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Baoicki memanu necamugno anauaioms Ha CKOPOMAUBE 6AACMUBOCTHI 2NAOEHHKO20 M 34 MAMKU, WO
YACMoO CcMaAc NPUYUHOIO PIZHOMAHIMHUX NAMONO2II PenpoOYKIMUGHOL cucmemu y JHCiHOK. Y 36’3Ky 3 yum
BUHUKAE NOMpeda 8 po3poOieHHT epeKMmUBHUX Memodieé KopeKyii nopyuieHb CKOpOmIUGoi axmueHOCmI
miomempis. T'ioponiz ATP, kamanizosanuii miozunosoro ATPazoi0, € 00HUM (3 HAUBANCIUBIULUX CIEMEHMIE
MOJLEKYIAPHO20 MEXAHI3MY CKOpouenns miomempis. Hamu ecmanosnena inzioysanvna ois 0,03—0,3 mM Ni?*,
PB?* ma Cd?* na ensumamuunuii 2ioponiz ATP, wo 30iticnioemuvcsi 3a yuacmio cyoppazcmenma-1 miosumy, ooep-
JHCAHO020 13 21adeHbKo2o Ma3a mamku ceui. Tiaxkanixc[4]apen-mempacyrvgponam (C-798) y xonyenmpayii
100 mxM sioHo8a10€ 00 KOHmMpoOvHO2o pieHs ATPasny axmueuicmes cyogpaemenma-1 miosuny y
npucymuHocmi Kamiouie easickux memanie. Haiigipocioniwe i3 npunyujens wjo0o Mexauizmy KopecyeaibHol
0ii C-798 tpynmyemubcs Ha 30amHOCmi Yi€i CROIYKY XeAamy8amu 6AdiCKi Memanu, a came ULyyamu Kamiouu
Pb, Cd ma Ni i3 cepedosuwa inxkybayii. Memooom Komn'iomepHozo MoOOeat08aH s 0YI0 NPOOEMOHCIPOsA-
Ho, wo 3axucHuil énaug C-798 mooace 6ymu maxoxc HACAIOKOM NOCIAONEHHS 83AEMOOI] KAMIOHIE 8ANCKUX
Memanie 3 AMIHOKUCIOMHUMY 3ATUKAMU MONEKYIU MIO3UHY nobauszy akmugnozo yeumpy ATP-eioponasu.
Taxum 4uHOM, OMPUMAHI PE3YILIMAMU MOICYNb OYMU GUKOPUCMAHT 8 NOOANBUUX OOCTIONCEHHAX, CNPAMO-
BAHUX HA OYIHKY nepcneKkmusHocmi miakanixc[4Japen-mempacynvghonamy ax papmaxonoeiyHol cnoayKu.

Knwuoei cnoea: miosun, cyoppaemenm-1, sasicki memanu, miaxanixc[4japen, ATPa3zna axmuenicmeo,
OOKIH2, 2NA0eHbKI M A3U, MAMKA.

€JIMKY KUIBKICTh MATOJOTiH B KIHOK, 00Y-
MOBJICHMX  [OPYLICHHSM  CKOPOTIMBOL
¢yHKIIT  TIaJCHBKOrO  M’s3a  MaTKU
(MioMeTpiii), MOB’I3YIOTh 3 HAKOMUYEHHSM Ba)KKHX
MeTamiB y noBkimii [1, 2]. CkopoTrnuBa (yHKIis
INIaJICHBKOT'0 M’s13a2 MaTKHU MOB’s13aHa 3 pOOOTOO OC-
HOBHOT'O CTPYKTYPHOTO Ta CKOPOTIMBOTO POTETHY
[JaJCHBPKOrO M’S13a MaTKu — MiO3uHY. 3aBAsKH
ATPa3i MiO3MH BHUKOPUCTOBYE XIMIYHY EHEPTiIO
rigponizy ATP ny1s BukoHaHHSI MeXaHi9HOT poOOTH,
sIKa MPUBOAMUTH y PyX T'OJIBKM MIO3MHY BIOBXK aK-
TUHOBHUX (1JIAMEHTIB, BHACII1IOK YOTO Bi10YBAETHCS
CKOpPOYCHHS M’sI31B.
Binomo, o Pb** ta Cd?** e HaiimonmmpeHinmMu
B HaBKOIMIIHBOMY CEpEIOBHUIII cepel KaTiOHiB
BaXKKUX METalliB Ta MalOTh HAWOINBIIY 3MaTHICTH
HAKONMMYYBAaTUCh B TKAHWHAX XMBHUX OPraHi3MiB.
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Bonu TokcnuHi 1151 6arathox (izioNoriuHuX CUCTEM
y XpeOeTHHUX, Y TOMY YHUCII 1 AJI PePOAYKTHBHOI.
Marka € opraHom, 3JaTHUM HaKOIIUYYyBaTH I Me-
tanu [3-5]. Ni** gk OGiomeran, y HaJJIHIIKOBIH
KUIBKOCTI € TOKCHYHHMM [UISl )KMBHUX OpPraHi3MmiB i
MOX€ CIPUYMHIOBATH HU3KY MaTOJOTii. XpoHiuHa
iHTOKCHKawist Ni*" MmiBUILY€e PU3UK PO3BUTKY HO-
BOYTBOPEHb JIETE€HIB, HHUPOK, IIKIpH, LIUIYHKA.
Bigomuii fioro HeraTMBHHMI BIUIMB Ha PENPOAYK-
THBHY CUCTEMY JIOAWHHU Ta TBapuH [5, 6]. BctaHOB-
JeHo iHriOyBaneHy nito Ni*', a rakox Pb** Ta Cd*
Ha ATP-rigpona3Hy akTHBHICTb aKTOMiO3MHOBOT'O
KOMILJIEKCY MiomeTpist cBuHi [7, 8] .

Heraruuuii Bnus Pb?', Cd** ta Ni** Ha
CKOpPOTIIMBI BIACTUBOCTI MiOMeTpisi moTpedye mo-
myKy ¢GapMakoIOTiYHUX CHONYK, SKIi MOXYTh
YCYHYTH Jif0 [uX MeTamiB. IlepcrieKTHBHUM
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KJIaCOM TaKHX CIIONIYK € TIOXiJHI KaJiKcapeHiB
[9] Ta TiakamikcapeniB [10], ski MicTITh Ha
MaKpOIUKIIYHIA  MOJIEKYJISpHI maThopmi
pElenTopHi YrpymoBaHHS, 3/IaTHI JI0 CEIEKTHBHO-
ro 3B’SI3yBaHHS KAaTiOHIB METaJliB IIEBHOTO THITY
[11]. Tloximmi KamiKcapeHiB, 3aBISKH 3JaTHOCTI
3B’13yBaTH B CYNPAMOJICKYJISIPHI  KOMIUICKCH
KaTioHu (Oio)MeTaiB, 3HAWIIIN 3aCTOCYBaHHS B
OlOMEIUIHUX AOCTIDKEHHSIX SK MEMOpPAaHOTPOMHI
npemapatu  [12], w™omymnstopu  ATP-3anexxamx
KanblieBuX HacociB [13], iuribitopm wmeTano-
en3uMiB [14], copbentu pamionykiinis, [15] cenco-
pu [16].

O0’exTOoM HAIIUX JIOCII JOKEHD OyB
TeTparijipokcuTiakaiikc[4]apeH-TeTpacyibpoHar
(cnonyka C-798) (puc. 1, @) y popmi TeTpaHaTpieBoi
comi [17]. ¥ wiii cmonymi UIIJIBHO PO3MIILIEHI Ha
HUKHBOMY BiHIII MaKpOIHUKIY TiAPOKCHIIBHI I'py-
I T4 aTOMHM JIBOBAJICHTHOI CIPKH, III0 3JaTHI Xe-
JaTyBaTH TEPexXifHi Ta BaXXKi METajd, B TOMY
gucmi Pb?*, Cd** ta Ni** 3 yTBOpeHHSIM MII[HHX
MeTaJIOKOMILIeKCIB (puc. 1, 6) [18]. BepxHili BiHelb
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MaKpOITUKIIY MiCTUTh YOTHUPH aHIOHHI CyNb(poHaTHI
yrpymoBaHHs, KOTpi  3a0e3neuyroTh  TapHy
BOJIOPO3YMHHICTh TiaKallikcapeHy Ta ajaresiro 1o
HPOTETHOBUX MOJIEKYJI 3@ PaXyHOK €JIeKTPOCTaTH-
HUX KOHTAKTIB 13 MIO3UTUBHO 3apsKEHUMHU aTOMa-
MH a30Ty aMiHOKHCIIOTHUX (parMeHTiB [19].

JeranpHe BUBYEHHS OyNOBH KOMILJIEKCY
mpem-0yTunriakanikc[4]apeny 3 Ni** 3a momomo-
roro metoniB SIMP-cnexkTpomeTpii Ta peHTreHO-
CTPYKTYPHHX JIOCIIIKEHB (pHC. 1B) 4iITKO BKa3ye Ha
T€, 10 aTOMU CIpKH OEpyTh OE3MOCePETHIO YIaCTh
y ¢popmyBanHi Komruiekcy [20].

Y mifi  poOOTI mpoBeAEHI TOCIHIIKECHHS
cyMicHOI Ji1 KaTioHiB Bakkux meraiiB (Pb*, Cd*
ta Ni*) Ta Tiakamikcapeny C-798 Ha GioxXiMidHwMit
nporec, SKUH MOJICNTIOE MOJISKYIISIPHUN MeXaHi3M
ckopoueHHs1 miomerpis — ATPasHy akTHBHICTBH
Mio3uHy. SIK BimoMo, cyO(pparMeHT-1 € 0CHOBHOIO
(YHKI[IOHAJIBHOIO OJMHUIICI0 MIO3HMHY, OCKIIBKH
HaBiTh B i30/IbOBaHOMY cTaHi BiH Mae ATPaszny
aKTHBHICTh, OJM3bKY J0O AKTUBHOCTI HAaTHUBHO-
ro MiO3uHy. 3aBASKH PO3YMHHOCTI B pO3UMHAX i3
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Puc. 1. Monexynspua gpopmyna cnoayxu C-798 (@) ma cmpykmypa xeaamno2o KOMIAEKCY 3 KAMiOHOM MEemay
(6). Monexynapna cmpyxmypa komnaexcy [Ni,(miaxanikcapen-Me,CO)(miaxanikcapen-dmf)] (Me,CO — aye-

moH, dmf — oumemungpopmamio — ne nokazano) [20] (8)
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HU3BKOIO 10HHOIO CHJIOKO (Ha BiIAMIHY BiJ MiO3WHY)
cyOdparmMenT-1 € 3py4HOI0 MOJIEILITIO 11T BABYCHH S
BITUBY Oynb-skux edexktopiB Ha ATP-rigpomasny
AKTUBHICTH CKOPOTIIMBUX ITPOTETHIB.

MarepiaJym Ta MeTOIH

[Ipemapar axkTOMiO3WHY OTpUMYBald i3
IJIAJIGHPKOIO0 M’S3a MAaTKH CBHHI METOJOM, OIIH-
CaHWM Y Hamii momepenHiii podoti [8]. Ilpema-
pat cyOdparmenTa-1 Mio3MHY OmEpXKYBaIH i3
aKTOMIO3WHY CBUHI 3a MmeTomoM Weeds A. G. i1
Taylor R. S. [21] i3 mesxumu monudikamismu [8].
YucroTy mpenapaTy KOHTPOJIOBAIM METOIOM
enexTpodope3y B MOTiaKpHIIaAMiTHOMY TeJi 3a Jie-
HATYPYIOUUX YMOB.

AKTHBHICTB ATPa3u cyodparmenta-1
Mio3uHy Bu3Hadanu npu 37 °C y cepenoBuli
iHKyOamii (3aranpHUi 00’eM 1 M) Takoro ckia-
ny (8 MM): Tpuc-HCI 6ydep (pH 7,2) — 20, KCI —
100, CaCl, - 0,01, MgCl, — 5, ATP — 3 (cranmapTHi
ymoBH). KonueHnrtpauis mporeiny — 20 MKr/mi.
Tpusanicte inkyOanii — 1 xB. Kontponem Ha He-
eH3uMaTuyHuil rigponiz ATP cmyryBamu mpo-
0u, B AKUX akTOMio3uH OyB BifcyTHiH. KinmbKicTh
BiJIIENIIEHOr0 BiJl HyKneosuaTpudocdary P, mix
yac ATP-rigpona3Hoi peakilii BU3HAYAIN METOIOM
Chen P. S. [22]. Cynepnpenuritaiiiro akTOMiO3UHY
JOCHIKYBaIM MpH KIMHATHIA TeMmeparypi B
CepeoBHUII 1HKYOaIlil (3arajibHui 00°eM 2 MIT) Ta-
koro ckiany (B MM): tpuc-HCI Oydep (pH 7,2) —
5, KCI - 100, CaCl, - 0,01, MgCl, — 5 (cranmapThi
ymoBH). Konuentpauis nporteiny — 500 MKr/mi.
3anyckaiu peakiliro CyneprperumniTaii 1o/1aBaH-
HSIM JI0 1HKYOaIliifHOrO CepeoBHINA, SKE MICTHIIO
nporein, anikBory ATP 1o kiHIIeBOT KOHIICHTpaIlii
4 MM. Kinetuky cynepnpenumiranii akToMio3uHY
peectpyBasin  Ha  cnektpodoromerpi  CD-26,
A 550 am. TpuBamicTs mocmimxeHHs — 10 xB. 3Ha-
yenHs ATP-rinponasHoi aktuBHOCTI cyOdparmen-
Ta-1 Miosuny cranoBuin 50—-80 mxmosb P,/xB Ha Mr
MPOTEIHY.

Brous Pb*, Cd** ta Ni*" okpeMo, a Takox
pazom i3 kaiikc[4]apenom C-798 Ha TUTOMY €H-
3uMatndHy akTtuBHICTH ATPasu cyOdparmenta-1
MIO3MHY Ta CYNEPHPEHUINTAliI0 aKTOMIO3HHY
MOCTIKYBalM Yy  CTaHAAPTHOMY  CEPEIOBHIIII
inky0aii. Konnenrpamis Pb*, Cd*" ta Ni** y mpo6i
cranosuia 0,03—-0,3 MM, kamikcapery — 100 MxM.
Koedimienrn inridysanns [ ; BusHagamu rpadiaHo
SK KOHICHTPAI[II0 KAaTiOHIB BaXXKMX METAaJiB, 3a
skux iaTi0yBanas ATPa3Hoi aktuBHOCTI cyOdpar-
MeHTa-1 cranoBmiio 50% BiT KOHTPOITHLHOTO 3HAYCH-
HA (CTaHJapTHI YMOBH).

Jns mocimiKeHh BUKOPUCTOBYBAIM Taki pe-
aktusu: BCA, EI'TA, ATP, ackopOiHOBY KHCIIOTY
(Sigma, CIIIA), nutioTpeiton (Serva, Himeunnna),
akpwitamin (Fluka, [Isefinapis), Tpuc, TIIIiNKUH
(Merck, Himeuunna), N,N'-mMeTuieHOicakpriamis
(Acros organics, Benbris), N,N,N’,N'-
terpamerunenaiamin (Reanal, Yropmmna), Takox
PEaKTUBHU BITUM3HSIHOTO BUPOOHMIITBA Kjacy oOcY,
x4. /Isl mpuUroTyBaHHS PO3UMHIB BUKOPHUCTOBYBa-
71 BoAy, ountieHy cuctemoro Crystal Bio (Adrona,
JlarBist). EnekTpompoBimHICTE BOOM CTAaHOBUIIA
mentre 0,9 MxCMm. KoHnieHTpallito KaTioHiB JIBOBa-
JICHTHUX METalliB y PO3YMHAX BU3HAYaJIH TUTPY-
BaHHAM 3a MeToI0oM Mopa [23].

Terpacyneponar C-798 OyB CcHHTE30Ba-
Hu 3 BuxogoM 70% inco-cynb(OHYyBaHHSIM
mpem-0OyTHITiakalikc[4[apeHy KOHIIEHTPOBAHOIO
cipyanoro kucioroo npu 80 °C Ta HACTYMHOIO 00-
pPOOKOI0 XJIOpHJIOM Hatpito 3a metonoM [17] (cxe-
ma).

Komm’roTepne MOJIETIFOBAHH I (toxiHT)
B3aeMofii jochimpkyBanux mirauais (Pb*, Cd*,
Ni?** ra tiakanikcapeny C-798) i3 cyodparmenTom-1
Mi03uHY MpoBoawH y rporpami Autodock 4.2 [24].
ITig vac po3paxyHKy eHeprii 3B’13yBaHHS Bpaxo-
BYBAJIKCS BaH-IeP-BAalbCOBI, EJICKTPOCTATHYHI Ta
rigpohoOHI B3aeMomii, BOJHEBI 3B$I3KH, a TaKOXK
BHECOK eHeprii aecosbBaramii. Bigbip ontumans-
HUX PEe3yJIbTaTiB MPOBOAMIIN K 33 FCOMETPUYHH-

NaO,S NaO;S SO;Na SO;Na

HS0; Q\l ““ ‘(i
NaCl S|
OH OH OH HO OH OH OH HO
C-798
Cxema
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MH TIOKa3HUKaMH TIOJO)KEHHS JIraHIy B IEHTPi
3B’S13yBaHHS KOMIUIEKCY «IIPOTEIH—IIIraH», TakK i 3a
EHePreTHYHUMH TTOKAa3HUKAMHU, BHKOPHCTOBYIOUH
«BOyIOBaHI» B TIporpaMi JAOKiHTY (DyHKITII po3pa-
XYHKY €Heprii 3B’I3yBaHHS B KOMIUJICKCI «perien-
TOp—ITITaHI.

IIponienypy HOKiHTY B aKTHBHHUU IICHTP CyO-
(hparmenTa-1 Mio3uHy OyJ10 BUKOHAHO I JIITAH/TIB
13 TIOBHICTIO iOHI30BaHHMHU (dparmMeHTaMu. s
ioniB meramnis (Cd*, Pb*, Ni*") BUKOPUCTOBYBaJH
CTaHIapTHI mapameTpu cuioBoro moisi AMBER.
3a MopenroBaHHA B3aeMonii JiranmiB i3 cyodpar-
MEHTOM-1 MIO3MHY MIOMETpisi 3AiMCHIOBAIM Tak
3BaHUN HAMIBrHYYKHW JOKIHT 1 BigOupaium HHU3-
Ky KOMIIJICKCIB 3 HAWMEHIIIOIO BiJIBHOIO EHEPTi€lo
3B’sI3yBaHHs JiranniB. Jlajmi po3paxoByBaiu oOI-
THMaJIbHY TEOMETPII0 YTBOPEHHX KOMIUIEKCIB Ta
BH3HAYAJM CHEPreTHYHO HAWBHTIJHIIIE PO3TAIly-
BaHHS TiaKaJiKCcapeHy B IpocTopi cyOdparmeH-
Ta-1 Mio3uHy. ¥ poOOTI BHKOPHUCTOBYBAIM IIPO-
CTOPOBY CTPYKTYpy cyOdparmenta-1 wmio3unHy 3
inentugikatopom — 1B7T y 0a3i gaHux npoTeiHiB
(RSCB Protein Data Bank) [25]. [lus anami3y
pe3yabTaTiB Ta MiATOTOBKM PHCYHKIB 3a Pe3yiib-
TaTaMH JIOKIHTY BHUKOPHCTOBYBalld TPOTpamu
Chimera [26] Ta Yasara [27].

Pe3yabTaTi T2 00roBOpeHHA

Teprr 3a Bce OyJ10 mociimpkeHo ius Pb?!, Cd*
ta Ni** Ha ATP-rimponasHy akTHBHICTh MIO3HHY
IJaJeHBKOr0 M’S3a MaTKH, 30Kpema Horo cyo-
¢parmenTa-1, AKUil € OCHOBHOIO (pyHKIIIOHAJIBHOIO
oduHHIEI0 Mio3uHy. Ha puc. 2 mnpeacraBieHa
3anexxnicte ATPa3noi akTuBHOCTI cyOdparmenTa-1
Mio3uHy Bij KoHueHTparii Pb*", Cd*" ta Ni*'. 3a
100% mnpuiimanu Bennunny ATPa3Hoi akTHBHOCTI
cyOdparmenTa-l MiO3MHY B KOHTPOJIBHHX YyMO-
BaxX, a caMe B CEpeOBHIII iHKyOaIlii 0e3 KaTioHiB
BOXKHX MeTajiB, ayne ske mictuino ATP, Mg* Tta
Ca?". Bennunna aktuBHOCTI ATPa3u 3a niux ymoB
cranouna 50-80 mMxmonb P/XB Ha Mr mporeiny.
Karionu Pb ta Cd BUSBISAIN SICKPaBO BUpPaKSHUH
iHTiOyBanbpHu edexkT Ha mporec Tiapomizy ATP,
KaTayi3oBaHWil cyOQparmMeHTOM-1 Mio3WHY: 3a
0,03 MM konmnentparii Pb** ta Cd*" npurnidyBaiu
ATPa3ny akTtuBHICT, Ha 25 Ta 20% BiAMOBIIHO,
3a TABHINCHHSA KoHmeHTpamii mo 0,3 MM
MPUTHIYYBaJIbHAN eekT 30imbiTyBaBcs (BilTHOCHO
KOHTPOJII0) B cepeHboMy 10 88% y MPHUCYTHOCTI
Pb** ta mo 56% y mpucytnocti Cd**. Bennun-
Ha KoeimieHTiB I  JUIs LMX KaTiOHIB CKIaxae
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Puc. 2. Konyenmpayiiina 3anescuicmes 6niugy
xkamionie Pb, Cd ma Ni na ATPasny axmuenicmo
cyoppaemenma-1 miozuny miomempis. 3a 100%
npuimanu 3navenus ATPasnoi akmusnocmi 6e3 0o-
oasanHs KamioHie eadickux memanie. Hasedenuil
munoguti epapix iz eubipku (n = 3—4)

0,08 £ 0,01 MM Ta 0,30 + 0,03 MM BigmosigHoO.
3HaYHO MEHIIHH 1HT10yBaTbHUI BILIMB BCTAHOBJIE-
HU# y npucyTHOCTI KaTioHis Ni, a came 0,3 MM Ni**
iari0yBaB aktuBHicTh ATPa3m cyOdparmenra-1
Mmio3uny Ha 30%.

[lo6 3’sicyBatm, um 3moxke C-798 3HATH He-
ratuBHuil Bruiue Pb*, Cd** ta Ni** Ha eH3uMma-
THYHY AaKTHUBHICTh JOCHTI)KYBaHOTO MIO3HHY,
0 1HKYOaIliiHOTO CEepeIOBHINA IS BH3HAUYCHHS
ATPa3H0i aKTHMBHOCTI, 1[0 MICTHJIO OIMH 13 IUX
KaTioHiB, fogaBanu po3auH C-798 (50 MM). Bimomo,
mo Ccyab(OHIIBHI TPYMH IIHOTO TiaKalliKCapeHy
3matHi 3a meBHUX yMOB (pH 9,8) 3B’13yBaTh kKarioHn
Mg?" Ta Ca?" [28], mo Moxke OyTH IPUIMHOIO HE-
BEIIMKOTO 1HT10yBaJbHOTO BIUTHBY crionyku C-798
Ha ATPa3ny akTuBHICTh cyOdparmMenTa-1 Mio3uHy
miomeTpis (puc. 3). Ckopime BCbOTO, 1€ 3yMOB-
JICHEe BHIIYYEHHSIM 3 1HKyOaIliiHOTrO cepenoBHUIIa
MEeBHOI KUTBKOCTI KaTioHiB Mg, HEOOXITHHWX IS
3B’ si3yBaHHs ATP B aktuBHOMYy ueHTtpi ATPa3sm
Ta 3AIHCHEHHs TiApoi3y Hykjaeosuarpudocdary.
Brim, mocimkenss cymicuoi aii 0,1 MM Pb?* ta Cd*
ta C-798 Ha nporec rigpomaizy ATP, karanizoBaHuit
cyOdparmMeHTomM-1 Mio3MHY, BHUSBHJIO 3IaTHICTh
TiaKaJlikcapeHy BiJHOBIIOBATH 10 KOHTPOJIBHOTO
piBHsi ATPa3Hy akTHBHICTH MiO3UHY MIOMETpisl y
MPUCYTHOCTI KaTIOHIB BaXXKUX MeTaliB (puc. 3).
Tiakanikc[4]apeH-TeTpacynbdoHar BUSIBIISIB
MoJ[iOHy KOpUTYBajbHYy JHit0 BigHOCcHO ATPa3zHoi
aKTHBHOCTI cyO(parmMenTa-1 Mio3uHy 3a HasIBHOCTI
0,3 MM Ni** (puc. 4).
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Puc. 3. Bnaus 100 mxM C-798 na ATPasmuy
akmusHicms ~ cyogpaemenma-1  miosumy y
npucymnocmi 100 mxM Pb* ma Cd?** (M + m,

n = 5-6). 3a 100% npuiimanu 3uavennss ATPasznoi

akmusHocmi  6e3  000asamHsi KAMIOHIE  6adiC-
Kux memanie. *Piznuyi mioc 3HaueHnAMu <PH*»
ma «Pb*+C-798» i ** pisnuyi mioc 3nauenHsMU
«Cd*» ma «Cd**+C-798» cmamucmuuno 8ipo2ioni,

P <005

Tiakamnikc[4]apeH-TeTpacyinbhoHaT BHSIB-
JISB TAKOXX BIJIHOBIIOBAJbHY JII0 Ha pPEakKIliro
CyNeprpenumiTanii akTOMIO3MHY MiOMeTpis Yy
npucytHocTi 300 MkM Ni?* (puc. 5). A sk Bigomo,
peaxilis cyneprpernuIiTaii ak ToMio3MHOBOI'O KOM-
IJICKCY B TICBHOMY HAOJMIKCHHI XapaKTEpU3ye HOro
CKOPOTJIMBY 3IaTHICTh Ta IOB’sA3aHA 3 IPOIECOM
rigpomnizy ATP B akTHBHOMY TIEHTpi Mio3uHY [29].

lomo mexanizmy koperyBaibHOi aii C-798
Ha ATP-rinponasHy akTuBHICTH cyOQparmeHTa-1
Mmio3uHy y mpucytHocti Pb**, Cd* Ta Ni*', T0 0onn-
HUM 13 HAMBUPOTIJHINIMX TPUMYIIEHb MOXe OyTH
BUJIyYCHHSI  JIOCHIUKYBaHHM  TiaKaJlikcCapeHOM
kationiB Pb, Cd Ta Ni i3 cepenoBuma iHKyOarii,
3aBASKM HOTO 37aTHOCTI 3B’3YBAaTH KATIOHWU BaX-
KHX MeTaniB. BomgHowac, mikaBo, 4 37aTeH Iiei
TiaKaJdiKCapeH «3HEIIKOKYBaTU» T1 KaTiOHU Baxk-
KHX METAJIB, SIKI BJKE 3B’SI3aJTUCS B IEBHUX TIISHKAX
MOJICKYJIH Mio3uHYy. [1i7 9ac JAOCIKeHHs 1HITUX
MOKJIMBHUX MEXaHi3MiB KoperyBasbHoi 1ii C-798 Ha
ATPa3y mio3uHy MiOMETpisi y TPHCYTHOCTI Bax-
KUX METaliB HEOOXiJHO Oyyio 3’ICyBaTH IiJISHKHU
3B’SI3yBaHHS LMX KaTioHIiB i3 cyOdparmenTom-1
MIO3MHY, @ TaKOXX MOXYIMBICTH B3aemoxii Pb’" ta
Cd** 3 xamikcapernom C-798 y cTpykTypi cyddpar-
MeHTa-1 MiO3UHY, JIs1 YOI0 MU CKOPHCTAINCh METO-
JIAMH KOMIT FOTEPHOTO MOJICTTIOBAHHSI.
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Puc. 4. Bnaue 100 mxM C-798 wna ATPas-
Hy —akmusHicmb cyogpacmenma-1  mio3uny y
npucymnocmi 300 mkM Ni** (M + m, n = 7-8). 3a
100% nputimanu 3uauenns ATPasnoi axmuenocmi
6e3 000asanHs KamioHis saxckux memanis. *Piznuyi
miic snauennsamu «NiZ*» ma «NiZ*+C-798» cmamu-
cmuyno gipociona, P < 0,05

ATPa3Ha aKTHBHICTE MIO3UHY 3aJIC)KHUTH
BiI TPHUPOAM KATIOHIB METaNiB, TPHUCYTHIX B
IHKYOAaIiifHOMY CEepeOBHII, Ta JOOpe KOPEIoe 3
ixuiM ioHHEM pamiycom. lomui pamiycum Mg, Ni%,
Cd?* ta Pb?* y poszumnax cranosisats 0,070; 0,067;
0,102 Ta 0,126 M BignmosigHo [30]. OueBHIHO, IITO
B3aemomiss Cd*" ta Pb*'+ i3 Mg*'-3B’13yBajibHUMHU
JIUISHKAMHA MIO3MHY 1CTOTHO YyCKJIaJIHEHA uYe-
pe3 3HauHO Oinbmuii po3mip karioniB Cd ta Pb y
nopiBHsHHI 3 Mg*". AJje BpaxoBYIOUH EKCIepH-
MEHTAJbHO JOBEACHY IXHIO IHTIOyBallbHY Jif0 Ha
ATPa3ny axkTuBHICTH cyOQparmeHTta-1 Mio3uHy,
MOYKHA TMPUITYCTUTH, IO JOCHIKYBaHI KaTiOHU
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Puc. 5. Cymicna dis 0,3 mM Ni** ma 100 mxM C-798
Ha cynepnpeyunimayio akmomiosuHy Miomempis.
Haseoenuti munosuii epaghix i3 eubipku n = 4
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3B’SI3YIOTHCA 3 IHIMUMHU (DyHKITIOHAJTBHO BayKIWBH-
MH IIITHKaM# cyOdparMeHTa-1, siki BiJITOBITaI0Th
3a 3B’s13yBaHHA Ta rigpomi3z ATP.

MeTooM  KOMITIOTEPHOTO  MOJICIIOBaH-
Hsl BcTaHoBiieHO, mo Pb*, Cd** ta Ni** MOXyTh
B3AEMOMIATA 3 AaMIHOKHUCIOTHUMHU 3aJIMIIKaMHU
cyOdparmenTta-1 Mio3WHY B JICKIJIBKOX 30HAX, IO
MaloTh BIJHOMIEHHS 10 (YHKIIOHYBaHHS €H3H-
Mmy. [Iprrdomy Miciis 3B’I3yBaHHS TOCIIKYBaHIX
KaTioHIB Ha MOBepXHi cyOdparmenrta-l1 Mio3uHy
BiJIPI3HAIOTHCS BiI MiCITb 3B’13yBanHst Mg*" (puc. 6).

Sk Bimomo, y ¢dopmyBanni ATPa3Horo ies-
Tpy OepyTh yuacth netis P (Glyl76-Lys187), nepe-
mukad 1 (Gly230-Phe243) i nepemukau 2 ((Ile461-
Serd71), 50 k[la — «BepxHii» Ta 50 k/la — «HIKHIM»
cyomomenu, a Takoxk «peie» (Leud75-Glu506)
[31, 32]. Tomy HaiOinbITy yBary Mu 3BEpHYIH Ha
JIBI HAWBIpOT1AHIII 001aCTl 3B’ I3yBaHHS JUJIST KOX-
Horo 3 kationiB (Cd*, Pb** ta Ni*"), siki HaOnuxkeHi
no ATP-3p’s3yBanbHOl OiisiHKH cyOQparmenTa-1
MiO3UHY.

BcranoBneno, mo Cd** koopauHyeThCs 3
aromamu kucHio Glul77 (moBxuna 3B’s13ky 0,27
ta 0,36 HM) i 3 aToMoM KuCHIO Serl78 (moBKHHA
3B’13ky 0,35 um). Takox Cd** B3aemonie 3 Arg236
(moBxxmHa 38’13Ky 0,3 HM) B 00macTi 3B’s13yBaHHA |
(puc. 7, A), sika 3HAXOAWUTHCA B HWIKHIA YaCTHHI
IIUTHHE MK HYKJIE03U /3B 513y BalIbHUM IIEHTPOM Ta
«HWKHIM» cyomomernom posmipom 50 k/la (Ser652-
Leu666), 6e3mocepenupo 01 e P.

B obnacTi 38’s13yBanHus 2 (puc. 7, b), 110 3HaX0-
IUTHCS B HIDKHIN YaCTHHI «BEPXHBOTO» CYOIOMEHY
po3mipom 50 k/1a (Leu218-Asp463, Glu605-Phe621)
Ta HaOamxkeHa no nepemukada 1 (Gly233-Phe246),
Cd*" koopmuuyetbest i3 aromom kucHio Glu327
(moBxmHa 3BS13ky 0,24 HM), 3 aTOMOM KHCHIO
Glu326 (mosxuna 38’13ky 0,32 HM) Ta aTOMOM KHC-
HI0 Asp323 (noexuHa 3B’13Ky 0,35 HM). Lls ninsHka
3B’SI3yBaHHS, K 1 1, TAKOXK Ma€ BIJHOIICHHS JI0
3B’s13yBaHHsI Ta rigponizy ATP.

Inst Pb?* BusBiieHi [OBI MOXJIHMBI JIISHKH
3B’13yBaHHs 3 cyOdparmenTom-1 miosuny. [leprra
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Puc. 6. Jokine Cd?* (céimno-sicosmuit), Pb** (wopnuii) ma Ni** (poowcesuil) 6 30nu 36’13y6anns 6 oonacmi,
HAOIUICEHIT 00 HYK1e03U03813Y8aNbHOI OLNAHKU cyogpaemenma-1 monexynu miozuny. Ha pucynky nokasa-
no nemaio P (Glyl76-Lys187), nepemuxay 1 (Gly230-Phe243) i nepemukau 2 (lle461-Ser471)

ISSN 2409-4943. Ukr. Biochem. J., 2014, \ol. 86, N 6

159



EKCITEPUMEHTAJIBHI POBOTH

. 6G.Iu-325

lcd

271

Puc. 7. Bzaemoodis kamiona Cd i3 nieand3e’s13yeaivhoio OLISIHKOW cyo@paemenma-1 Miosuny y 600HOMY
omouenni. Jlinismu noxasani 600nesi ma ionti 63aemooii. A ma b — 1 ma 2 dinauku 36’a3yeanns

3 HUX (puc. 8, A) KOHTaKTye 3 nepeMukadeM | Ta
netnero P, Hemomanik Bix cmipani «pene» (Leud75-
Glu506). Karion Pb koopauHyeTbcs 3 aTOMOM KHC-
Hio Glul77 (momxwuna 3B’13ky 0,32 HM), 3 aTOMamMu
kucHio Glu675 (mosxuHa 38’13ky 0,27 ta 0,35 HM)
1 Takox B3aemoxie 3 Arg236 (IOBXKHHA 3B’S3KY
0,25 um) ta Leu686 (nmoexuHa 3B’s3ky 0,26 Ta
0,30 HM).

B iHmi# npinsani 3B’s3yBaHHs (puc. 8, b),
Pb** koopauHyeTbest 3 atomamu KucHio Glu327
(moBxkmua 3B’13ky 0,25 Ta 0,34 HM) 1 3 aToMOM
kucHio Glu227 (momxuna 3B’13Ky 0,35), a Takox
B3aemomie 3 Pro224 (momxwuna 3B’13ky 0.4 HM) Ta
GIn287 (moBxwuHa 3B’s13ky 0,45 HM). Lls minsHka
3B’SI3yBaHHS KOHTAKTYeE 3 MepeMuKadeM 1, 1 Takox
Mae BiHOIICHHS JI0 3B’sI13yBaHHs Ta rigpomnizy ATP.

Karion Ni moxe B3aemomistu i3 cyOdpar-
MeHTOM-1 Mio3MHy B oO0macTi 3B’A3yBaHHS, SKa
KOHTAaKTye 3 MepeMHuKadeM 2, mo Oepe ydacTh y
3B’s13yBaHHi1 ATP Ta iforo rigpo:misi, acame B3aEMoie
3 Glu465 (momxuHa 3B’13Ky 0,22 HM), Asp468 (10B-
skrHa 3B’s13Ky 0,35 HM) Ta Leu653 (morxuHa 3B’SI3KYy
0,37 uMm). Ll obmacTh 3B’SI3yBaHHS 3HAXOMHUTHCS
o063y aKTHUH3BS3yBaJbHOI MUISHKU Ta MIITHHA
MIXK «BepXHIM» Ta «HIKHIM» 50 k/la cyOmomena-
MH, Ha JIHI sKOi 3HaxomuThbcs ATP-3B’s13yBajnibHa
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KHUIIeHS, e uepe3 Mg?" 3B’13y€eThcsl MOJIeKyJ1a cy0-
ctpary. Bona 3a3Hae ckinagHux KoH(opmamiitHux
nepeTBOpeHb y npoueci nepenaui eneprii Big ATP-
TiApOJIA3HOTO LEHTPY MO0 AKTHH3B'SI3yBaJIbHOI
noBepxHi. Takok karion Ni, momioHo mgo Cd*" ta
Pb?*, Moke B3a€EMOISITH i3 MPOTETHOM B 00IACTi
3B’sI3yBaHHA 2 (JaHi HE HABEJCHO).

MoskHa 3a3HAYUTH, 1110 B3a€EMOIIs 10HIB 13 T10-
BEPXHEIO MPOTEiHy BiAOyBaeTbcsl, K MPAaBHIIO, 32
y4acTio iX TigpaTHHX OOOJOHOK. SIKIo eHepris
3B’I3KY 10HA 3 JUTIOJIBHOI0 MOJICKYJIOK BOJIH, SKa
3aJIOKUTH BiJl IOHHOTO pajiyca, MEHIIE TEeIIOBOi
eHeprii, To Ha TOBEPXHi 10HiB Bojia He Oyie yTpuMy-
Barucs. [lin yac B3aemoziil 3 TOBEpXHEIO MPOTEIHY,
10H MeTally 3 BEJINKUM IOHHHM PaJilycoM MiIlHiIIe
3B’I3YEThCS 3 HETATHBHO 3aps/KCHOI0 T'PYIOI0
aMIHOKHCJIOTHOTO 3aJIHIIKY MPOTEIHY 1 MOXE yT-
BOPIOBATH KYJIOHIBCBKHN KOMIUIEKC i3 3aTraJIbHOIO
TiZpaTHOIO 00OJOHKOM. Y IOMY pa3i i0HW MeTa-
Jy TIOBHICTIO KOMITEHCYIOTh JIOKAJIbHUH MOBEpPXHe-
BHH 3apsI MPOTEIHOBOI MOJICKYJIH, 1 3B’SI3yBaHHS
KaTiOHIB METaIy i3 MPOTEIHOM CTAa€ MIITHIIIIM.

JlilicHO, aHami3ylO9u OJEpXKaHi PEe3yIbTaTH
momo gokiary Cd?, Pb*" ta Ni*, MOKHA 3aHAYUTH
Te, 0 Y 3B’sI3yBaHHI JIOCHIPKYBaHMX KATIOHIB i3
MOJICKYJIOK MiO3MHY OCHOBHE 3HAYEHHSI BIAIIPAOTh
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Puc. 8. Bzaemoodia kamiona Pb i3 niean036’s13y6anvHoro OLIAHKOW cyo@paemenma-1 MiosuHy y 600HOMY
omouenHi. Jlinisamu noxazani 600Hesi ma ioHHI 63aemo0ii. A ma b — 1 ma 2 dinsanku 36’13y8aHHs

iX B3aeMO[ii 3 HEraTMBHO 3apSJKCHUMHU I'pyHamMH
aAMIHOKHCJIOTHUX 3aJIUIIKIB eH3uMy, 30Kkpema Glu
Ta Asp.

Takok MU TPOBENH JOCTIAKEHHS B3a€MOAIT
C-798 i3 karionamu Cd ta Pb 3a ymoBu iXx mome-
PEIHBOTO JOKIHTY B JITaHI3B’3yBalbHY AIISHKY
cyOdparmenta-1 wmio3uny. Lleit TiakamikcapeH
3HAXOOUThCS B  KOH(OpMAaLii «KOHYC», sKa
cTablTi3y€eThCs BHYTPILIHLOMOJICKYJISIPHUMH
BOJHEBHUMHM 3BSI3KAMH MK (DEHOJIBHUMH TpY-
namu. CroyaTky MH OTpUMAjM EHEPreTHYHO
MiHiMi30BaHy cTpyKTypy C-798: 3aranbHa eHepris
micist Mi”iMizamii ctaHoBmia 62,45 KKall/MOIIb.
HasBHicTh i10HiI30BaHUX CYJIb(OHIIBHUX TPyl Ha
BEPXHBOMY BiHILI Ta iIPOKCHJIBHUX TPYI HAa HUXK-
HBOMY BIHLI TiaKaJlikcapeHy iCTOTHO 30iJbIlye
BHECOK €JICKTPOCTATMYHUX B3a€MOAIN B 3arajbHy
eHeprito B3aeMoii «ricTh-xa3saia» [33].

Ha puc. 9 naBeneni pesyibraTd BOyIOBYBaH-
Ha C-798 y ctpykrypy cyodparmenta-1 miozuny 3a
MOTIEPEAHBOTO 3B’I3yBaHHsI ITpoTeiHoM KarioHiB Cd
(puc. 9, A) Ta Pb (puc. 9, b) B o0macti 3B’s13yBaHHs |
ast KokHoro kariona. Cd*" B3aemomie 3 aromamu
KUCHIO HWKHBOTO 000/1a Ta MicTKoBOI cipkn C-798
(O3 — 0,21 am; S1 — 0,30 aMm, O2 — 0,33 aMm). [lpu
IIbOMY CIIOCTEpITraeThcsa 3MiHA MOJOKEHHS KaTioHa
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B Iiii obmacti 3B’3yBanHs. Ilokaszano, mo Cd*
JIENI0 BIJAXOAUTH BIJ aMIHOKHCJIOTHUX 3aJIUIIKIB
netii P, i fioro B3aemonist 3 aromoM kucHio Glul77
nocnabnoetbess  (moBkuHa 3B13Ky 0,39 HM)
(puc. 9, A).

Y pasi B3aemonii 3 karionom Cd, C-798
(QiKCyeTbCI y «3amaguHi» MOTOPHOI'O JOMEHY
cyodparmenta-1 Mio3uHYy 3a yd4acT JAEKIIBKOX
aMIHOKHCJIOTHUX 3aJIMIIKiB. 30KpeMa, TiipodoOHa
KOp3WHa TiakamikcapeHy (iKCYeThCsl 3aIMIIKaMU
apoMatnyHuX amiHokucyot Phe467 ta Phe469 cy06-
¢parmenTa-1 MiO3MHY, HETaTHBHO 3apsIKEeH1 aTOMHU
KHCHIO TiaKaJIiKcapeHy B3a€MOJIIOTH 13 O3UTHUBHO
3apsKCHUMHU 3aJIUIIKaMH aMiHOKHCIoT — Arg570,
Asn572 ta His689.

Karion Pb, noniono no Cd*', B3aemogie 3 aro-
MaMH KHCHIO HUKHBOTO 000712 Ta MICTKOBOI CipKH
kamikcapeny (S2 — 0,23 am; Ol — 0,25 am; O3 — 0,28
HM). (puc. 9, b) i Takox Aemo BiaaIs€ThCS Bif 1MO-
MePeTHBOT0 MICIIs 3B’sI13yBaHHs B oOmacti 1 (puc. 10,
F). Karion Pb*" npurnuHsie B3a€MOIisATH 3 aTOMOM
kucHiO Glul77, a koopaunysanus 3 Glu675 crae
ciabkimmm (nosxknHa 38’13Ky 0,39 HM). BogHouac,
rinpodobua xopanna C-798 ¢ikcyerbest 3amumika-
MU apoMaTHYHUX aMmiHOKkucIoT Phe464 ta Phe467
cyOdparmenta-1 Mio3wHY, HETaTHBHO 3apsKEeH1
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Puc. 9. Bnaug C-798 na 3aemo0iro kamionie Cd (A) ma Pb (b) i3 aminokuciomuumu 3aiumxamu cyogpae-

menma-1 6 obnacmi 36’a3ysanns 1 KOJCHO20 3 KAMIOHIG

aTOMH KHCHIO Kallikc[4]apeHy B3a€MOIIIOTH i3 T0-
3UTUBHO 3apsKEHIMH 3aJINIIKAMH aMiHOKHCIIOT —
Pro571, Asn572 ta GIn573.

Takoxx mu pocrmigunu BriuB C-798 Ha 3MmiHy
reomeTpii mosoxkenust Cd*" ta Pb*" mig yac A0KiHTY
B 00J1acTh 3B’s13yBaHHs 2 cyOdparmenTta-1 Mio3uHy
(puc. 10). YV mnpucyrtHocTi Tiakajikcapeny Cd**
B32€MOJII€ 3 AaTOMAaMH KHCHIO TPETHOI CYJIb()OHIIBHOT
rpymu (016 — 0,25 am; O15 — 0,26 M) (puc. 10, 4),
Malke HE B3a€MOJi€ 3 aToMaMu KHCHIO Asp323
ta Glu326, a xoopaunysanHs 3 Glu327 3HauHO
ciabmrae (mopxknHa 3B’s13Ky 0,41 HM).

V pasi BOynoByBanus C-798 sk iy pasi 3 Cd*
karioH Pb Ttakox B3aemojle 3 aroMaMu KHUCHIO
TpeThoi cynbdoninbHoi rpynu (016 — 0,2 am; 014 —
0,26 um; O15 — 3,8 um). [Ipu npomy 1eil KaTioH
JIeI0 BiAANSIE€ThCA BiJl TOMEPEIHBOTO  MiCIs
3B’s13yBaHHS B 001acTi 2 cyodparmenTa-1 Mio3uny,
1 HIBEJIIOETbCA HOr0 B3AEMOJiS 3 aTOMOM KHCHIO
Glu227, a 3 Glu327 KOOpIUHYETHCS JTUIIC 3 OHUM
aTOMOM KHCHIO, TPUYOMY IX B3a€MOAIS 3HAYHO
nociadioeTbes (orxuHa 38’s13ky 0,41 HMm) (puc. 10,
b). B 000x Bumagkax TiakalikcapeH (PiKCyeThCs
y <«3anaauHi» MpoTeiHy 3a YYacTi JeKiJTbKOX
aMIHOKHCIIOTHUX 3anumikiB (puc. 10). 3okpema, He-
TaTHBHO 3apsIKEH1 aTOMU KUCHIO CyNb(OHITBHUX
rpyn TiakallikcapeHy B3a€MOAIIOTH i3 MO3UTHUBHO
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3apsAKEHUIMH 3aJTHIIKaMU aMiHOKHCTIoT — Lys188,
Lys195 ta GIn221 cy0¢dparmenrta-1 Mio3uny.

Ha puc. 9, 10 C-798 «oroueHwmii» HariB-
MPO30pOI0 TIOBEPXHEI0, sIKa BigoOpakae KapTy
PO3MOBCIOMKEHHST €NEKTPOCTATUYHUX B3a€MOJIH,
3YMOBJICHUX HAasIBHICTIO aTOMiB KHUCHIO (YEPBOHHI
KOJIp) Ta aToOMiB CipKkH (KOBTHH Kouip). 3TigHO
3 pucyHkamu, karionn Cd ta Pb koHTakTyOThH i
HaBITh JELI0 NEPEKPUBAIOTHCS 3 LIEI0 MOBEPXHEIO.
Lle cBimuuTh Mpo Te, MO AOCHTIKYBaHI KaTioOHU
3HAXOMSThCS y JIOCUTH TICHIM B3aeMOjil 3 Hera-
THUBHO 3aps/PKEHUMHU aTOMaMHU BEPXHBOTO Ta HHIK-
Hporo BinmiB C-798. VMoBipHO, 1m0 Tiakanikcapen
«BinTsarye» Ha cebe Pb** ta Cd?**, BHaciimok yoro
B3a€MOJIisl KaTIOHIB 3 AMIHOKMCIOTHUMHU 3aJIUIIKa-
MU €H3UMY MOCIa0II0EThCS.

OTtxe, pesynbratu nokiHry C-798 y minsHKY
cyOpparmenTa-l1 Mio3uHy, sKa HaONMKeHA [0
ATP-rinpona3Horo HeHTpy, Mia yac 3B’I3yBaHHS 3
nporeinom Cd*, Pb*, Bka3ywoTh Ha HMOBIpHICTH
B3aemomii  ¢yHKmioHanpHuX rpyn  C-798 i3
KaTioHaMu BaXKuX MeTaiiB. [Ipm mpomy 3B’S13KHM
Cd* rta Pb* i3 3amumikamMu aMiHOKHCIOT cy0-
¢parmenTa-l MiO3MHY ICTOTHO MOCTAONIOIOTHCS,
1 BiACTaHb MK HHMH 3011bIIyeTHCS. MOXIUBO,
BHACIIiJIOK [IOTO 3HIMA€ETHCS X HETaTUBHUH BIJTUB
Ha ATPa3Hy akTUBHICTH MiO3HHY.
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Leud3d 4*

Puc. 10. Bnaug C-798 na e3acmooiio kamionie Cd (A) ma Pb (b) i3 aminoxuciromuumu 3aruwkamu S-1, 6
obnacmi 36’513y68anHs 2 KONHCHO20 3 Kamionis. JIinismu nokasani 600Hesi ma ioHHi 63aeMO0Ll

TakuM YWHOM, BCTAHOBJICHO iHTiOyBalbHY
niro Ni**, Pb*" ta Cd*" (0,03-0,3 MM) Ha ATP-
riposa3Hy aKTHUBHICTH cyO(parmeHTa-1 Mio3uHY
MiOMeTpist CBUHI. Tiakamikc[4]apeH-TeTpa-
cynb(hOHAT BITHOBIIOE 10 KOHTPOIBHOTO pPiBHS
ATPa3ny aktuBHICTH cyOdparmenta-1 Mio3uHy
y TPUCYTHOCTI KaTiOHIB BaXXKuX wmeTamiB. On-
HUAM 13 HaiOiIbII BIpOTiTHUX MPHUIYIIEHb MO0
MexaHi3my kopuryBanbHoi Aii C-798 Moxe OyTu
BUITy4eHHs KarioHiB Pb*, Cd** ta Ni** i3 cepenoBu-
ma 1HKyO0aii 3aBasAKH 1X 3B’I13yBaHHIO 3 KaTIOHAMH
BOXKHX MeETajliB. MeTogoM KOMIT FOTePHOTO MO-
NETIOBaHHS OyJ0 BH3HAUEHO MOXKIIMBI MICITA
3p’s3yBanus NiZ*, Pb*" ta Cd*" i3 cyodparmenTom-1
MiO3WHY, BCTAHOBJICHO THIT 3B’SI3KiB MK ITUMH
KaTiOHaMU Ta aMiHOKHCIOTHHMH 3aJIUIIKAMH, 1X
JIOBXKMHA Ta TEOMETPUYHI XapaKkTepucTukH. [lToka-
3aHO 3MiHY TIOJIOKEHHSI KaTIOHIB Ba)KKHUX METaJIiB
nig yac jgokinry C-798 y JiISHKH 3B’13yBaHHS
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Pb* ta Cd** B Mexax cybdparmenra-1, mo moxe
cBiguntu mpo 3xatHicte C-798 B3aemomiaTH 3
KaTIOHAMH BaXXKHUX METAIB, SIK1 3B’SI3aIUCS 3 MO-
nekynoro miozuny. Koperysansna gist C-798 moxe
OyTH HACIIJIKOM IOCIIA0JICHHST B3a€MOJIii KaTiOHIB
BaXKHX METAJIIB 13 aMiHOKHCIOTHUMH 3aJTHILIKAMHU
MOJICKYJH MIO3UHY TOOIU3y aKTHUBHOTO LEHTPY.
OpnepxaHi pe3ylbTaTd MOXYTh OyTH BUKOPHCTaHi
B MOJANBLINX JOCTIIKEHHSX, CIPSIMOBAaHUX Ha
OLIIHKY TMEPCIEeKTHBHOCTI Tiakamikc[4|apeH-TeTpa-
cyabdoHaTy sK papMaKoIOTidHOI CIIOTYKH.

Aemopu 60suni k.0.n. Pebpicey A. B. 3a odo-
nomozy 6 ouuwjenni cyogpacmenma-1 miozuny Ha
xpomamoepaghiuniti cucmemi BioRad.

Pobomy 6yno euxonano 3a Qinancosoi
RIOMPUMKU ~ 0epIAHCABHOI  YIboBOI  HAYKOBO-
mexHiynoi  npoepamu  «Hanomexwnonocii  ma

nanomamepianuy, Ne 0110U005970.
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3AIIUTHOE BJIMSIHUE
TUAKAJHUKC[4]APEH-
TETPACYJIb®@OHATA HA
UHI'MBUPOBAHUE ATP-
T'IIPOJIABHON AKTUBHOCTH
CYB®PAITMEHTA-1 MUO3UHA
MHOMETPHUSI KATUOHAMUA
TSKEJBIX METAJLJIOB

P. ]I Jlabvinyesa', A. B. Bessa', A. A. Beesat,
A. A. Jhonero', C. I Xapuenko?,
B. U. Kanvuenxo?, C. A. Kocmepun'

"NucturyT 6moxumuu um. A. B. Tlannannua
HAH Vkpaunsi, Kues;
e-mail: labyntseva@biochem.kiev.ua;
kinet@biochem kiev.ua;
MHCTUTYT OPraHUYECKOH XUMHUH
HAH Vkpaunsi, Kues,
e-mail: vik@ioch.kiev.ua

Tspxenble METaJJIbl HEraTUBHO BIIUSIOT HA CO-
KpaTUTEIbHbIE CBOWCTBA TJAJKUX MBI MaTKH,
YTO YaCTO CTAHOBUTCS MPUUYUHON Pa3IMIHBIX Ta-
TOJIOTUH PENPONYKTUBHOM CHUCTEMBI Y IKEHILMH.
B cBs3u ¢ 5THM BO3HHWKaeT MOTPEOHOCTH B paspa-
060Tke 3(p(PEeKTUBHBIX METONOB KOPPEKIIUH Hapy-
LWIEHUN COKPATUTEIbHON aKTUBHOCTH MHOMETPHSL.
I'mpponus ATP, katanusupyemblii MHO3MHOBOM
ATPa3oii, ABISETHCS OMHUM U3 TJIABHEHIINX dJIe-
MEHTOB MOJICKYJISIPHOTO MEXaHU3Ma COKPAIICHUS
MHOMETpHs. HamMu ycTaHOBJIIEHO WHTHOMpYIOIICE
nercreue 0,03—-0,3 MM Ni?, Pb?" u Cd*" Ha >H3u-
matuueckuid ruaponus ATP, ocymecTBusieMblii ¢
ydactreM cyOdparmMeHnTa-1 Mro3uHa, MOy YeHHOTO
Y3 TIAJAKUX MBI MAaTKU CBUHbU. Tuaxamnuxc[4]-
apen-tetpacyibponatr (C-798) B KOHICHTpALHH
100 MxM BoOCCTaHaBIMBAeT N0 KOHTPOJIHHOTO
ypoBHsi ATPasnyro aktuBHOCTH cyOdparmenta-1
MMO3MHA B INPUCYTCTBUHM KAaTHOHOB TSKEJBIX Me-
tainoB. OgHON W3 HamOoJee BEPOATHBIX BEpCUH
OTHOCHUTEIIBHO  MEXaHH3Ma  KOPPEKTUPYIOLIETO
nerictBust C-798, 0CHOBaHHOU Ha €ro COCOOHOCTH
XEJIATUPOBATh TSDKEJIbIC METaJJIbl, MOXET OBbITh
m3batue Pb*, Cd* u Ni** u3 cpempl WHKyOaIuu.
MeTo/10M KOMITBIOTEPHOI'O MOJCTMPOBAHHUS ObLIO
MPOJEMOHCTPUPOBAHO, YTO 3AIIUTHOE BIMUSHHE
C-798 MOXeT OBITh TAKXKE CIEICTBUEM OCIAOICHUS
B3aUMOJCHCTBUS KaTHOHOB TSIKEJIBIX METAJJIOB C
AMHUHOKHUCJIOTHBIMA OCTaTKaMU MOJIEKYJbl MHO-
3uHa BOJMIM3M akTUBHOrO lieHTpa ATP-ruppomnassl.
Takum 00Opa3oM, MOTYUYCHHBIC PE3yJIBTaTHl MOTYT
OBITH MICTIONIB30BAHBI IS AAJBHEHIITNX UCCIIET0Ba-
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HUH, HAIPABJICHHBIX Ha OLIGHKY IEPCIEKTHBHOCTU
THakanukc[4]apen-rerpacynbdonara kak ¢apma-
KOJIOTHYECKOT'0 COEINHEHHUSI.

KnrwueBbie ciaoBa: MHO3UH, CyO(par-
MEHT-1, TsDKenble MeTajulbl, THakamukc[4]|apew,
ATPa3nast akTUBHOCTb, JOKHMHT, IJIaJIKME MBIIIIIIBI,
MaTKa.

PROTECTIVE EFFECT OF TIACALIX|4]
ARENE-TETRASULPHONATE

ON HEAVY METAL INHIBITION

OF MYOMETRIUM MYOSIN
SUBFRAGMENT-1 ATP-HYDROLASE
ACTIVITY

R. D. Labyntseva', O. V. Bevza', A. A. Bevza',
A. M. Lulko', S. Kharchenko?, V. I. Kalchenko?,
S. O. Kosterin*

Palladin Institute of Biochemistry, National
Academy of Sciences of Ukraine, Kyiv;
e-mail: labyntseva@biochem.kiev.ua;
kinet@biochem kiev.ua;

Hnstitute of Organic Chemistry, National
Academy of Sciences of Ukraine, Kyiv;
e-mail: vik@ioch.kiev.ua

Heavy metals have a negative effect on the
contractility of uterine smooth muscles (myome-
trium), these effects can lead to various pathologies
of a women reproductive system. To overcome these
effects the methods for correcting the myometrium
contractile activity are to be developed. Catalyzed
by myosin ATPase ATP hydrolysis is the most im-
portant reaction in the molecular mechanism of
myometrium contraction. We have found an inhibi-
tory effect of 0.03-0.3 mM Ni*, Pb** and Cd*" on en-
zymatic hydrolysis of ATP by myosin subfragment-1
obtained from swine uterine smooth muscles. We
have demonstrated that 100 pM thiacalix[4]arene-
tetrasulphonate (C-798) recovered to the control level
of ATPase activity of myosin subfragment-1 in the
presence of heavy metal cations. One of the most
probable mechanisms of C-798 corrective activity
is based on its ability to chelate heavy metals, thus
cations Pb, Cd and Ni can be removed from the in-
cubation medium. Computer simulation has demon-
strated that the protective effect of C-798 may also
be the result of weakening the interaction of heavy
metal ions with amino acid residues of the myosin
molecule near the active site of ATP hydrolase. The
obtained results can be used for further research
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aimed at assessing the prospects of thiacalix[4]
arene-tetrasulfonate as pharmacological compounds.

Key words: myosin subfragment-1, heavy
metals, thiacalix[4]arene, ATPase activity, docking,
smooth muscle, uterus.
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