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The influence of divalent cations (Cd?, Zn?", Sr?*) and staphylococcus protein A on
the superprecipitation reaction of cardiac muscle actomyosin was investigated using
methods of preparative protein chemistry, optical spectroscopy and mechanokinetic
analysis. It was shown that the metal ions in the range of concentrations 0.1-5 mM in-
hibit the Mg?*-dependent SPP reaction of actomyosin cardiac muscle and alter the ki-
netic parameters of this process. It was revealed that protein A modulates superpre-
cipitation dynamics decreasing the maximal value of optical density and time of its half-
maximum achievement as well as starting and normalized superprecipitation rates.
Thus, investigated factors are able to influence the actin myosin interaction changing
their functional parameters of proteins from cardiomyocyte contractile complex. The ki-
netic characteristics of actomyosin superprecipitation are sensitive to the influence of
physicochemical and pharmacological factors and can be used to study their influence
on the molecular mechanisms of muscle contraction.

Keywords: actomyosin, superprecipitation, kinetic parameters, metal ions, S. au-
reus protein A, cardiac muscle.

INTRODUCTION

Muscle contraction-relaxation is a dynamic oscillatory process that consists of in-
terrelated and interdependent physical and chemical reactions. Superprecipitation
(SPP) reaction can be consider as a certain model system to investigate the structural
organization and functional properties of muscles actomyosin complex because the
process of muscle contraction is associated namely with the formation of actomyosin
complex and its subsequent conformational changes due to the energy released as
a result of ATP hydrolysis by myosin [9, 14]. In other words, SPP approximately corre-
sponds to the structural rearrangements of main contractile proteins during the muscle
contraction. In general, the muscle contraction study can either accent on the properties
of individual protein components of muscle to reconstruct from them mechanochemical
model systems simulating the contractile process or reproduce the structural and func-
tional state actomyosin complex during the reaction SPP. SPP is the process of myosin
aggregates’ compaction with actin filaments due to ATP hydrolysis, which occurs in the
presence of such aggregates in suspensions, sediments and actomyosin gels [16].
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Thus, this model system may be used to investigate several properties of the mus-
cle contractile apparatus (actin-myosin interaction and its regulation, regularities of self-
assembly of contractile systems, etc.) as well as the influence of different physical,
chemical and pharmacological factors.

One of the general problems of biology that attracts time-stable attention of re-
searchers is full comprehension of the regularities of cell functions in organism under
the influence of various physical and chemical factors. Thus, it's well known they can
stimulate the pathological changes in the body, but the molecular and membrane mecha-
nisms of their implementation aren’t completely understood to date.

It's known that Staphylococcus aureus is one of the most lethal human pathogens.
High pathogenicity of Staphylococcus is explained particularly by its ability to produce
a number of antigens. The active substances protein A, teichoic acid, peptidoglycan and
toxins [7, 8, 11] are the most studied among them. Staphylococcus aureus protein A is
surface antigen of bacterium. It's covalently bound to peptidoglycan component of the cell
wall. Protein A considers to be the major factor of the staphylococcus pathogenicity [8]. At
present time, the mechanisms of golden staphylococcus penetration into the organism
and main stages of the complex immune response to its invasion are well investigated,;
however, the influence of bacterial substances on individual tissues is still unclear.

Thus, our aim consisted in the investigation of myocardium actomyosin SPP reac-
tion changes induced some divalent metal ions and immunologically active substances
of Staphylococcus aureus.

MATERIALS AND METHODS

Actomyosin (from bovine heart) extraction was carried out for an hour by the solu-
tion containing 0.2 M KClI, 0.15 M Tris-HCI, 1 mM EDTA, 5 mM MgCl,, 0.2 mM phenyl-
methylsulfonylfluoride (PMSF), 1 mM NaN,, 3.5 mM ATP, pH 7.5. Actomyosin was pre-
cipitated by adding 10 volumes of cold distilled water to the solution previously diluted
by 0,1 N vinegar acid to pH~6.2. The protein fraction was separated by centrifuging at
3 000 g for 15 min. After protein dissolving in 40 mM Na,P,O,, pH 7.5, 1 mM DTT, 1 mM
NaN,, which was followed by dialysis, it was centrifuged for an hour at 100,000 g [3].

Measurement of superprecipitation. Kinetic curves of actomyosin superprecipi-
tation were recorded on SPECORD M40 spectrophotometer (Germany). The value of
native protein superprecipitation was taken as over 100%. From the obtained kinetic
curves, the value of superprecipitation was calculated as (D, 4s0D,), where D, and
D,..x4s0) @re the initial and the maximum optical densities of actomyosin during the SPP
reaction, respectively. Superprecipitation induced by adding ATP (0.1 mM) in 0.1 mg/ml
natural actomyosin, 0.1 mM CaCl,, 1 mM MgCl,, 150 mM KClI, 0.1 mM EGTAand 20 mM
Tris-HCI at pH 7.5 and 25 °C, was examined using method [15], and the change in the
absorbance at 450 nm was checked.

In the studied samples, protein complex SPP changes were measured in the presen-
ce of metal ions and immunologically active substances (the protein A) of Staphylococ-
cus aureus at 10 to 102 mg/ml concentration range. Protein A for the study was kindly
given by Prof. L.S. Kholodna.

Method of kinetic analysis of SPP curves. From the analyses of kinetic curves the
effect of the value of superprecipitation (D,,,.s0,~D,), time t,,, required for achievement
of half of its value was determined, and the normalized maximal rate of this reaction v,
was also calculated.
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The normalized maximum rate of actomyosin units forming (v,) calculated using
a modification of the method of kinetic analysis [5, 18] was used during analysis of the
experimental curves. To obtain v, the graphics of optical density change in the coordi-
nates {In[(D,,,.—D)/D]; In t} were firstly linearized. The next kinetic characteristics were
determined from the linearized graphics: In T — segment that cuts on the x-axis line
drawn through the experimental points, and the empirical parameter n — tangent of this
line slope, which characterizes the steepness of D(f) dependence. These kinetic para-
meters were used to calculate the normalized SPP rate, which was normalized to the
maximum (stationary) values of optical density:

n-1 n+1
(n=1)" -(n+1)"
4nt '

Statistics. Experimental data were processed with statistical methods using soft
Microsoft Office Excel. Statistical significance of differences between two means was
assessed by Student’s t test for paired data. For significance linear function approxima-
tion was performed Fisher’s F-test; coefficient of determination (R*2) were not lower
than 0.9. All values are expressed as mean + SE mean for n number of experiments.
P values < 0.05 were considered as significant.

V =

n

RESULTS AND DISCUSSION

The superprecipitation of actomyosin is generally accepted to be simulate the phe-
nomenon of muscle contraction in vitro. If we consider the process of precipitate forma-
tion and dissociation during the actomyosin SPP, it mainly reproduces the process of
muscle contraction — in the presence of magnesium ions and ATP the calcium ions
cause muscle contraction, and the removal of calcium EGTA ions in the presence of
ATP causes a muscle relaxation [12]. A comparison of the kinetic curves for Mg?*-de-
pendent SPP reaction of myocardium actomyosin in the presence of various divalent
ions (0.1 mM) is shown on Fig. 1.

D
0.75 7

Fig. 1. Kinetic curves of Mg?*-dependent
SPP reaction of myocardium actomy-
osin in the presence of various diva-  0.50 -
lent ions (0.1 mM): 1 — without Me?*
(control); 2 — Sr?2*; 3 —2Zn?; 4 — Cd*
Puc. 1. KiHeTnuHi kpuei Mg?*-3anexHoi pe-
akuii cynepnpeumnitalii akToMio3nHy
CepLEeBOro M’sida 3a HasABHOCTI Pi3HUX
ABoBaneHTHUX ioHiB (0,1 MM): 7 — 6e3
Me?* (koHTponb); 2 — Sr**; 3 — Zn*; . . . .
4 - Cd* 0 5 10 15 t, min

0.25 A

Actomyosin SPP reaction curves are characterized t,, values that are more than
the control for SPP in the presence of Zn** (as shown in our previous work [3]) and Cd?".
In the presence of Sr?* the actomyosin SPP has parameters ¢,,, and v, similar to these
ones in the presence of Ca?, i.e. index time of half-maximal density is almost the same
in the test and in the control. By increasing the time required to reach half D, _,—D,, ions

can be arranged in series: Sr < Zn < Cd. SPP actomyosin reaction in the presence of
various metal ions was also characterized by parameters v, (Tabl. 1).
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Table 1. The values of actomyosin SPP kinetic parameters in the presence of the stu-
died metal ions (Me? concentration is 0.1 mM)

Tabnuus 1. 3Ha4YeHHs1 KiIHETUYHUX NMapaMeTpiB peakuii cynepnpeuuniTauii akToMio3MHy 3a
HasiBHOCTIi pi3HUX ioHiB meTaniB (Me?* B KoHUeHTpauii 0,1 mM)

D, o t,,, Min Vo, %0 v,, %
Control 1 0.74 2.4 125 97
Srz+ 2 0.73 25 116 94
Zn% 3 0.51 3.5 95 93
Cd* 4 0.48 4.2 67 48

To completely consider the dynamics of the formation of the complex of actin and
myosin, it's important to use parameters that would quantitatively characterize not only
the initial stage of SPP reaction (v,), but can be applied to compare the kinetics of acto-
myosin aggregates’ formation regardless of the fixed maximum (D). The normalized
maximum SPP rate (v,) was used as a reference parameter. Kinetic analysis of SPP
curves shows that strontium ions don’t change the normalized maximum rate (v,) in the
entire range of investigated concentrations (0.1-5 mM) (see Fig. 2, A). Addition of Zn?
and Cd?* ions in the incubation medium is accompanied by a dose-dependent decrease
of v, rate (Fig. 2, B). Thus, inhibition of this parameter is reliably caused by Zn** concen-
tration of 0.5 mM and higher [3].
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0.9 5 0.8 2
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Fig. 2. Kinetic curves of myocardium actomyosin SPP reaction: A — at various SrCl, concentrations (mM):
1 — without Sr?* (control); 2-0.1; 3—-0.5; 4— 1; 5—5; B — at various CdCl, concentrations (mM): 7 —
without Cd?* (control); 2—0.01; 3-0.05;4-0.1; 5-0.5; 6 -1

Puc. 2. KiHeTn4yHi KpuBi peakuii cynepnpeuunitalii akToMiosnHy cepueBoro mM'sisa: A — y pasi AofaBaHHSA
pisHUX KoHUeHTpauiin SrCl, (MM): 1 — 6e3 Sr?* (koHTponb); 2—-0,1; 3—-0,5; 4 1; 5—5; B —y pasi
[0AaBaHHs pisHMX KoHueHTpauin CdCl, (MM): 1 — 6e3 Cd?* (koHTponb); 2 — 0,01; 3 — 0,05; 4 — 0,1;
5-0,5;6-1

The most significant changes of SPP kinetics are caused by Cd?* ions: v, value
reduces by 33 % already in the presence of 0.05 mM Cd?*and by 71% at 1 mM Cd?*
(see Fig. 2, B). Thus, obtained data testifies that all studied divalent cations (Sr?*, Zn?',
Cd?) can provide the actomyosin SPP reaction, but to various degrees compared to
control. The investigations have shown that the effect of cations on actomyosin SPP
correlates with changes of myosin ATPase activity under similar conditions [17].
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The effect of pristine water-soluble fullerene C,, and carbon nanotubes on super-
precipitation reaction of rabbit skeletal muscle natural actomyosin was been similar to
our results, namely an increase of actomyosin superprecipitation by fullerene and nano-
tubes [1, 2].

For the next investigation we use protein A (pA) of Staphylococcus aureus in puri-
fied (PpA) and bacterial cell-bound (CBpA) forms. The implementation of the SPP re-
action in the pA presence revealed that this substance in all studied concentrations
(10°-102 mg/ml) reduces the maximum value of optical density after ending of SPP

reaction (D,,,) in various degrees (Fig. 3, A and B), as well as achieving of optical den-
sity half-maximum (t,,,), and increases the initial rate of SPP reaction (v,).
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Fig. 3. Curves of myocardium actomyosin SPP in control (7) and in the presence of cell-bound protein A from
Staphylococcus aureus at concentrations of 102 (2); 102 (3); 10 (4) Ta 10 (5) mg/ml (A) and in the
presence of purified protein A from Staphylococcus aureus concentrations 102 (2); 102 (3); 10 (4);
10 (5) Ta 10 (6) mg/ml (B)

Puc. 3. KpuBi cynepnpeuunitauii akTomiosamHy cepLeBoro M'sisa B KOHTponi (7) Ta 3a HassBHOCTI KNiTUHHO-
3B's13aHOro Ginka A 30M10TUCTOrO cTachinokoka B koHueHTpauisix 102 (2); 10 (3); 10 (4) i 10 (5) mr/mn
(A) Ta 3a HasiBHOCTi oumLLeHoro Ginka A 30M0TMUCTOro cTadinokoka B KoHueHTpauisx 102 (2); 107 (3);
10 (4); 10° (5) i 10°° (6) mr/mn (B)

Calculation of SPP normalized maximum rate showed that pA in both purified and
in cell wall associated form is a powerful activator of actomyosin complex formation.
Therefore, this substance causes more than doubled increase of v, parameter over the
entire range of studied concentrations (Fig. 4, B).

The obtained results allow us to speculate that staphylococcus pA alters the kine-
tics of interaction between actin and myosin thus that his presence reduces the size of
actin and myosin heads conglomerates, but increases the rate of their aggregation.
Characteristics of the SPP kinetic curves (D,,, v, and t,,) in the presence of various
concentrations of purified and cell-bound PA are presented in Tabl. 2 and Fig. 4, B.

The data about changes of the SPP reaction kinetics confirms the predictions on
the possible contact between pA molecules and proteins of contractile apparatus that is
based on data obtained from the investigations of ATPase activity of contractile proteins
[6, 10]. At the same time, kinetic curves of actomyosin SPP confirm theory about sig-
nificant biological activity of CBpA. Thus, we can assume that pA is able to interact di-
rectly with the contractile proteins exceptionally in case of penetration inside cardiomyo-
cytes [4, 6, 10, 13].
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Thus, our studies have shown that Sr¥*, Zn?*, Cd?* may provide actomyosin SPP
the reaction, but in various degrees in relation to control — depending on the presence
of certain ions, which can cause activation or inhibition of this process, respectively. It's
revealed that protein A effects on kinetics of myocardium actomyosin SPP reaction, and
cell-bound form of pA is characterized by higher activity.

Table 2. Effect of Staphylococcus aureus protein A on the parameters of myocardium
actomyosin SPP curves (n =5)

Tabnuus 2. Bnnue 6inka A 3onotuctoro ctacpinokoka Ha napameTpu KpMBUX cyneprpeLm-
niTauii akToMio3uHy cepueBoro m’siza (n =5)

Dmax t1l2’ min Dmax t1/2' min

0 (control) 0.61+0.02 3.2£0.14 1.25+0.03 1.6+£0.02
10® - - 0.9£0.01* 0.5+0.01*
105 0.49+0.02* 2.5+0.09* 1.2+0.02 1.1+£0.02*
10* 0.5+0.02* 2.8+0.11 1.0+0.02* 0.7+0.01*
10 0.56+0.02 2.7+0.08* 1.35+£0.04 1.8£0.03
102 0.56+0.01 2.6+0.06* 1.25+0.02 0.75+0.01*

Comment: * — P <0.05 (vs control).
Mpumitka: * — P <0,05 (Loao KOHTponio).

A B [ PA, cell-bound form
I PA, purified
2+
100 ] Zn2+ 2504
B sr
B c*
804 2004
60+ 150+
= S
> >
40
20 504
0+ o
Control 0.1 0.5 Control 1E-6 1E-5 1E-4 1E-3
[Me®'], MM [PA], mg/ml

Fig. 4. Modulation of normalized maximum of myocardium actomyosin SPP rates: A — in the presence of
heavy metal ions; B — in the presence of protein A Staphylococcus aureus (purified and cell-bound
form). The reference values are 100 % (n = 5)

Puc. 4. Mogynsuis nokasHUKiB HOPMOBAHOI MakcvManbHOI LUBMAKOCTI peakuii cynepnpeumnitauii akTomi-
03MHY CcepLeBoro M'siza: A — 3a HasiBHOCTI iOHIB BaXKkux MeTanis; B — 3a HasiBHOCTi OYMLLEHOrO Ta
KNiITUHHO3B’s13aHoro Ginka A 3onotuctoro craginokoka. LLlogo koHTponto, npunHaToro 3a 100 % (n = 5)

The obtained results intensify our current conceptions about importance of physical
and chemical environmental factors and staphylococcus active substances on the func-
tion of the myocardium contractile proteins and are important for the further develop-
ment of effective methods of human organism protection from the toxic activity of metal
ions. However, the accumulated data not only complement our knowledge of the mecha-
nism of action of metal ions on living organisms, but also give a possibility to predict
regularities and active mechanism of other cations (based on analysis of their physical

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi CTygii / Studia Biologica e 2014 e Tom 8/Ne3—4  C. 53-60



FEATURES OF ACTOMYOSIN SUPERPRECIPITATION REACTION IN DIFFERENT ENVIRONMENT CONDITIONS 39

and chemical properties). In other words, obtained results can be used in future bio-
physical as well as physiological or environmental studies.
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OCOBNUBOCTI PEAKUIT CYNEPMPELUMITALII AKTOMIO3UHY
B PIBHUX YMOBAX OTOYYOHOIro CEPEQOBULLA

O. B. Qumé6anok, K. I. Boeyubka, O. FO. Hunopko, T. J1. Jasudoecbka

Kuiscbkuli HauioHanbHUl yHigepcumem iMeHi Tapaca LllegyeHka
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Brnnve ioHiB meTaniB (Cd?", Zn?*, Sr?*) Ta 6inka A ctadinokoka Ha peakLijto cynep-
npeumniTauii akTOMio3nHy cepLeBoro M'sisa Oyno JocnigXeHo 3a 4OoMOMOro MeTOAiB
npenapaTuBHOI BiNKOBOI XiMii, ONTUYHOT CNEKTPOCKONIT Ta KIHETUYHOIO aHanidy. 3’AcCoBaHo,
Lo 3a koHueHTpauii 0,1-5 MM ioHn meTanie npurHidytoTe Mg?*-3anexHy peakuito cynep-
npeumniTaLii akToMio3uHy cepueBoro M’si3a i 3MiHIOKTb KIHETUYHI XaKpaKTEPUCTUKM LIbOrO
npouecy. BctaHosneHo, wo 6inok A Moaynoe gnHamiky cynepnpeumnitadii, 3MEeHLLYH4N
MakcumarnbHe 3Ha4YeHHS OMTUYHOI LWUINBbHOCTI Ta Yac AOCATHEHHA Ti HaniBMakcumymy,
a TakoxX 30inbLUuye No4aTKkoBYy i HOPMOBaHY MaKCMMasbHY LUBUAKOCTI cynepnpeumniTaLii.
OTmxe, gocnigpkeHi hakTopy MOXyTb BNAMBATU HA aKTUH-MIO3MHOBY B3aEMOZ0, 3MiHIOHO-
U pyHKLOHAmbHI XapaKTepUCTUKK BifkiB CKOPOYYBaribHOMO KOMIMIIEKCY KapAioOMiOLUTIB.
KiHeTW4YHI xapakTepuCTuKM cynepnpeuunitaLii akToMio3uHy € YyTnMBuMn 00 Ail 4oi3uko-
XiMiYHUX | dhapMaKonoriYHMX akTopiB Ta MOXYTb ByTW BUKOPUCTaHI Ans AOCTIMKEHHS iX
BMIMBY Ha MOMEKYNSIPHI MEXaHi3M1 M’I30BOTO CKOPOYEHHS.

Knro4oei crnoga: aKkTOMiO3VH, cynepnpeuunitauis, KIHETUYHI napameTpu, iOHu
MeTani., 6inok A ctadinokoka, cepueBuii M's3.

OCOBEHHOCTU PEAKLIUX CYNEPMPELUMUTALIUM AKTOMUO3UHA
B PA3HbIX YCNTOBUAX OKPYXXAIOLLIEM CPEbI
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Kuesckuli HayuoHanbHbIl yHUgepcumem umeHu Tapaca LllegdeHko
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BrnvsiHne voHoB Metannos (Cd*, Zn?*, Sr**) n 6enka A ctacunokokka Ha peakuuto
cynepnpeuvnuTaLm akToMMo3mHa Cepae“HoON MblLLLbI ObINO UCCreaoBaHO C MOMOLLLIO
METOAOB NpenapaTMBHON OENKOBON XUMWUK, OMTUYECKOW CNEKTPOCKOMMN N KNHETUYECKOTO
aHanuaa. NokasaHo, 4To Npu KoHueHTpaumn 0,1-5 MM noHbl MeTannoB nogaensatoT Mg?*-
3aBUCKMYHO peakLmio cyneprpeLmnMTaLmm akToM1MosnHa cepaeyHon MbilULbl M UISMEHSIOT
KMHETUYECKNE XapaKTEPUCTUKM 3TOro npoLecca. YCTaHOBMEHO, YTo 6enok A mogynmpyet
OVHaMUKy cyneprnpeumnMTaumum, yMeHbluasi MakcMMaribHoe 3HavyeHne OnTUYECKOn NioT-
HOCTW 1 JOCTMXKEHNE ee NMonyMakcMmMyma, a Takke yBenMuMBaeT HayvarnbHYH 1 HOPMUPO-
BaHHY0O MakKCUMarlbHYt0 CKOPOCTU cynepnpeumnutauun. Takum obpasom, MCCnenoBaH-
Hble (baKTOpbl CMOCOOHbLI BMMATH HA aKTMH-MUO3VHOBOE B3aMMOOENCTBUE, MEHSST (yH-
KLMOHarbHble XapaKTepUCTUKM DEnKOB COKPaTUTENbHOro KOMMrekca KapavoMUOLIMTOB.
KnHeTnyeckune xapaktepucTukm CynepnpeumunmTaLim akToMmo3nHa YyBCTBUTENbHbI K Ae-
CTBUIO PU3UKO-XUMUHECKUX U DapMaKONOrM4ecknx hakTopoB 1 MOryT ObITb MCMOMb30Ba-
Hbl NSt U3y4eHWs1 MX BIUSIHWS HAa MOSEKYNSPHbIE MEXaHW3Mbl MbILLEYHOTO COKpPaLLEHMSI.

Knrovyesnie crioea: akTOMUO3WH, cynepnpeunnnTaund, KWHeTU4eCKMe napameTpbl,
NOHbI MeTannos, 6enok A CTad’)I/IJ'IOKOKKa, cepaeydyHada Mblllua.

OpepxaHo: 13.10.2014

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi CTygii / Studia Biologica e 2014 e Tom 8/Ne3—4  C. 53-60



