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Plasmin enzymatic activity in the presence of actin
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Aim. To study the changes in the plasmin activity towards substrates with high and low molecular mass in the
presence of actin. Methods. The proteins used for this investigation were obtained by affinity chromatography
and gel-filtration. The plasmin enzymatic activity was determined by a turbidimetric assay and a chromogenic
substrate-based assay. The enzyme linked immunosorbent assay and biotin-avidin-phosphatase system were
used to study the interaction of plasminogen and its fragments with actin. Results. It was shown that G-actin
caused 1.5-fold decrease in the rate of polymeric fibrin hydrolysis by plasmin and Glu-plasminogen activated
by the tissue plasminogen activator. However, actin did not impede plasmin autolysis and had no influence on
its amidase activity. We have studied an interaction of biotinylated Glu-plasminogen and its fragments (kring-
le 1-3, kringle 4 and mini-plasminogen) with immobilized G-actin. Glu-plasminogen and kringle 4 had a high
affinity towards actin (C is 113 and 117 nM correspondingly). Mini-plasminogen and kringe 4 did not bind
to actin. A similar affinity of Glu-plasminogen and kringle 1-3 towards actin proves the involvement of the
kringle 1-3 lysine-binding sites of the native plasminogen form in the actin interaction. Conclusions. Actin can
modulate plasmin specificity towards high molecular mass substrates through its interaction with lysine-bind-
ing sites of the enzyme kringle domains. Actin inhibition of the fibrinolytic activity of plasmin is due to its

competition with fibrin for thelysine binding sites of plasminogen/plasmin.
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Introduction

Plasminogen/plasmin system takes part in a wide
spectrum of physiological and pathophysiological
processes in human organism, such as reproduction,
embryogenesis, tissue remodeling, allergic and in-
flammatory reactions, carcinogenesis and metastasis
formation. The main role of this proteolytic system
is fibrinolysis that prevents the formation of fibrin
deposits or provides the degradation of the formed
blood clots. A key reaction of the fibrinolytic process
is the conversion of plasminogen (zymogen) to the
active serine protease plasmin (E.C.3.21.7). Human
plasma plasmin hydrolyzes fibrinogen, fibrin, coag-
ulation factors V, VIII, XII, converts single chain
forms of the tissue plasminogen activator (tPA) and

urokinase to more active double-chained forms, acti-
vates metalloproteases and lipoxygenases, growth
factors [1]. Multifunctional properties of plasmin are
realized due to its high specificity towards different
high molecular weight substrates, and, on the other
hand, due to the changing of its specificity during the
interaction with modulator proteins, cellular recep-
tors. Specific binding of modulator proteins to plas-
min influences its functional activity. One of the
most studied regulators of the plasmin substrate
specificity is streptokinase, a plasminogen activator
of bacterial origin. Plasmin in a complex with strep-
tokinase (unlike free protease) is able to activate
plasminogen by cleavage of the Arg561-Val562 acti-
vation peptide bond in its molecule. Streptokinase
increases the amidase activity of plasmin and de-
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creases its protease activity towards fibrin, its physi-
ological substrate. The complex streptokinase-plas-
min makes plasmin resistant to o,-antiplasmin, its
physiological inhibitor [2-5].

Wang H et al. showed [6] that an extracellular
membrane of the carcinoma PC-3, HT 1080 and
MDA-MB231 cellular lines contains B-actin that
mediates both the plasmin interaction with cellular
surface and the enzyme autoproteolysis leading to
the formation of angiostatins 4.5. The similar effect
of B-actin was observed in vitro in the cell-free sys-
tem. Actin has been found in plasma of healthy sub-
jects, and under different diseases associated with
various types of the tissue and cell injury its concen-
tration in the blood achieves a few micromoles. That
is why the damaged cells are considered as the main
source of circulating actin [7]. The actin concentra-
tion may be significantly increased due to the cell
damage in the micro medium of the inflammation
and clot formation sites, i.e. in the places where plas-
min is localized and expresses its functional activity.
To clarify the actin ability to modulate the specificity
of action of free circulating plasmin, in the present
work the actin influence on the changes in the plas-
min activity towards substrates with high and low
molecular mass was investigated.

Materials and Methods

Glu-plasminogen was purified from fresh citrated
human plasma by affinity chromatography on lysine-
Sepharose at 4°C in the presence of aprotinin [8].

Mini-plasminogen  (Val442-plasminogen) and
plasminogen kringles K1-3 and K4 were obtained ac-
cording to [9] by elastase hydrolyses of plasminogen.

Plasmin was obtained by activation of plasmino-
gen on urokinase-Sepharose (1 mg of zymogen/1250
IU urokinase) at 25°C in the presence of 25 % glyc-
erol. The enzyme was stored in the presence of 50 %
glycerol at — 20°C.

Monomeric desAB-fibrin was obtained by dissolv-
ing thrombin fibrin clot formed in the presence of 100
mM g-aminocaproic acid (e-ACA) and inhibitor of fac-
tor XIlla — parahydroxy mercury benzoate (0.35 mg/
ml) in 20 mM acetic acid as described elsewhere [10].
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For the estimation of fibrinolytic activity of plasmin
or plasminogen activated by tissue activator, the turbidi-
metric method was applied as described in [11]. The fi-
nal concentration of desAB-fibrin was 6.2:107M, plas-
min—3.5-10% M, Glu-plasminogen — 3.2:108 M, tissue
activator — 100 IU, actin —35-10®* M or 32 - 10°M. The
rate of fibrin clot lysis by plasmin was calculated as
V=1/t,, Time t, , was measured as the time period from
the initiation step of the clot formation till the step char-
acterized by 50 % fall in absorbance from maximum.
To study the effects of actin on the rate of plasmin-me-
diated fibrin clot lysis, 35-10® M or 32 -10®* M actin
was added to the reaction medium.

The amidase activity of plasmin in the presence of
actin was estimated by measuring p-nitroaniline re-
lease by plasmin from specific chromogenic sub-
strate S2251 (H-D-Val-L-Leu-L-Lys-p-nitroanilide).
Study was performed in 96-well microtiter plates
(Greiner bio-one, Germany) in 0.05 M tris-HCI buf-
fer with 0.13 M NaCl, pH 7.4 at 37°C with following
concentration of components of the mixture: plas-
min — 2-10° M, actin — 2:10° M or 20°10° M,
S2251 — 310 M. Total volume of the mixture was
0.25 ml. The absorbance of p-nitroaniline was con-
tinuously monitored at 405-492 nm using micro-
plate reader (Titertek Multiskan MC, Finland).

To detect the plasmin autolysis in the presence or
in the absence of actine the amidolytic activity of
enzyme preincubated during different time was stud-
ied. Plasmin (1-10°M) was incubated in 0.6 ml 0.05
M tris-HCI buffer with 0.13 M NaCl (pH 7.4) with/
without actine (1-107° M). 0.05 M tris-HCI buffer
with 0.13 M NaCl, pH 7.4, plasmin — 3.5-10®M, ac-
tin —35:10°M, S2251 — 3-107 M were added to the
thermostatic cuvette of SF 26. Total volume of the
mixture was 1 ml. The absorbance of p-nitroaniline
was monitored at certain time intervals at 405 nm.
The amount of hydrolysed substrate was calculated
using following formula:

V=AA, JAt,

where AA, . is a change of absorbance at 405 nm
and At is a time of absorbance measuring.

Biotinylation of Glu-plasminogen and its frag-
ments was carried out as described in [12].
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Binding assay was performed using avidin-biotin
system. Biotin labeling of Glu-plasminogen and tPA
was carried out according to manufacturer recom-
mendation. The wells of high binding polysterene mi-
crotitrate plates (Nunc, MaxiSorp) were coated with
Ipg of actin in 0.1 ml 0.01 M sodium phosphate buf-
fer (pH 7.4) and 0.15 M NaCl at 4°C overnight. After
binding an excess of protein were removed by wash-
ing buffer with 0.1 % Tween 20. To avoid nonspecific
sorption, 2 % BSA was pipetted into the plate wells,
incubated for 2 h at 37 °C and washed out. After wash-
ing procedures, bound actin in each well was incu-
bated with 0.1 ml biotinylated Glu-plasminogen or its
fragments for 4 h at 37°C and washed out. Then 0.1
ml of avidin-phosphatase solved, as manufacturer rec-
ommends, were added into the wells and washed out
after 60 min incubation. 0.1 ml of alkaline phospha-
tase substrate (1 mg/ml p-nitrophenylphosphate in 10
% diethanolamine, pH 9.8) was pipetted in the wells
and incubated for 45 min at 37 °C. The binding of bio-
tin labeled proteins with actin immobilized on the
well surface was estimated by measurement of p-ni-
trophenol absorbance at 405 nm using the reader
(Titertek Multiscan, Finland).

The protein concentration was determined as the
difference between the solution optical density at
280 nm and 320 nm. To calculate the protein concen-
tration we used the following values of the extinc-
tion coefficient (E,,, 1 %, 1 cm) and molecular mass
respectively: Glu-plasminogen — 17.0 and 92 kDa,
plasmin — 17.0 and 84 kDa [13], mini-plasminogen —
14.0 and 38 kDa [9], desAB fibrin-monomer— 15.06
and 300 kDa [10].

The obtained proteins were homogeneous accord-
ing to the electrophoresis data in PAAG [14].

The data w analysed by ORIGIN 8.6 (Originlab
Corporation, USA). The permissible error did not
exceed 5 % (P < 0.05). The presented curves are typ-
ical for a set of repeated experiments (at least three
repeats for each experiment).

Results and Discussion

In circulating blood plasminogen, zymogen of
plasmin, is present as a Glu-form, a glycoprotein

composed of 791 amino acids. The conversion of
plasminogen in plasmin is the key process of fibrino-
lysis. The plasminogen activation by physiological
activators, such as tPA, urokinase, is mainly based
on the enzymatic cleavage of a single peptide bond
Arg561-Val562 [15, 16]. The cleavage results in the
formation of the enzyme active center as well as in
the appearance of a two-chain plasmin molecule,
composed of an N-terminal heavy-chain (A) with
molecular mass of 56 kDa and a C-terminal light one
(B) with molecular mass of 26 kDa. The light chain
has two disulfide bonds Cys 548-Cys 666 and Cys
558-Cys 566. The desAB fibrin is known as a potent
stimulator of the activation reaction [17]. In solu-
tions in the absence of fibrin, Glu-plasminogen (a
native form of zymogen) is activated very slowly by
t-PA. The reaction is characterized by a low value of
k_, (0.06 s'), and Km is approximately 60 pM. In
the presence of fibrin, Km decreases till 0.16 uM,
and k  value increases till 0.1 s'. Besides fibrin, the
tPA-dependent plasmin formation can be stimulated
by the products of fibrin(ogen) hydrolysis, mem-
brane-bound proteins, intercellular matrix proteins
such as thrombospondin, gelatin, and collagen IV
[18].

Nowadays, there are many data confirming physi-
ological importance of the plasmin(ogen) interaction
with actin. They considered the regulation activity of
fibrinolytic system and the processing of biological-
ly active molecules as well as the modulating action
of plasminogen/plasmin system on the cells [19]. It
was established that actin has a high affinity towards
plasmin and tPA (K, 70-140 nM and 0.55 uM, cor-
respondingly) [20]. The actin influence on the rate of
fibrin clot degradation by the free enzyme and by
plasmin formed due to the Glu-plasminogen activa-
tion by tPA was studied with G-actin (the protein
monomeric soluble form) using turbidimetric assay.
As it is shown in Fig.1, actin inhibits both the plas-
min activity and the enzyme formed as a result of the
Glu-plasminogen activation by tPA. At 10 fold mo-
lar excess of actin, the rate of hydrolysis of poly-
meric desAB fibrin reduced by approximately 50 %
in both cases.
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Fig. 1. Rates of desAB fibrin clots lysis by plasmin (/), plasmin
in the presence of actin (2), Glu-plasminogen activated by tissue

activator (3), Glu-plasminogen activated by tissue activator in
the presence of actin (4)

The observed effect of actin can be a result of the
protein interaction with the enzyme active center or
with the lysine-binding sites of plasmin(ogen) krin-
gle domains, that are responsible for the plasmin in-
teraction with its physiological substrate, polymeric
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Fig. 2. Influence of actin on the plasmin amidase activity: / —
plasmin (2:10~°M); 2 — plasmin (2:10-° M) with actin (2:10°M);
3 — plasmin (2:10 M) with actin (20-10° M)
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fibrin. To clarify this problem we investigated the
amidase activity and enzyme autolysis in the pres-
ence of actin. It was shown that actin taken in equi-
molar amount or in 10 fold molar excess makes no
influence on the plasmin amidase activity. The rate
of hydrolysis of plasmin chromogenic substrate in
the absence and in the presence of actin does not
change during 60 minutes and is within 0.0068 opti-
cal units per minute. (Fig. 2).

To determine the possible influence of actin on the
enzyme autolysis, we incubated plasmin or plasmin
mixture with two-molar excess of actin for 3 h at
37 © C. The aliquots of reaction mixture were taken
at certain intervals and added to the medium to de-
termine the amidase activity. The presented data (see
Fig. 3) do not show any effect of actin. A decrease in
the enzyme amidolytical activity was observed when
the enzyme was preincubated in the absence or in the
presence of actin. After three-hour incubation, the
residual amidase activity was approximately 30 % of
the original in both cases (Fig. 3).

According to the presented results we can con-
clude that during the actin interaction with plasmin,
the plasmin active center is open and available for
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Fig. 3. Dependence of the rate of S2251 hydrolysis by plas-
min (/); plasmin in the presence of actin (1:10) on the enzyme
preincubation time
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Table I. Binding of biotinylated Glu-plasminogen and its
fragments with immobilized actin

Proteins C,, nM
Glu-plasminogen {13
Kringl[e] 1-3 117

Kringl[e] 4 -
Mini-plasminogen —

the substrates with high and low molecular mass.
Actin inhibition of the plasmin fibrinolytic activity is
probably due to the actin interaction with lysine-
binding sites of enzyme kringle domains. To prove
this suggestion we compared actin binding to Glu-
plasminogen and its fragments: first three kringles
(K1-3), fourth kringle (K4) and Val442-plasminogen
(mini-plasminogen). The investigations were carried
out using linked immunosorbent assay and a biotin-
avidin phosphatase system. Actin was deposited
onto the surface of microtiter plate wells. Then, pre-
biotinylated plasminogen and its fragments (1-50
pg/ml) were added to wells. After that phosphatase-
labeled avidin was added. Adsorption of the proteins
was measured according to the amount of p-nitro-
phenylphosphate converted by the phosphatase. The
protein concentrations corresponding to 50 % satu-
ration of binding sites for actin were determined us-
ing the obtained saturation curves. As it is shown in
Table 1, actin has equally high affinity towards the
native zymogen molecule and its fragment K 1-3.
C,, values are 113 and 117 nM, correspondingly. At
the same time, there is no binding of actin to isolated
kringle 4 or mini-plasminogen. Similar affinity of
Glu-plasminogen and kringle 1-3 to actin gives us
the reason to believe that lysine-binding sites of first
three kringle domains of the proenzyme are involved
into interaction with actin.

So, we have shown that actin can modulate speci-
ficity of the plasmin action towards substrates with
high molecular mass through its interaction with ly-
sine-binding sites of enzyme kringle domains. The
actin inhibition of the fibrinolytic activity of plasmin
is due to its competition with fibrin for lysine bind-
ing sites of plasminogen/plasmin. Thus, actin can
cause a reduction of fibrinolytic system potential and
can be involved in the hemostasis disorders related
to sepsis, inflammation and tissue damages.
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En3duMaTn4Ha aKTHBHICTB IJ1a3MiHY B IIPUCYTHOCTI aKTHHY
O. L. FOcoBa

Mera. JIocmiauTy 3MiHY aKTUBHOCTI TUIa3MiHY I10 BITHOIICHHIO JIO
BHCOKO- Ta HU3bKOMOJIEKYJIIPHHX CYOCTpATiB 3a IIPUCYTHOCTI aKTH-
Hy. MeTtomu. [IpoTeiny, sKi BUKOPHCTOBYBAIUCEH B POOOTI, OTpUMY-
BaJH adiHHOIO XpoMaTorpadiero, Teb-(iTsTpariero Ta enekrpodo-
pe3oM. EH3uMaTiiHy aKTHBHICTB ITa3MiHy TOCIiIKyBatu TypOii-
MeT‘piE}O Ta METOAOM BH3HAYCHHS aKTI/IBHOCTi 3 BHUKOPUCTAHHAM
XPOMOTEHHOTO cyOcTpary. JI1st BUBUEHHS B3a€MOAIT MK IUIa3MiHO-
TEeHOM Ta foro (hparmMeHTamMy i aKTHHOM BHKOPHUCTOBYBAJIN IIPUH-
UM iIMyHO(DEPMEHTHOTO aHaNi3y Ta aBiIWH-OI0THHOBY PEAKILIO.
Pesynbraru. [lokazano, mo G-akTuH 3HIKYE B 1,5 pa3u IBHAKICTH
rigponizy nonimepsoro ¢ibputy masmidoM i Glu-rasminoreHom,
AKTMBOBAaHMM TKAHHHHHUM aKTHBAaTOPOM. Pa3oM 3 THM, akTHH He 3a-
mo0irae aBTOMI3y MIA3MiHy 1 HE BIUIUBAE Ha HOr0 amifia3Hy aKTHB-
HicTb. JlocmimpkeHo B3aemoiro OioTuHiTboBaHNX Glu-1mia3MiHoreHy
Ta Horo (hparMeHTiB — KpUHDTY 1-3, KpUHITY 4 Ta MiHi-TTa3MiHOTe-
Hy 3 iMoOinizoBannM G-aktunoM. [lokazano, mo Glu-masmiHoreH
1 KpUHD 1-3 BUSABIIAIOTH BUCOKY CTIOpiHEHiCTs 10 akTuHy (C 113
i 117 1M BinnoBiaHo). MiHi-171a3MiHOTEH Ta KPUHII 4 3 aKTHHOM He
3B’s13y10Thesl. OpiHaxoBa criopigHeHicth Glu-rmasmiHoreHy i KpuH-
mia 1-3 10 aKTHHY CBiJIYaTh PO YYacTh JIi3UH-3B’SI3yBAIBHUX JUIS-
HOK KpHHIIA 1-3 HaTHBHOI (JOPMH IITA3MIHOTEHY y B3a€MOZIT 3 aK-
THHOM. BHCHOBKHM. AKTHH MO)Xe MOMYITIOBATH CTIeIM(DIUHICTh il
IUIa3MiHy 10 BiIHOLICHHIO O BHCOKOMOJIEKYJSIPHHUX CyOCTparTiB
LIUTIXOM HOTO B3a€MOIIT 3 JTi3MH-3B’sI3yBaJIbHUMU JUITHKAMH KPHH-
IJIOBUX JJOMEHiB eH3uMa. [IpurHiueHHs akTiHOM (iOpUHOIITHYHOT
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AKTMBHOCTI IU1a3MiHa 00yMOBIIEHE HOro KOHKYPEHIIEIO 3 (hiOpHHOM
3a JII3UH-3B’13yBaJIbHI CaliTH IU1a3MiHOTeHY/IUIa3MiHYy.

KuawuoBi cuo0Ba: miasMis, akTiH, (parMeHTH I1a3MiHOTEHY,
€H3MMAaTHYHA aKTUBHICTb [UIa3MiHy.

JH3MMATHYECKAS AKTUBHOCTD IJIa3MHHA B NPUCYTCTBUU
AKTHHA

E. U. KOcoBa

Henn. Mccnenoars n3MeHeHUE aKTMBHOCTH IUIA3MHMHA 110 OTHO-
IIICHUIO K BBICOKO- U HU3KOMOJICKYJIIPHBIM CyOCTparaM B IIPUCYT-
ctBuM akThHa. Metoabl. [IpoTenHsl, HCIONB30BaHHEIE B padoTe,
niony4any adduHHOM XpoMaTorpadueii, rens GpusTpanueit u se-
Tpodope3oM. DH3UMATHIECKYI0 aKTUBHOCTH IUIa3MHHA HCCIIENO-
BaJIM TypOMAUMETPHEH M METOIOM OIPEENICHNsI aKTHBHOCTH I10
XpOMOTE€HHOMY cyOcTpary. st u3ydeHns: B3anMoIeHCTBHS II1a3-
MHHOI'CHA U €ro d)paFMeHTOB C AKTUHOM HCIIOJIb30BAJIM TIPUHIIUII
UMMYHO(EPMEHTHOTO aHaIn3a U aBUJUH-OMOTHHOBYIO PEaKLHIO.
Pe3yabrarsl. [Tokazano, uto G-akTuH CHHUXKaeT B 1,5 pa3 cKOpoCTb
raApom3a momuMepHoro  ¢uOpmHa mmasmmHoM u o Glu-
IUIA3MHUHOTEHOM, AKTMBHPOBAHHBIM TKAHEBBIM AKTHBATOPOM.
Bmecre ¢ TeM, akTHH HE TPENATCTBYeT aBTONM3Y IUTa3MHHA U He
BIMSIET HA €T0 aMH/Ia3HYI0 aKTUBHOCTS. VccnenoBaHo B3auMoeii-
cTBUe OMOTMHWIMpPOBaHHBIX Glu-1uia3mMuHOreHa u ero gparmeH-
TOB: KpHHIIA 1-3, KpHHIIIa 4 MUHH-IUIA3MUHOTCHA ¢ IMMOOMITH30-
BaHHBIM G-akTHHOM. Glu-TIma3MuHOTeH U KpUHTT 1-3 TPOSIBIISIOT
BBICOKOE CPOICTBO K akTuHy (C ) 113 1 117 HM cOOTBETCTBEHHO).
MuHP-IITa3MIHOTEH M KPUHIN 4 ¢ aKTHHOM HE CBSI3BIBAIOTCS.
OnunaxoBast apuHHOCTD Glu-TU1a3MIHOTeHa U KpuHIma 1-3 K ak-
THHY CBHIETENLCTBYeT 00 yJacTHH JIM3HHCBS3BIBAIONINX CATOB
KpyHDIa 1-3 HaTUBHOHM (POpMBI MIa3MHMHOrEHa BO B3aUMOICH-
CTBHH C aKTHHOM. BBIBOIBI. AKTHH MOXET MOZICITMPOBATE CIELH-
(pMIHOCTD AEHCTBHS IUIA3MUHA 110 OTHOIIEHUIO K BHICOKOMOJIEKY-
JIPHBIM CyOcTparaM Oraroapsi ero B3anMOACHCTBHIO C TN3HHCBS-
3bIBAIOIIMMH yJaCTKAMH KPHHITIOBBIX JOMEHOB 9H3MMa. YTHETCHUE
AKTUHOM (PHOPUHOMUTHYIECKON aKTUBHOCTH IUIa3MHHA 00YCIIOBIIe-
HO €r0 KOHKypeHIHeH ¢ (GHOPUHOM 32 JIN3MHCBS3bIBAIOIINE CAUTHI
IUIa3MUHOTeHa/TUIa3MHHA.

KawuyeBble cjaoBa: IJIa3MHH, aKTHH, q)paI‘MCHTI)I IJIa3MHAHO-
T€HAa, DOH3UMAaTHYCCKas aKTUBHOCTD IJITa3MHHA

Received 03.07.2015



	_GoBack

