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The effect of NaCl and NaF salts in the range of 0.1-0.225 M concentrations on individual stages
of fibrin polymerization was investigated, namely: the rate of fibrinogen activation by thrombin, the rate of
protofibrils formation, the rate of lateral association of protofibrils, and the maximum clot absorbance value
at 350 nm. It was found that the chlorine and fluorine anions equally inhibit the rate of formation of fibrin
from fibrinogen and the formation of protofibrils activated with thrombin. Chlorine anions were shown to be
significantly more effective than fluorine anions, inhibiting the rate of lateral association and maximal clot
absorbance level from fibrin desA and desAB. A component of the inhibitory action of chlorine anions, not
related to the ionic strength of the solution, was identified and its effect on the individual polymerization steps
was shown. Chlorine anions were found to bind to a fibrin clot. Using the surface plasmon resonance method
and fibrin-specific mAb Fnl-3c, it was established that the rate of exposure of neoantigenic determinants of
mAb in the hinge regions of the fibrinogen molecule during its transformation into fibrin under the action of
thrombin is inhibited by chlorine anions in correlation with inhibition of the protofibril lateral association
rate. It has been suggested that the inhibitory effect of chlorine anions consists of an ionic component and a
component that blocks the conformational mobility of the molecule by the chlorine anions binding to its hinge
regions and polymerization sites.
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human hemostasis system. Under the action

of thrombin, it is transformed into fibrin,
which spontaneously polymerizes with the for-
mation of a polymer insoluble mesh - the basis of
the thrombus, which ensures the integrity of blood
vessels and the body as a whole, and further func-
tions as a matrix for the processes of regeneration
of damaged blood vessels and tissues of the body
[1, 2]. The process of fibrinogen polymerization is
extremely complex and multi-stage. In the first stage,
thrombin cleaves two N-terminal fibrinopeptides A
from the a-chains of fibrinogen to form an interme-

F ibrinogen is one of the major proteins in the

diate form of fibrin - fibrin desA. Transformation of
fibrinogen into fibrin desA causes structural changes
in the molecule, increased mobility of individual do-
mains, and exposure of polymerization sites A [3-
5]. Due to the appearance of the latter sites, fibrin
desA is spontaneously polymerized by the face-to-
face interaction of the molecules with half-molecule
shifting and the formation of double-stranded oli-
gomers - protofibrils. Upon reaching protofibrils of
length ~ 16 monomers, they associate laterally with
the formation of fibrils. At the same time, two fi-
brinopeptides B are cleaved from the B-chains of
the molecule and exposed the B polymerization
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sites, which increase the rate of polymerization, the
branching of the fibrils and the formation of the fi-
brin clot network [6].

The rate of the fibrin clot formation and its
structure depend on many factors of the reaction
medium, primarily the pH, ionic composition and
ion concentration [7-9]. It was found that anions of
the halogen group, with the exception of the fluo-
rine anion, strongly inhibit the polymerization of
fibrin. Thus, chlorine anions specifically inhibited
the rate of lateral association of protofibrils, reduced
the thickness of the fibrin fibers by about an order
of magnitude, and changed the structure of the clot
[10]. The authors suggested that the inhibition of
the lateral association of protofibrils by the chlorine
anions was caused not only by the effect of ionic
strength but also by the stabilization of the interme-
diate forms of the polymerizing fibrin molecules.
Our task was to investigate the influence of chlorine
ions at all stages of the polymerization process of
desA and desAB forms of fibrin, namely: the rate
of fibrin formation and transformation of fibrinogen
into fibrin, the rate of formation of protofibrils and
their lateral association, the final turbidity of the fi-
brin clot. Fluoride anions were chosen as the com-
parison anions, which, as shown [10], did not affect
the polymerization of fibrin.

Materials and Methods

The next reagents NaCl, NaF, Na,HPO,,
NaH,PO,, NaOH, HCI, CaCl,, tris (three hydroxy-
methylaminomethan), HEPES (2-[4-(2-hydroxy)
piperazine-1-il)ethanesulphonic acid, tween 20,
water-soluble carbodiimide, N-hydroxysuccinimide,
Gly-Pro-Arg-Pro peptide, heparin, thrombin, apro-
tinin were purchased from Sigma. Fibrinogen was
isolated from donor plasma by salting with Na,SO,
[11]. Fibrin desAB was prepared by fibrin clot disso-
lution in acetic acid [12]. Fibrin- and fibrinogen-spe-
cific monoclonal antibodies Fnl-3¢ and 11-4d, respec-
tively, were prepared at the department of molecular
immunology of Palladin Institute of Biochemistry
of NAS of Ukraine [13, 14]. Antithrombin IIl was
isolated from the donor plasma by affinity chroma-
tography on heparin- Sepharose [15]. Reptilase-like
enzyme Ancistron H was isolated from venom of
snake Agkistrodon halys halys [16].

The effect of NaCl and NaF on fibrin polyme-
rization was determined by spectrophotometric
method by recording of light absorbance by fibrin
clot at 350 nm with spectrophotometer SF-2000 [13].
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The clot was formed in spectrophotometric cell, in
which were consistently added a 0.02 M HEPES
buffer, pH 7.4, containing NaCl or NaF at indicated
concentration, and fibrinogen to a final concentration
from 100 to 300 pg/ml. The process of polymeriza-
tion was initiated by the addition of thrombin or an-
cistron H to the indicated concentrations. The final
volume of the reaction mixture was 400 pl.

The curve of turbidity growth during the fibrin
polymerization had the following parameters: T, s —
lag period, s — represents the time of protofibrils for-
mation in seconds, the rate of protofibrils formation
was determined as V = 1/t, s*; V__ . o.u./s — maxi-
mal velocity of turbidity growth, defined as tg of
the largest inclination angle of the fibrin turbidity
growth curve at 350 nm to the abscissa, V__ rep-
resents the rate of the lateral association of protofi-
brils; H, o.u. — maximum turbidity of the fibrin clot
at 350 nm, which reflects the thickness of the fibrils
in the clot [17].

Exposure of neoantigenic determinant on fibri-
nogen molecule after cleavage of fibrinopeptides
A under the action of thrombin or ancistron H was
registered in real time using the plasmon resonance
method and a plasmon spectropolarimeter device de-
veloped and manufactured at VE Lashkaryov Insti-
tute of Semiconductors of NAS of Ukraine, and an
immunosensory chip with a covalently immobilized
fibrin-specific monoclonal antibody Fnl-3c.

The Fnl-3c monoclonal antibody was cova-
lently immobilized on the immunosensor chip using
standard chemistry of protein binding via amino
group with a pre-functionalized gold plate surface
containing carboxyl groups.

To investigate the effect of NaCl or NaF on the
in situ interaction between fibrin and mAb Fnl-3c,
fibrinogen was passed into control cell at a concen-
tration of 3-5 pg/ml in 0.02 M HEPES bufter, pH 7.4,
a given salt concentration, 0.005% tween 20, and
1 mM concentration of GPRP peptide that blocked
polymerization and supported fibrin molecules
in monomeric form. Fibrinogen was placed in the
measuring cell in the same medium at 0.05 NIH/ml
thrombin or ancistrone concentration, which initia-
ted the fibrinogen polymerization. In the figures,
each curve represents the difference in the values
of the signals between the measuring and control
cells. The increase in the magnitude of the differen-
tial signal indicated the appearance of neoantigenic
determinants on the fibrinogen molecule during its
transformation into fibrin after cleavage of fibrino-
peptides A.
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The amount of chlorine anions bound to the fi-
brin in the clot was determined using a mercurimet-
ric method of titration a solution containing chlorine
anions with a solution of divalent mercury nitric acid
[18]. The titer of nitric acid mercury was set using
0.1 M sodium chloride solution and was 0.467 N. 2%
solution of diphenylcarbazone was used as an indi-
cator. The titration was performed using a microti-
ter, the price of dividing of which was 0.166 pl. The
clot was formed in 0.02 M HEPES buffer, pH 7.4,
which contained 0.15 M NaCl, 1 mg/ml fibrinogen,
by adding thrombin to a concentration of 0.1 NIH/
ml and incubated at room temperature for 30 min.
The fibrin clot was wound on a glass rod, completely
removed with water on filter paper and transferred
to a 5 ml titration cup; 1 ml of water, 20 pl of diphe-
nylcarbazone, 50 pl of 0.1 N nitric acid were added
and titrated with a solution of 0.004 N nitric acid
mercury. Chlorine anions concentration was deter-
mined from a calibration curve constructed using a
standardized NaCl solution.

Statistical processing of the results was per-
formed using a standard statistical program in Excel.
The mean values of the parameters and their stand-
ard deviation were determined.

Results and Discussion

The influence of increasing concentrations
of NaCl and NaF on the polymerization of fibrino-
gen activated by thrombin or ancistron. The effect
of increasing concentration of chlorine and fluo-
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rine anions on the rate of individual stages of fibrin
polymerization (the rate of protofibril formation, the
rate of their lateral association, and the final clot tur-
bidity) was investigated in systems with fibrin desA
(Fg + ancistron) and fibrin desAB (Fg + thrombin).

Using the turbidimetry method, it was found
that NaCl inhibits all stages of fibrin desA and
desAB polymerization more significantly than NaF
(Fig. 1, Fig. 2). Thus, in a system with fibrin desA,
increasing the concentration of NaCl from 0.1 M to
0.225 M reduced the rate of protofibril formation by
2.3 times, the rate of lateral association of protofi-
brils by 14.3 times, and the final clot turbidity by 5.6
times (Fig. 1, A).

At the same time, NaF did not affect any stage
of polymerization of fibrin desA (Fig. 1, B). NaCl
at 0.1 M concentration more strongly inhibited all
stages of polymerization of fibrin desA compared to
0.1 M NaF by 2.6, 4.1 and 2.4 times, respectively.
Increasing the concentration of NaCl from 0.1 M
to 0.225 M, Fig. 2, A, also inhibited all stages of
polymerization of fibrin desAB: the rate of formation
of protofibrils - 6.1 times, the rate of lateral associa-
tion of protofibrils - 12.7 times, the final turbidity of
the clot - 9,8 times. NaF inhibited these polymeriza-
tion steps by 1.13, 1.09 and 1.06 times, respectively
(Fig. 2, B). Fig. 3 shows the normalized (in percent
relative to the initial values at 0.1 M salt concentra-
tion) graphs of the rate of protofibrils formation,
their lateral association and the magnitude of the
clot turbidity from increasing salt concentrations.
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Fig. 1. The effect of increasing concentrations of NaCl (A) and NaF (B) on the polymerization of fibrin formed
in the system of fibrinogen (150 ug/ml) and ancistron H (0.25 NIH/ml). The reaction was carried out in 0.02 M
HEPES buffer, pH 7.4, a given salt concentration, 0.005% tween 20. The concentrations of salts for the curves
from top to bottom are: 0.1, 0.125, 0.15, 0.175, 0.2 and 0.225 M. Each curve is an averaged curve of three in-

dependent experiments
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Fig. 2. The effect of increasing concentrations of NaCl (A) and NaF (B) on the polymerization of fibrin formed
in the system of fibrinogen (150 ug/ml) and thrombin (0.25 units NIH/ml). Salt concentrations on curves (A)
are shown from top to bottom, and curves (B) from bottom to top are: 0.1, 0.125, 0.15, 0.175, 0.2, and 0.225 M.

Each curve is averaged curve of three independent experiments

Comparison of the influence of chlorine and fluorine
anions on the magnitude of the parameters of the in-
dividual stages of polymerization of fibrin desA and
desAB indicates that chlorine anions significantly
inhibit all the stages of polymerization of both fibrin
forms with the exception of the protofibrils forma-
tion stage of fibrin desAB (Fig. 3, B). The inhibitory
influence of ionic strength of chlorine and fluorine
anions is based on the electrostatic interaction of
anions with water molecules and fibrin (fibrinogen)
molecules in solution [19]. Because fluorine anions
have a hydrated shell of 5 water molecules, their in-
teraction with protein molecules and ions is weake-
ned [20]. Chlorine anions have a very small hydrate
shell of 2 water molecules, a larger atomic radius of
1.81 A, which facilitates their interaction with func-
tional groups of proteins [21]. Anions of chlorine and
fluorine with greater efficiency inhibit the formation
of protofibrils of fibrin desAB compared with fibrin
desA, at the same time the degree of inhibition by
both anions of the rate of fibrin desAB protofibrils
formation is the same (Fig. 3, B). Chlorine anions
inhibit the rate of lateral association of protofibrils of
both fibrin forms with the highest efficiency. At the
same time, fluorine anions do not affect the rate of
lateral association of the protofibrils of fibrin desA,
however, they increase by ~ 44% the same for fibrin
desAB. Chlorine anions significantly reduce the clot
turbidity (fibril diameter [17]) of both fibrin forms
(Fig. 3, C), and disrupt the fibrillar clot structure
unlike fluorine anions, which do not affect the clot
turbidity (fibrillar structure) [9].
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The inhibitory effect of chlorine anions on the
fibrin polymerization besides the ionic strength in-
cludes an additional component that can be consid-
red as a specific inhibitory effect associated with
their ability to bind to the protein and stabilize its
structure [10]. The difference between the effects
of chlorine and fluorine anions can be considered
as the value of the specific inhibitory effect of chlo-
rine anions, which is presented for all stages of the
process of polymerization of fibrin desA and desAB
in Fig. 4. The curves in Fig. 4, A and the curve of
the lateral association of protofibrils inhibition in
Fig. 4, B are saturation curves indicating the binding
of chlorine anions to fibrin molecules. The data ob-
tained indicate that the increase in the concentration
of chlorine anions is accompanied by strong specific
inhibition of the rate of lateral association of protofi-
brils of both fibrin forms, the final turbidity of clot fi-
brin desA and a slightly lower inhibition of the stage
of protofibril formation of fibrin desAB. The effect
of chlorine anions is more pronounced on desAB fi-
brin than desA fibrin. It can be assumed that these
differences are related to different polymerization
sites involved in the polymerization process in both
fibrin forms. So, in desA fibrin, there are six pairs
of sites, namely: “A” - “a”, BBN domain (“C”) - “c”,
v350-360, y370-380, y275-300, and peptides related
to hinge regions of the molecule - Aa99-110, BB130-
150 and y70-100 [19, 22, 23]. The leading forces of
inter-sites interactions in desA fibrin are the electro-
static forces of ionic and hydrogen bonds [6, 19]. In
the desAB fibrin to the named sites are additionally
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Fig. 3. Normalized curves of the dependence of the rate of formation of protofibrils (M), lateral association
of protofibrils (B) and maximum clot turbidity (C) for fibrinogen activated by ancistron H (fibrin desA) or
thrombin (fibrin desAB) on the concentration of NaCl or NaF. The response value equal of 100% was taken at
0.1 M salt concentration. The NaF curves are indicated by light labels and NaCl by dark labels

joined the sites, involved in the lateral association of due to hydrogen and hydrophobic interactions, which
protofibrils - “B” and “b”, BB330-375 and aC regions increases the affinity of the interaction of protofi-
of the molecule [3, 19, 23]. These sites interact main- brils fibrin desAB with each other and reduces the
ly at the stage of the lateral association of protofibrils inhibitory effect of chlorine anions. This leads to a
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Fig. 4. The dependence of the level of specific inhibition by chlorine anions of the individual stages of po-
lymerization of fibrin desA (A) and desAB (B), which are presented as the difference between the values of
inhibition of the stages of polymerization of fibrin with NaF and NaCl salts. Beet color indicates the curves
of inhibition of the rate of formation of protofibrils, orange - the rate of the lateral association of protofibrils,
light green - curves of inhibition of the maximum turbidity of the clots

decrease in clot turbidity by reducing the thickness
of the fibrils (formally increasing the inhibition) and
increasing their number (forming thin gels) [10].

It is important to note that fluorine ions
differently inhibit the polymerization of desA and
desAB forms of fibrin. They have almost no effect
on the stage of polymerization of fibrin desA, Fig. 3,
and show the opposite directed action at the stage
of fibrin desAB protofibrils formation and their
lateral association (Fig. 4, B). Taking into account
that the hydration shell of fluorine ions has 5 water
molecules, at an anion concentration of 0.225 M, the
concentration of hydration water in the solution will
be 1125 M, and, given the hydration water of the
Na cations, about 2.25 M of all water in the solu-
tion. Since the formation of the desAB form of fibrin
is also accompanied by significant binding of water
to its molecule (about 0.1 g of H,O per 1 g of pro-
tein [24]), or 1800 water molecules per 1 molecule
of fibrin, it can be assumed that the change of wa-
ter structure under the action of anions fluoride and
increasing the hydrate layer of the fibrin molecule
desAB may lead, on the one hand, to a greater inhi-
bition of the rate of formation of protofibrils, and, on
the other, to an increase in the clot turbidity during
the polymerization of desAB form of fibrin.

Thus, we assume that inhibition of fibrin po-
lymerization by chlorine anions is due to the effect
of ionic strength and the specific inhibitory effect
caused by the binding of chlorine ions to the fibrin
molecule, primarily at the loci that enter the polyme-
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rization sites of the molecule. Fluorine anions affect
the fibrin polymerization, apparently also by influen-
cing the structure of water in the reaction medium.
Comparative analysis of the rate of fibrin for-
mation from thrombin-activated fibrinogen in the
presence of NaCl or NaF. It is established that the
enzyme activity and specificity of thrombin are
regulated by Na ions. Because chlorine and fluorine
anions have different effects on fibrin polymeriza-
tion, it was important to find out their effect on the
enzymatic stage of fibrin polymerization, namely
their effect on the rate of fibrin formation reaction.
For this purpose, a clot was formed in 0.02 M
HEPES buffer, pH 7.4, containing 0.15 M NaCl or
NaF, 0.3 mg/ml fibrin or fibrinogen activated with
0.1 NIH/ml thrombin, and 2 mM iodine acetic acid
as an inhibitor of factor Xllla (Fig. 5). Comparison
of the effect of chlorine and fluorine anions on the
polymerization of monomeric fibrin desAB and
thrombin activated fibrinogen indicates a more pro-
nounced effect on fibrin polymerization than that of
thrombin activated fibrinogen (Fig. 5). This can be
explained by the fact that the preparation of the solu-
ble fibrin desAB is in acetic acid, pH 4.1, and the
structure of the fibrin molecule is partially denatured
[8]. Transfer of fibrin to HEPES buffer, pH 7.4, in-
duces refolding of disordered fibrin domains first of
all aC-regions and BBN-domains. This is supported
by the lengthening of the lag-period of the fibrin
polymerization reaction, compared to that in the fi-
brinogen + thrombin system. In this case, chlorine
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Fig. 5. Effect of chlorine anions and fluorine anions on fibrin polymerization in the monomeric fibrin system
desAB (A) and thrombin-activated fibrinogen (B). Each curve represents the averaged curve of 4 independent

experiments

anions exhibit a much greater inhibitory effect on the
process of native fibrin structure refolding compared
to fluorine anions (Fig. 5, A).

To determine the rate of formation of fibrin in
the process of fibrinogen polymerization, activated
by thrombin, we used the method of determina-
tion of fibrinogen in blood plasma, developed in the
laboratory of Academician V. O. Belitzer [25]. Two
points were selected on thrombin-activated fibri-
nogen polymerization curves (Fig. 5, B) at 384 s
for chlorine anions and 360 s for fluorine anions, at
which the polymerization reaction was stopped by
adding to the clot ATIII to a concentration of 3 pg/
ml in a mixture with excess heparin to stop the acti-
vation of fibrinogen activation by thrombin.

At the same time, the clots were wound on
glass rods, washed and dissolved in 1 ml of 0.2%
acetic acid, and their absorbance and the absorbance
of the incubation medium after removal of the clot
(“supernatant™) at 280 and 350 nm were determined
(Table).

Determination of the amount of fibrin formed in the
fibrin clot in the reaction medium in the fibrinogen
+ thrombin system in the presence of NaF and NaCl
respectively at 360 and 384 s (n = 4)

‘ NaF, pg/ml ‘ NaCl, pg/ml

Fibrin clot 1580x47 166.0+50
Fg in “supernatant” 113.0+57  113.0+8.9
Total 271.0+£111 280.0x+95

Based on these data, the average rate of fibrin
formation in the presence of chlorine and fluorine
anions was calculated, which was 0.44 + 0.01 and
0.43 + 0.01 ug/s, respectively (n = 4). These results
are consistent with those obtained by DiCera [26],
who showed for NaF and NaCl salts that in the con-
centration range from 50 to 800 mM, the rate of
cleavage of fibrinopeptides A and B from fibrino-
gen and fibrin desA varied equally depending on the
change in salt concentration.

Thus, the rate of fibrin desAB formation is
equally dependent on the concentration of NaF or
NaCl in the reaction medium and the enzymatic
stage does not contribute to different degrees of inhi-
bition of the rate of fibrin polymerization reaction by
these salts. On the other hand, these data support the
notion that in the concentration range of 0.1-0.225 M
chlorine anions regulate the fibrillar structure of the
clot by inhibiting the rate of fibrin polymerization,
(Fig. 5) [20].

Determination of chlorine anion content in
the fibrin clot formed in the Fg + thrombin system.
The amount of chlorine anions bound to the fibrin
in the clot was determined using a mercurimetric
method of titrating a solution containing chlorine
anions with a solution of divalent mercury nitric
acid [18], (see Materials and Methods). The amount
of fibrin clot bound chlorine anions was found to be
6.7 + 0.21 pg, which was 195 of micromoles. Taking
into account that the amount of fibrin in the fibrin
clot was 2.94 of micromoles, the number of chlorine
atoms per 1 molecule of fibrin was 66.
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As shown by X-ray structural studies, con-
tact zones important for the interaction of fibrin
molecules in the process of polymerization contain
polypeptide loops [3, 4, 22]. X-ray analysis of the
glu-plasminogen molecule revealed 4 chlorine at-
oms involved in maintaining its inter-domain con-
tacts [27]. Chlorine anion atoms in glu-plasminogen
interact with positively charged functional groups of
the amino acid side radicals (lysine, arginine, his-
tidine), which are part of the loops of adjacent do-
mains. Taking into account that the number of po-
lymerization sites and contact zones important for
polymer fibrin formation is 20 per fibrin molecule,
the number of chlorine anions bound to the molecule

in the fibrin clot is sufficient for the specific inhibi-
tory function. Given that the square of the fibrinogen
molecule surface is ~ 2054 nm? and the diameter of
chlorine anion is 0.36 nm, we can assume the high
selectivity of bonding of chlorine atoms to the fibrin
clot.

Effect of chlorine and fluorine anions on the
exposure of neoantigenic determinants (NAD) in
the 119-135 region of the Bf-chain of the fibrinogen
molecule. It has been shown previously that cleava-
ge of fibrinopeptide A from fibrinogen causes con-
formational changes in the 119-135 region of the
B-chain of fibrinogen during its transformation into
fibrins that are detected by the fibrin-specific mono-
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Fig. 6. SPR analysis of the binding of monomeric fibrin desAB (3 ug/ml) (A) and fibrin desAB (B) formed in
situ in the Fg + Thr system (3 ug/ml + 0.1 NIH/ml), with mAT Fnl -3¢, immobilized on a chip, in the presence
of I mM GPRP, 0.15 M NaF or 0.15 M NaCl. The graph (C) shows the binding of fibrin desAB formed in situ in
the Fg + Thr system (3 ug/ml + 0.1 NIH/ml) with Fnl-3¢c mAb immobilized on a chip in the presence of 1 mM
GPRP and 0.225 M NaF or NaCl. In all graph, the action of NaCl is represented by the lower curve and the

action by NaF by the upper curve

34



L. V. Pyrogova, G. K. Bereznitsky, G. K. Gogolinskaya et al.

clonal antibody Fnl-3c. In order to determine how
the presence of chlorine and fluorine anions in the
polymerization reaction medium will affect the rate
of structural changes in the monomer molecule the
fibrin desAB formed in situ in the Fg + thrombin
system, the effect of chlorine and fluorine anions on
the rate of binding of the monomeric fibrin des-AB
to immobilized on the immunosensor chip of monat
I-3c was analyzed by the surface plasmon resonance
method, Fig. 6, A, B, C. To retain in situ fibrin des-
AB in the monomeric state, a GPRP peptide was
added to the Fg + Thr system to 1 mM concentra-
tion.

Initially, we compared the binding of fibrin
desAB monomer, having a NAD formed, with a
mAD 1-3c immobilized on an immunosensory chip
in the presence of NaCl and NaF at a concentration
of 0.15 M each. It was found that NaCl inhibits the
binding rate of fibrin desAB to mAT Fnl-3c by 2.13
times greater than 0.15 M NaF (Fig. 6, A). At the
same time, the monomeric fibrin desAB formed in
situ in the Fg + Thr system binds to mAT Fnlc-3c in
the presence of 0.15 NaCl 5.1 times slower than in
the presence of 0.15 M NaF (Fig. 6, B).

Comparing the binding rate of the monomeric
fibrin desAB formed in situ in the Fg + Thr system
with the mADb I-3c in the presence of 0.225 M NaCl
and 0.225 M NaF, we found that it was 21.4 times
lower in the presence of 0.225 M NaCl (Fig. 6, B).
This magnitude of inhibition of fibrin desAB binding
is 1.73 times greater than that of the rate of the lateral
association of fibrin desAB, which is formed in situ
under the same conditions (Fig. 3), and correlates
with the increase in chlorine anion concentration.
These data can be regarded as evidence of inhibition
by chlorine anions of the NAD exposure in the 119-
135 fragment of the BB-chain of the hinge region of
the monomeric fibrin desAB molecule.

If by the turbidimetric method we record the
rate of formation and interaction of protofibrils in
the process of fibril formation and the influence on
these processes of chlorine and fluorine anions, then
the SPR analysis allows us to estimate the rate of
structural changes in a single fibrin molecule, which
is accompanied by inhibition of the rate of NAD ex-
posure and observed as inhibition of rate of fibrin
desAB binding to monAT 1-3c in the SPR analysis.
It is known that chlorine anions bind to proteins,
what stabilizes their structure [20, 27]. Doolittle [3]
noted in the Fg molecule the mobility of D-domains
in the plane of the molecule by 15° each side, and in

the perpendicular plane to it - by 30°. In his opinion,
such mobility provides the required rate of yC-yC
contacts of the primary sites of the lateral associa-
tion [22]. Inhibition of motility in the hinge region of
chlorine anion can lead to inhibition of the lateral as-
sociation of protofibrils and polymerization of fibrin.

Thus, the data obtained indicate that blocking
by chlorine anions of the conformational rearrange-
ment in the process of transformation of a fibrinogen
molecule into fibrin and subsequent interactions of
the polymerization sites may be one of the important
factors of inhibition of both the process of formation
of protofibrils and their lateral association, which
leads to a slowdown in the formation of polymeric
fibrin and the blood clot as a whole.
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MOPIBHAJBbHUM AHAJII3 BILJIUBY
AHIOHIB XJIOPY I ®TOPY HA
HOJIMEPU3ALIIO ®IBPUHY
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Jocnimxeno BruB coneit NaCl 1 NaF B mexkax
0,1-0,225 M KoHIIEHTpaIiii Ha OKpeMi cTamii mo-
miMepu3sartii ¢pioprHy, a caMe: MBUAKICTh aKTHBAITIT
(hibpuHOTEHY TPOMOIHOM, MIBHUIKICTH (OpMyBaH-
Hs TIpoTo(iOprUI, MBUAKICTE JaTepaabHOI acolria-
1ii mpoTodiOpruT 1 BEMUUYNHY MaKCHMAaJIBHOTO TIO-
mIMHAHHS 3rycTKy npu 350 HM. BeTanoBieHo, mo
aHIOHU XJIOPY OTHAKOBO TaJbMYIOTH IIBUIKICTH
yTBOpeHHsI (iOpuHy i3 QiOpuHOrEeHy i hopMyBaH-
Hs mpotodiopm 3a mii TpoMOiny. Ilokaszamo, 1m0
aHIOHU XJIOPY 3HAYHO ¢(PEKTUBHIIIE aHIOHIB (PTOPY
IHT10YIOTH IMIBUIKICTH JIATEPAIHHOI acomiarii i Mak-
CHMaJIbHE TIOTJIMHAHHS 3TYCTKiB 13 (piOpuHy desA
Ta desAB. bymo BuU3HAYEHO KOMIIOHEHTY iHTIOY-
BAJIBHOI i1 aHIOHIB XJIOPY, HE IOB’I3aHO1 3 I0HHOIO
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CHJIOIO PO3UMHY, 1 MOKa3zaHO il BIUIMB Ha OKpeMi
ctaaii moniMepu3sanii. 3HalieHO, 110 aHIOHU XJIOPY
3B’SI3YIOThCA 3 (JIOPHHOBUM 3TyCTKOM. I3 BHKOpHC-
TaHHSIM METOAY NMOBEPXHEBOTO TJIA3MOHHOTO PE30-
HaHcy 1 GiopuHcnenudiynoro MoHAT Fnl-3c BcTa-
HOBJIEHO, 1110 IIBUAKICTH €KCIIO3ULIIT HEOAHTUT€HHOL
nerepMmiHanT MOHAT B miapHipHUX perioHax Mo-
y ¢i0puH 3a aii TPOMOIHY TalIbMy€ThCSl aHIOHAMH
XJIOpPY B KOpeJslii 3 TaJbMyBaHHSM IIBUIKOCTI
narepaibHOi acomianii mpoTodidpui. Bucnosneno
MPUITYLICHHS, 0 iHTi0yBajbHA Jis aHIOHIB XJIOPY
CKJIAJA€THCS 3 I0HHOI KOMIIOHEHTH 1 3 KOMIIOHEHTH,
0 0JIoKye KOH(OPMAIIHHY PYXJIUBICTh MOJICKYJTH
LUISIXOM 3B’S13yBaHHS 3 11 LIapHIPHUMU JiTSTHKAMHU 1
caifTamu noximMepu3anii.

KnmoduoBi caoBa: ¢idpuHorex, ¢hiopuH,
roJIiMepu3allisi, aHiOHH XJI0py 1 propy.
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