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Ilposedeno ananiz kinemuunux eaacmuseocmeii Ca**, Mg>* -ATP-a3u canouin-neppoposarux
Aimepouyumie nepugepuuHoi Kkposi 300posux 0OHOPIE i X6OPUX HA PeBMAMOIOHUL apmpum ma aHKiA03USHUIL
cnonounoapmpum. 3a ouinkor 3min eidpoaasnoi axmuenocmi Ca®t, Mg?*-ATP-a3u eécmanoséaeno, ujo
cnopionenicmo Ca®*, Mg?*-ATP-a3u naazmamuunoi memoOpanu i memoOpan eHOONAAZMAMUYHO20 PeMUKYAYMA
do ATP eipociono ue idpiznsemocs. B ymosax pozeumky pesmamuuHoi namoaoeii inei6yeanHs aKmueHocmi
00CAI0XCY8AHUX eH3UMAMUYHUX CUCEM 8 IMYHOKOMNeMEeHMHUX KAIMUHAX 8i00y8aembcs 3a 3MIUAHUM MU-
NnoM — K 34 PAXYHOK 3MeHUleHHs Yucaa 00epmie eH3umy, maK i 3a paxyHox 3HudceHHs cnopionenocmi Ca’*-
ATP-a3 do cybcmpamy. Jlosedero, wo 6 aimgouumax ocié 3 peemamuunoro namonoeico Ca’*, Mg**-ATP-a3a
8ipP02IOHO XapaKkmepu3yemocs HUNCHON CHOpiOHeHicmio 00 cyObcmpamy mpaHcnopmyeaHHs, Hijc y 300posux
doHopis.

Kawuoei caoesa: Ca’*t, Mg>*-ATP-asa, aimchoyumu, peemamoionuti apmpum, AHKIA03UGHUL CHOHOUAO-

apmpum.

imoMo, 10 BHYTPIITHBOKIITUHHUI Ca’*
€ KJIOUOBUM CUTHAJIbHUM MECEHIXEePOM
MPakKTUYHO B YCiX TUIAX KJITHUH, 30-
KpeMa i B iMYHOKOMIIETEHTHMX. Y JiiMdouuTax
sminn  [Ca’*], acowilOIOTBCA 3  UYUCIEHHUMU
KJIITUHHUMHU TIpolecaMM 1 peakllisiIMM, TaKH-
MU SK aKTMBallis KJITUHHMX KiHa3 i ¢ocda-
Ta3, PEryJloBaHHS ILUTOCKEJETHUX TPOTEIHiB,
KOHTPOJIb TPAaHCKPUIILil, MOOYJSLisl IIOBEPX-
HeBux peuenrtopis [1]. Ilimumenna [Ca®] B
T-nimdbouuTax mig yac 38’s13yBaHHS T-KJIITUHHOTO
peuenTopa i3 4yXXOpiZHMM aHTUTEHOM 3allyCKae
TPAaHCKPHUIILiHI TIpolecu, $Ki, HacaMKiHEllb,
BeNyTh N0 cekpelii e(peKTOpHUX LIUTOKIHIB i
KoopAauHalii iMyHHOI BimmoBimi [2]. 3HMKeH-
Ha piBHa [Ca®], Bene n0 ocinabieHHsA aKTUBaUil
T-nimbouuTiB i g0 PO3BUTKY pi3HUX HOpM
iMmyHoaedinuty [3, 4]. IMyHoOriYHA peaKTUBHICTh
TiM(MOLMTIB TaKOX NOB’A3aHa 3i 3Minamu [Ca’*],
[5]. 3a ¢iziomoriuanx ymoB miaTpuManHHs Ca’*-
roMeocTasy  3yMOBJIOETbCS  CYMEPIIO3UILIEI0
(byHK1IIOHYBaHHS €HEepro3ajexXHUX Ta €HeproHe-
3ajexxHux Ca’'-TpaHCIIOPTYBaJIbHUX CUCTEM, a
takoxX Ca’*-3B’13yBajIbHUX MPOTEIHIB.
Bigomo, 110 3a nesIKMX TaTOJIOTiid, 30Kpe-
Ma peBMaTUYHOI, 3MIiHIOIOThCA OioXiMiyHI Ta
iMYHOJIOTiUHi MOKa3HUKMU JiM(OLMTIB, a TaKOX
ix Ca?"-romeocra3 [6, 7]. PeBMaTuuHi 3aXBOpIO-
BaHHSI € OAHUMMU 3 HaWMOIIMPEHIIIUX Yy CBIiTi i
€ TEeTEepOreHHOI TIpYIol MYJbTU(hAKTOPHUX
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XBOpPO0. Y morepenHix MOCHiIXEHHSIX HaMU I10-
KazaHO nedeKT TriapojasHoi akTtuBHocTi Ca?t,
Mg?*-ATP-a3n nmimMdomuTiB KpoBi XBOPUX Ha
peBmaroinHuii aptput (PA) [8]. Cxoxi pesynbTa-
TN ojepkaHo nmocaimHukamu panime [9]. IIpore
BipOriJIHO HEBiAOMO, SIKi MEXaHi3MU 3YMOBJIIOIOTh
MopylleHHS (PyHKIioHaJbHOI akTWBHOCTI Ca’*,
Mg?*-ATP-a3u. 3 omisaay Ha 1€, METOIO pOOOTH €
BUBYCHHS KiHETUIHUX BiacTuBocTeit Ca’>t, Mg?*-
ATP-a3u nimM@ouuTiB KpoBi 3I0pOBUX AOHOPIB i
XBopuX Ha PA Ta aHKiJIO3UBHUI CLOHAMJIOAPTPUT
(ACA).

Marepiaam i MmeToau

JocaimkeHHs TpoBOOMJIM Ha JimM@oluTax
nepudepruyHOi KpOBi 3I0POBUX JIOHOPIB i XBO-
pux Ha PA ta ACA mia yac rocmiranizailii XBo-
pux B peBMaToJIOTiuHe BigmijieHHsT JIbBiBCBbKOL
o0siacHOI KJIiHiUHOI JlikapHi. YciXx xBopux Oyjo0
posaijieHo Ha aBi rpynu: xBopi Ha PA (n = 40)
ta xBopi Ha ACA (n = 30). I'pyInly KOHTpOJIIO CTa-
HOBUJIM TMPAKTUYHO (KJiHIYHO) 3J0pOBi JOHOPH,
pernpe3eHTaTuBHI 3a BikoMm (20—35 pokiB) i crar-
10 (n = 30).

MonosaepHi  JiMdouutn nepudepuyHOl
KpPOBi JIIOAMHU BUIUISIM 3 TrelnapuHi30BaHOI
CBi>KOOTPHMMAHO1 KPOBi 3J0POBUX JOHOPIB i XBO-
pux Ha PA ta ACA B rpali€eHTi rycTuHM (hikoa—
Tpiymb6pacty (p = 1,08 t/cm?) [10]. LlimicHicTb i
KUTTE3MATHICTD JIIM(POLIUTIB, sIKa B yCiX HOCigax
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cTaHOBUJIA He MeHIIe 95%, olliHIoBaIN 3a 3a0apB-
JICHHSIM TpUIIaHOBUM cUHiM [11].

Hnsa nepmeabinizanii MemOpaH JiM(OLUTIB
i poskputtg mareHTHoi Ca’>’, Mg?"-ATP-a3Hoi
aKTUBHOCTI JiMMOUUTU iHKYOyBaqu TIPOTITOM
10 XxB 3a TIOMipHOTO CTPYIIYBaHHS B PO3YMHI,
SIKWI MICTUB camnoHiH y KoHueHTpauii 0,1% [12].
BmicT nporeiny B 1iMponUTapHilA cyMillli BU3HA-
yaau metonom Jloypi [13].

Busnauenng Ca?t, Mg*'-ATP-a3Hoi eH3u-
MaTUYHOI aKTUBHOCTI CamoHiH-Tiep(OpoBaHUX
JniMdouutiB mpoBoauau npu 37 °C B cepenoBulLi
iHKyOauii o6’emoM 1 My Takoro ckiamy (MM):
100 KCl, 50 NaCl, 5 MgCl,, 5 ATP, 0,05 CaCl,,
1 yabain (ceiaekTuBHUI iHriOGiTOp Na*®, K-
ATP-azu), 1 NaN, (iHribGitop MiTOXOHApiasbHOI
ATP-a3u), 20 Hepes-Tris-oydep (pH 7.4) [14].
ATP-rigpoyna3Hy peakiilo iHillilOBaJid BHECEH-
HSIM [0 iHKyOaliliHOro cepenoBHIla aJliKBOTU
JiMdouutapHoi cymimi (100 MKi1); KiJbKiCTh
JiMGOLIMTAPHOTO TMPOTEIHY B MPOO0i HE MepeBu-
mryBana 50—75 mkr/mia. TpuBanicth iHKyOamii —
5 xB. EH3uMaTHYHY peakliio 3yNUHSIIN 101aBaH-
HAIM | MJI OXOJIOIKEHOTO CTOI-PO3UYMHY TaKOTO
ckiany: 1,5 M Harpiit auerart, 3,7% dhopMaiabaerin,
14%-ii eranon, 5%-na TXO (pH = 4,3). Cycnensiio
neaTpudyrysanu (10 xB, 1600 g). B omepkanomy
CylepHaTaHTi, IKUI He MiCTUB MPOTEiHY, BU3HA-
Yajau BMicT HeopraHiuHoro ¢ocdopy P, 3a mero-
moMm W. Rathbun, V. Betlach [15].

IMutomy Ca?t, Mg?>*-ATP-a3Hy aKTUBHICTb
pO3paxoBYBaJIM SIK Pi3HUIIIO MixK akKTUBHicTIO AT P-
asHux crcteMm y Ca’*-BMiCHOMY Ta O€3KaJIbIliEBOMY
cepenouiiax (I MM EI'TA) i Bupaxaiu y
MKMOJIb P, /XB Ha 1 MI IpOTEiHY, BUBIJILHEHOIO B
ATP-rinponasHiii peakiii. 3 MeTOIO pO3diJIeHHS
cymapHoi Ca?*, Mg?*-ATP-a3Hoi aKTMBHOCTi Ha
KOMIIOHEHTHU: TarcuraprinHeyytiuby Ca’t, Mg?*-
ATP-azy mmasmatnuHoi wMeMmOpanu (ITM) Ta
tancuraprinuytauBy Ca?t, Mg>"-ATP-azy mem-
OpaH eHjgoma3mMatuuyHoro petukyiayma (EITP) no
crangaptHoro Ca’"- ta Mg -BMiCHOIro cepeoBU-
1ma iHKyOalil momaBajaud CEJeKTUBHMIU iHTiOiTOp
Ca?", Mg?>*-ATP-asu EIIP — Tancuraprin
(0,1 MmxM). VY nocnigax KOHTpoJieM Ha HeeH3MMa-
TuuHui rigpoiniz ATP Oyio crangapTHe cepemo-
BUILIE iHKYOallil, IKe He MICTUJIO IOC/iAXyBaHOI
npobu. K KOHTpOJb Ha KiJbKiCTh €HIOI€HHO-
ro P, B siMdonuTapHiii cyminr BUKOPUCTOBY-
BaJIM CyCIeH3ilo JiM@ouuTiB y ¢disziosoriuHomMy
PO3YHUHI.

Kinemuunuii ananiz. BuBYeHHSI KiHETMYHUX
BmactTuBocteit  Ca?*, Mg>*-ATP-a3u mpoBo-
JUIX B CTaHJApPTHOMY CEpeloBMILI iHKyOalii,
MoIM@iKOBaHOMY 3a CKJIaJOM  BiIIIOBIZHMX
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KOMTIOHEHTIB (KOHLeHTpalisg cyoctpaty — ATP
Ta akTuBaropiB — Ca?", Mg?).

VaBHI KiHETUYHi IlapaMeTpu, sIKi XapakTe-
pusyiorb Ca?*, Mg?*-3anexny ATP-rigponasny
peaxliilo — ysIBHY KOHCTaHTY CHOPiJHEHOCTI 10
ATP, yaBHY KOHCTaHTY akTuBalii ioHamu Ca i Mg
Ta MaKCHMaJlbHY IIBUAKICTb peakllii rigpomaisy
ATP BuszHauanu y koopauHarax JlaiiHyiBepa—
bepka {1/V Bin 1/S}, ne S — 3amaHa KOHIIEHTpAILisl
pearenty (ATP, Ca?>" yn Mg?*), a V' — muBMIKIiCTh
rigponizy ATP mnpu 3amaHiii KoHLeHTpalii pea-
reuty [16].

KiHeTnyHi Ta CTATUCTUYHI pO3paxyHKHU MPO-
BOOMJIM B PEeXMMi HPOrpaMHOro 3abe3rnedyeHHSs
MS Office. Pesyabratu mociigkeHb 0OpOOJISIN
3arajbHO-TIPUMUHITUMU METOAAMU BapialiliHOL
CTaTUCTUKM 3 BUKOPUCTAaHHSIM 7-KpuTepito CTblo-
JeHTa. PiBHSHHS mpsiMoi JIiHiI, 110 HakKpalle
allpOKCUMY€E eKCIepMMEHTa bHi laHi, po3paxo-
ByBaJd METOIOM HalMEHIUMX KBaapariB. AOCO-
JIIOTHE 3HA4YeHHsI KoedilieHTa Kopeslii r cTa-
HoBusio 0,9—0,98. BiporigHicTb po3paxoBaHUX
napaMeTpiB IpsMOI mepeBipsau 3a F-kpurepiem
®Diurepa: BiporiHO0 BBaxajau alipoKcuMallilo, 3a
akoi P < 0,05.

V nociigax BUKOpUCTOBYBaiu peakTuBu ATP,
Hepes, Tris, yabain, tancuraprin, EI'TA (Sigma,
CIIA), Saponin (Quillaja Saponaria Molina pract.;
Acros organics, Belgium). IHIIi BuKOpuCTaHi B
Jocligax peakTUBU OyJIM BITYM3HSIHOIO BUPOO-
HMLTBaA KBajidikauii yga ta x4.

Kowmicielo 3 nutanb 6ioeTuku JIbBiBCHKOIO
HalliOHAJbHOIO MEIMYHOIO YHiBEPCUTETY MOpPY-
1IEHb MOPAaJbHO-ETUYHUX HOPM TP BUKOHAHHI
HayKOBO-AOCJiAHOI pOOOTU HE BUSBJIEHO (IIPOTO-
xos Ne 8 Bin 8 xoBTHs 2012 p.).

PesyabraTi Ta 00roBOpeHHs

Kinemuynuii ananiz axmusenocmi Ca’*, Mg®*-
3anexncHoeo eioponizy ATP  aimpouumamu Kpoei
6i0 konuenmpauii ATP. Ca?", Mg>-ATP-aza
KaTaJlizye NepeHeCceHHsI BOX i0OHIB KaJibllil0 Kpi3b
MeMOpaHy TIIPOTU IXHBOIO €JIEKTPOXiMi4YHOTO
rpajai€eHTa, BMKOPHUCTOBYIOUM €HEPril0 Tiapoiai3y
ATP. 3 ormmsagy Ha e, 3MiHM KOHLEHTpaLlil
ATP B iHKyOaliiiHOMY cepeaoBUIli BILIMBa-
I0Th, BiporigHo, Ha WBUAKICTL ATP-rigpoia3zHoi
peakuii. BaxiuBowo xapaktepuctukon Ca?t,
Mg?*-ATP-a3 € 3aleXHicCTb AKTUBHOCTI €H3U-
MY Bill KOHLIEHTpalii cyOcTpaTy B CepeIoBHUIIi
IHKyOallil, $IKa BU3HAYAETHCS BEJIMYMHOIO YSIBHOL
KOHCTaHTU crnopigHeHocTi (adiHHOCTi) mo cyO-
crpary K, .. OCTaHHIO pO3paxoBYBaJy LIISIXOM
BU3HAaueHHs1 nuTtomoi Ca?", Mg**-ATP-a3Hoi
aKTUBHOCTI B C€pelOoBUILI iIHKYyOallil, SIKe MiCTIJIO
ATP B nianmazoHi koHueHTpauii Big 0,1 1o 5 MM
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Puc. 1. Konyenmpauyitina 3arexcnicmo énaugy ATP na akmuenicmo Ca®t, Mg?*-ATP-a3zu I[IM (PMCA) i mem-
opan EIIP (SERCA) nimghoyumie kpoesi 30o0poeux doropie ma niHeapu3ayis uux KOHUEHMpAUiUHUX KpUusux y
Koopdunamax Jlainyisepa—bepka, (n = 6—8; r > 0,9; F < 0,005)

(3a cramoi kKoHueHTpatii Ca?* — 0,05 MM i Mg?* —
5 MM).

3’sicoBaHO, 1110 MiJBUILIEHHS KOHIEHTpALlil
ATP B cepemoBumii iHKyOawii B miama3oHi
koHueHTpaiu Big 0,1 no 4,0 MM Beze 10 MocTymno-
BOTO 30iTbIIICHHS €H3MMAaTUIHOI aKTUBHOCTI Ca’*,
Mg?*-ATP-aszu [IM i mem6pan EIIP 3 Buxomom
Ha miato (puc. 1). OnTumaibHa KOHLUEHTpaLlis
cyocTpaty A (QYHKIIOHYBaHHS 000X €H3MMIiB
CTaHOBUTH 4 MM.

BuByeHHST KOHIEHTpalilfHOI  3aJIe’KHOCTI
BBy ATP Ha Ca?', Mg?*-ATP-a3Hy aKTUBHICTh
CBiAUMTh, 110 B JAiamasoHi AOCTiIXYBaHUX
koHneHtpamii ATP aktuBHicts Ca?', Mg?*-
ATP-azu IIM xBopux Ha PA ta ACA 3HMXKeHa
MOPiBHSIHO 3 TaKOW Y 3J0POBUX JOHOPIB (pucC. 2).

Hns  3’IcyBaHHS MOXJIMBOIO MeEXaHi3My
3MiHM €eH3MMaTW4yHOI akTuBHOCTI 1mx ATP-
riipojla3HuX CHUCTEM JIiM(OLIUTIB KpUBi
KOHILEHTpalliiiHOT ~ 3aJIeXKHOCTi  JliHeapu30BaHO
B KoopauHatax JlaitHyiBepa—bepka (puc. 1;
puc. 2). Ak BuaHO 3 puc. 1, KpuBi 3aJIeXKHOCTI
{1/V; 1/[ATP]} Biapi3HSIIOTbCS TAHTE€HCOM HaXW-
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JIy, aJie TIEpeTUHAIOTh BiCh aOCIIMC B OAHIl TOYII,
IO CBiIYMTHL MPO OJHAKOBY cIOpigHeHicTh Ca’*,
Mg?*-ATP-a3u I1M i memopan EITP mo cybcrpary.

Kpusi 3anexnocri {1/V; 1/[ATP]} Ha puc. 2
BiJIpi3HSIIOTHCSI TAaHTEHCOM HaXMJy i TepeTuHa-
I0Thb BiCh aOCLMC Ta BiChb OpAMHAT B Pi3HUX TOY-
kax. Taxka 3aJieXXHiCTb BiJMOBiJa€ 3MilllaHOMY
tumty iHTiOyBanHg Ca?t, Mg>*-ATP-asu [IM
JiMboLUTIB KpoBi B yMoBax po3BUTKY PA.
INonibHa KoHIEHTpalliliHa 3aJIeXKHICTh 1 XapaKTep
JiHeapu3allii xapakTepHi Takox miag Ca?t, Mg?*-
ATP-a3u memOpan EIIP (rpadik He HaBeneHO).
I ngxom miHeapu3alii onep:KaHUX TaHUX Y KOOP-
nuHatax JlaitHyiBepa—bepka BM3HaueHO OCHOBHI
KiHetTnuHi mapameTpu Ca’"-akTmBoBaHOrO, Mg?*-
3aJiexkHoro Triapoiizy ATP nimdouutamu Kposi
3I0POBUX JOHOPIiB i XBOpPUX i3 pPEeBMAaTUUHUMU
posnagamu (Tabu. 1).

Ak BumnmBae 3 Ttabm. 1, 3HayeHHsa Vo
ansg Ca?f, Mg?*-ATP-asu [IM pnemio mepeBUIYE
me 3HayeHHa g Ca’’, Mg>-ATP-asu wmem-
opan EITP. BogHouac, 3HaueHHs1 K., BiporigHo

ATP
HE BIiJIpi3HSIOTbCSI MiX C00010, IO CBiAYUTH
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Puc. 2. Konuyenmpauyitina sanencrnicmo énaugy ATP na akmuenicmo Ca®t, Mg?*-ATP-a3zu IIM aimgpouumis
Kpogi 300posux doHopie i xeopux Ha PA ma ACA i aineapu3auyis yux KOHUeHMpPAUiUHUX KPUBUX y KOOPOUHAMAX
Jlatinyieepa—bepka, (n = 6—8; r > 0,9; F < 0,005)

Tab6auysa 1. Kinemuuni napamempu Ca’*-axmueosarnozo, Mg”*-3anexncrnoeo eioponizy ATP aimpouumamu
Kpogi 300posux donopie i xeopux Ha PA ma ACA e6id konuenmpauii ATP (M + m, n = 6—8)

. . . XBopi Ha

Kinetnyni mapamerpu 310pOBi JOHOPU PA ‘ ACA
PMCA

V. .. MKMonb P,/ XB 2,79 +£ 0,22 2,15+0,17 * 2,32 +0,13

Ha 1 MT IpoTeiny

K, ., MM 0,15 + 0,02 0,31 £ 0,03 *** 0,32 £ 0,01 ***
SERCA

V. .o MKMoib P,/ xB 2,16 £ 0,21 1,69 + 0,15 1,78 £ 0,12

Ha 1 Mr mpoTeiny

K, MM 0,13+ 0,08 0,29 £ 0,03 *** 0,29 £ 0,03 ***

V .. — MakcumalibHa aKTUBHICTb €H3MMy BM3HaueHa 3a ATP; K, ., — yaBHa KoHcTaHTa cnopinHenocti no ATP.

max

3MiHM BipOrifiHi CTOCOBHO BEIMYMH, OAEPXKAHUX Ha JiMdbouuTax B 0ocid rpynu koHTposto: * P < 0,05, ** P < 0,01,
*E P < 0,001,
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IpO OJHAKOBY CIIOPIIHEHICTh 000X eH3UMa-
TUYHUX CUCTeM 10 cybcTtpaTty. Cxoxi pesynbTa-
TH OJEepKaHO NOOCHiIAHMKAMM Ha CEKPETOPHUX
kimituHax [17]. Beanuwnu K, , 3HaXOAATbCA B
CyOMiJTiMOJISIPHOMY AiaIla30Hi KOHILEHTpalliid, 1110
BiamoBigae izionoriuHiii KoHueHTpauii Mg-ATP
y LUTOILJIa3Mi KJIITUH.

v .. Timpomizy ATP Ca’*, Mg?*-ATP-a3oio
JIiM(MOLUTIB KPOBiI 3I0POBUX HOOHOPIB 1 XBO-
pux Ha PA ta ACA, BusHaueHa 3a ATP, gemio
BiIPi3HSIOTHCSI B HOpMi Ta 3a maTtojorii. Bom-
Houac K, ., Ca*, Mg?*-ATP-asu B nimdouurax
KpoBi xBopux Ha PA ta ACA BABiui nepeBuIyeE Ii
3HAYEHHSI MOPiBHSHO i3 JIiMdouuTaMu MpakTUY-
HO 3I0POBUX JIOHODIB.

Otrxe, mig yac iHTeprperauii omep:KaHUX
KiHeTMYHUX I1apaMeTpiB, Bu3HauyeHuUx 3a ATP,
MoKa3aHo, 110 B yMOBaX PO3BUTKY PEBMATHYHOIL
natojiorii B iMYHOKOMIIETEHTHUX  KJIITUHaX
iHriOyBaHHSI aKTUBHOCTiI MOCHIAXYBaHMX €H3M-
MaTUYHUX CHUCTEM BiJOYyBa€Tbcs 3a 3MilllaHUM
TUIIOM — $K 3a pPaXyHOK 3MEHILIEHHS Yucia
00epTiB €H3UMy, TaK i 3a paxyHOK 3HMKEHHS
criopinHeHocTi Ca**-ATP-a3 go cyberpary.

Jlimpouutn mnoTpedyOTh IOCTiliHOrO i
aJIeKBaTHOTO eHepro3abe3neueHHs, OCHOB-
HUM axepelsioM sikoro € ATP. BcraHoBiieHO, 1110
HelocTaTHili 0a3albHUII piBeHb aJeHO3UHY Ta/i
HaTOreHiHAYKOBaHi MOPYIIEHHS IIYPUHOBOI'O I'O-
MeocTasy B JJ1iM(pOLUTaX BiIirpatoTh Ba>KJIUBY POJib
y IporpecyBaHHi 3anajbHoil BiamnoBiai. Lle cripuse
MOJaJIbIIOMY IIePCUCTYBAHHIO iH(DiKYyIOUOro areH-
Ta B JiM¢oluTax Ta po3BUTKY apTtputy. Iloka3za-
HO, 110 B JiMdouuTax namieHTiB 3 PA Mae Micle
3HUKEHHSI PiBHS OU- Ta TPUHYKJIeoTuIdocdarin
i 3pocranHg piBHg AMP [18, 19]. Moxnu-
BO, TakKi 3MiHM Yy IIepepO3IOAiJli MaKpoepriB y
JiiMdouuTax BenyTh 10 3MiH cnopigHeHocTi ATP-
rigponaszHux cucrtem g0 ATP. BomHouac Bigomo,
110 TiJ Yac 3amnajieHHsd a0o il HUTOTOKCUMYHUX
(hakTOpiB y MO3aKJTITUHHOMY OTOYEHHi MOXYTb
CTBOPIOBATUCSI BMCOKi JIOKaJibHi KOHIEHTpallii
ATP [20, 21]. Taki 3miHu koHueHTpawiit ATP y
MO3aKJIITUHHOMY IIPOCTOPI MMOBIpPHO TaKOX OITO-
CepeNKOBAaHO BILUIMBAIOTh HA 3MiHM CIIOPiAHEHOCTI
Ca?*, Mg?*-ATP-a3u no ATP.

Kinemuunuii ananiz akmusnocmi Ca®*, Mg**-
3anexncHoeo eidpoaizy ATP aimgoyumamu xpogi 6io
rxounyeumpayii Ca®*. Ockinbku Ca?* € cydcTpaTroM
nepeHeceHHs i 3amyckaioTh Ca-TpaHCIOPTYBaJlbHY
peaklililo, OYeBMAHO, IO 3MIiHM KOHLEHTpallil
Ca?" B iHKyOaliliHOMY CepeoBHII BIJIMBAIOTh
Ha wBUAKicTs ATP-rigponasHoi peaxiii. Bax-
JIUBOI XapakTepuctukorw Ca?*, Mg -ATP-a3,
dKa BU3HAYa€ 3aJIEKHICTb AKTUBHOCTI €H3UMY
Big KoHueHTpauii Ca?* B cepenoBullli iHKyOalii
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€ BeJIMUMHA YSIBHOI KOHCTaHTU akTuBauii Ca’*
(K Ca2+). [i pospaxoByBaau HLISXOM BU3HAYEH-
Hg nutomoi Ca?", Mg?*-ATP-a3H0i aKTMBHOCTI
B cepeloBullli iHKyOamii, sike Mictuio Ca?* B
nOiamaszoHi KoHueHtpauiin Big 0,001 mo 0,1 MM
(3a cranoi kKoHueHTpauii ATP — 4 MM i Mg?* —
5 MM).

IMigBuienHs1  KoHueHTtpauii  Ca?* B
cepenoBulIli iHKyOallil B Aiara30Hi KOHLIEHTpaLiit
Bix 0,001 mo 0,1 MM Beme 40 IIOCTYIOBOIO
MiIBUILIEHHS eH3MMaTuyHol akTtuBHOCTI Ca’',
Mg?*-ATP-a3u [IM i mem0pan EITP 3 Buxonom Ha
iaTo npu KoHueHrtpauii Ca>" 0,05 MM (puc. 3).

Cxoxa KOHILEHTpalliliHa 3aJIeKHICTh BIIJIUBY
Ca?" Ha aktuBHicTh Ca?", Mg?*-ATP-a3u IIM i
MmeMOpaH EITP xapakTepHa s 1iM(pOLUTIB KPOBi
xBopux Ha PA ta ACA. IllasgxoMm liHeapusalii
olepxXaHMX HAaHUX y KoopauHarax JlaiiHyiBepa—
bepka BM3HAYE€HO OCHOBHI KiHETMYHi IMapamMeTpu
Ca’"-akTuBoBaHOro, Mg?"-3aJIe;KHOTO Tiapoi3y
ATP nimdouutamMu KpoBi 3I0POBUX HOHOPIB i
xBopux Ha PA ta ACA (Tabm. 2).

AK BUOHO 3 JaHUX, HaBEeICHUX Yy Taba. 2,
sHaueHHs Kcy2+ g obox Ca®, Mg2-ATP-
a3 BIpOTriJIHO HE BiAPI3HSIOTHCS MiX COO0OI0, 1O
CBiIUUTH PO OJHAKOBY CIIOPiAHEHICTh LIUX €H3U-
MaTUYHUX CUCTEM IO CyOCTpaTy TpaHCIOPTYBaH-
Ha. 3nayennsa Vg Ca’, Mg*-ATP-asu [IM
Ha Hebarato Buile, Hix piast Ca?", Mg -ATP-
asu meMOpaH EIIP, 1o BKka3ye Ha Te, 110 TpaHC-
nopryBaHHsg Kanbliro Ca?, Mg?>"-ATP-azo10
IIM xapakTepusyeTbCsl Iel0 BUILOI OydepHOIO
€MHICTIO.

V .. rinpomisy ATP nimpouuramu Kposi
xBopux Ha PA ta ACA, BuszHaueHa 3a Ca?* geio
MEePeBUIIYE 110 BEIUYMHY Y 3M0POBUX IOHODIB,
nopoTe Li 3MiHM € HemocToBipHUMM. BomHouac
K 2+ nna Ca*, Mg**-ATP-asu IIM nimdouunTis
KpoBi xBopux Ha PA ta ACA BignosigHo y 3,2 i
4,2 paza BUIA MOPiBHSIHO 3 MPAKTUUYHO 370pO-
BuMmu noHopamu. g Ca**, Mg**-ATP-a3u mem-
opan EIIP nmimdonutie xBopux Ha PA ta ACA
BennunHa K2+ B 1,75 pasa Bula, HiX 11
3[0POBUX JOHOPiB. 3pOCTaHHA BeMMYUHU K, 2+
B YMOBax PeBMAaTHMYHOI MATOJIOTii CBITYUTH TIPO
3HUXEHHs criopigHeHocti Ca?*, Mg**-ATP-a3u no
iOHIB KaJibllilo.

Otxe, 3a iHTeprmperauii  omep:KaHUX
KiHETUYHUX MapaMmeTpiB, BuU3HaueHux 3a Ca’*,
3’ICOBAHO, 110 B YMOBAaX PO3BUTKY PEBMaTUYHOIL
narojiorii B iMYHOKOMIIETEHTHUX  KJIITUHaX
iHriOyBaHHS$ aKTUBHOCTI AOCJiAKYBaHUX €H3UMa-
TUYHUX CHUCTEM BiOYBAa€TbCSI TAaKOX 3a paxXyHOK
3HUXEeHHs crnopigHeHocti Ca?", Mg?*-ATP-a3 no
cyOcTpaTy TpaHcnopTyBaHHs. [IpryoMy 3HUXKEH-
Hg cropigHeHocTi Ca?", Mg**-ATP-azu IIM no
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Puc. 3. Konuenmpayitina 3anrexcricmo énaugy Ca’* na akmuenicme Ca®t, Mg?> -ATP-azu I[IM (PMCA) i
membpan EIIP (SERCA) aimghouyumis kposi 300posux 0oHopie ma AiHeapu3auis yux KOHUESHMPAUiliHuUX Kpu-
sux y xoopdurnamax Jlaiinyieepa—bepka, (n = 6—8; r > 0,95; F < 0,002)

Ca?" € BupaxeHimmmM, Hix giag Ca?", Mg>-ATP-
asu memOpaH EITP nimdouuris.

Bimomo, 1o edexktuBHe BuBeneHHs Ca?t
3 uuromjasMu JimpouutiB 3a yuactio Ca?*,
Mg?*-ATP-a3u TOYMHAETbCA 3a 30LIbIICHHS
koHuUeHTpalii Ca?* BUIe KPUTUUYHOIO PiBHSI.
IToxazano [22], 110 3HAYEHHS LbOIO KPUTUY-
Horo piBHs Ca?" B jmimdonuTax KpOBi XBOPUX
Ha MEpBUHHY apTepiajibHy TillepTeH3il0 € BU-
yM y 2 pasu, HixX y 3I0poBUX 0Ci0. MoX/IKBO,
110 MeXaHi3MHM, SIKi JexkaTb B OCHOBiI LIMX 3MiH
Opyd peBMATUYHIN 1 apTepiajibHiil MaTOJIOrisIX €
CHIJIBHUMMU.

Kinemuunuii  ananiz  axkmuenocmi  Ca’*,
Mg?*-3anencrnoeo eidponizy ATP aimpouumamu
Kkposi 6i0 koHyenmpauii Mg?*. Kpim ATP,
aiast  yHkuionyBanHg —Ca?t, Mg?*-ATP-a3u
HEOOXiTHUMU € IOHM MarHilo, sIKi yTBOPIOIOThb
xenaTHUM KoMIuiekc Mg-ATP. BaxkiuBoro xapak-
tepuctukow Ca?*, Mg?*-ATP-a3, gka BuU3Hayae
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3aJIeXHICTh aKTUBHOCTI €H3UMY BiJl KOHLEHTpallii
Mg?* B cepenoBUlli iHKyOallii € BeMYMHA ySIBHOI
KOHCTaHTU akTuBauii Mg?* K Mg2*- [i pospaxoBy-
BaJIM LIJISIXOM BU3HaueHHs nuTomoi Ca’t, Mg?*-
ATP-a3H0i aKTUBHOCTI B CepeloBMILI iHKyOalii,
sKe Mictuiao Mg?* B fiana3oHi KOHLIEHTpaliii Bif
0 o 7 MM (3a cranoi kKoHueHTpauii ATP — 4 MM
ta Ca* — 0,05 MM).

Ha puc. 4 HaBeneHO 3aJIeXXKHICTh aKTUBHOCTI
Ca?", Mg?*-ATP-a3u niMm(pouuTiB KPOBi 3I0POBUX
JIOHOPIB Big BMicTy ioHiB Mg?* B iHKyOauLiliHOMY

CcepenoBUILL.
IleBnuit  piBenp  Ca?", Mg?*-ATP-a3Hoi
aKTUBHOCTI TECTYETbCS 3a  BiACYTHOCTI B

inkybauiiinomy cepenosuuti MgCl,. Ile nos’azano
3 tuM, 1o Ca?’ MoXe 3 BUCOKOIO €(PEKTUBHICTIO
3amimatu Mg?>* y «6azanbHiil» ATP-rigponasniii
peaxuii [23]. MakcuMaibHe 3HAUEHHS aKTUBHOCTI
Ca?", Mg>"-ATP-a3u CIIOCTEpiraeTbest 3a
koHueHTpauii 5 MM MgClL,. I'padiku 3anexXHOCTI
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Tabauysa 2. Kinemuuni napamempu Ca’*-axmueosanoeo, Mg?*-3anexcnoeo eiopoaizy ATP aimpouumamu
Kpogi 300posux donopie ma xeopux Ha PA ma ACA 6i0d xonuyeumpauii Ca** (M + m, n = 6—8)

KineTnuHi mapameTpu 310poBi JoHOpU Xpopi Ha
PA ACA
PMCA
V > MKMOJIb P/ XB Ha 1 MI mpoteiny 2,88 £ 0,13 3,56 + 0,40 3,50 £ 0,32
KCa“, MKM 1,73 + 0,38 5,77 + 0,90%** 7,42 + 1,47%%*
SERCA
V. .. MKMoOIb P /xB Ha 1 Mr mpoTeiny 2,30 £ 0,23 2,58 £ 0,19 2,71 + 0,10
KCa“, MKM 1,78 £ 0,17 3,10 + 0,44*** 3,13 £ 0,51%**
V o — MaKCHMMajbHa aKTUBHICTb €H3UMY, BU3HaueHa 3a Ca’*; K.+ — yaBHa KOHCTaHTa aktuBauii Ca’. 3MiHu

BIpOTiIHI CTOCOBHO BEJIMUMH Y JiMdoluTax B 0cid rpynu kKoHTposato * P < 0,05, ** P < 0,01, ** P < 0,001

3,5
}\ ——PNMCA

3.0 Y —= SERCA
5 2,5 y
= 2,0 s
5 , 68
5 5_ n/
: _X ? o -"" /’
{N 1,5 E n-‘~ Qsa v.v Jll‘-'l,)/
A a S &
2 5 ot
=] ; —- g
E 1’0 o /
= : > £y 1”/

0,5 - T £ 1

1![Mgg+], mM-1

o 1 2 3 4 5 6 7 8
[Mg*], MM

Puc. 4. Konyenmpauyitina 3asexcuicmo énaugy Mg?* na cymapny ATP-a3ny axmuenicme aimpouumie Kposi
300posuUx 0OHOPIE y NPUCYMHOCMI mancueapeiny ma AiHeapu3ayis KOHYEHMpayiliHux Kpusux y KoopouHamax
Jlatinyisepa—bepka, (n = 6—8; r > 0,9; F < 0,005)

Ca?*, Mg?*-ATP-a3Hoi akTUBHOCTI JiM(OIIUTIB OpmepxaHi maHi 1momo 3anexHocTi Ca?t,
KkpoBi xBopux Ha PA ta ACA Big KOHUEHTpallii Mg?*-ATP-a3HOi aKTUBHOCTI JiM(OIMTIB KPOBi
Mg?** MaroTh CXOXKWIA BULJISII. 3n0poBuX AoHOpPiB i xBopux Ha PA ta ACA Bin
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Tabauysa 3. Kinemuuni napamempu Ca’*-axkmueosanoco, Mg**-3anesxncrnoeo eiopoaizy ATP aimpouumamu
Kposi 300posux donopie i xeopux Ha PA ma ACA 3a piznux konyenmpayiti Mg?>* (M + m, n = 6—35)

KinetnuHi napamerpu 310poBi 1oHOPU XBopi Ha
PA | ACA
PMCA
V. . MKMOIb P,/ XB Ha 1 Mr mporeiny 3,72 £ 0,10 3,75 £ 0,20 3,70 + 0,36
KMgz+, MM 1,52 £ 0,12 1,43 £ 0,12 1,35 £ 0,18
SERCA
V > MKMOJIb P/ XB Ha 1 Mr mporeiny 2,92 +0,22 2,76 + 0,17 2,9+0,2
KMgz+’ MM 1,7+£0,3 1,43 + 0,15 1,55 £ 0,22
V. .. — MakcuMajbHa aKTUBHIiCTb €H3MMY, BU3HaueHa 3a Mg”"; K Mgz+ ~ YAIBHA KOHCTaHTa aKTHBallil ioHaMK Mg,

3MiHM BeJTMYMH MOKA3HUKIB y JIiM(OIMTaX HE € CTATUCTUYHO BipOTiTHUMMU BilTHOCHO TaKUX B OCIO TPy KOHTPOJIIO.

KOHIIeHTpaIrii Mg?* y BUCXiIHIl 9acTUHI KPUBUX
JIiHeapM30BaHO B KoopauHarax JlaiiHyiBepa—bep-
Ka (puc. 4). Po3paxyHOK KiHETMYHMX XapakTe-
puctuk Ca?*, Mg>*-ATP-a3u miMboumnTiB KpoBi
3JI0pPOBUX JOHOPIB cBimunTh, 1o K Mg2+ 111 000X
Ca?", Mg?*-ATP-a3 BiporigHo He BiIpi3HSIOThCH,
1110 MOXHa TMOSICHUTU OJHAKOBOIO CIIOPiAHEHICTIO
IIUX EH3UMATUYHUX cucTeM no Mg?* (taba. 3).
3unauenna V_ nna Ca’*, Mg?>*-ATP-asu [IM newo
Buile, Hixxk mug Ca?’, Mg>-ATP-asu MemOpaH
EIIP, o miaTBepaXXye Hallle NPUITYILIEHHS 11010
TpaHCIOPTYBaHHS ioHiB Kanbuito Ca?*, Mg*-
ATP-azoo TIM nimM@ouuTiB 310pOBUX TOHOPIB.
BoHo xapakTepusyeThbcs Oello BUILOW Oydep-
HOIO €MHiIcTIO, HiX Taka mist Ca?t, Mg**-ATP-
asu MemoOpan EITP. KMgz+ i V. ATP-rinponas
JiMdpouutiB xBopux Ha PA ta ACA icTOTHO He
BiIPI3HSIOTLCS BiJ OUX BEJIWYWH y IIpPaKTUY-
HO 310poBUX AOHOPiB. Lle cBiAYMTH Mpo Te, 110
MpY peBMAaTUYHIi Tarojorii Mg?*-3B’13yBaibHa
JiJasHKa Ca?, Mg>"-ATP-a3u JIiMGOLIUTIB
3aJIMILIAETHCS HATUBHOIO.

OpepxaHi HaMM €KCIIEpMMEHTaJbHI OaHi
BKa3yloTh Ha MOXJIWBI MexaHizmu Ca?f, Mg?*-
ATP-azHoi aucdyHKIil, $Ki TMOJASIraloTh Yy
3HUXKEHHi cropigHeHocTi eH3umy no ATP i
Ca? Ta 3MeHIIeHHiI 4Yuciaa oOepTiB eH3UMY,
i MOXYTb OyTWM BUKOPMUCTAHi IS TOAAJIbIIO-
ro 3’ICyBaHHSI MeMOpaHHMX Ta MOJIEKYJISIPHUX
MexaHi3MiB miaTpumanHsg Ca’*-romeocTtasy B
iMYHOKOMMETEHTHUX KJIITUHAX MPU aBTOIMYHHUX
3aXBOPIOBAHHSIX.

122

XAPAKTEPUCTUKA Ca?*, Mg?*-ATP-a3
JNM®OIINTOB TEPU®EPNYECKON
KPOBHU BOJIbHBIX PEBMATUYECKOM
TTATOJIOTUEN

P. B. @agyna, V. II. Epppemosa,
3. /I. Bopobeuy,

JIBBOBCKMIT HAITMOHAJBLHBIIT MEIUIIMHCKUA
yHuBepcuteT umeHu Hanuna [anuikoro, YkpanHa;
e-mail: roman_fafula@ukr.net,
vorobets@meduniv.lviv.ua

IIpoBeneH aHanM3 KMHETUYECKUX CBOMCTB
Ca?, Mg?>*-ATP-a3bl  canoHuH-niepdopupo-
BaHHBIX JUM@OLUUTOB TepudepruyecKoin KpoBU
3IOPOBBIX JOHOPOB U OOJILHBIX PEBMATOMIHBIM
apTPUTOM M aHKMJIO3UPYIOLIUM CHOHAMJIOAPTPU-
ToM. Mcxonst M3 u3aMeHeHUl THAPOJa3HON aKTHB-
Hoctu Ca?*, Mg?*-ATP-a3bl ycTaHOBJIEHO, YTO
cpoactBo Ca?", Mg**-ATP-a3bl mia3MaTuyeckoi
meMmbOpaHbl 1 Mem6paH DIIP x ATP pgoctoBepHO
He pasnuyalotrcda Mexnay coboit. [lokaszaHo, 4To B
YCJIOBUSX Pa3BUTHSI PEBMATUUYECKOM MATOJOTUU B
MMMYHOKOMMETEHTHBIX KJIeTKaX MHTUOMpOBaHUE
AKTUBHOCTU HCCIEAYEMbIX SH3MMATUYECKUX CH-
CTeM MPOUCXOAUT MO CMEIIAHHOMY TUIY — KaK 3a
CYET YMEHBIICHUST YMclia 000pPOTOB BH3MMaA, TakK
M 3a cueT CHUXeHus cpoiactBa Ca?", Mg**-ATP-
a3bl K ATP. JlokazaHo, 4YTO B JuM@OLUTAX JINILI
¢ peBmatuyeckoil maronorueir Ca?*, Mg?*-ATP-
aza XapakTepusyeTcsl TOCTOBEPHO Oojiee HU3KUM
CPOICTBOM K CyOCTpaTy TpaHCHOpTa, YeM Y 310-
POBBIX TOHOPOB.

KnwoueBbie cumoBa: Ca*, Mg*-ATP-
asa, TMM@OLMTHI, PEBMAaTOUIHBIN apTPUT, aHKU-
JIO3UPYIOIIN I CITOHINIOAPTPUT.
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CHARACTERISTICS OF Ca*, Mg**-
ATPases OF PERIPHERAL BLOOD
LYMPHOCYTES OF PATIENTS WITH
RHEUMATIC PATHOLOGY
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Danylo Halytski Lviv National

Medical University, Ukraine;
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Summary

The analysis of the kinetic properties of Ca?*,
Mg?*-ATPase of saponin-perforated peripheral
blood lymphocytes of donors and patients with
rheumatoid arthritis and ankylosing spondylitis
was carried out. When analyzing the alterations
in hydrolase activity of Ca?*, Mg?>*-ATPase it
was shown that affinity of Ca?", Mg**-ATPase of
plasma membrane and membranes of endoplasmic
reticulum for ATP do not significantly differ. It
was found that the inhibition of examined enzyme
systems occurs by mixed type both due to the re-
duction of maximum reaction rate and to the de-
crease of Ca?*, Mg?*-ATPase affinity for ATP in
conditions of rheumatic pathology in the immuno-
competent cells. It was identified that Ca?*, Mg?*-
ATPase had significantly lower affinity for Ca?* in
Ilymphocytes of persons with rheumatic disorders
than in donors.

Key words: Ca?*, Mg*-ATPase, lympho-
cytes, rheumatoid arthritis, ankylosing spondylitis.
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