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PLASMINOGEN FRAGMENTS K 1-3 AND K 5 BIND
TO DIFFERENT SITES IN FIBRIN FRAGMENT DD
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Specific plasminogen-binding sites of fibrin molecule are located in Aa148-160 regions of C-terminal
domains. Plasminogen interaction with these sites initiates the activation process of proenzyme and
subsequent fibrin lysis. In this study we investigated the binding of plasminogen fragments K 1-3 and K 5 with
fibrin fragment DD and their effect on Glu-plasminogen interaction with DD. It was shown that the level of
Glu-plasminogen binding to fibrin fragment DD is decreased by 50-60% in the presence of K 1-3 and K 5.
Fragments K 1-3 and K 5 have high affinity to fibrin fragment DD (K is 0.02 for K 1-3 and 0.054 uM for K 5). K
5 interaction is independent and K 1-3 is partly dependent on C-terminal lysine residues. K 1-3 interacts with
complex of fragment DD-immobilized K 5 as well as K 5 with complex of fragment DD-immobilized K 1-3.
The plasminogen fragments do not displace each other from binding sites located in fibrin fragment DD, but
can compete for the interaction. The results indicate that fibrin fragment DD contains different binding sites
for plasminogen kringle fragments K 1-3 and K 5, which can be located close to each other. The role of amino
acid residues of fibrin molecule Aa148-160 region in interaction with fragments K 1-3 and K 5 is discussed.
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provides its activation on fibrin clot surface,

selectivity of fibrin lysis by newly formed
plasmin and enzyme protection from plasma inhibi-
tor a2-antiplasmin. Plasminogen kringle domains
ensure the intermolecular interactions [1, 2]. These
domains contain lysine-binding sites (LBS) with dif-
ferent affinity to w-amino carbonic acids and their
analogs [3]. Kringles 1-3 and 4 have high affinity to
g-aminocaproic acid (e-ACA) and C-terminal lysine
residues, while kringle 5 has low affinity to e-ACA
and high affinity to lysine and arginine side chains
[4, 5].

Glu-plasminogen is a native form of plasmino-
gen that circulates in blood plasma. Glutamic acid is
NH,-terminal amino acid. Free Glu-plasminogen in
solution has closed compact conformation suppor-
ted by intramolecular interactions of NH_-terminal
peptide and kringle domains. Limited proteolysis by
plasmin results in NH_-terminal peptide cleavage
and formation opened form Lys-plasminogen. LBS
are exposed in this conformation and can interact
with ligands [6]. Lys-plasminogen does not exist in
blood circulation but can be formed on cell surface
[7] or fibrin clot during dissolution [8].

P lasminogen interaction with polymeric fibrin
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Glu- and Lys-plasminogen differ by affinity to
fibrin (K, is 5 and 40 pM respectively) [9]. 1.0 mole
of fibrin binds 0.05 mole of Glu- and 0.5 mole of
Lys-plasminogen. Glu-plasminogen associates with
fibrin by kringle 5 LBS [11], while Lys-plasminogen
by kringle 1 [12]. All the plasminogen fragments
contained kringle domains (kringles 1-3, kringle
4 and mini-plassminogen or Val442-plasminogen)
which interact with fibrin [12].

It is known that the plasminogen binding sites
are located in peripheral D-domains of fibrin(ogen)
molecule [13, 14]. They are disposed in Aa-chains
regions encompasses Aal48-160 sequence [15].
Plasminogen-binding sites are hidden in fibrino-
gen molecule and exposed in polymeric fibrin [16].
Plasminogen interaction with the sites induces pro-
enzyme activation on fibrin clot surface [17, 18].
Meanwhile, it is not clear which of plasminogen
kringle domains is responsible for the interaction
with Aal48-160 region.

Synthetic peptide with sequence identical with
A0148-160 of human fibrinogen accelerate the plas-
minogen activation by tissue-type activator and do
not effect mini-plasminogen activation [19]. Fibrin
and purified CNBr-fragment of fibrinogen FCB-2,
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which contains the Aal148-160 sequence, potentiate
the activation process in much lower concentration
than the peptide [19]. These findings show that ami-
no acid residues outside the Aa148-160 region can
be involved in plasminogen binding and potentiation
ability of fibrin and FCB-2 fragment.

In the present study, we investigated whether
fibrin fragment DD contains separate binding sites
for different kringle domains.

Materials and Methods

Plasminogen with an amino-terminal glutamic
acid residue (Glu-plasminogen) was prepared from
citrate donor plasma using the Lysine-sepharose 4B
affinity chromatography (Sigma, USA) [20].

Plasminogen fragments K 1-3 and mini-plas-
minogen were obtained using limited proteolysis of
plasminogen by porcine pancreatic elastase (Sigma,
USA) with subsequent size-exclusion chromatogra-
phy using the Toyopearl HW-50 Fine Grade (TOYO
SODA Manufacturing Co., Ltd., Japan) and affinity
chromatography using the Lysine-sepharose 4B (Sig-
ma, USA). Fragment K 5 was obtained using limited
proteolysis of mini-plasminogen by pepsine (Sigma,
USA) and subsequent affinity chromatography using
the AH-Sepharose as described [21].

Fragments K 1-3 and K 5 were used for rab-
bit immunization. Monospecific antibodies against
K 1-3 and K 5 plasminogen fragments were purified
from blood serum by affinity chromatography using
K 1-3- and K 5-Sepharose, respectively [23, 24].

Fibrinogen was purified from human plasma by
fractionation with sodium sulfate [24].

desAB-fibrin was obtained by dissolving
the thrombin fibrin clot formed in the presence of
50 mM eg-aminocaproic acid (e-ACA) and sodium
parahydroxy mercury benzoate (0.35 mg/ml) in
20 mM acetic acid as described elsewhere [25].

Cross-linked fibrin was obtained by thrombin-
induced fibrinogen polymerization (2 NIH of throm-
bin per 1 mg of fibrinogen) in the presence of calci-
um ions (0.25 M) at 25 °C during 4 h. Concentration
of fibrinogen was 16 mg/ml.

Plasmin was prepared by activation of Glu-
plasminogen with urokinase (HS medac, Germa-
ny), immobilized to BrCN-activated Sepharose 4B.
Proenzyme in the amount of 1 mg was incubated
with 0.5 ml of urokinase-sepharose gel (1250 1U/
ml) during 1 h at 37 °C in 0.05 M sodium-phosphate
buffer, pH 7.4 with 25% glycerol. Plasmin was stored
in 0.05 M sodium-phosphate buffer, pH 7.4 with

50% glycerol at -20°C. Activation efficiency was
evaluated by plasmin caseinolytic and amidolytic
activity and PAGE with SDS in the presence of 2%
-mercaptoethanol.

Fibrin fragment DD was prepared from plas-
min digest of human cross-linked fibrin. Digestion
was performed in 0.05 M tris buffer with 0.15 M
NaCl (pH 7.4) during 16 h at 25 °C, concentration of
plasmin was 0.2 CU/ml (caseinolytic units per 1 ml).
Reaction was inhibited by 1000 KIU (kallicrein-
inhibiting units) aprotinin (Merckle, GmbH) per
1 ml of reactive solution with g-aminocaproic acid
(e-ACA) and EDTA in final concentrations 20 mM.
Dialysis of digest was performed in 10 mM PBS H
6.0 with 10 KIU/ml aprotinin, 20 mM &-ACA and
20 mM EDTA at 4 °C. Fragment DD was purified
by ion-exchange chromatography on CM-Sephadex
G-50. Fragment DD was eluted by 20 mM PBS with
300 mM NaCl (pH 7,6) and then dialyzed in 0.05 M
Tris buffer solution with 0.15 M NaCl (pH 7.4) at
4°C.

Carboxypeptidase B treatment of fragment DD
was performed in 0.1 M TBS, pH 8.1 during 30 min
at 37 °C in mass ratio protein to enzyme 20 : 1. Di-
gest was then dialyzed against 0.01 M sodium-phos-
phate buffer solution pH 7.4 containing 0.15 NaCl.

Effect of desAB-fibrin or fibrin fragment DD
on t-PA-mediated plasminogen activation was evalu-
ated by amidolytic activity assay of newly formed
plasmin, which cleaves chromogenic substrate S2251
(H-D-valyl-L-leucil-L-lysil-p-nitroanilyde). The re-
action mixture contained 0.22 pM Glu-plasminogen,
0.09 nM t-PA (Actylise, Boehringer Ingelheim, Ger-
many), 0.3 mM S2251 and 0.22 uM desAB-fibrin or
fibrin fragment DD in 0.05 M Tris buffer solution,
pH 7.4 with 0.15 M NaCl and 0.05% Tween 20. The
assay was performed in 96-wells plate at 37 °C. The
amidolytic activity was determined by measurement
of the absorbance at 405 nm using Titertek Multi-
scan MC 96-well plate reader.

Binding assay was performed using avidin-
biotin system (Sigma, USA). The wells of high
binding polysterene microtitrate plates (Nunc Maxi-
Sorp) were coated with 1 pg protein (fibrin fragment
DD or plasminogen fragments) in 0.1 ml of 0.01 M
sodium-phosphate buffer solution (pH 7.4) with
0.15 M NacCl at 4 °C overnight. After binding the
excess of proteins was removed by washing buffer
with 0.1% Tween 20. To avoid nonspecific sorption,
2% BSA was pippeted into the plate wells, incubated
for 2 h at 37 °C and washed out. Another protein
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(Glu-plasminogen, plasminogen fragments or fibrin
fragment DD) was biotin-labeled in accordance to
[26]. After washing procedures, bound proteins in
each well were incubated with 0.1 ml of biotinylated
protein for 20 h at 4 °C and washed out. Then 0.1 ml
avidin-phosphatase (prepared as manufacturer reco-
mmends) was added into the wells and washed out
after 30 min incubation. The 0.1 ml alkaline phos-
phatase substrate (1 mg/ml p-nitrophenyl phosphate
in 10% diethanolamine, pH 9.8) was pippeted in the
wells and incubated for 1 hour at 37 °C. Binding of
biotin labeled proteins with fragments immobilized
on well surface was estimated by measurement of
p-nitrophenol absorbance level at 405 nm using Ti-
tertek Multiscan reader.

In several experiments plasminogen fragments
binding to fibrin fragment DD was estimated using
polyclonal monospecific antibodies against them.

Dissociation constant K, of protein-protein
complexes formation was calculated using plots of
concentration/level of ligand binding to immobilized
protein relation in accordance to equation:

A=A_ 1 +K/L)),

max

where A is a p-nitrophenol absorbtion level that is
proportional to bound ligand amount on a linear sec-
tion of curve; A _ is an absorption at ligand satu-
rated concentration; [L] is a molar concentration of
ligand at A; K is a dissociation constant [27].

The investigation of different binding sites for
different plasminogen kringle domains presence
in fibrin fragment DD was performed using bisite
enzyme-linked solid-phase immunoassay (ELISA).
K 1-3 or K 5 were immobilized on high sorption
microplate wells (0.1 ml of 10 pg/ml fragments in
0.01 M PBS, pH 7.4, with 0.15 M NaCl). To avoid
nonspecific sorption wells were incubated with 2%
BSA. Fibrin fragment DD solution (1 pg in 0.1 ml
of working buffer) was added into wells with im-
mobilized protein. Procedure was performed as de-
scribed above, after each step plates were washed
by working buffer with 0.05% Tween 20. Than K
1-3 and K 5 were added into the wells coated with
complex of fragment DD and immobilized K 5 and
K 1-3, respectively. Concentration of added frag-
ments was in 1.25-50 pg range. Incubation lasted
2 h at 37 °C. After washing procedure, plates were
incubated with 0.1 ml of 5 pug/ml rabbit polyclonal
monospecific antibodies against K 1-3 and K 5,
respectively, in working buffer with 0.05% Tween
20 during 1 h at 37 °C. On the next step wells were
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incubated with 0.1 ml of alkaline-phosphatase con-
jugated anti-rabbit IgG (Sigma, USA) during 1 h at
37 °C. Than alkaline phosphatase substrate (1 mg/
ml p-nitrophenyl phosphate in 10% diethanolamine,
pH 9.8) was pippeted in the wells and incubated for
1 h at 37 °C. Binding of proteins with complexes
immobilized on the well surface was estimated by
measurement of p-nitrophenol absorbance level at
405 nm using Titertek Multiscan reader.

As control the level of nonspecific binding of
kringle fragments with BSA and anti-K 1-3 antibo-
dies with immobilized K 5, as well as anti-K 5 an-
tibodies with immobilized K 1-3, was estimated. In
all cases E, , ,,, was lower than 0.1. Fibrin fragment
DD ability to bind with K 1-3 and K 5 immobilized
on microplate surface was demonstrated in control
experiments using biotinylated DD.

All proteins were tested for homogeneity by 8
to 12% SDS-PAGE. Glu-plasminogen and plasmin
purity was tested by PAGE in acidic conditions.

Protein concentrations were calculated by
measurement of the absorbance at 280 and 320 nm
using E,, **" and molecular weights.

Statistical analysis of the data was performed
using “MSO Excel 2007” program and “Ascent Soft-
ware” microreader program. P-value of obtained
data was lower than 5%. Kinetic curves demonstra-
ted below are typical of repeated experiment series
(three and more in each series).

Results and Discussion

desAB-fibrin and fibrinogen/fibrin frag-
ments contain plasminogen and tissue-type acti-
vator binding sites and have accelerating effect on
Glu-plasminogen activation by t-PA [17, 18]. Fibrin
fragment DD obtained from plasmin hydrolysate
of fXIIla cross-linked fibrin also can potentiate the
plasminogen activation process (Fig. 1). The rate of
plasmin formation in fragment DD and desAB-fibrin
mediated activation was the same at 1 : 1 molar ratio
of plasminogen to stimulator. This result meant that
plasminogen and t-PA interaction sites are exposed
in the studied fragment.

To study the plasminogen kringle domains in-
volvement in the interaction with fibrin fragment
DD we investigated the effect of proenzyme kringle-
containing fragments on biotin-labeled Glu-plasmi-
nogen binding to immobilized on plate wells fibrin
fragment DD. Concentration of Glu-plasminogen
and fragment DD in the reaction medium was 0.25
and 0.05 uM, respectively. At this concentration ratio
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Fig. 1. Glu-plasminogen activation by t-PA in the
presence of desAB-fibrin and fibrin fragment DD. Ki-
netic curves were typical of three experiment series

plasminogen saturates the binding sites in DD mole-
cule, and proenzyme binding level is maximum [29].
Simultaneous addition of kringle-containing frag-
ments K 1-3 and K 5 with Glu-plasminogen (molar
ratio fragment/proenzyme was 1, 1.25, 5 and 10) into
reaction decreased plasminogen binding level with
fibrin fragment DD (Fig. 2). Five-fold molar excess
of fragments was most effective and binding level
was lowered to 62 and 57% in the presence of K 1-3
and K 5. This effect of kringle fragments indicates
their involvement in Glu-plasminogen interaction
with fibrin fragment DD.

The possible reason of plasminogen molecule
K 1-3 involvement in fibrin fragment DD binding
is a conformational change of proenzyme from
native form to similar to Lys-plasminogen form,
which occurs during the interaction. The change of
plasminogen conformation leads to exposition of
K 1-3 ligand-binding sites and their accessibility for
protein-protein interactions. As previously demon-
strated, Glu-plasminogen acquires the Lys-plasmi-
nogen-like properties during interaction with partly
hydrolysed fibrin [30] and fibrinogen fragments X
and E [31], which contain C-terminal lysine residues.
This data suggested conformational changes in pro-
enzyme molecule.

In the next set of experiments using polyclonal
monospecific antibodies against plasminogen frag-
ments K 1-3 and K 5 or their biotinylated derivatives
we showed the binding of isolated fragments K 1-3
and K 5 to immobilized fibrin fragment DD. Both
of approaches provide the same data. Fig. 3 demon-
strates the relation between biotin-libeled fragments

K 1-3 and K 5 binding to fragment DD and their con-
centration. Concentration increase of both fragments
results in saturation of binding sites in fibrin frag-
ment DD. K, for K 1-3 was 0.02 uM and 0.054 pM
for K 5. Thus both of fragments have high affinity
to fibrin fragment DD and K 1-3 affinity is higher
than of K 5.

Plasmin catalyzes hydrolytic cleavage of pep-
tide bond formed by lysine and arginine carboxyl
group and, as a result, these amino acid residues be-
come C-terminal residues of substrate fragments of
polypeptide chains. The endpoint products of fXIIIa
cross-linked fibrin hydrolysis are fragments E and
DD. Fragment E contains lysine residues on all six
polypeptide chains C-termini. Fragment DD con-
tains two C-terminal lysine residues in each a-chain
after fibrin aC-domains removal. C-terminal lysine
residues meet structural requirement of kringle 1
LBS, which is a structural part of fragment K 1-3.
Therefore we assessed the role of C-terminal lysine
residues in plasminogen fragments K 1-3 and K 5
interaction with fibrin fragment DD. For this reason,
we used carboxypeptidase B-treated fragment DD.
Carboxypeptidase B is a metal-dependent proteina-
se, which catalyze specific peptide cleavage and re-
moval of positive-charged C-terminal amino acids,
such as lysine or arginine. Carboxypeptidase B treat-
ment was performed at 1/20 enzyme/substrate mass
ratio. Previously we have shown that carboxypepti-
dase B-treated (mass ratio was 1/50) early fibrinogen
fragment EE completely loses its ability to potentiate
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0.4 K5
0.2
0
0 2 4 6 8 10

Molar ratio kringl fragment/Glu-plasminogen

Fig. 2. Effect of plasminogen fragments K 1-3 and
K 5 on Glu-plasminogen binding with fibrin frag-
ment DD. Fragment DD was immobilized on high-
binding microplate surface. Glu-plasminogen was
biotinylated
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Fig. 3. Binding of kringle fragments K 1-3 and K 5 to fibrin fragment DD. Fragment DD was immobilized on
high-binding microplate surface. Kringle fragments were biotinylated

Glu-plasminogen activation by tissue-type activator
[28]. Fibrin fragment DDE also loses the potentiation
ability after carboxypeptidase B treatment at much
lower enzyme/substrate mass ratio [32].

Fig. 4 demonstrates the interaction levels of
fragments K 1-3 and K 5 with immobilized fragment
DD before and after C-terminal lysines removal.
Concentrations of kringle fragments and fibrin frag-
ment DD were 0.5 and 0.05 pM, respectively. The
level of K 5 binding with fragment DD was change-
less, while K 1-3 binding with carboxypeptidase
B-treated DD was 25% lower than with untreated.
Thus, we conclude that K 5 binding to fibrin frag-
ment DD is C-terminal lysine-independent process,
whereas in K 1-3 binding these amino acid residues
are involved but are not critical.

To find out whether different binding sites for
plasminogen fragments K 1-3 and K 5 are in fibrin
fragment DD we used the bisite ELISA approach. At
the first step fragment DD complexes were formed
with immobilized K 1-3 and K 5 at saturation of
kringle fragment binding sites in DD. Molar ratio of
added fragment DD to immobilized K 1-3 and K 5
was 1/5 and 1/14, respectively. On the next stage,
we assessed the triple complex formation. For this
reason, we analyzed the K 1-3 binding to K 5-DD
complex and K 5 binding to K 1-3-DD complex on
added plasminogen fragments concentration using
polyclonal monospesific antibodies.

K 1-3 and K 5 binding to fibrin fragment DD
adsorbed on immobilized K 5 and K 1-3, respective-
ly, is concentration-dependent (Fig. 5). Meanwhile
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K 1-3 affinity is next-higher order than K 5. K, value
is 0.01 pM for K 1-3 and 0.2 uM for K 5. This re-
sult supports the hypothesis that fibrin fragment DD
contains individual sites for plasminogen fragments
K 1-3 and K 5 binding. Similar dissociation constant
values of K 1-3 binding with immobilized fragment
DD and fragment DD adsorbed on immobilized K 5
suggests that K 1-3-binding sites in both cases are
identically exposed. In contrast, K 5 affinity to frag-
ment DD complex with immobilized K 1-3 fragment
is lower than its affinity to immobilized DD. The
probable reason is the occupation or partial shielding
by K 1-3 some of K 5 binding sites.

0.8 7 1
2
06 7
T g 2

%0.4
Luﬂ'

0.2

0

K 1-3 K5

Fig. 4. Fragment K 1-3 and K 5 binding to fibrin
fragment DD before (1) and after (2) carboxypepti-
dase B treatment. Plasminogen fragments binding
was monitored using anti-K 1-3 and anti-K 5 poly-
clonal monospecific antibodies
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Fig. 5. Binding of kringle fragments K 1-3 and K 5 to complexes between fibrin fragment DD and immobilized
K 5 and K 1-3, respectively. The binding level was detected using polyclonal monospecific antibodies against

each fragment

Since both of plasminogen fragments can si-
multaneously bind to fibrin fragment DD, we next
sought the ability of K 1-3 and K 5 to displace each
other from binding sites. Biotinylated fragments
K 1-3 and K 5 were bound to immobilized DD as
described above. After removal of non-bound pro-
teins non-labeled K 5 and K 1-3 were added into the
wells with K 1-3 and K 5, respectively, adsorbed on
immobilized fragment DD, and incubated for 2 h at
37 °C. Fig. 6 shows that addition of K 1-3 and K 5
in the concentration range 1.25-25 pg/ml does not
change the amount of DD-bound biotin-labeled K 5
and K 1-3 respectively. Thus, kringle-containing
plasminogen fragments do not displace each other
from fibrin fragment DD.
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This data confirms the above results (Fig. 5)
and supports the hypothesis that fibrin fragment DD
contains individual sites for plasminogen fragments
K 1-3 and K 5 binding.

In contrast, in the presence of one non-labeled
kringle fragment (K 1-3 or K 5) the binding of other
biotin-labeled kringle fragment (K 5 or K 1-3, re-
spectively) with immobilized fibrin fragment DD
was decreased in non-labeled protein concentration-
dependent manner (Fig. 7). This indicates that kring-
le fragments of plasminogen compete for the binding
sites in fibrin fragment DD.

K 1-3 binding level in the presence of K 5 in
saturating concentrations was lowered to 50%, while
K 5 binding in the presence of K 1-3 in saturating

100 .=.=T_§=
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60 -
40 -

Binding level, %

20 -
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0 5 10
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15 20 25

Kringle fragment, ug/ml

Fig. 6. Effect of different concentration of K 5 (1) and K 1-3 (2) on the amount of biotinylated K 1-3 and K 5,
respectively which are bound to fragment DD. Fragment DD was immobilized on high-binding microplate
surface. Level of kringle fragments binding to DD without effectors was taken as 100%
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Fig. 7. Binding of biotinylated kringle fragments K 1-3 (1) and K 5 (2) with fibrin fragment DD in the presence
of K 5 and K 1-3, respectively. Fragment DD was immobilized on high-binding microplate surface. The level
of kringle fragments binding to DD without effectors was taken as 100%

concentrations was decreased to 40%. C, value for
K 1315 0.07 pM and for K 5 is 0.13 uM. Our result
indicates that K 1-3 and K 5 binding sites in fibrin
fragment DD closely set or partly overlap.

Localization of plasminogen binding sites in fi-
brin molecule peripheral D-domains in Aa148-160-
regions is widely known [15]. This region contains
unusual sequence of charged amino acids:

148 160
Lys-Arg-Leu-Glu-Val-Asp-Leu-Asp-Leu-Lys-Leu-Arg-Ser
+ + 0 - 0 - 0 - 0 + 0 + 0

Negative charged and neutral amino acids al-
teration disposed between two sets of positively
charged amino acids. Synthetic peptide with the
same structure as Aal48-160 demonstrates accel-
eration effect toward plasminogen activation by tis-
sue-type activator [35]. AaLys157 of this sequence
plays a critical role for the peptide acceleration ac-
tivity [19]. It is consider that kringle 5 binding to
side chain of AaLys157 provides Glu-plasminogen
interaction with polymeric fibrin [33]. Replacement
of this lysine residue by Ala or Glu does not alter
the peptide potentiation effect, while Val or Asp
residues in this position result in total loss of the ef-
fect. Aal54-159 sequence, which contains Aspl55,
Lys157 and Argl59, is the shortest active region of
the peptide [34]. Investigation of plasminogen kring-
le domains LLBS ligand specificity showed similar
interaction efficiency of the first kringle towards
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lysil-carboxyl pair and arginil-carboxyl pair, where-
as the fourth kringle demonstrates ligand specific-
ity only to lysil-carboxyl pair. Binding site of the
fifth kringle is single-component and interacts with
lysyl or arginyl groups without carboxyl group [5,
35]. Crystallographic study revealed fine differences
of LBS structure and organization reasoning the li-
gand specificity and functional activity differences
of kringle domains [36].

Described structural characteristics of kringle
domains strongly correspond to our results of the in-
vestigation of plasminogen fragments K 1-3 and K 5
interaction with fibrin fragment DD. Side chains of
Lys157 or Argl59 in Aa 148-160 region can provide
the interaction with the fifth kringle LBS whereas
positively and negatively charged amino acid resi-
dues of Argl49-Glul51 or Aspl55-Lysl57 provide
the binding of the first kringle LBS in the fragment
K 1-3. Probably different K 1-3 and K 5 binding sites
are located in common region Aa 148-160 in fibrin
D-domain.

In summary, we have shown high-affinity in-
teraction of plasminogen fragments K 1-3 and K 5
with fibrin DD-fragment and 50-60% decrease of
native plasminogen binding to this fibrin fragment
in the presence of kringle-containing proenzyme
fragments. K 1-3 and K 5 ability to bind with com-
plexes DD-K 5 and DD-K 1-3, respectively, infers
the existence of different binding sites for different
kringle fragments. These sites possibly dispose in
Aa 148-160 region of peripheral fibrin domains.
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B3AEMOAIA ®PAI'MEHTIB
HJIABMIHOI'EHY K 1-3 TAK 5
3 PI3BHUMMU JIJISAHKAMHU
DD-®PATI'MEHTA ®IGPUHY

T. B. I'punenxo, JI. I Kanycmsauenxo,
T. A. Ayenxo, O. I. FOcosa, B. M. Pubauyx

[acTHTYT Gioximii iM. O. B. [Namnanina
HAH VYkpainu, Kuis;
e-mail: grinenko@biochem.kiev.ua

Y w™onekym ¢iOpuHy cnemudiuHi caTH
3B’13yBaHHS IIJIA3MIHOTEHY JIOKaJli30BaHI B Tie-
pudpepuuHnx noMeHax Ha ningHKax Aal48-160.
B3aeMonisi mmasMiHOTEHY 3 HHUMHU 1HIIIOE TIPO-
1leC aKkTUBallii 3MMOTEHY 3 YTBOPEHHSIM IUIa3MiHy
i HactynmHuid mizuc ¢iOpuHy. VY mpeactaBieHin
poboTi JOCHiKYyBaldM 3BSI3yBaHHS (parMEeHTIB
nnasminoreny K 13 i K 5 3 DD-¢parmentom
¢iOopuny Ta ix BmiMB Ha B3aemoxito Glu-
nja3MiHoreny 3 uuM (parmentom. [lokazaHo, 1o
B nmpucytHocti ¢parmentiB K 1-3 1 K 5 Benuunna
3B’s13yBanHs Glu-nnasminoreny 3 DD-¢gparmentom
¢iOpuny 3HMWKyeTbcs Ha 50-60%. Dparmentu
K 13 Ta K 5 3B’13y10ThCsl 3 BHCOKOIO a(iHHICTIO
i3 DD-¢parmenTom ¢ibpuny, K, nopisnroe 0,02 i
0,054 mxM Bignosigno. Bzaemonis K 5 He 3a1€KUTh,
tonl sk K 1-3 4yacTKOBO 3aJIEKUTH BiJ HAIBHOCTI B
a-nmanirorax DD-dparmenTa C-KiHIIEBUX 3aTUIIKIB
nisunry. Beranosneno, mo K 1-3 B3aemojie 3 KoM-
mekcoM  DD-¢dparment-immo6inizoBannii K 5,
takok sk K 5 — 3 komrmuiekcom DD-dparment-
immoOimizoBaruit K 1-3. JlocmimkyBani ¢par-
MEHTH IJa3MiHOT€HY HE BUTICHSIOTh OAMH Of-
HOTO 13 CalTiB 3B’SI3yBaHHS, JIOKAJTI30BaHUX B
DD-¢parmenTi giOpuny, ajge MOXKYTh KOHKYpPyBa-
TH Mk c000I0 3a B3aeMO/1it0 3 HUMu. OieprkaHi pe-
3yJIBTaTH CBiT4aTh NMpo icHyBaHHs B DD-¢pparmenTi
¢GiOpuHy pi3HHX CalTIB 3B’I3yBaHHs JIJIsl KPUHTIIO-
BUX ¢parmentiB miasminoreny K 1-3 ta K 5, sxi
MOXYTh OyTH pO3TalllOBaHi MOOIU3Y OIUH OHOTO.
OOTroOBOPIOETHCSL POJIb OKPEMUX aMiHOKHUCIOTHUX
3anumKiB  nociigoBHOcTi Aal48-160 monekynu
¢iOpuny y B3aeMoaii 3 ¢parMeHTaMHu MJIa3MiHO-
reny K 1-3 ta K 5.

KniogoBi caosa: DD-dparment pidpuny,
K 13 1 K 5 dparmMenTn mina3MiHOTEHY, CaWTH
3B’13yBaHHSI.

B3AUMOJIEMCTBUE ®PATMEHTOB
HNJIASMUHOI'EHA K1-3 UK 5

C PABHBIMHU YYACTKAMHA
DD-®PAI'MEHTA ®UBPUHA

T. B. I'punenxo, JI. I Kanycmsanenxo,
T. A. Ayenxo, E. U. IOcosa, B. H. Pvibauyx

WucTuTyT Onoxumuu um. A. B. [Tamiaguaa
HAH VYkpaunsi, Kues;
e-mail: grinenko@biochem.kiev.ua

B monexyne ¢pubprna cnenuduyueckne caiTsi
CBSI3BIBAHMSI IJIA3MUHOTEHA JIOKAJU30BAHbI B IIE-
pudepruyecknx JoMeHax Ha ydacTkax Aal48-160.
BsaumoneiicTBue ma3sMMHOT€Ha ¢ HUMHU WHUIUU-
PYET MpoLEecC aKTUBALMU 3UMOT'€Ha ¢ 00pa30BaHu-
€M IIJIa3MHUHA U MOCHeNyomui nu3uc udpuna. B
JaHHOM padoTe uccie0Balu CBsI3bIBaHue (pparMeH-
toB TtazmuHoreHa K 1-3 u K 5 ¢ DD-dparmentom
(mbpuHa 1 ux BiHMsSHUE Ha B3amMmojeicTeue Glu-
IJIa3MUHOreHa ¢ 3tuM (parmentom. Ilokazano, uto
B npucytctBun GparmerToB K 1-3 u K 5 Benmnunna
ces3piBanms Glu-murasmuaorena ¢ DD-dparmenTom
¢ubpuna cHuwxaercs Ha 50—60%. DparmeHTH!
K 1-3 u K 5 cBsa3weiBatorcest ¢ DD-dparmentom du-
OpuHa ¢ BBICOKMM cponcTBoMm, K, coctasser 0,02 n
0,054 MmxM cooTBeTcTBeHHO. B3anmoneiictue K 5
He 3aBHCHUT, a K 1-3 4acTHYHO 3aBUCHUT OT HAJTHYHS
B a-miersix DD-¢dparmenta C-KOHIIEBBIX OCTAaTKOB
nu3uHa. YcraHoslieHo, uyTo K 1-3 B3aumozeiicTByet
¢ komriekcom DD-dparmeHT-uMMoONITN30BaHHBI I
K 5, Taxxke kak K 5 — ¢ kommiexkcom DD-¢dparment-
nvmMoounmzoBanabii K 1-3. Uccrnenyembrie ¢par-
MEHTBI IJIA3MHUHOI'CHAa HE BBITECHSIOT APYT Y-
ra C CalTOB CBS3bIBaHMS, JIOKAJIM30BAHHBIX B
DD-¢dparmente ¢ubpvHa, OZHAKO MOTYT KOH-
KypUpOBaTh MEXIy COOOH 3a B3aMMOACHCTBHE C
HuMmu. [lomyueHHBIC pe3ynbTaThl CBUACTEILCTBY-
0T 0 cymecTBoBaHuu B DD-dparmente ¢pubpuna
Pa3IMYHbBIX CAWTOB CBSI3BIBAHMS AJISI KPUHIJIOBBIX
(hparmenToB mrazmuHorena K 1-3 u K 5, xotopsie
MOT'YT OBITH PACIIOIOKEHBI OJIM3KO APYT OT Apyra.
OO6cy>xaeTcst posib OTAENBHBIX AMUHOKHCIOTHBIX
OCTaTKOB nociieoBarenbHocT Aal48-160 moneky-
el puOpHHA BO B3aUMOJICHCTBHH C (parMeHTaMHU
masmuHorena K 1-3 m K 5.

KnwoueBrsie cnoBa: DD-¢pparment ¢u-
opuna, K 1-3 u K 5 ¢parmenTtsl mia3MuHOreHa,
CalThI CBA3BIBAHUSL.
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