analysis data of chicken
fibrinogen [18] and human D-dimer bound with
synthetic peptide GPRP [19]
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While the fibrin protofibril formation
mechanism is well-studied, the protofibril late-
ral association mechanism remains elusive.
The initial interaction of fibrin monomers
leading to protofibril formation is realized
mainly by the pair of complementary centers
A:a. An additional site «C» of protofibril for-
mation is localized within the E domain [7].
The protofibril lateral association is realized
by the lateral interactions of the D-D dimers
from the neighboring protofibrils. The inter-
acting fragments were determined as y 350-
360 and y 370-380. The interprotofibril D-D
dimer interactions lead to formation of so
called D-tetramers [19].

However, Kollman et al [20] have disco-
vered antiparallel contacts of fibrinogen coiled-
coil fragments in the crystals of human fib-
rinogen and proposed the possibility of
intermolecular coiled-coil interactions during
the fibrin protofibril lateral association. We
obtained earlier [21] the fibrin-specific mAb
FnlI-3c, which reacts with fibrin and does not
react with fibrinogen and D-dimer. The NAD
of this mAb formed during fibrinogen to fib-
rin transformation was localized preliminary
within the BPM118-V133 fragment, which is
the part of the coiled-coil connector of the fib-
rin(ogen) molecule. It was shown that mAb I-
3c and its Fab-fragment specifically inhibit
the stage of fibrin protofibril lateral associa-
tion (Fig. 6). Thus, we suggested that this
region also participates in the process of the
fibrin protofibril lateral association [21].

1 A B C

Fig. 6. The influence of mAb FnI-3C and its Fab-
fragment on polymerization of fibrin produced in
fibrinogen+thrombin reaction in turbidity analy-
sis (I). The dependence of the maximum rate of
the fibrin polymerization Vm.x (A4), final turbidity
of fibrin clots Ah (B) and the lag time t (C) on
molar ratio of mAb FnI-3C or its Fab-fragment to
fibrin. (2) Electron micrographs of negatively
contrasted structures formed during polymeriza-
tion of fibrin produced in fibrinogen+thrombin
reaction in 135 s from start of the process: in the
absence mAb FnlI-3C or Fab-fragment (A); in the
presence of mAb FnI-3C (B) or its Fab-fragment
(C). The bars represent 200 nm
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Turbidity analysis and electron
microscopy, showed that the synthetic peptide
imitating fibrin fragment Bf121-138, but not
Bp109-126, also inhibits the step of the fibrin
protofibril lateral association. SPR analysis
revealed that mAb FnI-3C interacts with the
peptide Bp121-138. This mAb also interacts
with human, horse, and rabbit fibrins, but not
with cow and rat fibrins. Alignment of the
amino acid sequences of these fibrins allowed
us to identify the residue BBK130 as crucial
for the mAb FnI-3C epitope formation and to
propose that the epitope in human fibrin is
formed by the amino acid residues of the
Bp126-135 fragment. With the help of elec-
trophoretic and ELISA parallel analysis we
demonstrated that the exposition of the epi-
tope is not the result of the removal of the aC-
regions from the bulk of the molecule during
the fibrinogen-fibrin transformation. SPR
analysis reveals that the exposition takes place
as the result of FpA splitting in a monomeric
fibrin [22]. The analysis of the mutations in
the of coiled-coil connector of the fibrin mole-
cule corresponding to BPf111-141, which
impair fibrin polymerization, demonstrates
that these mutations alter the structure of this
fragment, but not its surface. Contrariwise,
the mutations in the fragment B158-170 of
the coiled-coil connector alter the surface. The
comparative conformational analysis of the
fibrinogen and fibrin molecules suggests that
the fragment of the coiled-coil connector cor-
responding to Bp126-135 is more flexible in
fibrin. The mobility of the fragments of the
molecule around this fragment is higher in
fibrin than in fibrinogen. Thus, we suppose
that FpA splitting by thrombin leads to struc-
tural rearrangements in the human fibrin
fragment of the coiled-coil connector, which
includes polypeptide fragments Ac91-103,
Bp126-135 and v69-77. These structural
rearrangements provide fibrin protofibrils
with a capability to associate laterally forming
fibrils. The other fragment of the coiled-coil
connector including BB158-170 may act as one
of interprotofibril contact sites (Fig. 7).

MAD I-3C has been used as a «catch»-one in
double-sandwich ELISA for soluble fibrin
quantification in human blood plasma [18].

Monoclonal antibodies FnlII-2M [23], I-5B
and I-6B [24] to the aC-region of the human
fibrin(ogen) have been obtained. The epitope
for mAbs FnII-2M, I-5B are localized within
the fibrin fragment Aa240-491 and for mAb I-
6B — within Aab509-602 fragment. By virtue
of the monAb FnlII-2M, which react only with
fibrin desAB and does not react with Fg and

A B

Fig. 7. A — The localization of five human fib-
rinogen mutations in Bp 111-141 and in the
corresponding a-chain fragments that alter the
structure of this coiled-coil fragment in mutant
fibrinogens: Kyoto I'V (B S111del), Lyon (B
M118K), Epsom (Bf N137- E141 del) and Plzen
(Ao N106D) are shown as red sticks and Caracas
VI (Ao N80del) is shown as magenta sticks. The
suggested epitope for mAb FnI-3c¢ (Bf 126-135) is
in orange. B — The localization of the amino acid
residues where the structural alterations take
place in the four mutant fibrinogens: Lima (A«
R141S), Niigata (B N160S), Longmont (B
R166C) and San Diego II (y Y114H) are shown as
sticks. The novel sites Aa N139 and Bf N158 of
oligosaccharide attachment in fibrinogens Lima
and Niigata are blue. The amino acid residue Bf
166, where an individual cysteine from the medi-
um attaches to Bf 166C in fibrinogen Longmont
(BB R166C), is blue. In fibrinogen San Diego I1
the buried hydrophobic Y114 (cyan) is replaced by H.
C — The location of the SLA/NAD «structural»
site corresponding to B} 111-141, the «contact»
site corresponding to B} 158-170, and the «hinge
region» (Ao 91-103, Bf3 126-135 and y 69-77) in
the human fibrin(ogen) molecule (PDB ID:
3GHG). The «structural» site and the hinge
region are on the border between the D- and E-
parts of the coiled-coil domain. The «contact»
site is in the C- terminal part of the coiled-coil
connector on the lateral side of the D-region
of the molecule

fibrin desA it was found that oC-regions are
connected with FpB in the fibrinogen,
monomer and polymer fibrin desA. However,
the aC-regions move away from the core of the
fibrin desA molecules after FpB cleavage by
thrombin from fibrin desA in protofibrils,
resulting in enhancing lateral association of
protofibrils. It was been confirmed by ELISA
and method of surface plasmon resonance
(SPR) that monAb FnII-2M does not react with
fibrinogen, monomeric and polymeric fibrin
desA, but react with fibrin desAB. Thus,
accessibility of this monAb to its epitope
exists only in fibrin desAB. These results are
direct experimental evidence that aC-regions
(Ac220-610) are bound FpB in fibrinogen and
fibrin desA molecules, but move away from
the core of the molecule only after removal of
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fibrinopeptides B (FpB) by thrombin. These
data and the results of the other authors let us
to design the three-dimensional structural
computer models reflecting of aC-regions spa-
tial orientation in fibrinogen, fibrin desA and
fibrin desAB molecules (Fig. 8) [23].

Fig. 8. The models of fibrinogen, fibrin desA
and fibrin desAB were done with PyMOL
and Modeller9v10

It was investigated that mAbs I-5B and I-6B
decreased the maximum rate of fibrin desAB
polymerization up to 90% and 76.2%, respec-
tively, at their equimolar ratio to fibrin. These
results suggest that these mAbs-inhibitors
block the sites into a.C-region, which take part
in protein-protein interactions during the fib-
rin polymerization. The mAbs I-5B and I-6B
may be used as tag-antibodies together with
fibrin-specific «catch»-antibodies I- for quan-
tification of the earliest forms of soluble fibrin
in human blood plasma with the aim of early
diagnostics of thrombophilia.

Soluble fibrin and D-dimer are the most spe-
cific markers of activation of the blood coagula-
tion cascade and the threat of thrombosis. We
have designed three immunoassay test-systems
for D-dimer, soluble fibrin and fibrinogen
quantification in human blood plasma on the
basis of D-dimer-specific, fibrin-specific and
fibrinogen-specific monoclonal antibodies. The
forth test-systems was designed for simultane-
ous quantification of these molecular markers
(Fig. 9). The clinical trials of the test systems
were carried out in Ukraine. The high informa-
tivity of soluble fibrin quantification as a prog-
nostic indicator of the threat of thrombosis at
hip replacement (Fig. 10) and abdominal aorta
(Fig. 11) was shown. Independent D-dimer
quantification is uninformative. For the pre-
diction of postoperative thrombotic complica-
tions and monitoring the efficiency of
antithrombotic therapy the simultaneous quan-
tification of soluble fibrin and D-dimer before
the operation and at different time intervals
after the operation is required. Only in this case
it is possible to get information about the state
of the balance between blood coagulation and
fibrinolytic systems, and determine the degree
of the threat of thrombosis.
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Fig. 9. The immunoassay test-systems
for D-dimer, soluble fibrin and fibrinogen and its
simultaneous quantification in human blood plasma
designed by Palladin Institute of Biochemistry
of NAS of Ukraine and LLC «Diaproph»

Fig. 10. These figures show the typical combina-
tions of the soluble fibrin (Sf) and D-dimer (DD)
concentrations during aneurism of abdominal aorta
before the operation, immediately after the opera-
tion and on the third day after the operation.
Normal (B, C) or increased (A4, D) concentrations of
Sf and D-dimer were observed before the operation.
After the operation in three cases (A4, B, C) the sig-
nificant increase of both markers was observed. On
the third day after the operation in two of these
cases (4, B) we can see the decrease of these con-
centrations to normal level. In the case (C) the con-
centrations of these markers also decreased, but
remained above normal level, that required a fur-
ther control. In the cases (A4, B, C) there is a dyna-
mic balance between blood clotting and fibrinolytic
systems. It is illustrated by correlated concentra-
tion increase and decrease of both markers.

In the case D: at once after the operation the con-
centration of Sf tended to decrease, and the concen-
tration of D-dimer remained at the same level. But
on the third day after the operation a steep increase
of Sf and the decrease of D-dimer concentrations
were observed. This suggests the disturbance of the
balance between blood clotting and fibrinolytic sys-
tems and the high threat of thrombus formation
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Fig. 11. These figures show the typical combina-
tions of the soluble fibrin (Sf) and D-dimer (DD)
concentrations during deep vein thrombosis
before the operation, immediately after the ope-
ration and on the 14 day after the operation. The
main feature of this disease is high concentra-
tions of both markers before treatment that indi-
cates the high degree of activation of blood clot-
ting and fibrinolytic systems. This suggests that
during this pathology the activation of blood clot-
ting system as a rule leads to the activation of fib-
rinolytic system. The dynamics of the concentra-
tion changes of these markers are usually
correlated: we can see simultaneous increase (C)
or decrease (A4, B, D) of the concentrations of both
markers during treatment. In the case (C) the cor-
related changes of the concentrations of these
markers also takes place, but the high concentra-
tions of these markers on the 14 day after opera-
tion testify about necessity of further control

A hundred of mAbs against neoantigenic
determinants of fibrinogen, fibrin and their
fragments were obtained. In this review we
focused on 14 of them, that were used to obtain
the new fundamental scientific information or
to develop immunodiagnostic test-systems,
which have strategic importance for diagnos-
tics of the threat of thrombus formation.

The arrows at the Fig. 12 point at the sites
of fibrinogen and fibrin molecules, the mAbs
are directed to. Thus, mAb 2d-2a was obtained
against the epitope, which consists of amino
acid residues located around the peptide bond
Bp14-15 cleaved by thrombin. This MAD reac-
ted with fibrinogen and fibrin desA but doesn’t
with fibrin desAB. These molecules keep the
fibrinopeptides B uncleaved. Using 2d-2a mAb
we showed for the first time the existence of
the site of fibrin protofibrils lateral associa-
tion within the BBN-domain. This site func-
tions before fibrinopeptides B cleavage off.
This work was continued and 4 other mAbs
against BBN-domain (Bf1-64) were obtained.
Two of them were directed to site Bp15-25, and
others to Bf26-36. Using these mAbs we dis-
covered that there is not only the site of the
protofibrils lateral association in the region of
BbN-domain, but also the site, which takes a part
in the first stage of fibrin polymerization —
protofibrils formation.

MAD III-3b obtained in this work reacts
only with D-dimer, but doesn’t with fibrino-
gen and fibrin. By virtue of this mAb test-sys-
tem for quantification of D-dimer in human
blood plasma was developed to diagnose the
hemostasis disorders. Other MAb II-4d
allowed us to locate the fibrin polymerization
site in the NH,-terminal part of y-chain
of D-region, which does not coincide with the

Fig. 12. The model of fibrinogen molecule, where are shown the mAbs
and localization of epitopes for them
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polymerization site «a». MADb II-4d, which
reacts with fibrinogen, soluble fibrin and D-
dimer, has been used for the design of three
immunodiagnostic test-systems for quantifi-
cation of these molecular markers of throm-
bophilia in human blood plasma as the tag-
antibody.

By virtue of fibrin-specific mAb FnlI-3C we
discovered an neoantigenic determinant in fib-
rin molecule, which is exposed after the con-
version of fibrinogen into fibrin. This deter-
minant is located in BB126-135 and coincides
with the epitope for mAb I-3C and with the
site, which plays functional role in the fibrin
protofibrils lateral association. Using this
mAb the functional role of coiled-coil connec-
tor of fibrin molecule in the fibrin polymeriza-
tion was showed for the first time. MAb I-3C
reacts only with fibrin, does not react with fib-
rinogen and D-dimer and can be used in
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Y dparmenti BB15-53 Tako:K BUABJIEHO caiir,
HasBaHuit «C», IKU pasoM i3 caiiTom «A» Oepe
yJyacTh y mepHriii crazmii mosimepusarii — yTBo-
penHi mpoTodiopus. CTBOpPEeHO MOIEeJb IIEePBUH-
HOI MiKMoJeKyaApHOI B3aeMmomii ¢piopuny. B N-
KiHneBi#i moJsoBuHiI y-jaHmiora D-periony
¢GibpuHy i3 3acTOCYyBaHHAM MOHOKJOHAJIBHUX
aututia II-4d Oyno BusiBiieHO caulT («C»), AKUN
Oepe yuacTsb y mo0ya0oBi mpoTodidbpmiI i, 3a HAIIIUM
IPUNYIIEeHHAM, € KOMILIEMeHTapHUM cauTy «C».

3HalifeHo ABi HeOaHTUTEHHi AeTepMiHAHTH,
OIHA 3 AKUX €KCIIOHYETHCA B CYMIEPCIIipaIbHOMY
dparmenTi piopuny Bf126-135 B pesysabraTi Big-
mierieHHs GibopuHonmenTtuniB A Bixg (piOpuHoreHy
TpoMbGiHOM. 3MiHA ITPOCTOPOBOI CTPYKTYPU MOJIe-
Kyau pibpuHy, 1110 ii BUABJIEHO B I[bOMY CAMTIi,
€ HeoOXiZHOIO A 34iHCHEeHHS IOAAJIBIIOL JiaTe-
paJsibHOI acorianii mporodiopua. [pyra HeoaHTH-
reHHa JerepMiHanTa (opmyeTbcad y (hparmMeHTi
Bp134-190 D-gumepy, AKUU YTBOPIOETHCA IIifn
yac posienjeHusa (ibpuny, crabisizoBaHoro
FXIIla, mmasminom. IIpoTu nepioi gerepmMiHanTH
orpuMaHo GiopuHcHenudiuHe MOHOKJOHAJILHE
auturino Fnl-, a nporu apyroi — D-gumep-cie-
mudiune I1I-3b.

Opep:xaHo 3 MOHOKJOHAJIBHUX AaHTHUTiJIa
npotu o.C-periony mosekyau ¢piopun (orexn)y. 3a
JIOTIOMOT'OI0 OTHOTO 3 HUX OYJI0 eKCIIepUMEHTAb-
HO TIoKasaHo, 1o aC-momen 3’egHanuii 3 (idopu-
HomenTtuaoM B y ibpunoreni Tay ¢iopuni desA.
Ileiti momMeH BimAXOAWUTH BiJi OCTOBA MOJEKYJIU
micuasa Bimmenyenaa QiopuHonenTuaiB B Tpom6i-
HOM. [[Ba iHIMMX MOHOKJIOHAJIBHUX aHTUTIIA CIIe-
nudpivao iHrioyrors mosimepwusaiiiro Gidopumy
OJIOKYBaHHAM IBOX HEBiJOMUX caiTiB mojimMepu-
3a1rii B aoC-perioxi.

Ha ocHoBi MoHOKJOHaAbHUX aHTUTiM Fnl-
i III-8b, BuKOpHCTOBYBaHMUX HAK «catch»-
aururina, i agrutia II-4d — ak «tag»-auTurina
po3pobyieHO TecT-cUCTeMHU MJis KiJbKicHOTO
BU3HAUEHHS po3umHHOro (Gibpuuy ta D-gumepy
B madmi KpoBi JwogmeM. Ili Tect-cumcTemm
anpoOOBaHO B KJiHIiUHMX  BUIPOOYBAHHAX
B Ykpaimi. Ilokasamo, IO AJA IPOTHO3YBAHHS
micasonepaifinx TPOMOOTHUYHUX YCKJATHEHbD,
a TaKOXK JJIA KOHTPOJIIO e()eKTUBHOCTI aHTUTPOM-
6oTuuHoi Teparii € HeoOXiZHUM OgHOUYACHE KiJb-
KicHe Bm3HAUeHHA po3umHHOrO (ibpmHy Ta D-
oUMepy OO omeparllii Ta B pisHi mepiomm micis
onepairii. TiIbKK B I[bOMY pasi MOKHa OTPUMATHU
imgopmMmailriro Ipo craH O0ajaHCYy MiK cHUCTeMaMu
3cimanHsa KpoBi Ta GiOpuHOIIZY i BUBHAUNTH CTY-
MiHb 3aTPO3U TPOMOGOYTBOPEHHS.

Knrouwosi cnosa: piopunoreH, ¢piOpuH, MOHOKJIO-
HaJIbHI aHTHUTiJIa, TPOMOOYTBOPEHHSA, AiarHocC-
TUYHi TECT-CUCTEMU.
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JarepaqbHOl accomuanuu mporohubpuaia. Bo
dparmenTe B15-53 Taxike obHapy:keH caur,
HasBaHHBIN «C», KOTOPBINI BMecTe ¢ caiToM «A»
NPUHUMAET yUYacTHe B IEPBOI CTAAUY IIOJTUMEPHU-
3anuu — obpasoBaHuu mpoToduopuana. Cosmana
MOJeJb TEePBUUYHOTO MEKMOJEeKYJIAPHOTO B3au-
mogericTBua (pubpuHa. B N-KOHIIEBOI II0JIOBUHE
y-menu D-permoma ¢ubprHa ¢ IpuUMeHeHHEM
MOHOKJIOHAJIBHBLIX auTuTeN I11-4d OB11 00HAPYIKEH
caiT («C»), KOTOPBIA NPUHMUMAET YyUacTue
B IIOCTPOEHUU TPOTOGUOPHUIT U, IO HAIIEeMy
TIPeAIoJ0KeHNI0, KOMILIeMeHTapeH caiiTy «C».

O6Hapy KeHbl OBe HEOAHTHUIeHHBIE IeTEePMMU-
HAHTBHI, OJHA U3 KOTOPBIX OKCIOHUPYETCS
B cymnepcnupaiabHoM (pparmenTe hudprura Bf126-
135 B pesyabTaTe oTIiemaeHusa (GUOPUHOIIEIITH-
I0B A or (pubpuHOTEHa TpoMOMHOM. V3aMeHeHe
TIPOCTPAHCTBEHHON CTPYKTYPBI MOJIEKYJBI (hul-
puHa, BBIABJIEHHOE B TOM caiiTe, HEOOXOAMMO
IS OCYIIeCTBJIEHUS IIOCJIeAYIOIell JaTepaabHoi
accornuanuu npotodpubpusi. Bropas HeoaHTu-
reHHas JAeTepMHUHaHTa (QopMupyetrcs Bo Qpar-
meHTe B3 134-190 D-numepa, o6pasyomniemMcsa npu
pacmiensieHuun (QuOpUHA, CTAOMIU3UPOBAHHOTO
FXIIla, nnasmuaoM. IIpoTuB mepBOil meTepMu-
HaHTHI IIOJy4YeHO (pubpuHCcIenu@uIecKoe MOHO-
KJIOHAJNIbHOEe aHTuTesao Fnl-, a mpoTtus BTOpOIi —
D-pumep-cuenuduueckoe I11-3b.

ITonyuyeHbl 3 MOHOKJOHAJBHBIX AaHTHUTEJA
npotuB oC-peruoHa MoJeKyabl GpubpuH(OreH)a.
C moMOINbI0 OAHOTO M3 HUX OBLIO SKCIEePUMEH-
TaJILHO IOKa3aHo, uTo o.C-IJoMeH coeqrnHeH ¢ (Puo-
puHonenTugomM B B ¢pubpuHOreHe u B (puOpuHe
desA. 9TOT JOMEH OTXOAUT OT OCTOBA MOJIEKYJIbI
TocJIe OTIeIIeH A GuOPUHONIENnTHA0B B TpomM6u1-
HOM. [IBa APYyrMX MOHOKJIOHAJNBHBIX aHTHUTEJA
crenu@uUUecK MHTUOUPYIOT TOJIUMEPU3AITUIO0
¢ubprHa myTeM OJIOKMPOBKU IBYX HEM3BECTHBIX
caiiToB mosiuMepusaiuu B o.C-peruoxe.

Ha ocmoBe MoHOKJIOHANBbHBIX aHTHTEN Fnl-
u III-3b, ncnosb3yembIxX B KauecTBe «catch»-anTu-
TeJ, u anturtesa II-4d — B KauecTBe «tag»-auTuUTEN
paspaboTaHbl TECT-CUCTEMBI AJI KOJIUYECTBEHHOTO
ompezeJieHns pacTBopuMoro gpuopuHa u D-gumepa
B ILIadMe KPOBU UeJOBeKa. OTU TeCT-CHUCTeMbI
anmpoOUpPOBaHbl B KJIMHUYECKUX WCIBITAHUAX B
Yxpaune. ITokazaHo, 4To AJIs TPOTHOSUPOBAHUSA
TIOCJIEOTIEPAIIMOHHBIX TPOMOOTUYECKUX OCJIOKHE-
HUHA, a TakKe A KOHTPOJA d(PPeKTUBHOCTHU
AHTUTPOMOOTHUECKON Tepanuu HeoOXOAMMO OTHO-
BpPEeMeHHOe KOJIMYEeCTBeHHOe OIlpe/ieIeHre PacTBO-
pumoro ¢ubpuHa m D-mumepa [0 omepanuu U B
pasHbIe ITepHoabI Ioce omeparnuu. ToJabKO B 9TOM
caydae MOYKHO TOJYYUTL UH(GOPMAIIHUIO O COCTOS-
HUU OajlaHca MeXKJy CHUCTEeMaMU CBEPTHIBAHUA
KpoBu u (PUOPUHOJIU3A U OIPEIEJUTh CTEIEeHb
yI'po3bl TPOMO00OPa30OBaAHMA.

Knrwouesvie cnosa: GpubpuHoret, GpuOPUH, MOHO-
KJOHAJbHBIE AHTHUTEJa, TPomMOooOpasoBaHUeE,
OUATHOCTUYECKHE TeCT-CUCTEMBI.





