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SesavaliSesavaliSesavaliSesavali    

literaturaSi miTiTebulia aniondamokidebuli, magniumiT 
aqtivirebuli ATP-is hidrolizi, kerZod HCO3

-
 da Cl

-
 ionebiT aqtivacia 

(arsebobs miTiTeba sxva anionebiT aqtivaciazec). maTi moqmedeba ZiriTadad 
dafiqsirebulia baqteriebsa da eukariotebSi, Aplysia Californica-s da gombeSos 
(Bufo Bufo) zogierT organoSi, rogoricaa wvrili nawlavis epiTeluri 
qsovilis bazolateraluri membrana, mtknari wylis gvelTevzas farflis 
membranuli fraqcia, Aplysia-s vezikulebis plazmuri membrana da virTagvas 
pankreasuli milakebi, virTagvas Tavis tvinis membranuli vezikulebi da 
sxva. 

anionebis asimetriuli ganawileba membranaSi (out >>in) ganapirobebs 
maT pasiur transports koncentraciuli gradientiT, romlis reversiul 
sistemas warmoadgens aqtiuri transportuli meqanizmis arseboba.  

transportul ATPazebs gansakuTrebiT mniSvnelovani roli eniWebaT 
ujredis funqcionirebaSi. uzrunvelyofen ra kaTionTa asimetriul 
ganlagebas membranaSi ATP-is hidrolizis xarjze, isini warmoadgenen rTul 
biologiur meqanizms, romelsac energiis erTi saxe gadayavs meoreSi.  

transportuli ATPazebis klasifikaciidan aRsaniSnavia "P-tipis" 
ATPazebi, romelTac gaaCniaT fosforilirebuli intermediati da 
axorcieleben or safexurian katalizs fosforilirebisa da 
defosforilirebis reaqcias Mg∙ATP kompleqsis monawileobiT. 

P-tipis ATPazebs miekuTvneba plazmuri membranebis ATPazebi, 
rogoricaa Na,K-ATPaza, Ca,Mg-ATPaza, H-ATPaza, K,H-ATPaza da orvalentiani 
kaTionebiT (Zn2+, Cu2+, Ni2+) aqtivirebuli ATPazebi [1, 2]. P-tipis ATPazebs  
SesaZlebelia miekuTvnebodes anionebiT ATP-is hidrolizis aqtivaciac. 
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1.1.1.1. literaturuli mimoxilvaliteraturuli mimoxilvaliteraturuli mimoxilvaliteraturuli mimoxilva    

    

1. 1.  ATPazebis klasifikaciaazebis klasifikaciaazebis klasifikaciaazebis klasifikacia    

 prokariotuli da eukariotuli ujredebis transportuli ATPazebi 
SeiZleba davyoT oTx ZiriTad jgufad (tipad). esenia:   P-tipis, V-tipis, F-
tipisa da A-tipis ATPazebi. maTi saerTo niSania ionebis transporti ATP-is 
makroerguli bmis xarjze da integraluri cilis oligomeruli 
struqtura, romlis suberTeulebs axasiaTebT  hidrolizuri, 
regulatoruli, arxisa da gadamtanis Tvisebebi, e. i. warmoadgenen 
WeSmarit transportul manqanebs.  

F-tipis ATPazebi nanaxia eukariotebis mitoqondriebsa da 
qloroplastebSi, aseve baqteriebSi; V-tipis ATPazebi nanaxia eukariotebis 
vakuolebsa da baqteriebSi; A-tipis ATPazebi _ ZiriTadad wyalmcenareebSi, 
xolo P-tipis ATPazebi gvxvdeba yvela tipis ujredSi, dawyebuli 
baqteriebidan, damTavrebuli adamianiT.      

V-tipis ATPazebi SedarebiT sustad aris Seswavlili. vakuoluri 
ATPazebi (V-ATPazebi) aris mraval suberTeuliani kompleqsebi, romlebic 
gvxvdeba yvela eukariotul ujredSi da pasuxismgeblia Sidaujredul 
kompartmentSi wyalbadis transportze. aseTi kompartmentebia endosomebi, 
lizosomebi, goljis membranebi, klaritiniT SefuTuli vezikulebi, 
zogierTi tipis sekretoruli granulebi, agreTve mcenareebis da 
safuarebis centraluri vakuolebi. yvela am Sidaujredul kompartments 
aqvs garkveuli Sida pH mniSvneloba, romelic miiRweva V-ATPazebis 
funqcionirebis Sedegad. zogierT ujredSi aRniSnuli ATPazebi SeiZleba 
monawileobdnen iseT mniSvnelovan procesebSi, rogoricaa receptor-
ganpirobebuli edocitozi; postranslaciuri modifikacia; sekretorul 
gzebze cilebis Calageba;  cilebis degradacia da meoradi transporti; 
neirotransmiterebis gamonTavisufleba [3] V-tipis, F-tipisa da A-tipis 
ATPazebis ZiriTadi struqtura msgavsia da maT SesaZloa hqondeT 
moqmedebis msgavsi meqanizmi. isini ATP-is hidrolizis Sedegad miRebuli 
qimiuri energiis safuZvelze qmnian transmembranuli ionebis 
eleqtroqimiur potencialTa sxvaobas [4]. aRniSnuli ATPazebi awarmoeben 
H

+
 anda Na

+
  transports [5]. yvela eukariotuli  F-tipis  ATPazas  ATP-is 

hidrolizis xarjze gadaaqvs 3_4 H
+ 

 mitoqondriidan, anda qloroplastebis 
Tilakoidebis SigniT.  baqteriul F-tipis  ATPazebs ATP-is hidrolizis 
xarjze ujredidan gareT gamoaqvs 3_4 H

+ 
, anda Na

+
. es fermentebi muSaoben, 

agreTve, sawinaaRmdego mimarTulebiTac, asinTezeben ATP-s [6]. V-tipis 
ATPazebs SeuZliaT, ATP-is hidrolizis xarjze, gadaqaCon 2_3 H

+
, magram maT  

F-ATPazebisagan gansxvavebiT, ar gaaCniaT ATP-is sinTezis unari. amis mizezi 
SesaZloa iyos membranul seqtorSi arsebuli cvlilebebi, kerZod c 

suberTeulis dublikacia.       
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samive, F-tipis, V-tipisa da A-tipis ATPazebis, holofermenti Sedgeba 
katalizuri F1 , V1,  A1 da membranuli F0 , V0 da A0  seqtorebisagan. V0 

(suberTeulebi a, d, e da proteolipiduri suberTeulebi c, c’, c”) da V1 

(suberTeulebi A da B) erTmaneTTan dakavSirebulia cilovani ReroTi 
(suberTeulebi D da F), romelsac ATP-is hidrolizis energia gadaaqvs 
proteolipidur rgolamde da xmardeba mis moZraobas. aRniSnuli rgoli  
dakavSirebulia a suberTeulSi protonis arxTan, romelic marTavs ionis  
transportirebas koncentraciuli gradientis sawinaaRmdego 
mimarTulebiT. V-ATPazas ori seqtori erTmaneTTan dakavSirebulia 
statoriT, romelic warmoadgens membranasTan dakavSirebul E da G 

suberTeulebs. V_ATPazas gaaCnia agreTve arahomologiuri d, C da H 

suberTeulebi, romlebic SesaZloa pasuxismgebeli iyvnen V_ATPazas 
Taviseburebebze. d suberTeuli membranul seqtors citoplazmis mxridan 
ukavSirdeba periferiulad. C da H suberTeulebi, warmodgenilia mxolod 
eukariotebSi. aqedan H suberTeuli aucilebelia fermentuli 
aqtiobisaTvis, xolo C suberTeuls aqvs aqtinisa da nukleotidis 
dakavSirebis unari. F0 Sedgeba 1a,  1b  da 12 c suberTeulebisagan. a 

suberTeuli membranas gansWolavs 5-6-jer, b suberTeuli erTxel, xolo c 

suberTeuli orjer. zogierTi F-tipis ATPaza, rogoricaa, magaliTad, 
Acetobacterium Woodii-s Na

+
 gadamtani ATPaza, savaraudod, moicavs 3 

gansxvavebul, magram homologiur c suberTeuls. F1 seqtori moicavs  3α, 3β, 
1χ, 1δ da 1ε suberTeuli. eukariotuli F-tipis ATPazebi ufro rTulia, 
vidre baqteriuli fermentuli kompleqsebi. α,  β,  δ da F1 heqsameri (α3 β3) 
Seicavs stators, romelsac atrialebs (xraxnis msgavsad) rotori, 
romelic Sedgeba c, ε  da χ  suberTeulebisagan.  F-tipis ATPazebs gaaCniaT 
ori transmembranuli segmenti, V-tipis ATPazebs _ oTxi, xolo A-tipis 
ATPazebs _ eqvsi transmembranuli segmenti.  F-tipis ATPazebis α, β  da c 

suberTeuli homologiuria, Sesabamisad, V- da A-tipis ATPazebis B, A  da c- 

(an K-) suberTeulebis.  

rogorc ukve avRniSneT,  V-,  F- da A-tipis ATPazebi erTmeneTis 
msgavsia, magram homologiuria maTi katalizuri da membranuli seqtorebi 
da ara centraluri suberTeulebi, romlebic akavSireben katalizur da 
membranul seqtorebs [7]. V-, F- da A-tipis ATPazebis transportis reaqcias 
aqvs Semdegi saxe: 

  nH
+

in [or nNa
+

in] + ATP ↔ nH
+

out [or nNa
+

out] +Pi        

 amrigad, V-,  F- da A-tipis ATPazebi  protonebis (an Na
+)  gadamtanebia; 

ar gaaCniaT fosforilebuli intermediati;  isini warmoadgenen 
maRalmolekulur da mraval suberTeulian oligomerebs; maTze ar 
moqmedebs vanadati. am ATPazebis inhibitorebia: SH – reagentebi (NEM – N-
eTilmaleimidi da P-qlormerkuribenzoati); KNO3; KSCN (V-tipis ATPazebis); 
oligomicini, venturicidini, merkurialebi da kadmiumi (F–ATPazebi).  
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B1. 2. B1. 2. B1. 2. B1. 2. P-tipis tipis tipis tipis ATPazebiazebiazebiazebi 

P-tipis ATPazebi qmnian fermenTa farTo jgufs, romelTa 
warmomadgenlebi gvxvdeba yvela tipis ujredSi, dawyebuli baqteriebidan, 
damTavrebuli adamianiT.  P-tipis ATPazebis warmomadgenlebi asruleben 
sxvadasxva funqcias. ase, magaliTad, generireben ionur gradients, 
romelic iseTi gansxvavebuli procesebis safuZvelia, rogoricaa 
sasignalo funqcia,  energiis maragis Seqmna da meoradi aqtiuri 
transporti. cxovelebSi P-tipis ATPazebis zogierTi warmomadgeneli 
monawileobs kuWis mJavianobis SeqmnaSi; TirkmlebSi – siTxis sekreciasa 
da reasorbciis procesSi; kunTis relaqsaciaSi; Ca

2+
-damokidebuli 

signalis  transduqciaSi da sxv. saxelwodeba P-tipi miuTiTebs, rom yvela 
maTgani transportis momentSi warmoqmnis fosforilebul ,,intermediats” 

[8, 9], reaqciis msvlelobisas ATP-is mesame fosfati gadaitaneba aqtiuri 
centris asparganis mJavis karboqsilis radikalze, ris Sedegadac 
warmoiqmneba fosfofermenti. aqtiur centrSi fosforis nacvlad, SeiZleba 
maRali TvisobiT Canacvldes vanadat-ioni, romelic warmoadgens P-tipis 
ATPazebis specifikur inhibitors. 

P-tipis ATPazebis klasifikacia dafuZnebulia maT aminomJavur 

Semadgenlobaze. kerZod, naklebad cvladi ,,daculi” Suagulis (concerved 

core) da ara Zlier variabeluri N- da C- terminaluri ubnebis aminomJavur 
Tanmimdevrobaze. amis Sedegad, gamoyofil iqna 159 sxvadasxva saxis P-tipis A 

ATPaza, romlebic daajgufes maT mier tranportirebadi da muSaobis 
gamaaqtivebeli ionTaA specifikurobis safuZvelze da gamoyves 5 didi 
jgufi. TiToeuli jgufi Tavis mxriv, iyofa qvejgufebad [10]. 

I-jgufSi Sedis gardamavali da mZime metaliTAaqtivirebuli ATPazebi. 

IA qvejgufis ATPaza CarTulia K
+
 –is transportSi. IB jgufi, Tavis mxriv, 

SeiZleba gaiyos sul mcire or qvejgufad.  erTi moicavs Cu
+
\Ag

+
–ATPazas, 

xolo meore qvejgufi CarTulia gardamavali da mZime metalebis 
transportSi.  

P-tipis ATPazebis  II jgufi dayofilia 4 gansxvavebul qvejgufad. IIA da 

IIB qvejgufis ATPazebi awarmoeben Ca
2+

–is transports, kerZod IIA qvejgufs 
miekuTvneba sarkoplazmuri retikulumis Ca-ATPaza, xolo IIB qvejgufs 
miekuTvneba protoplazmuri membranis Ca-ATPaza. IIC jgufi moicavs 
erTmaneTis monaTesave Na,K-ATPazasa da cxoveluri ujredebis H,K-ATPazas. IID 

qvejgufis miekuTvneba sokoebis ATPazebis mcire raodenoba romelTaA 
funqcia jer-jerobiT ucnobia. 

P-tipis ATPazebis III jgufi moicavs mcenareebisa da sokoebis H-ATPazas 

(IIIA qvejgufi) da patara qvejgufs, romelSic Sedis Mg-ATPaza (IIIB qvejgufi). 

aRsaniSnavia, rom P-IIIA tipis ATPazebi specifikuria mcenareebisa da 
sokoebisaTvis, xolo P-IIC tipis ATPazebi – cxoveluri ujredebisaTvis. 

ATPazebis es ori jgufi, Tumca ar aris erTmaneTis monaTesave, magram, 
rogorc Cans asruleben damatebiT funqcias mcenareebSi, sokoebsa da 
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cxovelebSi; saxeldobr, isini qmnian eleqtroqimiur gradients, romelic 
gamoiyeneba, rogorc energiis wyaro meoradi transportisaTvis. 

P-tipis ATPazebis IV jgufis zogierTi ATPaza monawileobs 
fosfolipidebis transportSi. miuxedavad amisa P-IV tipis ATPazebis 
transportis specifikuroba davis sagania. 

P-tipis ATPazebi, ZiriTadad, Sedgebian α da β suberTeulebisagan. α 
suberTeuli pasuxismgebelia ionebis transportisa da ATP-is hidrolizze. 

β glikozirebuli suberTeuli  ki ar monawileobs ionebis transportSi, 
magram mniSvnelovania αβ kompleqsis membranaSi ganTavsebisaTvis. igi 
uzrunvelyofs α suberTeulis membranaSi Casmis gaadvilebas, post-
translaciur procesSi subujreduli membranis karg moniSvnasa da 
katalizuri suberTeulis  stabilizacias. rogorc gamoirkva, Na,K-ATPazas 
SemTxvevaSi, β suberTeuli ganapirobebs  Tavis tvinis sinafsuri 
membranebisa da sxva fraqciebsa da qsovilebSi Na,K-ATPazas moqmedebis 
molekulur meqanizmebis sxvadasxvaobas [11, 12].  P-tipis ATPazebis zogierT 
warmomadgenels, magaliTad Na,K-ATPazas, gaaCnia damatebiTi, qsovil-
specifikuri γ suberTeuli. Na,K-ATPazas α suberTeuli, savaraudod, gavlenas 
axdens kinetikur parametrebze da homologiuria foris warmomqmneli 
polipeptidebis ojaxisaTvis, Tumca, zogierTi mecnieri uaryofs, rom α 

suberTeuli aris Na,K-ATPazas Semadgeneli nawili, radganac misi funqciuri 
roli ar aris dadgenili da igi cnobilia mxolod struqturuli 
SeswavliT. 

 P-tipis ATPazebis umetesobis α jaWvi Sedgeba daaxloebiT 1000 

aminomJavuri naSTisagan  (~100kda), romlebic qmnian transmembranuli 

segmentebis luw ricxvs im angariSiT, rom N da C bolo lokalizebuli 
iyos citoplazmur mxares. P-tipis ATPazebis struqturuli Taviseburebebi 
ganvixiloT  Ca,Mg-ATPazas magaliTze [13, 14]. Ca,Mg-ATPazas α suberTeulis 
70℅ lokalizebulia citoplazmaSi, 25℅ membranaSi, xolo 5℅ membranis 
mosazRvre sivrceSi. Kkatalizuri ubani romelic moicavs ATP-is 
dakavSirebisa (N-domeni) da fosforilebis (P-domeni) saits, lokalizebulia 
farTo citoplazmur maryuJSi meoTxe da mexuTeE transmembranul segments 
Soris, maSin rodesac ionebis translokaciis saiti aris membranaSi. ATP-is 
dakavSirebis saiti (N-domeni) da fosforilebis saiti (P-domeni) aris ori 
regioni, romelic xasiaTdeba maRali homologiurobiT P-tipis ATPazebis 
ojaxebisaTvis. kerZod, Tanmimdevrobebi: KGAPE _ ATP-is dakavSirebis 

saitisaTvis da DKTGTLT, sadac D aris fosforilebis saiti. meore jgufis P 

tipis ATPazebis α suberTeulis transmembranuli segmetisaTvis 
damaxasiaTebelia PEGL Tanamdevroba, romelic I jgufis ATPazebisaTvis 

icvleba CPX TanmimdevrobiT. swored amitom, I jgufis P-tipis  ATPazebs, 
sxvagvarad CPX  ATPazebs uwodeben [15]. β suberTeuli Sedgeba 300 
aminomJavuri naSTisagan. N-terminalur bolos mosdevs patara 
citoplazmuri da transmembranuli segmentebi, xolo β jaWvis 80℅ 
lokalizebulia eqstraujredul sivrceSi. es eqstraujreduli regioni 
moicavs umcires 3 glikolizebul asparagins. Saqrebis masa Seadgens 
daaxloebiT 10kDa  [16]. 
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P-tipis ATPazebis centraluri nawili gansazRvravs metalis ionis 

specifikurobas, xolo N-terminaluri nawili  asrulebs regulatorul 
rols, urTierTqmedebs  ra gadamtanis sxva nawilebze [17,  18, 15]. 

P-tipis ATPazebis membranuli regioni SemosazRvrulia 
fosfolipidebiT. vinaidan cilis simkvrive membranaSi icvleba, maTi 
SemomsazRvreli fosfolipidebis ricxvic gansxvavebulia TiToeuli P-
tipis ATPazasaTvis. maTi funqcionirebisaTvis sakmarisia fosfolipidebis 
minimaluri raodenoba. Aaraionuri detergentebi uzrunvelyofen ATPazas 

aqtiuri formis solubilizacias. mTliani delipidizacia, rogoroc wesi, 
iwvevs aqtiobis dakargvas, rac kvlav aRdgeba fosfolipidebis 
damatebisas. 

rogorc ukve aRiniSna, P-tipis ATPazebis muSaoba  ganapirobebs 
membranis gavliT ionTa transports aredan, sadac misi koncentracia 
naklebia, areSi, sadac am ionTa koncentracia maRalia. aseTi muSaoba 
saWiroebs energias, romlis wyarocaa      ATP-is hidrolizi. Oori procesi – 
ionebis gadaadgileba da ATP-is hidrolizi erTmaneTTanaa Serwymuli. Ees 
kargad aris asaxuli         P-tipis ATPazebis zogad kinetikur sqemaSi (sqema 1), 

e.w. “ E1\E2 modelSi”, romelic gamoxatavs gardaqmnebis minimalur ricxvs, 
romelic saWiroa transportis ciklis Sesasruleblad. 

 

 

 

 

 

 

 

 

 

 

sqema 1. ionTa transportis “E1\E2 modeli” 

 

rogorc sqema 1-dan Cans, transportuli x ionis ricxvia n (nX). am 
sqemaSi monacvleobs Seqcevadi safexurebi, sadac ioni ukavSirdeba da 
gamonTavisufldeba  ATPazidan  da qimiuri safexuri, romlis drosac  

ATPaza icvlis konformaciul mdgomareobas. am sqemaSi E1-s aqvs X ionisadmi 
maRali Tvisoba da dakavSirebis ubani orientirebulia im 
kompartamentisaken, sadac ionis koncentracia dabalia. nX dakavSirebis 
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Semdeg (safexuri 1) ATPaza SeiZleba fosforildes ATP-iT (safexuri 2). E1~P 

(Xn) formaSi fosfati kovalenturadaa dakavSirebuli fosforilebis ubnis 
aspartatTan da nX aris okludirebuli. es niSnavs, rom ioni imyofeba iseT 
mdgomareobaSi, romelic aferxebs ionis swraf mimocvlas membranis meore 
mxares arsebul ionTan da miuwvdomelia membranis orive mxridan. E1~P (Xn) 

arastabiluria, icvlis konformacias da gardaiqmneba E2-P formad  

(safexuri 3). am cvlilebebisas X ionis mimarT ATPazas Tvisoba mcirdeba. 
satransporto ubani orientirebulia im kompartmentisaken, sadac ionis 
koncentracia maRalia da nX disocirdeba ATPazadan meoTxe safexurze E2-P 

hidrolozdeba da ATPaza mzadaa, rom daiwyos axali cikli.  P-tipis 

ATPazebis ciklis mniSvnelovani Tvisebaa, misi Seqcevadoba. ionis 
gradientis arsebobisas, ATP SeiZleba sinTezirdes ADP da araorganuli 
fosforidan (Pi) fermentis E1~P (Xn) da E2-P formebi erTmaneTisagan qimiurad 

gansxvavebulia. E1~P (Xn)  urTierTqmedebs ADP-Tan da sinTezirebs ATP-s, e.i ADP-

mgrZnobiarea. E2 formas SeuZlia araorganuli fosforiT fosforileba, 
ris gamoc P-tipis ATPaza mgrZnobiarea vanadatis mimarT, romelic iZleva 
“Cixur ganStoebas” E2-formasTan. rogorc ukve avRniSneT, vanadat-ioni         P-

tipis ATPazebis specifikuri Zlieri inhibitoria. amrigad, sqema  1-ze 
gamosaxuli E1\E2 modeli moicavs P-tipis ATPazas or ZiriTad konformaciul 
mdgomareobas. E1 fosforildeba ATP-iT, xolo E2 araorganuli fosforiT. am 
or mdgomareobas Soris qimiuri gadarTva aisaxeba nX-is mier maRali 
Tvisobis ubnebis dakavebiT. 

sqema 1 aris Zlier gamartivebuli sqema, sadac mxolod erT 
konformaciul cvlilebas aqvs adgili; qimiuri da veqtoruli procesebi 
erTmaneTTanaa gadajaWvuli;  ar aris cnobili ionTaA translokaciis 
meqanizmi;  P tipis ATPazebSi, iseve rogorc sxva transportul ATPazebSi, 
erTmaneTTan Serwymulia qimiuri (ATP-is hidrolizi) da fizikuri (ionTa 
transporti) procesebi: 

 

1.         

  

2.  

 

Tu ganvixilavT ionTa gadatanis process, maSin unda aRiniSnos, rom 
transporti moicavs ramdenime etaps: gadasatani ionis dakavSirebas 
membranis erT mxares; ionis okludirebis etaps; mis gadatanas membranis 
meore mxares da gamonTavisuflebas. ATP-is energia ixarjeba E1→E2  

konformaciul gadasvlaze da es gadasvla Serwymulia ATP /ADP cvlasTan. 
makroerguli fosfatis gadasvla aramakroergulSi  (E1P→E2P) gansazRvravs 
gadasatani ionis mimarT Tvisobis cvlilebas da membranis meore mxares 
xdeba am ionis gamoTavisufleba. Semdegi etapi ki defosforilebaa. Tumca, 
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SeiZleba adgili hqondes kotransportsac, rogorc es xdeba, magaliTad, 
Na,K-ATPazas SemTxvevaSi.  

 P tipis ATPazebis moqmedebis molekuluri meqanizmis Sesaxeb 
monacemebi sakmaod mwiria. P-tipis ATPazebis TiToeuli 
warmomadgenlisaTvis dasadgenia ionTa translokaciisa da  transportis 
meqanizmebi; dasazustebelia fermentul reaqciaTa TanamimdevrobaSi 
kaTionebis dakavSirebisa da gamonTavisuflebis adgilebi; Sesaswavli da 
dasadgenia kaTionTa dakavSirebis SesaZlo steqiometriis cvlileba; 
gasarkvevia modifikatorTa xasiaTi; dasadgenia ra aris fermentuli 
sistemis funqciuri erTeuli _ monomeri, Tu dimeri da sxv. gamonakliss 
warmoadgens Na,K-ATPaza, romlis moqmedebis molekuluri meqanizmi srulad 
iqna gaSifruli iv. beritaSvilis membranologiis laboratoriaSi z. 
qomeTianis mier. 
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1. 3. P-tipis transportulitipis transportulitipis transportulitipis transportuli ATPazebis kinetikuri Taviseburebaazebis kinetikuri Taviseburebaazebis kinetikuri Taviseburebaazebis kinetikuri Tavisebureba    

nivTierebaTa transporti, maTi transmembranuli gadaadgileba, 

aucilebeli rgolia ara marto nivTierebaTa cvlaSi, aramed mTlianad 

cocxali organizmis cxovelqmedebisaTvis, dawyebuli baqteriebidan, 

cxoveluri ujredis CaTvliT. rogorc anionebis, aseve kaTionebis aqtiuri 

transporti specialuri ionuri tumboebiT xorcieldeba, romlebic Tavis 

mxriv warmoadgenen membranaSi lokalizebul molekulur manqanebs, 

romlebic uzrunvelyofen ionebis transports koncentraciuli gradientis 

sawinaaRmdegod, ZiriTadad ATP-is qimiuri energies xarjze. aqedan 

gamomdinare, ionur tumboebs axasiaTebT  ATP-hidrolazuri aqtioba da 

xSirad ionuri tumbos analogiurad xmaroben termins “transportuli ATP-
azebi”. maT Seswavlas didi Teoriuli da praqtikuli mniSvneloba aqvs, 

rogorc funqciuri bioqimiis, aseve medicinisa da nanobiologiis 

TvalsazrisiT. 

dResdReobiT Seswavlilia mravali transportuli ATP-aza (Tr-

ATPaza), rogoricaa Na,K-ATPaza, Ca-ATPaza (kaTionuri ATPazebi), HCO3-

ATPaza da Cl-ATPaza (anionuri ATPazebi), K,H-ATPaza (protonuli ATPaza), 

orvalentiani ionebiT (Zn, Cu, Ni, Mg, Mn) gaaqtivebuli ATPazebi. 

orvalentiani, mZime metalebiT gaaqtivebuli Tr–ATPazebis arseboba aseve 

aRiniSneva baqteriul membranebSi [19, 20, 21, 22]. Tumca naklebad aris 

cnobili am ATPazebis molekuluri meqanizmi (maTi muSaobis principialuri 

kinetikuri sqemebi), romelic yvelaze metad iqneba miaxloebuli Sesabamisi 

fermentis WeSmarit molekulur meqanizmTan. molekuluri meqanizmis 

gaSifvra da maTi regulaciis principebis dagena saSualebas mogvcems 

Camoyalibdes Tr-ATPazebis, gansakuTrebiT P tipis ATPazebis zogadi 

Taviseburebani. 

P tipis ATPazebis damaxasiaTebel niSans warmoadgens: 1. maTi 

funqcionirebisas warmoiqmneba fosforilirebuli intermediati, romelsac 

gadamwyveti mniSvneloba eniWeba transportis ganxorcielebisaTvis. Tr-

ATPazebis muSaobis zogadi principebidan gamomdinare, Sesabamisi 

ligandebis arsebobisas (kaTionebi, anionebi), Fferments SesaZlebelia 

hqondes minimum ori konformaciuli mdgomareoba, romelic gansazRvravs 

or gansxvavebul Tvisobas satransporto ionis mimarT (dabali da maRali 

Tvisoba). imisaTvis, rom Sesruldes transporti, fermentuli sistemis 

muSaobis dasawyisSi man unda gamoavlinos maRali Tvisoba dasakavSirebeli 

ionis mimarT, xolo transportis Sesrulebis Semdegionis mimarT Tvisobis 

Semcirebis xarjze unda moxdes am ionisagan fermentis ganTavisufleba. 2. 

grafikulad transportuli fermentuli sistemebisaTvis V=f(X) (X  aris 

satransporto ioni) kinetikur mruds rTuli geometriuli forma aqvs. 

ionis koncentraciidan reaqciis siCqaris amsaxveli mrudi zaris formisaa, 
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romlis aRmavali faza Seesabameba ionis dakavSirebisa da gadatanis 

process, xolo daRmavali – mis gamonTavisuflebas. zog SemTxvevaSi, 

satransporto ionis garkveul koncentraciul fargalSi aRmavali fazis 

Semdeg mrudi gadadis mkveTrad gamoxatul platoSi, e. i. aRwevs moCvenebiT 

zRvrul siCqares, rasac mosdevs daRmavali faza. 

zemoT aRniSnuli kinetikuri mrudis suraTi miRebulia yvela Tr-

ATPazebisaTvis, romlebic axorcieleben erTi tipis ionis transports. 

kotransportis SemTxvevaSi, rodesac xdeba ori ionis transporti (mag. 

Na,K-ATPaza), miRebulia analogiuri formis grafiki. cxadia, rom Tr-

ATPazebis amgvari kinetikuri suraTi warmoadgens aucilebel, magram 

arasakmaris pirobas Tr-ATPazuri sistemebis muSaobisaTvis [23]. 

Tr-ATPazebis zogadi kinetikuri Taviseburebebis warmoCenis saukeTeso 

magaliTs warmoadgens Na,K-ATPazuri sistemis kinetikuri sqema (minimaluri 

modeli). rTuli geometriuli formis kinetikuri mrudebis analizis 

meTodis safuZvelze [24] SesaZlebeli gaxda Na,K-ATPazuri sistemis 

molekuluri meqanizmis gaSifvra da misi srulyofili principuli sqemis 

(modelis) SemuSaveba (ix. Tavi 1. 4), romelic emyareba literaturaSi 

arsebuli mosazrebebs, xsnis am sakiTxze arsebul yvela eqsperimentul 

faqts da moicavs Na,K-ATPazis yvela SesaZlo reJims. principuli 

mniSvneloba eniWeba im faqts, rom  Tr-ATPazebis WeSmarit substrats 

warmoadgens MgATP-is kompleqsi da ara Tavisufali ATP [25, 26, 27]. am sqemis 

mixedviT  Na,K-ATPazas aqvs oligomeruli struqtura erT α suberTeulze 

erTi nukleotiduri ubniT. minimaluri modelis principidan gamomdinare 

(igi gulisxmobs fermentis formebisa da maT Soris reaqciebis safexurebis 

minimaluri raodenobis SerCevas, romlebic garkveuli wesiT arian 

dakavSirebuli da ligandis nebismier koncentraciaze uzrunvelyofen 

Teoriuli da eqsperimentuli mrudebis geometriuli formebis Tanxvedras), 

Na,K-ATPazis kinetikuri sqemebis Sedgenisas avtorebi gamodian im 

mosazrebidan, rom Na,K-ATPaza warmoadgens dimers ori αβ suberTeuliT 

[28]. erTi suberTeulis mdgomareoba SeuRlebulia dimeris meore 

suberTeulis gadasvlebTan. dimeris monomerebi SeiZleba arsebobdnen 

sxvadasxva konformaciul mdgomareobaSi (E1, E2). aRsaniSnavia, rom dimerSi 

monomerebis konformaciul mdgomareobas gansazRvravs erTis mxriv 

dakavSirebuli ligandi, xolo meores mxriv, meore monomeris 

konformaciuli mdgomareoba. amrigad, SeiZleba iTqvas, rom dimerSi 

monomerebi urTierTqmedeben garkveuli kanonzomierebiT. E1 warmoadgens 

Na+-is formas da monomerebis aRniSnul konformaciul mdgomareobaSi 

yofnas Na+-is garda ganapirobebs MgATP, Mgf  da  ATPf. E2 ki aris K+-is forma 

da mocemuli ionis garda mis arsebobas xels uwyobs araorganuli 

fosfori. katalizuri aqtioba aqvs dimers, romlis monomerebic imyofebian 

sxvadasxva konformaciul mdgomareobaSi. principuli kinetikuri sqemis 



14 

 

mixedviT, Na,K-ATPazas SeuZlia imuSaos, rogorc Tanmimdevrulad, ise 

erTdrouli transportis reJimSi: fermentis oligomerul struqturaSi 

TiToeuli protomeri ionebTan urTierTqmedebs Tanmimdevrulad, xolo 

mTeli kompleqsis muSaoba sinqronizebulia imdagvarad, rom erTi 

protomeri ukavSirdeba Na+-s, meore ki am dros dakavSirebulia K+-Tan. 

Tanmimdevrul reJimSi monawileobs mxolod maRali Tvisobis katalizuri 

ubani, xolo erTdroulSi – dabali Tvisobis ubani. sqemaSi 

gaTvaliseinebulia, rom erT suberTeulze mxolod erTi katalizuri ubani 

arsebobs. am ubans SeiZleba daukavSirdes Mgf  da  ATPf. am sqemaSi adre 

arsebuli yvela sqemisagan gansxvavebiT gaTvaliswinebulia is 

konformaciuli cvlilebebic, romlebic gamowveulia am ligandebis 

moqmedebiT. 

principialuri sqema saSualebas iZleva sruliad gaSifruliyo Na,K-

ATPazuri sistemis  regulacia fiziologiuri ligandebis (MgATP, ATP, 

Mg2+, Na+ da K+) monawileobiT. am sqemidan gamomdinareobs Semdegi 

kinetikuri Taviseburebani, rac metad mniSvnelovania ara marto Na,K-

ATPazis, aramed yvela satransporto sistemis struqturuli organizaciisa 

da molekuluri meqanizmis dasadgenad: 1. Na,K-ATPazuri sistemis funqciur 

erTeuls aqvs oligomeruli struqtura, romelsac erTdroulad SeuZlia 

daikavSiros natriumisa da kaliumis ionebi imdagvarad, rom dakavSirebuli 

ionis saerTo ricxvi ar aRematebodes xuTs. fermentis molekula 

warmoadgens dimers. 2. Tr-ATPazebis WeSmarit substrats warmoadgens  

MgATP-is kompleqsi. dasaSvebia kompleqsis awyoba fermentze (mxolod 

Semdegi TanmimdevrobiT – jer ATP, Semdeg Mg2+). 3. Tavisufali ATP da Mg2+ 
warmoadgenen moqmedebis farTo speqtris modifikatorebs.MmaTi 

koncentraciis absoluturi mniSvneloba, iseve, rogorc maTi Sefardeba, 

gansazRvravs  Na,K-saqaCavis muSaobas SeuRlebuli transportis sxvadasxva 

reJimSi. 4. Na,K-ATPazuri sistemas SeuZlia imuSaos transportirebadi 

ligandis rogorc Tanmimdevrul, aseve erTdroul reJimSi. ujredSida K+ 

da MgATP sistemas anacvleben Tanmimdevruli reJimis mxares, maSin, 

rodesac maTi koncentraciis gazrda sistemas wevs erTdrouli 

transportis mxares. 
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1.1.1.1. 4444. . . . Na,K-ATPazuri sistemis kinetikuri sqemebiazuri sistemis kinetikuri sqemebiazuri sistemis kinetikuri sqemebiazuri sistemis kinetikuri sqemebi    

 Na,K-ATPazuri modifikatorebis moqmedebis, intermediatebis bunebis, 
fermentis sxvadasxva reJimSi muSaobisa da sxva sakiTxebze arsebuli 
mravalricxovani monacemebi Tavis asaxvas pouloben reaqciis kinetikur 
sqemaSi. am monacemebis avtorebi cdiloben Seqmnan Na,K-ATPazuri reaqciis 
mimdinareobis sruli sqema, daadginon misi aqtiobis regulaciis 
saSualebebi, rogorc mTlianobaSi, aseve calkeul stadiebis mimarT. es ki, 
Tavis mxriv, saSualebas iZleva Sefasdes ujredis funqcionirebis 
procesSi Na,K-ATPazas biologiuri roli. 

 fermentis mravali Tvisebis asaxsnelad xSirad gamoyenebul erT-erT 
pirvel sqemas warmoadgens post-albersis Tanmimdevruli modeli [29, 30], 
romlis mixedviTac reaqcia mimdinareobs safexurebrivad da sxvadasxva 
etapze CarTavs Na

+ da K
+ ionebs  

 

(sqema 2) 

E1 + Na
+
 + MgATP → Na(E1)MgATP → Na(E1P)MgADP → Na(E1P)Mg + ADP  Na(E1P)Mg → (E2P)Mg 

+ Na
+
  

(E2P)Mg + K
+
 → K(E2P)Mg → K(E2)Mg? + Pi 

K(E2)Mg? → K(E1)Mg? → (E1)Mg? +K
+ 

 

sqema gvTavazobs Na
+ da K

+ ionebis mierTebasa da mocilebas sxvadasxva 
etapze da eTanxmeba mraval monacems fosforilirebisa da 
defosforilirebis pirobebis Sesaxeb. sqema gulisxmobs ori 
fosforilirebuli intermediatis (E1P da E2P) arsebobas, romlebic 
imyofebian sxvadasxva konformaciul mdgomareobaSi. E1P mgrZnobiarea ADP-is 
mimarT, xolo E2P _ K

+ ionebis mimarT. maT Soris wonasworoba 
kontrolirdeba Mg

++ 
-iT, xolo gadasvla inhibirdeba N-eTilmaleimidiT. 

 am sqemis mixedviT yvela stadia Seqcevadia, rac imaze miuTiTebs, rom 
saqaCavi SesaZlebelia gamoyenebuli iqnas, rogorc ATP-is energiis ionur 
gradientSi gardamqmneli, ise _ ionuri gradientis qimiur energiaSi 
gardamqmneli. Na,K-ATPazas saSualebiT aseTi gziT miRebulia 
eriTrocitebSi ATP, ADP-isa da Pi-sagan [31,  32]. 

 Na,K-ATPazas funqcionirebas SedarebiT srulad aRwers is modelebi, 
romlebic ferments ganixilaven, rogorc oligomerul sistemas. am mxriv 
mniSvnelovania steinis mier SemoTavazebuli mosazrebebi [33], romelic 
Semdgom repkem ganaviTara [34].  

 repkes hipoTezis Tanaxmad, Na,K-ATPazuri reaqcia xorcieldeba erTi 
protomeriT. K

+
-s fermenti gadahyavs oligomerul formaSi. am pirobebSi, 

dabali Tvisobis centrze ATP-is mierTeba inducirebs mezobeli maRali 
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Tvisobis centridan ADP-is gamoTavisuflebas. es ki ganapirobebs dimeris 
muSaobis sinqronizacias ise, rom erTi protomeris endergonuli stadia 
emTxveva meore protomeris ekzergonul stadias [34]. sqema varaudobs, rom 
fermentis protomerebi mTlianad identurebi ar arian da SesaZlebelia 
nukleotiddamakavSirebeli centrebi erTmaneTisagan konfiguraciiT 
gansxvavdebodnen.  

 protomerebis SeuRlebuli moqmedeba safuZvlad udevs levitis 
molekulur models [35]. es modeli aris cda, SeaTanxmos sxvadasxva 
Sexedulebani Na

+ da K
+ transportisaTvis ATP-is energiis gamoyenebis 

meqanizmebze. igi TiTqmis aerTianebs post-albersis, vitamisa da repkes 
ZiriTad debulebebs da amave dros, Tavisufalia winamorbedi modelebis 
naklovanebebisagan. am modelis ZiriTadi gansxvaveba post-albersis 
sqemidan aris is, rom masSi ganixileba Na

+ da K
+ ionTa erTdrouli da ara 

Tanmimdevruli gadatana.  karliSisa da misi TanamSromlebis mier 
SemoTavazebuli sqema ufro srulyofilia, vidre winamorbedi sqemebi [36,  
37]. igi gansazRvravs yvela intermediatisaTvis (garda Mg

++ ionis SesaZlo 
disociaciisa) specifikur safexurs. igi, faqtiurad, post-albersis 
gafarToebuli sqemaa fosfofermentis ori formiTa (E1P da E2P) da 
okludirebuli K

+-formiT. sqema Sedgeba aTi calkeuli safexurisagan (xuTi 
E1 da xuTi E2; xuTi fosforilirebuli da xuTi defosforilirebuli). 
karliSis sqemam aCvena TiToeul suberTeulze maRali da dabali Tvisobis 
ubnebis arseboba, Tumca ver xsnis, Tu rogor funqcionireben aqtiuri 
centrebi - erTmaneTisagan damoukideblad, Tu SeTanxmebiT; am sqemis 
ZiriTadi upasuxo kiTxvaa: SesaZlebelia Tu ara orive suberTeulis erT 
da igive mdgomareobaSi (E1/ E1 an E2/E2) yofna. 

 Na,K-ATPazuri sistemis molekuluri mqanizmis asaxsnelad SedarebiT 
srulyofili kinetikuri sqema mowodebulia plesneris mier [38]: 

 

sqema 3. 
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am sqemis mixedviT, fermentis molekulas gaaCnia mxolod erTi 
substratuli ubani, romlis Tvisoba substratis mimarT ganisazRvreba 
cilis konformaciuli mdgomareobiT. am SemTxvevaSi ganixileba Na,K-

ATPazas monomeruli forma, romelic pasuxismgebelia Na,K-ATPazas yvela 
gamovlinebaze, maT Soris transportul funqciazec. 

 minimaluri modeli aRwers or sxvadasxva hidrolizur cikls: Na-
cikls (Na-ATPaza) da Na,K-cikls (Na,K-ATPaza), romelTac substratis mimarT 
gansxvavebuli Tvisoba aqvT; substratis dabali koncentraciisas aqtioba 
warmodgenilia Na-ATPaziT, xolo substratis maRali koncentraciisas _ 
Na,K-ATPaziT. Na-cikli moicavs: E1_(E1A)_E1MA_E1P_E2P_E1, xolo Na,K-cikli: 
E2K_(EA)_EMA_Ex_E2K. 

plesneris damsaxureba SemdegSia: 

1) man mkacrad daamtkica, rom substrati aris Mg-ATP-is kompleqsi da ara 

ATP; 

2) substratis awyoba SesaZlebelia moxdes fermentul sistemaze, magram 
amisaTvis aucilebelia jer  ATP-is da Semdeg Mg

++-is dakavSireba;  

  EO 

   Mg 

  EA  EAM  ES 

 

3) aRmoaCina Cixebi: 

  EO  EO        OES 

 

   

  EATP  EM        MgS 

 

4) daamtkica 0-ATPazas arseboba.  

 

 Yyvelaze srulyofil kinetikur sqemas warmoadgens qomeTianis mier 
mowodebuli kinetikuri sqema, romelic emyareba rogorc sadReisod 
arsebul literaturul monacemebs, ise im eqsperimentebs, romelic 
miRebulia mis mierve damuSavebuli kinetikuri mrudebis geometriuli 
formis analizis meTodiT. sqema akmayofilebs literaturaSi arsebul 
Teoriul mosazrebebs, xsnis am sakiTxze arsebul yvela eqsperimentul 
faqts da moicavs Na,K-ATPazas yvela SesaZlo reJims [39]. 
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 am sqemis mixedviT, Na,K-ATPazas aqvs oligomeruli struqtura erT α 
suberTeulze erTi nukleotiduri ubniT. minimaluri modelis principidan 
(igi gulisxmobs fermentis formebisa da maT Soris reaqciebis safexurebis 
minimaluri raodenobis SerCevas, romlebic garkveuli wesiT arian 
dakavSirebulni da ligandis nebismier koncentraciaze uzrunvelyofen 
Teoriuli da eqsperimentuli mrudebis geometriuli formebis Tanxvedras) 
gamomdinare, Na,K-ATPaza warmoadgens dimers ori αβ  suberTeuliT. erTi 
suberTeulis mdgomareoba SeuRlebulia dimeris meore suberTeulis 
gadasvlebTan. principuli kinetikuri sqemis mixedviT, Na,K-ATPazas SeuZlia 
imuSaos rogorc Tanmimdevruli, ise erTdrouli transportis reJimSi. 
Tanmimdevrul reJimSi monawileobs mxolod maRali Tvisobis katalizuri 
ubani, xolo erTdroulSi _ dabali Tvisobis ubanic. substratul ubans 
SeiZleba daukavSirdes ATPf an Mg

++
f..  

 am sqemaSi, adre arsebuli yvela sqemisagan gansxvavebiT, igulisxmeba 
is konformaciuli cvlilebebic, romelic gamowveulia am ligandebis 
moqmedebiT. sqema uSvebs Na,K-ATPazas mier ATP-is hidrolizs Na

+ da K
+ 

ionebis ararsebobisas.  substratis dabali koncentraciebisaTvis 
(s<1mM) υ=f(s) damokidebuleba detalurad aris Seswavlili plesneris mier 
[38]. am fargalSi qomeTianis monacemebi emTxveva plesneris monacemebs da, 
Sesabamisad, mis models. Tumca, maRal koncentraciebSi fiqsirebuli [M]-is 
dros υ=f(s) damokidebulebas aqvs arasworxazovani damokidebuleba da ar 
eTanxmeba plesneris "minimalur models", romlis Tanaxmadac, fiqsirebuli 
[M]-is dros Sebrunebul sidideebSi sworxazovneba substratis maRal 
koncentraciebSic unda SenarCundes. 

 amrigad, eqsperimentulma gamokvlevebma aCvena plesneris modelis 
gafarToebisa da zogierTi formis damatebis aucilebloba, raTa 
axsniliyo eqsperimentuli monacemebiT miRebuli Sesabamisi Teoriuli υ=f(s) 

damokidebuleba. υ=f(S, A, M ) damokidebulebis Teoriuli analiziTa da misi 
eqsperimentTan SedarebiT Seiqmna sqema, romelic miRebulia rogorc 
principialuri sqema [39]. (sqema 3). 

 am sqemaze OEO aRniSnavs fermentis formas, rodesac arcerTi 
nukleotidamakavSirebeli ubani ar aris dakavebuli (E-Si igulisxmeba 
fermentis funqcionaluri rgoli). sqemis mTavari damaxasiaTebelia masSi 
katalizis unaris mqone fosforilirebuli intermediatebis - MEP, SEP da AEP 

arseboba, romelTac SeuZliaT defosforilireba. amiT xazi esmeba 
Tavisufali Mg

++ da Tavisufali ATP-is rols, romlebsac aqvT unari 
gadaiyvanon sistema substratis _ Mg-ATP-is hidrolizis ZiriTadi gzidan 
damatebiT variantebze. es gadayvana damokidebulia ligandebis _ [A] da [M] 
Sefardebaze. 
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                 S << 1 mM                          S >> 1 mM 

 

            M ≡≡≡≡ [Mg
++

[,  A ≡≡≡≡ [ATPf ],  S ≡≡≡≡ [MgATP] 

    

    

sqema sqema sqema sqema 4444. . . . Na,K-ATPazuri sistemis minimaluri modeliazuri sistemis minimaluri modeliazuri sistemis minimaluri modeliazuri sistemis minimaluri modeli    
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 substratis maRali koncentraciisas SesaZlebelia fermentis 
ganStoeba SEP, romelzec erTdroulad SeerTebulia rogorc substrati, 
ise fosfati. naCvenebia, rom im mdgomareobaSi, roca fermentTan 
substratia mierTebuli, Tu mas miuerTda Tavisufali ATP an Tavisufali 
Mg

++, maSin fermenti gadadis Cixur mdgomareobaSi. 

 sqemis marcxena nawili Seesabameba substratis dabal koncentraciebs 
(s<1mM), xolo marjvena _ maRals (s>1mM). sainteresoa aseve hidrolizis 
ZiriTadi gzebis gamoyofa: 

1)rodesac [M]>>[A] (zeda gza, kAkpm); OPM reJimi 

2) [M]≈ [A] (Sua gza, kAkps);  OPS reJimi 

3) [A] >>[M] (qveda gza, kAkpA);  OPA reJimi 

 am sqemis erT-erTi mniSvnelovani upiratesoba mdgomareobs imaSi, rom 
Seicavs fermentis iseT damatebiT formebs, romelnic mgrZnobiare arian 
Mg

++ da ATP-is mimarT, rac υ=f(S, A, M ) funqciis arasworxazovnebis axsnis 
saSualebas iZleva cvladebis fiqsirebisa da varirebis sxvadasxva 
pirobebSi.  naCvenebia, rom es formebi gansxvavdebian Na

+ da K
+ ionebis 

dakavSirebis ubnebis ricxviT da Sesabamisad, arsebobs reaqciaTa 
sxvadasxva ciklebi sxvadasxva endogenurobis koeficientiT. [Mg

++] 
siWarbisas fermentul sistemas SeuZlia imuSaos ionTa gadatanis reJimiT:  
4Na

+
:1K

+ da 4Na
+
:0K

+
 ujredgare areSi K

+
-is siWarbisas ([K+]>100mM), an aseve 

3Na
+
:1K

+ da 3Na
+
:0K

+ ujredgare areSi K
+ 

-is naklebobisas ([K+]<100mM).  

 Aamrigad sabolood unda iTqvas, rom qomeTianis mier SemoTavazebuli 
Na,K-ATPazuri sistemis muSaobis amsaxveli kinetikuri sqema (sqema 3) 
yvelaze ufro miaxloebulia Na,K-ATPazas WeSmarit molekulur meqanizmTan. 
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1.1.1.1. 5555. . . . Ecto-ATPazaazaazaaza    

gasuli saukunis meore naxevarSi cnobili gaxda iseTi fermentebis 

arsebobis Sesaxeb, romlebTac aqvT eqstraujreduli ATP-is hidrolizis 

unari.  mkvlevarebi skepticizmiT uyurebdnen ujredis membranis gareT ATP-

is dakavSirebis ubnis arsebobas da fiqrobdnen, rom ATP mkacrad 

Sidaujredulia. Semdgomma gamokvlevam naTeli gaxada am ATP-azebis (maT 

uwodes ecto-ATPazebi)  arseboba da gamoikveTa maTi saerTo damaxasiaTebeli 

niSnebi: 1) aqtivacia orvalentiani kaTionebiT da zogierTi anioniT, 2) ar 

arian  mgrZnobiare P, F da V tipis ATP-azebis inhibitorebis mimarT, 3) aqvT 

unari hidrolizi gaukeTon nukleotid tri, di da monofosfatebs. 

am Tvisebebis gaTvaliswinebiT SemoRebuli iqna axali termini E-tipis 
ATPazebi, romelic aerTianebs yvela im fermentul sistemas, romelsac 
axasiaTebs zemoT CamoTvlili niSnebi. amrigad ecto-ATPazebi gvevlinebian E-

tipis ATPazebis warmomadgenlebad.Aam tipis ATP-azebis kvlevis siaxlis 
gamo jer kidev bevri kiTxvis niSani arsebobs. Nnomenklaturis 
TvalsazrisiT, E-tipis ATPazebi aerTianebs ecto-ATPazebs (hidrolizs 
ukeTeben ATP-s ADP-mde), ecto-apirazebs (gardaqmnian ATP-s da ADP –s AMP-mde), 
ecto-5 –nukleotidazebs (gardaqmnian AMP-s adenozinamde). struqturis 
Taobaze miRweul iqna SeTanxmeba, rom mTliani filogenezuri xis 
organizmebis E-tipis ATPazebis struqtura msgavsia. xerxemlianebis ecto-

ATPazebi warmodgenilia 50-60KDa ciliT, romelic sxvadasxva ujredebSi 
sxvadasxva xarisxiTaa glikozirilebuli da warmoadgens homooligomers 2-
3 monomeriT.  

varaudoben, rom ecto-ATPaza, SesaZloa, mniSvnelovan rols TamaSobdes 
sinafsuri gadacemis regulaciaSi. aris monacemebi ecto-ATPazebis SesaZlo 
rolze limfocitebis funqcionirebaSi, Tirkmlis daavadebebSi, 
epilefsiasa da simsivnur procesebSi. [40, 41, 42, 43]. 

  E-tipis ATPazebis Seswavlis sferoSi yvelaze susti wertilia 
aRniSnuli ATPazebis moqmedebis molekuluri meqanizmi (igulisxmeba 
fermentuli sistemis substratis, modifikatorebis tipis da ricxvis 
dadgena, fermentis muSaobis kinetikuri sqemis Seqmna) romlis Sesaxebac 
araferi ara aris cnobili. swored molekuluri meqanizmis codnaa maTi 
funqcionaluri rolis ukeT Seswavlis sawindari.  
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1.1.1.1. 6666. Cl----is fiziologiuri roli da is fiziologiuri roli da is fiziologiuri roli da is fiziologiuri roli da Cl-ATPazaazaazaaza    

qlori aqtiuri nivTierebaa, mas SeuZlia SeuerTdes bunebaSi 
arsebul TiTqmis yvela elements da gvxvdeba mxolod SenaerTis saxiT 
(yvelaze xSirad NaCl-is saxiT). natriumis qloridi aris qloris bunebrivi 
wyaro. es elementi Sedis kuWis wvenis SemadgenlobaSi da agreTve im 
preparatebSi, romlebic gamoiyeneba kuW-nawlavis daavadebebis 
samkurnalod.  

Tu gaviTvaliswinebT Cl
-
-is Na

+-Tan kavSirs, unda aRiniSnos, rom 
organizmSi am ori elementis moxvedra mWidrodaa dakavSirebuli 
erTmaneTTan. mozrdili adamianis organizmSi aris daaxloebiT 100 grami 
Cl

-
 (0,14%  organizmis masis).  

Cl
-
-is ioni TamaSobs mniSvnelovan biologiur rols organizmSi. 

magaliTad:  

1) Cl
-
-is ioni monawileobs osmosur wonasworobaSi, radgan is aris 

organizmis ZiriTadi araujreduli anioni;  

2) GABA-is (gama-aminoerbomJava) moqmedebisas (ГАМК-damamuxruWebeli 
mediatori, misi moqmedebis meqanizmi Semdegia: damamuxruWebeli neironis 
gaRizianebisas izrdeba postsinpsuri membranis gamtaroba Cl

-
-is ionisaTvis. 

Cl
-
-is mcire raodenobis gasvlac ki axdens postsinapsuri membranis 

hiperpolarizacias, Sedegad amagznebeli signali ver aRwevs zRurblis 
dones.), Cl

-
-is ionebi axdenen damamuxruWebel efeqts neironebze, moqmedebis 

potencialis Semcirebis gziT; 

3) qmnian xelsayrel ares kuWis wvenis fermentebis moqmedebisaTvis; 

4) aaqtiveben fermentebis mTel rigs. 

Cl
-
-is ions aqvs optimaluri radiusi, imisaTvis, rom Sevides 

ujredis membranaSi. swored amiT aixsneba misi monawileoba Na
+-sa da K

+-is 
ionebTan erTad osmosuri wnevis Seqmnasa da wylisa da marilis cvlis 
regulaciaSi. 

adamianis minimaluri moTxovnileba Cl
-
-is mimarT Seadgens 800 mg. 

saidanac ujredSi akumulirdeba 10-15%, aqedan 1/3-dan - 1/2-mde 
eriTrocitebSi, 85% ki-ujredSoris sivrceSi. Cl

- grovdeba visceralur 
qsovilebSi, kansa da ConCxis kunTebSi. is Seiwoveba msxvili nawlaviT. 
misi Sewova da eqskrecia mWidrodaa dakavSirebuli natriumis da 
bikarbonatis ionebTan da mcired ukavSirdeba mineralokortikoidebs da 
Na/K-ATP-azis aqtiobas. 

Cl
-
-is ZiriTadi nawili organizmidan gamoiyofa SardTan erTad (90-

95%), ganavaliT (4-8%) da kanis meSveobiT (2%mde). Cl
-
-is eqskrecia 

dakavSirebulia K
+-Tan, Na

+
-Tan da HCO3

-
-Tan (tutemJavuri balansi). qloris 

arxebi warmodgenilia bevri tipis ujredebSi: mitoqondriul membranebSi 
da ConCxis kunTebSi, es arxebi asruleben mniSvnelovan funqciebs siTxis 
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moculobis regulaciaSi, ionebis transepiTelialur transportSi da 
membranuli potencialis stabilizaciaSi, monawileoben ujreduli pH-is 
SenarCunebaSi. 

SedarebiT cudadaa Seswavlili Cl
-
-is monawileobiT gamowveuli 

calkeuli paTologiebi. ar aris Seswavlili adamianis mier Cl
-
-is 

dReRamuri moTxovnilebis normac ki. Cl
-
-is deficitisas adamianebSi 

aRiniSneba alkalozi (organizmis tute-mJavuri wonasworobis darRveva), 
anoreqsia (madis dakargva) da yabzoba. klinikurma gamokvlevebma aCvena, rom 
qlori aris hormonaluri (renin-angiotenzin-aldosteronis) sistemis 
regulatori da asrulebs paTogenetikuri determinantebis "natri-
damikidebuli" hipertenziis rols, rogorc Sigaujreduli siTxis 
moculobis rRvevis, tute-mJavuri balansis da homeostazis paTogenetikuri 
faqtori. dadgenilia, rom bavSvebs, romlebic didi xnis ganmavlobaSi 
ikvebebodnen Cl-iT Raribi sabavSvo sakvebiT,  unviTardebodaT 
hopokaliemiis simptomi. 

 cxovelebSi Seswavlam aCvena, rom Cl
-
-is deficiti iwvevs zrdis 

SeCerebas, gauwyloebas, madis Semcirebas, sisxlSi qloris donis 
Semcirebas da bikarbonatis donis zrdas. xmovani gamRizianeblis 
moqmedeba da Cl

-
-is deficiti virTagvebSi advilad iwvevs tetanias. 

aucilebelia SenarCunebuli iqnas organizmSi qlorisa da 
natriumis Semcvelobis proporciis dacva (1:2). mozrdilebSi qloris 
dReRamuri brunva Seadgens 85-250 mili mols. qloris pasiuri transporti 
membranaSi xorcieldeba specifiuri qloris arxebiT [44]. 

savaraudod literaturaSi cnobilia plazmur membranaSi qloris 
transportis sami saxe: anionTan HCO3

- SeuRlebuli antiporti, Na
+-Tan 

SeuRlebuli simporti da eleqtroqimiuri procesi [45]. qlori 
transportirdeba membranis SigniTa mxridan gareT koncentraciuli 
gradientis sawinaaRmdegod. anion damokidebuli transporti iTvleba 
biologiur aqtiur transportad, ionur saqaCavad (tumbod) [46, 47]. 

arsebobs mTeli rigi literaturuli monacemebisa Cl
--iT 

aqtivirebuli ATPazebis Sesaxeb.  

zogierT organoSi, rogoricaa Aplysia Californica-s [48] da gombeSos (Bufo 

Bufo) wina nawlavis epiTeluri qsovilis bazolateraluri membrana [49, 50], 
mtknari wylis gvelTevzas farflis membranuli fraqcia [51], Aplysia-s 
vezikulebis plazmuri membrana da virTagvas pankreasuli milakebi [52], 
virTagvas Tavis tvinis membranuli vezikulebi [53] Cl

--is ionebiT 
gamowveuli aqtivacia Cl

-
-ATPazur reaqciad aris miCneuli, romelic unda 

monawileobdes Cl
--is aqtiur transportSi. ukanaskneli wlebis 

literaturuli monacemebiT ar gamoricxaven, rom Cl
-
-ATPaza SesaZlebelia 

warmoadgendes membranis gareTa zedapirze mimarTul Cl
--is translokaciur 

eleqtrogenur sistemas (,,Cl
--is saqaCavi” anu tumbo). 
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Aplysia-s ujredebSi eleqtrofiziologiuri meTodebiT Seswavlilia 
Cl

--is transportis Tvisebebi da savaraudo eleqrtogenuri Cl
--is tumbo. is 

msgavsia sxva iongadamtani tumboebisa, rac  damaxasiaTebelia P tipis ATP-
azebisaTvis [49]. 

zogi avtori Cl
--is matransportirebel sistemas yofs or nawilad: 

Cl
--iT stimulirebuli ATP-azuri aqtioba da ATP damokidebuli Cl

- -is 
aqtiuri transporti. naCvenebia, rom orTovanadati (P tipis ATP-azebis 
specifiuri inhibitori) inhibirebs orive sistemas. aseve naCvenebi iqna, rom 
orive - Cl

--iT stimulirebuli ATP-azuri aqtioba da ATP damokidebuli Cl
--is 

transporti emsaxureba erTi da igive satransporto meqanizms [49]. 

 navaraudevia, rom Mg–is ionebi gansazRvraven fosforilirebas. Cl
--

is koncentraciis zrda amcirebs fosfoproteinebis dones. Cl
- 

pasuxismgebelia defosforilirebaSi enzimuri reaqciis TanmimdevrobiT 
mimdinareobaze. Cl

--is 10mM-mde koncentraciis mateba maqsimalurad zrdis 
defosforilirebis stadias (sqema 5). 

 

 

 

 

 

 

 

 

 

 

 

                                                   sqema 5.            

 

 

orTovanadati inhibirebs fosfoproteinis formirebas, is miuTiTebs 
enzimSi fosforilirebuli adgilis arsebobaze. aseve inhibirebs Cl

--iT 
stimulirebul ATP-azas aqtiobas, ATP damokidebul Cl

--is transports da 
ATP-iT gamowveul enzimis fosforilirebas (sqema 5) [49]. 

Cl
--ATP-azis A-520 kDa proteinis komplqsi gamoyofili iqna virTagvas 

Tavis tvinidan. is Seicavs 4 proteinul suberTeuls (51, 55, 60 da 62 kDa). 

MgATP 

Pi 

E1 EiMgATP 

Mg
2+

ADP 

E2(Cl 
-
) E ~ P 

ორთოვანდატ 
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51 kDa-iani proteini warmodgenilia, rogorc kovalenturi fosfoenzimis 
suberaTeuli. Cl

--ATP-azis katalizuri ubani Seadgens  100 kDa, msgavsad 
Ptipis ATPazebisa [54]. 

EDTA-Ti damuSavebuli mikrosomebi, gamoyofili virTagvas Tavis 
tvinidan, ZiriTadad Seicavs 200-500 nm diametris membranul vezikulebs, 
romlbic mdidaria Cl

--iT da Na/K-ATP-aziT [55]. ATP-damokidebuli Cl
-
-is 

Sewova xorcieldeba Cl-is koncentraciis gazrdisas Km=7,4mM. es procesi 
damokidebulia iyo areSi pH-is mniSvnelobaze - 7,4 da temperaturaze - 37-
420C  [53].  

etakrinis mJava specifiurad damoukideblad inhibirebs  ATP-

damokidebuli Cl
-
-is Sewovas (57µM). N-eTilmaleimidi (0,1 mM) da Na-vanadati 

(1 mM)  ki nawilobriv inhibireben. es procesi amyarebs azrs, rom Cl
- -ATP-

aza tvinSi aqtiurad transportirebs Cl
-
-is  ions.  Na/K/Cl-kotransportis 

inhibitori, furosemidi (0,1 mM), amcirebs Cl
-
-is koncentracias [53,  56, 58]. 

Cl--ATP-azas aqtioba nanaxia Canasaxovan, neonatalur da mowiful 
virTagvebSi. is swrafad izrdeba postnataluri periodis me-20 dRidan 
[59]. qloris saqaCavis moqmedebis Tanmimdevroba Semdegia: 
fosforilireba Mg2+-iT da defosforilireba Cl--iT. steqiometria aris 
aseTi: 1ATP : 1Cl, Mg2+, pH 7,8 [60]. 

Seswavlilia fosfolipazas efeqti mikrosomul Cl--ATP-azaze 
virTagvas Tavis tvinSi. fosfolipaza A2 da fosfolipaza C Cl--ATP-azur 
aqtiobas, agreTve Na,K-ATPazas amcireben 8-50%iT, magram Mg-ATPaza ar 
icvleba. Cl--ATP-aza saWiroebs inaqturi membranebis lipidebs, 
gansakuTrebiT fosfatidil inozitols, romlis Tanaobisas aqvs 
maqsimaluri aqtioba [61]. 

Cl—is koncentracia perikariumSi upro dabalia, vidre 
dendritebSi. Cl—is saqaCavis inhibitori – etakrinis mJava zrdis 
perikariumis Cl—is Semcvelobas, magram ara dendritebisas. furosemidi 
da bumetanili iwveven Cl—is Semcirebas, inhibireben ra Na+/K+/2Cl- 
kotransports, umetesad dendritSi. es monacemebi aCvenebs, rom Cl—is 
ganawileba damokidebulia gadamtanis lokalizaciis specifiurobaze 
[62]. 

Cl-/HCO3
—ATPazis aqtioba mgrZnobiarea qloris transportis 

inhibitorebis mimarT (etakrinis mJava da furosemidi) [63]. 
Cl-ATPazis da Na,K-ATPazis enzimuri aqtioba da proteinuli done 

Seswavlili iqna alcheimeris daavadebsas. Cl-ATPaza da Na,K-ATPazas 
aqtiobebi Semcirebulia alcheimeris daavadebiT daavadebul tvinSi. am 
dros SeiZleba Semcirdes Na+, K+ da Cl- gradienti ujredis membranis 
gaswvriv, rac iwvevs neironul sikvdils [64, 65]. 

alcheimeris daavadebiT daavadebul pacientTa tvinSi, sadac 
fosfatidilinozitol-4-kinazis aqtioba Semcirebulia, Cl-ATPazas 
aqtiobac mcirdeba anu Cl-ATPazas aqtioba regulirdeba 
fosfatidilinozitol- 4 –monofosfatiT. fermentis aqtiobis cvlileba 
iwvevs adamianis neirodegeneraciul daavadebebs [54,  56]. 
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Cl-ATPaza [EC 3. 6. 3. 11] aris fermenti, romelic akatalizebs 
reaqcias: ATP+H2O+Clout=ATP+Pi+Clin [66,  67]. 

amgvarad, literaturuli monacemebiT dafiqsirebulia Cl
--ATP-azis 

katalizur ubanSi fosforilirebuli intermediatis arseboba. Cl
--ATP-aza 

fosforilirdeba Mg-iT da defosforilirdeba Cl
-
-iT, msgavsad 

kaTiontransportirebadi P- tipis ATP-azebisa [49]. 
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1. 7777. HCO3
-----is fiziologiuri roli da is fiziologiuri roli da is fiziologiuri roli da is fiziologiuri roli da Mg

2+----HCO3
-
-ATPazaazaazaaza    

bikarbonati aris sasicocxlo tute komponenti, romelic inarCunebs 
adamianis organizmis buferuli sistemis tute-mJavur homeostazs - pH-s. 
organizmSi CO2-is 70-75% gardaiqmneba naxSirmJavad (H2CO3) da swrafad - 
bikarbonatad (HCO3

−). naxSirmJavasTan erTad, rogorc centraluri 
intermediatis nairsaxeoba, bikarbonati da wyali warmoqmnis buferul 
sistemas, romelic inarCunebs saWiro wonasworobas da uwevs swraf 
winaaRmdegobas pH-faqtoris Zlier cvlilebebs, rogorc mJava, aseve tute 
mimarTulebiT. Ees Zalian mniSvnelovania centraluri nervuli sistemis 
qsovilebis dasacavad, sadac pH-is cvlileba nebiemieri mimarTulebiT 
SeiZleba damRupveli aRmoCndes [68, 69]. 

araorganul anionebs Soris HCO3
- warmoadgens erT-erT mniSvnelovan 

fiziologiurad moqmed, katalizuri funqciis matarebel anions. ATPazas, 
romelic aqtivdeba HCO3iT da saWiroebs Mg

2-is ionebs, iwodeba Mg-
damokidebuli, HCO3-iT stimulirebuli ATPaza (MgHCO3-ATPaza, EE.C. 3. 6. 1. 3) 
[70]. 

HCO3-ATPazuri aqtioba asocirdeba rogorc tute fosfataza. tute 

fosfataza Seicavs Zn da warmoadgens metaloproteins. EDTA  inhibirebs 

ferments Zn-is dakavSirebis gamo aqtiur centrSi.  nanaxia, rom HCO3-atfaza 

da tute fosfataza inhibirdeba EDTA-s damatebiT Mg-is Tandaswrebisas. 

EDTA inhibirebs orive ferments da es inhibicia orive SemTxvevaSi 

dakavSirebulia Zn-is SemcvelobasTan [71]. 

anionur ATPazebs Soris gavrcelebul fermentad iTvleba 

bikarbonatis ionebiT aqtivirebuli MgATPaza. MgHCO3-ATPaza hidrolizuri 

fermentia. is gvxvdeba sxvadasxva cxovelTa kuWqveSa jirkvlis 

lorwovanaSi [72], ZaRlis ybisqveSa jirkvalSi [73], RviZlSi [74], cxoveluri 

ujredebis mitoqondriebSi, mcenareTa mitoqondriebsa da qloroplastebSi, 

agreTve ujredis membranasa da baqteriebis qromatoforebSi [75, 76, 77]. 
ufro mogvianebiT aRmoCenilia cxovelebisa da mcenareebis plazmur 

membranebSi. am ATPazis aqtiobis gansazarvriT sxvadasxva qsovilebSi, 

kerZod guli, Tavis tvini, RviZli, Tirkmelebi, diafragma, kuWis lorwovani 

da eriTrocitis membranebi, naCvenebi iqna, rom yvelaze didi raodenobiT es 

fermenti aris gulsa da diafragmaSida saerTod sekretorul qsovilebSi, 

xolo yvelaze mcire raodenobiT eriTrocitebis membranasa da Tavis 

tvinSi. fermentis aqtiuroba areSi HCO3 ionis SetaniT izrdeba [78]. 

navaraudevia am fermentis monawileoba membranaSi bikarbonatis ionebis 

aqtiuri transportis procesSi da pH-is regulaciSi. 

adamianis farisebri jirkvlis qsovilSi Seswavlilia Mg2+-
damokidebuli, HCO3

--iT stimulirebuli ATP-azas arseboba. dadgenilia 
fermentis ganawileba jirkvlis qsovilis subujredul fraqciebSi, 
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korelacia farisebri jirkvlis sxvadasxva paTologiasa da HCO3
--ATP-azas 

aqtivobas Soris. nanaxia, rom paTologiebis SemTxvevaSi jirkvlis 
subujredul struqturebSi adgili aqvs HCO3

--ATP-azuri aqtivobis 
cvlilebas. fermentis kinetikuri parametrebis (Vmax, Km) SeswavliT 
dadgenilia, rom sxvadasxva paTologiisas aRiniSneba rogorc fermentis 
aqtivobis, aseve HCO3

--ionisadmi misi Tvisebis Secvlac, rac, savaraudod, 
ganpirobebuli unda iyos jirkvlis qsovilSi mimdinare paTologiuri 
cvlilebiT [79, 80]. 

Seswavlilia galaqtozo da inozitspecifiuri leqtinebis gavlena 
HCO3

-- ATP-azur aqtivobaze qaTmis Tavis tvinis gliis ujredebze. aRmoCnda, 
rom HCO3

-- ATP-azuri aqtioba damokidebulia leqtinebis koncentraciis 
cvlilebaze [81]. 

literaturaSi  MgHCO3-ATPazas molekuluri meqanizmi ar aris 
dadgenili. membranologiis laboratoriaSi SemuSavebuli Tanamedrove 
kinetikuri meTodi safuZvels iZleoda Segveswavla fermentis kinetikuri 
maxasiaTeblebi da Segveqmna misi minimaluri modeli. 
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1.1.1.1. 8888. . . . nervuli daboloebis anionuri arxebinervuli daboloebis anionuri arxebinervuli daboloebis anionuri arxebinervuli daboloebis anionuri arxebi    

arsebobs monacemebi qloris pasiur transportzec, romelic 
xorcieldeba qloris arxebiT. isini lokalizebulia cxoveluri 
ujredebis rogorc plazmur, aseve Sidaujreduli organelebis 

membranebze. am arxebis saSualebiT xorcieldeba anionebis gadanacvleba 
membranis gare zedapiridan ujredis SigniT koncentraciuli gradientis 
mimarTulebiT. Cl

--is ionebi membranaSi gadian Zalin nela. mcire 
raodenobiT Cl

--is gadasvla iwvevs postsinafsuri membranis 
hiperpolarizacias. 

qloris arxebi asruleben mTavar rols Sidaujreduli pH-is, 
ujredis moculobis, nervis agznebadobis regulaciaSi da mosvenebis 
potencialis gansazRvraSi. qloris arxebi nanaxia sinapsur vezikulebSi, 
mitoqondriebSi, mikrosomebSi da sxva Sidaujredul organelebSi. 
Presinapsis zedapirul membranaze nanaxia sami tipis qloris arxi: 

1. ligand damokidebuli qloris arxebi, romelTac Seadgens gama-
amono erbomJava (GABA) da gliciniT regulirebadi qloris arxebi; 
liganddamokidebuli qloris arxebi miekuTvneba arxebis farTo ojaxs – 
nikotinur, glicin da GABA receptoris arxebs. funqciurad aqtiuri arxi 
Sedgeba xuTi homologiuri membranis gamWoli suberTeulisagan, romlebic 
qmnian ionis gamtar arxs. 

2. Ca2+ damokidebuli an Ca2+-iT aqtivirebuliqloris arxebi. 
naCvenebia, rom ujredebis umetesobaSi aRniSnuli arxebiT miRebuli 
qloris nakadi monawileobs ujredis moculobis regulaciaSi. neironebSi 
am arxebis aqtivacia iwvevs aqsonis agznebadobis da transmiteris gayofis 
Semcirebas. 

3. potencial-damokidebuli qloris arxebi, nanaxia Torpedo-s 
eleqtrul organoSi [82]. 

bevri qloris arxi aseve transportirebs HCO3
- anions [83].  
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1.1.1.1. 9999. . . . anionebis ganawileba ujredSianionebis ganawileba ujredSianionebis ganawileba ujredSianionebis ganawileba ujredSi                                                  

literaturuli monacemebiT HCO3
- da Cl

- bevrad metia ujredgare 
sivrceSi vidre ujredis SigniT. am anionebis Sigaujreduli koncentracia 
bevrad mcirea, vidre es mosalodneli iyo pasiuri ganawilebisagan [62]. 
swored es gradienti uCvenebs HCO3

- da Cl
-aqtiuri transportuli sistemis 

arsebobas [84, 85]. 

 

anionebis ganawileba ujredSi  

 

                     cxrili 1 

 

           HCO3
- 

      in                 out 

    11mM      283mM 

          HPO
2-

4     50mM      1mM 

     SO
2-

4     10mM      0,5mM 

     Cl
-     3mM      103mM 
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2.2.2.2. kvlevis mizani da amocanebikvlevis mizani da amocanebikvlevis mizani da amocanebikvlevis mizani da amocanebi    

literaturaSi cnobilia transportuli ATPazebis ori didi klasi: 
kaTionuri (Na,K-ATPaza, Ca,Mg-ATPaza, H-ATPaza, K,H-ATPaza da a.S.) da anionuri 
(Cl-ATPaza da HCO3

-
 ATPaza) ATPazebi. kaTionuri ATPazebi ukeTaa Seswavlili, 

anionur ATPazebze ki informacia naklebia. 

warmodgenili naSromis mizania davafiqsiroT anionuri ATPazuri 
aqtiobis arseboba virTagvas Tavis tvinis plazmur membranul fraqciebSi, 
kerZod sinafsur, mikrosomul, vezikulur da mitoqondriul membranebSi; 
SeviswavloT enzimis molekuluri meqanizmi, rTuli geometriuli mrudis 
formis analizis meTodis gamoyenebiT da ganvsazRvroT misi adgili 
ATPazebis zogad klasifikaciaSi. 
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M3M3M3M3. meTodika. meTodika. meTodika. meTodika    

3.3.3.3. 1. 1. 1. 1. subujreduli fraqciebis miRebasubujreduli fraqciebis miRebasubujreduli fraqciebis miRebasubujreduli fraqciebis miReba    

    

kvlevis obieqtad ZiriTadad gamoiyeneboda TeTri virTagvas Tavis 
tvinidan miRebuli sxvadasxva subujreduli fraqcia, romlebic miiReba 
diferencialuri centrifugirebis meTodiT saqarozas simkvrivis 
sxvadasxva gradientSi. subujreduli fraqciebis miRebisas gamoyenebuli 
iyo de robertisisa [86] da vitakeris [87] rekomendaciebi. 

 homogenizacia keTdeboda xelis homogenizatoriT, risTvisac 
gamoiyeneboda poter-elvegeimis tipis minis homogenizatori teflonis 
dguSiT. RriWo Seadgenda 0,025 mm-s. homogenizacia xdeboda ori saxiT: 
Zlieri, romelic tardeboda meqanikuri homogenizatoriT 600-800 br/wT, da 
susti, rodesac dguSis triali xdeba xelis saSualebiT. es ukanaskneli 
gamoiyeneba daungreveli sinaptosomaluri fraqciis misaRebad. 

 centrifugirebis reJimis SerCeva xdeba Semdegi parametrebis 
gaTvaliswinebiT: saSualo radiusad miRebulia R0 sidide, romelic 
gamoiTvleba Semdegi formuliT: 

R0=0,5(R2-R1) 

sadac R2 aris siTxis maqsimaluri daSoreba brunvis RerZidan rogorc 
kuTxuri, ise _ "svingaut"-rotorisaTvis, R1 ki minimaluri daSoreba. 

 yoveli fraqciis miReba xdeba erT garkveul reJimSi, rac gulisxmobs 
Semdegi pirobis Sesrulebas: 

const

R

R
=

1

2

2

ln

υ
;  

const

R

R
R

Gt =

1

2
0 ln

       

   

sadac υ brunvaTa ricxvia, romlis erTeulicaa br/wT. G - kuTxuri aCqarebaa, 
romelic gamoixateba vardnis aCqarebis erTeulebSi da gamoiTvleba 
formuliT: G=ω/g, sadac, ω - kuTxuri siCqarea, g-Tavisufali vardnis 
aCqareba _ 981sm/wT2; G-s brunvebSi gadasayvanad, anda piriqiT, brunvebis G-Si 
gadasayvanad viyenebT formulas: 

90000

2
0υR

G = ;   
0

300
R

G=υ  

 cenrtifugirebis drod aRebulia brunvis dawyebidan centrifugis 
gamoTiSvamde dro. 
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 erTi da igive brunvisaTvis, erTxel dadgenili wesiT, yovelTvis 
gamoiyeneboda erTi da igive rotori da Sesabamisi centrifuga, kerZod: 

5 000g-mde _ K-23 centrifuga, 

5 000 - 2 000g-mde _ UР65 centrifuga 6X80ml rotoriT, 

20 000g-ze zeviT _ UР65 centrifuga 8X30ml rotoriT, 

amitomac, sqemebsa da teqstSi aRar aris miTiTebuli dasaxeleba da 
rotoris saxe. 
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3333. . . . 2222. sinafsuri membranebis fraqciis miReba. sinafsuri membranebis fraqciis miReba. sinafsuri membranebis fraqciis miReba. sinafsuri membranebis fraqciis miReba    

20-25 TeTri virTagvas axladamoRebul Tavis tvins swrafad vaciebdiT 
4

o
C-mde da vakeTdebdiT naz homogenizacias xelis homogenizatoriT 

saqarozas 0,32 m xsnarSi, ise, rom mzaddeboda 10%-iani homogenati. 
sahomogenizacio xsnari kristaluri trisiT winaswar miiyvaneboda pH-is 
saWiro mniSvnelobamde (7,0-7,2). 

 miRebuli homogenati centrifugirdeboda 1000gX10 wT. supernatanti 
droebiT inaxeboda macivarSi, xolo naleqi irecxeboda sawyisi moculobis 
naxevar (1/2V0) 0,32 m saqarozas xsnarSi da xelaxla centrifugirdeboda 
igive pirobebSi. pirvelad da meored miRebul supernatantebs 
vaerTianebdiT adre miRebulTan, xolo naleqs (P1), romelic Sedgeboda 
dauglejavi ujredebisa da birTvebisagan da warmoadgens e. w. uxeS 
birTvul fraqcias, vRvridiT.  

 gaerTianebuli zeda xsnari (S1) centrifugirdeboda 12 000gX20 wT. 
miRebul supernatantSi (S2) aris mikrosomebi, naleqi (P2)ki Seicavs 
mitoqondriebs, mielinsa da sinaptosomebs Tavisi SigTavsiT. osmosuri 
Sokis (1 gr. sawyis qsovilze 9 ml civi bidistilatis damateba) moqmedebiT 
miRebul suspenzias vacentrifugirebdiT 20 000gX30 wT. miRebul naleqs (P3) 
am reJimiT gamoeyofoda supernatanti, romelic Sedgeba membranis 
uwvrilesi naglejebisagan _ mikrosomebisagan, vezikulebisagan da ujredis 
ganzavebuli citozolisagan. naleqi P2Wp Seicavs mitoqondriebs, sinafsuri 
warmoSobis membranebs, maT Soris, SemaerTebel kompleqss, da mielins. 
aRniSnuli naleqi suspenzirdeboda 1,2 m saqarozas xsnarSi da 
centrifugirdeboda 100000gX75 wT. am dros xdeboda mitoqondriebis 
mocileba sinafsuri membranebisagan. miRebuli naleqi (P4) Seicavda sufTa 
mitoqondriebs. supernatants  vazavebdiT 0,9 m saqarozamde da xelaxla 
vacentrifugirebdiT 100 000gX75 wT. 

 1,2-0,9 m saqarozas fenebs Soris ileqeboda sinafsuri membranebis 
SemaerTebeli kompleqsi membranebiTurT. miRebuli naleqi P2Wp (1,2-0,9) 
inaxeboda 20-30 mM tris-HCl buferSi, romlis pH-ic iyo 7,6-7,8, anda 
bidistilatSi da ramdenime Tvis ganmavlobaSi inaxeboda macivarSi _20 o

C-ze 
(sqema 6). 

  

sqema 6 - sinafsuri fraqciis miReba 

 

10%-iani homogenati 0,32 M saqaroza 

 

           1000gX10 wT 
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P1
1
                          S1

1 

1/2 V sawyisi 0,32 M saqarozis 

 

P1
11    

S1
11 

 

supernatanti S1
1  + supernatanti S1

11 

 

   12000gX20 wT 

 

       P2       S2
 

 

    osmosuri Soki 9 ml H2O 1 g qsovilze 

    20000gX30 wT 

 

 

P2Wp    P2Ws 

 

suspenzireba 1,2 M saqarozaSi 

 1000000gX75 wT 

 

 

PP2Wp (1,2)     S 

  

       ganzaveba 0,9 M saqarozamde 

       100000gX75 wT 

 

 

                                                  S          P2Wp (1,2-0,9) 
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 sinafsuri membranebis yvela subfraqcia miiReboda aseTive gziT 
(uxeSi mitoqondriuli fraqciis _ P2-is osmosuri Sokis Semdeg). teqstSi 
isini aRniSnulia P2Wp, frCxilebSi ki miTiTebulia saqarozas 
koncentracia, romlis fenebs Sorisac ileqeboda aRniSnuli fraqciis 
nawilakebi. 
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3333. . . . 3333. mikrosomuli fraqciis miReba. mikrosomuli fraqciis miReba. mikrosomuli fraqciis miReba. mikrosomuli fraqciis miReba    

 mikrosomul fraqcias vRebulobdiT virTagvis Tavis tvinidan skous 
meTodiT, mciredi modificirebiT [88]. 

 axlad amoRebuli tvinidan, misi swrafi homogenizaciiT, 0,32 M 

saqarozaSi mzaddeboda 10%-iani homogenati da centrifugirdeboda 1000 
gxwT. naleqis resuspenzireba xdeboda sawyisi moculobis naxevar 0,32 M 

saqarozaSi da centrifugirebas vaxdendiT igive pirobebSi. miRebuli 
naleqi Seicavda dauglejav ujredebs, eriTrocitebs, mitoqondriebs, 
mielins. gaerTianebuli supernatantebi (S1) centrifigirdeboda 100 000 g x 80 

wT. naleqi (P3), romelic mikrosomebs warmoadgens, resuspenzirdeboda 
tris-HCl-is buferSi an bidistilatSi pH7,7-ze da inaxeboda 20C

O-ze (ix. sqema 
7). 
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3. 4. sinaptosomuri fraqciis miReba3. 4. sinaptosomuri fraqciis miReba3. 4. sinaptosomuri fraqciis miReba3. 4. sinaptosomuri fraqciis miReba    

 sinapsuri faqtoris, SF-is, misaRebad, uxeS mitoqondriul fraqcias 
(P2, sqema 6) ukeTdeboda osmosuri Soki da centrifugirdeba 20 000gx30 wT. 
miRebuli supernatanti P2Ws,  Seicavs sinaptosomur faqtors. zedmeti, 
gayolili membranuli membranuli warmonaqmnebis mocilebis mizniT, P2Ws 
centrifugirdeba 100 000gx30 wT. miRebuli zeda xsnari gamoiyeneba rogorc 
gasufTavebuli sinaptosomuri faqtoris misaRebi sawyisi xsnari (sqema 8). 

 sainfsuri faqtoris Semadgeneli aqtivatoruli (SFa) da inhibitoruli 
(SFi) komponentebis gancalkevebis mizniT vaxdendiT geliofiltracias. 
gelfiltracia xdeboda firma ,,LKB”-s tipis danadgarze, 2x40 svetze. gelis 
momzadeba da eluireba xdeboda bidistilatiT pH 7,0-ze. cilis gansazRvra 
xdeboda 280 nM sigrZis talRiT 10-12C

O temperaturaze. 

 fraqcionireba xdeboda uxeSad, sefadeqs C–50-ze (Pharnacia, SvedeTi). 
eluirebis Sedegad miiReboda ori piki: pirveli, didi, romlis eluati 
Seicavda aqtivatorul komponents SFa-s; meore, SedarebiT patara ki 
inhibitorul SFi-s. 

 miRebuli eluatebis koncentrirebas vaxdendiT sefadeqs C–25-iT 
(Pharmacia, SvedeTi). 

 

 sqema 7. mikrosomuli fraqciis miReba 

10%-iani homogenati 

1 000gx10 wT 

  

 

 P        S
I 

  ½ V 0,3 M saqaroza 

  1 000gx10 wT 

 

  

  

 P1      S1  

   S1
I
+ S1

II S1  

     12 000gx20 wT    
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 P2      S2    

       100 000 gx60 wT. 

 

 

 ujredis wveni   S3  P3  mikrosomebi 

sqema 8. sinafsuri faqtoris miReba 

P2 + 9 ml H2O 1 gr qsovilze (Soki)  

     20 000g x30 wT 

  

 P     P2WS 

       100 000gx30 wT 

 

      

     P   SF 
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3. 5. 3. 5. 3. 5. 3. 5. cilis koncentraciis kolorimetruli gansazRvracilis koncentraciis kolorimetruli gansazRvracilis koncentraciis kolorimetruli gansazRvracilis koncentraciis kolorimetruli gansazRvra 

louris louris louris louris [90]    meTodimeTodimeTodimeTodiთთთთ. 

meTodis principi. mocemuli meTodi aerTianebs biuretis reaqcias (e.i. 
reaqcias peptidur kavSirebze) da folinis reaqcias (Tirozinsa da 
triftofanze). cilis raodenobrivi gansazRvris yvela arsebul meTodebs 
Soris louris meTodi warmoadgens yvelaze mgrZnobiare da zust meTods. 
reaqtivebi: 

reaqtivi A – natriumis karbonatis 2%-iani xsnari, damzadebuli 0,1                         
molarul natriumis tuteze; 

reaqtivi B – gogirdmJava spilenZis 0,5%-iani xsnari, damzadebuli 1%-ian 
natriumis citratze; 

reaqtivi C – reaqtivi A da reaqtivi B erTmaneTs ereva SefardebiT 50:1 
(gazomvis win); 

reaqtivi D – folin-Cokalteus reaqtivi. 

reaqciis msvleloba: 0,5 ml cilis Semcveli xsnari ereva 2,5 ml reaqtiv C 
xsnarTan da yovndeba aTi wuTi oTaxis temperaturaze. Semdeg emateba 0,25 
ml reaqtivi D, ireva da 30 wT-is Semdeg izomeba optikuri simkvrivis 
sidide 750 an 500nm talRis sigrZeze. gazomva warmoebs sakontrolo 
kiuvetis mimarT, romelic Seicavs igive komponentebs cilis garda. 

  feris intensiobisa da sakalibro mrudis mixedviT isazRvreba cilis 
koncentracia. sakalibro mrudis agebisaTvis standartad gamoiyeneba 
adamianis an xaris liofilizirebuli albumini.  

optikuri simkvrivis miRebuli Sedegebi gadaizomeba ordinatas 
RerZze, xolo cilis koncentracia – abscisTa RerZze. 

rigi naerTebi xels uSlian gansazRvris msvlelobas. maT ricxvs 
miekuTvneba glicini, fosfatis buferi, Tris-HCl buferi 
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3. 6. 3. 6. 3. 6. 3. 6. araorganuli fosforis raodenobrivi gansazRvra araorganuli fosforis raodenobrivi gansazRvra araorganuli fosforis raodenobrivi gansazRvra araorganuli fosforis raodenobrivi gansazRvra 

kolorimetrulikolorimetrulikolorimetrulikolorimetruli meTodiTmeTodiTmeTodiTmeTodiT, kazanovkazanovkazanovkazanov----maslovas modificirebuli maslovas modificirebuli maslovas modificirebuli maslovas modificirebuli 
meTodimeTodimeTodimeTodi    

 
meTodis principi igivea, rac fiske-subarous meTodis. erT ml 

araorganuli fosforis nimuSs emateba erTnaxevari ml narevi, romelic 
Tavis mxriv Seicavs 1 wil toli moculobebis 2,5% amoniumis molibdats 
((NH4)2MoO4), 5NgogirdmJavas (H2SO4) da 4 wil distilirebul wyals (1:1:4). 
Semdeg emateba 0,2 ml 0,02%-iani kalas qloridis xsnari, romelsac 
damatebuli aqvs koncentrirebuli ZmarmJava (CH3COOH) feris 
stabilizaciisaTvis (yovel 10 ml kalas qloridis (SnCl2) wyalxsnarze 0,2 
ml). nimuSi intensiurad injRreva, yovndeba oTaxis temperaturaze 15wT. 
amis Semdeg nimuSs emateba 1 ml distilirebuli wyali, injRreva da 
izomeba speqtofotometrze. kontrolad iReba yvela xsnari igive 
moculobebiT. nimuSis magivrad ki 1 ml distilirebuli wyali. gazomva 
xdeba 735 nm-ze [91].  
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3. 7. fermentuli aqtiobis gansazRvra3. 7. fermentuli aqtiobis gansazRvra3. 7. fermentuli aqtiobis gansazRvra3. 7. fermentuli aqtiobis gansazRvra:  Na,K-ATPazuri aqtiobis azuri aqtiobis azuri aqtiobis azuri aqtiobis 
gansazRvragansazRvragansazRvragansazRvra 

 Na,K-ATPazuri aqtioba ganisazRvreba, rogorc jamuri ATPazas 
ouabainmgrZnobiare nawili. jamuri ATPazasaTvis sainkubacio are 
standartulia da Seicavs  NaCl-s 120-145 mM koncentraciis farglebSi, KCl_s 

5-20mM, MgCl2_s 2-3mM da ATP_s 2-3mM, 50mM tris-HCl bufers (pH=7,7), rac 
Seesabameba Na,K-ATPazas muSaobis optimalur pirobebs. areSi fermentuli 
preparatis raodenoba ar aRemateba 100-150 mg-s. 

 ouabainmgrZnobiare nawili ganisazRvreba zemoT aRniSnul areSi 
0,2mM ouabainis damatebiT, zogjer ki calke Sedgenili sainkubacio ariT, 
romelic Sedgeba 0,2mM ouabainisa da  MgCl2-sgan, rac Na

+ 
 ubnis sruli 

daketvis garantias iZleva. jamur da ouabainmgrZnobiare aqtiobas Soris 
sxvaoba Seadgens Na,K-ATPazur aqtiobas da aris daaxloebiT Semdegi: 1) OPM 

reJimisaTvis Mgf
++

/ATPf ≥4. 2) OPA_ATPf/Mg
++

 ≥4. 50-70μmol Pi/mg cilaze saaTSi. 

 substratis, Mg
++-s da ATPf-s koncentraciis gansazRvra xorcieldeba 

Mg-ATP-is kompleqsis disociaciis konstantis mniSvnelobis 
gaTvaliswinebiT (Kd=0,085) [92]. 

 yvela reagents emateba 0-4o
C-ze,  ris Semdegac sinjarebi injRreva da 

Tavsdeba TermostatSi sainkubaciod 37o
C-ze. inkubacia grZeldeba 15wT. 

reaqcia Cerdeba temperaturis swrafi cvlilebiT, sinjarebis erTdrouli 
gadataniT Termostatidan yinulovan abazanaSi 0-4o

C-ze, sadac yovndeba 5-6 
wT. amis Semdeg isazRvreba araorganul fosfori. 

 ATP-azur aqtiobaze msjeloba xdeba fermentis mier ATP-is daSliT 
gamoyofili araorganuli fosforis raodenobis mixedviT. aqtioba 
gamoxatulia mikromolebSi (μM) gamoyofili fosforis raodenobiT mg 
cilaze saaTSi (μM.P/mg cila/sT). 

 reaqciis produqtis matebasa da cilis koncentracias Soris 
daculia sworxazovani damokidebuleba. daSlili ATP-is raodenoba ar 
aRemateba 10-12%-s. 
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3. 8. 3. 8. 3. 8. 3. 8. anionuri anionuri anionuri anionuri ATP----azebis gansazRvraazebis gansazRvraazebis gansazRvraazebis gansazRvra    
    

HCO3 –ATP-aza SesaZlebelia ganisazRvros ori midgomiT: 1. sxvaobiT 
natriumis bikarbonatis Semcvel sainkubacio aresa da eqvimolarul 
koncentraciis natriumis qloridis Semcvel ares Soris, an 2. HCO3 ionisa 
da mis gareSe ares Soris sxvaobiT [93]. 

Cl-ATP-azuri aqtioba aseve isazRvreba ori saSualebiT: 1. qloris 
Semcvel da qloris araSemcvel ares Soris sxvaobiT, an 2. qlorisa da 
etakrilinis mJavas Semcvel da qloris Semcvel ares Soris sxvaobiT [49]. 

anionuri ATP-azebis gansazRvrisas rekomendirebulia sainkubacio 
areSi EDTA-s an EGTA-s Setana (0,4-1milimoli koncentraciiT). 

ATP-azebis xvedriT aqtiobaze msjeloba SeiZleba ATP-is daSliT 
gamoyofili araorganuli fosforis raodenobiT mg cilaze saaTSi. 
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3333. . . . 9999. . . . folinfolinfolinfolin----CiokaltesCiokaltesCiokaltesCiokaltes    reaqtivis damzadeba (louris meTodiT reaqtivis damzadeba (louris meTodiT reaqtivis damzadeba (louris meTodiT reaqtivis damzadeba (louris meTodiT 
cilis gazomvcilis gazomvcilis gazomvcilis gazomvis meTodisaTvis)is meTodisaTvis)is meTodisaTvis)is meTodisaTvis)    

1.  mrgvalZira kolbaSi isxmeba 350ml distilirebuli wyali. emateba 
50g natriumis volframati (Na2WO42H2O∙2H2O), 12,5g natriumis molibdati 
(Na2MoO4 ∙2H2O) da ireva mTlianad gaxsnamde. miRebul xsnars emateba 25ml 
85%-iani fosformJavas xsnari, 50ml koncentruli marilmJava da narevi 
duRdeba ukumacivarSi 10sT-is ganmavlobaSi. Semdeg emateba 75g gogirdmJava 
liTiumi, 25ml distilirebuli wyali da 3 wveTi bromi. duRdeba, oRond 
ukumacivris gareSe 15wT gamwovSi bromis mosacileblad. civdeba oTaxis 
temperaturaze da distilirebuli wyliT ivseba 500ml-mde. ireva da 
ifiltreba. filtratidan aiReba 1ml, zavdeba 10-jer distilirebuli 
wyliT da ititreba 0,1M natriumis tutis xsnariT fenolftaleinis 
gamoyenebiT. amis Semdeg mTel moculobas emateba wylis iseTi raodenoba, 
rom mJavis saboloo koncentracia Seadgens 1N. xsnari didxans inaxeba muq 
minis WurWelSi, miSlifuli TaviT [94]. 
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3. 10. kinetikuri mrudebis geometriuli formis analizi3. 10. kinetikuri mrudebis geometriuli formis analizi3. 10. kinetikuri mrudebis geometriuli formis analizi3. 10. kinetikuri mrudebis geometriuli formis analizi;;;;    

meTodis principi (Teoriuli safuZvlebi)meTodis principi (Teoriuli safuZvlebi)meTodis principi (Teoriuli safuZvlebi)meTodis principi (Teoriuli safuZvlebi)    [[[[95]]]]    
 

mravalubniani fermentuli sistemebis SemTxvevaSi, zogadad 
fermentuli siCqare (V) mravalcvladiani funqciaa da ZiriTadad 
damokidebulia substratis, gardaqmnis produqtebis, modifikatorebis 
koncentraciaze da reaqciis mimdinareobis pirobebze. am pirobebis 
ganmsazRvreli faqtorebia fermentis funqcionaluri erTeulis 
struqturuli mudmivoba (igulisxmeba asociacia-disociacia, da 
polimerizaciis procesebi), temperatura, ionuri Zala, pH da sxva. kerZo 
SemTxvevaSi, rodesac reaqciis mimdinareobis pirobebi ucvleli rCeba da 
reaqciaSi monawile yvela ligandis koncentracia mudmivia erTis garda, 
maSin sawyisi fermentuli siCqare V (produqtebis ararsebobis SemTxvevaSi), 
rogorc erTcvladiani V=f(x) funqcia, swraf da stacionalur 
wonasworobaSi gamoisaxeba Semdegi analitikuri formuliT: 

          ,
x

xx
V

s

0i

i
i

p

0i

i
i

n

∑

∑

=

=

β

α
=           s=n+m+p      (1) 

sadac 0i >α  da 0i >β  aris individualuri siCqaris konstantebis da 

mudmivi ligandis koncentraciebis namravlis jami, x cvladi ligandis 
koncentraciaa, n, m da p warmoadgenen xarisxobriv parametrebs da mTeli 
dadebiTi ricxvebia. fermentuli sistemis molekuluri meqanizmis 
gaSifvrisTvis siCqaris ZiriTadi gantolebis xarisxobrivi parametrebis 
fizikuri arsis dadgena da eqsperimentuli monacemebis safuZvelze maTi 
gansazRvra SesaZlebeli gaxda rogorc swraf, ise stacionalur wonaswo-
robaSi. swrafi wonasworobis SemTxvevaSi n-warmoadgens aucilebeli 
aqtivatorebisaTvis gankuTvnil ubnebis ricxvs, m-sruli inhibitorebisTvis 
gankuTvnil ubnebis ricxvs, [96]. p aris nawilobrivi efeqtis mqone modifi-
katorebisTvis gankuTvnili ubnebis ricxvi. swrafi wonasworobis dros p=h 
da S=k. e.i. h aris nawilobrivi efeqtis mqone modifikatorebisTvis gankuT-
vnili ubnebis ricxvi. k warmoadgens ubnebis sumarul ricxvs. 

                  k=n+m+h       

stacionalur wonasworobaSi king-altmanis meTodis gamoyenebam naTeli 
gaxada, rom n, m da h xarisxobrivi parametrebis fizikuri arsi ucvlelia, 
mxolod Semodis axali parametri q , romelsac ewodeba sirTulis 
koeficienti da misi ricxobrivi mniSvneloba damokidebulia fermentuli 
sistemis molekuluri meqanizmis sirTuleze. amrigad, gveqneba p=h+q da 
s=k+q. swrafi  wonasworobis pirobebSi q=0. n, m da p parametrebis fizikuri 
arsis dadgenis Semdeg dgeba maTi ricxobrivi mniSvnelobis gansazRvris 
sakiTxi. erTubniani fermentuli sistemis SemTxvevaSi windawinaa cnobili 
erT-erTi mTavari kinetikuri parametri, ubnebis ricxvi, xolo Km da Vmax 
dadgena SesaZlebelia im transformaciuli formulebis gamoyenebiT, 
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romlebic uzrunvelyofen V=f(x) hiperboluri mrudis linearizacias. 
mravalubniani fermentuli sistemis SemTxvevaSi ki V=f(x)  mruds rTuli 
geometriuli forma aqvs aRniSnul SemTvevaSi is transformaciis 
formulebi, romlebic gamoiyeneboda erTubniani sistemebisTvis, ar iZleva 
kinetikuri parametrebis dadgenis saSualebas da saWiro gaxda axali mid-
gomebis Zieba. aqedan gamomdinare n, m da p parametrebis gansazRvrisTvis da 
e. i. mravalubniani fermentuli sistemebis molekuluri meqanizmis 
gaSifvrisaTvis. gamoviyeneT membranologiis laboratoriaSi damuSavebuli 
maTematikuri midgoma, kerZod kinetikuri mrudebis geometriuli formis 
analizis meTodi, romelic “minimaluri modelis” principTan erTad iZleva 
fermentuli sistemis kinetikuri sqemis dadgenis saSualebas. mrudis 
geometriuli formis analizis meTodi gulisxmobs funqciis pirveli da 
meore warmoebulebebis niSnis da nulTan tolobis gansazRvras, rac 
Sesabamisad motrialebis da gadaRunvis wertilebis gansazRvris 
saSualebas iZleva, im wertilebis dadgenas, romelzec gaivlis 
koordinatTa saTaveSi gamavali mxebi. “minimaluri modelis principi” 
gulisxmobs fermentis formebis da maT Soris reaqciis safexurebis 
minimaluri raodenobis SerCevas, romlebic garkveuli wesiT arian 
dakavSirebuli da ligandis nebismier koncentraciaze uzrunvelyofen 
Teoriuli da eqsperimentuli mrudeebis geometriuli formebis Tanxvedras. 

n, m da p parametrebis dadgenis Semdgom “minimaluri modelis principidan” 
gamomdinere iqmneba Teoriuli sqema, romlis safuZvelzec unda 
gamoviyvanoT analitikuri formula. mrudis geometriuli formis analizis 
meTodi Teoriuli mrudis geometriuli formis dadgenis saSualebas 
iZleva, romelic Semdgom dardeba eqsperimentul mrudTan. swored 
eqsperimentuli mrudeebis da Sesabamisi modelis Teoriuli mrudeebis 
geometriuli formebis Sedareba da msgavseba warmoadgens erTaderT 
kriteriums, romliTac fasdeba modelis miaxloeba fermentis WeSmarit 
molekulur meqanizmTan.  

 

n----parametris gansazRvraparametris gansazRvraparametris gansazRvraparametris gansazRvra    

rogorc avRniSneT mravalubniani fermentuli sistemebis SemTxvevaSi 
V=f(x) mruds sakmaod rTuli geometriuli forma aqvs, sadac mrudis 
formas eqstremalurad mcire koncentraciebis ubanSi V=f(x) funqciis 
pirvel motrialebis wertilamde) ZiriTadad gansazRvravs n parametri, 
ligandis eqstremalurad didi koncentraciebis ubanSi (V=f(x) funqciis 
bolo motrialebis wertilidan ∞+ -mde) ZiriTadad m parametri, xolo 
ligandis Sua koncentraciebis ubanSi mrudis geometriuli formis ganmsaz-
Rvreli ZiriTadad p parametria. amrigad, n, m da p parametrebis 
gansazRvrisas unda vimuSaoT Sesabamis ubanSi.   

 aucilebeli aqtivatorebis (n) gansazRvrisTvis ki SemuSavebuli iqna 
specialuri meTodi da Sesabamisi kompiuteruli programa. meTodis 
princips safuZvlad udevs U(r,t) funqciis Semdgomi Tviseba: 
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p
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=
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   (2). 

U(r,t) funqciisTvis arsebobs Ria intervali ( )∞+;t 0 , sadac funqcias aqvs 

Cazneqili forma, rodesac r<n, amozneqili forma roca r>n, xolo rodesac 
r=n, U(r,t) funqcias gaaCnia asimptota. amrigad, Tu eqsperimentuli wertilebi 
moTavsdeba koreqtul samuSao intervalSi, maSin rodesac r=n, aRniSnul 
wertilebze gavlebuli regresiis xazis SemTxvevaSi awonili saSualo 
kvadratuli cdomileba (MU), gasaSualoebuli aproqsimaciis koeficienti 
(MV) da Ftesti Rebulobs minimalur, xolo korelaciis koeficienti (CC) 
maqsimalur mniSvnelobas. asimptotis formulas aqvs Semdegi saxe: 
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1
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0

0
nnn . (3) 

 

amrigad, naTelia, rom gansakuTrebuli yuradReba unda mivaqcioT 
samuSao intervalis mdebareobas. ase magaliTad: samuSao intervalze 
“saxifaTo wertilebis” (motrialebis da gadaRunvis wertilebi) arseboba, 
SeiZleba gaxdes n-is araswori gansazRvris mizezi. samuSao intervals 
gaaCnia ori zRvari: zeda zRvari damokidebulia fermentuli reaqciis 
molekuluri meqanizmis bunebidan, vinaidan misgan gamomdinare, mruds SeiZ-
leba hqondes “saxifaTo wertilebi”. amitom maTi amogdebis TvalsazrisiT 
vixilavT intervals V=f(x) funqciis pirvel motrialebis wertilamde, 
samuSao intervalze lnu=f(t) mruds unda hqondes amozneqili forma, e. i. 

( ) ''
ttuln <0, xolo funqcias lnu=f(lnt) ar unda hqondes gadaRunvis wertilebi. 

samuSao intervalis qveda sazRvari ki moTavsebulia eqstremalurad mcire 
siCqareebis ubanSi da ricxvi SeiZleba iyos cTomilebis rigis. amitom amis 
gamosaricxad gamoTvlebidan amosagdebia wertilebi, romelTa fardobiTi 

cTomileba aRemateba 0,2-s. ( ( ) 2,0v >ε ). amrigad, zemoT aRniSnuli pirobebi 
samuSao intervalis koreqtulad arCevis Sesafaseblad, saWiroa 

ganvsazRvroT ramdenadaa daSorebuli R  n-isgan, sadac R  n parametris is 
mniSvnlobaa, romlisTvisac adgili aqvs mrudis maqsimalur daaxloebas 

swor xazTan. nR − -is gamoTvla SesaZlebelia rogorc pirvel, ise meore 

miaxloebaSi. n-is gansazRvris meTodis demonstraciisTvis ganvixiloT OPM 
reJimSi Na,K-ATPazuri sistemis aqtivacia (V) Na-is ionebiT (x). sareaqcio 
aris Semadgenloba iyo 0,85 mM MgATP; 0,024 mM ATPf; 3mM MgCl2 da 141 mM KCl. 
pirvel etapze xorcieldeba koreqtuli samuSao intervalis SerCeva. 
eqsperimentul wertilebze agebul ln(1/V)=f(t) mruds aqvs amozneqili forma 
[sur. 1A], xolo ln(1/V)=f (lnt) mruds ar gaaCnia gadaRunvis wertilebi [sur. 
1.B]. e.i. SeiZleba CaiTvalos, rom samuSao intervali koreqtulad aris 
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SerCeuli da ar amovardeba arcerTi eqsperimentuli wertili. Semdgom 

etapze xorcieldeba r parametris varireba bijiT r∆ =1 da r-is yoveli mniS-

vnelobisaTvis iTvleba ( ) r v/1t,rU =  da misi cdomileba 

( ) ( ) ( )vv
r

1
t;r 1

r

1

σ=σ +−
. 

yoveli r-isTvis xdeba regresiis xazis gansazRvra  tBAU rrr +=    (sur.C)   

da  dgindeba  ( )t,ruU r −=∆ gamosaxulebis niSnebis ganawileba. iTvleba 

awonili saSualo kvadratuli cTomileba (MU), gasaSualoebuli 
aproqsimaciis koeficienti (MV), sworxazovnebis sazomi (Fexsp) da 
korelaciis koeficienti (CC): 
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sadac k wertilebis ricxvia (paraleluri gazomvebis ricxvi 

mudmivia).ASemdgom etapze iTvleba 1R,R  da  2R .  

1) R  fasdeba  r-is im mniSvnelobiT, rodesac MV, Feqsp  da MU aqvs mini-
maluri mniSvneloba, xolo CC Rebulobs maqsimalur mniSvnelobas;  

2) 1R  sidide fasdeba r-is mniSvnelobiT, romlis drosac iwyeba sing∆i  

ganawilebis areva;  

3) 2R  sidide fasdeba r-is mniSvnelobiT, romlis drosac mTavrdeba  sing∆i  

ganawilebis areva.  

Semdgomi etapi gulisxmobs r-is variaciis gameorebas  21 rr −  inter-

valSi Semcirebuli bijiT  1,0r =∆ . sabolood 1R,R  da 2R  -is saSua-

lebiT SesaZlebelia gamovTvaloT pirvel da meore miaxloebaSi R -is 

daSoreba n-is WeSmariti mniSvnelobidan nR −  

      ( ) ( )
( )21

2112
1 tt

ttRR
nR

+
⋅−

=−                     pirvel miaxloebaSi  

   ( ) ( ) ( )
( )12

2
11

2
22

2 tt

tRRtRR
nR

−
⋅−+⋅−

=−           meore miaxloebaSi  

sadac 1t  da 2t  samuSao intervalis sawyis da saboloo wertilebs 

warmoadgenen. ganxiluli magaliTis SemTxvevaSi SeiZleba iTqvas, rom 
awonili saSualo kvadratuli cTomileba minimalur mniSvnelobas 
Rebulobs roca r=4 (sur.1.D), aucilebeli aqtivatorebis gamoTvlili 

mniSvneloba utoldeba 034,08,3R ±= , xolo ( )nR − -isTvis pirvel da 

meore miaxloebaSi gveqneba ( ) 045,0nR 1 −=−  (pirvel miaxloebaSi) da 

( ) 131,0nR 2 −=−  (meore miaxloebaSi). 

m----paramparamparamparametris gansazRvraetris gansazRvraetris gansazRvraetris gansazRvra    
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siCqaris zogadi gantolebis mricxveli da mniSvneli gavamravloT 
st -

ze (t=1/x). miviRebT: 
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am gamosaxulebis analitikuri forma absoluturad identuria V=f(x) 
gantolebis, mxolod n parametri Senacvlebulia m parametriT. cxadia, rom 
sruli inhibitorebisTvis gankuTvnili ubnebis rivxvis (m) gansazRvris 
Teoria da meTodi identuri iqneba n-is gansazRvrisaTvis gamoyenebuli 
Teoriisa da meTodis. mxolod U(r,t) funqciaSi saWiroa argumentis Secvla 
x-iT  (x=1/t).    

aRsaniSnavia, rom is midgomebi, romelTac viyenebdiT V=f(x) funqciis 

SemTxvevaSi, V∆  funqciis SemTxvevaSic iZleva fermentuli sistemis 
molekuluri meqanizmis gaSifvris saSualebas. 

 

 

p----parametris gansazRvraparametris gansazRvraparametris gansazRvraparametris gansazRvra    

 

p parametris ricxobrivi mniSvnelobis dadgenis problema srulad 
gadawyvetili ar aris, magram SesaZlebelia misi garkveuli Sefaseba. V=f(x) 
funqciis SemTxvevaSi geometriuli formis analizis meTodis gamoyenebam 
naTeli gaxada, rom funqciis motrialebis wertilebis ricxvi (ν ) 

utoldeba an naklebia @2p-1( 1p2 −≤ν ). aqedan gamomdinare, Tu 

eqsperimentul mrudze Cven gvaqvs ν  motrialebis wertili, miviRebT 

utolobas 
2

1
p

+ν≥ . amrigad, eqsperimentuli mrudis geometriuli formis 

analizis Sedegad Cven SegviZlia ganvsazRvroT p parametris SesaZlo 
mniSvnelobidan misi qveda zRvari. 

 

 

 

 

 

 

3. 11. Mmonacemebis statistikuri damuSaveba3. 11. Mmonacemebis statistikuri damuSaveba3. 11. Mmonacemebis statistikuri damuSaveba3. 11. Mmonacemebis statistikuri damuSaveba    
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monacemebis statistikuri damuSavebisas viyenebdiT stiudent-fiSeris 

t-ganawilebas, radganac Cvens cdebSi paralelur gazomvaTa ricxvi 
(romelTa gasaSualebac xdeba) _ n yovelTvis ocdaaTze naklebia. 

 cxrilebiTa da mrudebiT moyvanili statistikurad damuSavebuli 

monacemebi warmodgenili iyo ( )nx xσ± saxiT, sadac xaris individualuri 

gazomvebis saSualo ariTmetikuli, xolo xσ _saSualo kvadratuli 

cdomileba, romelic Semdegi formuliT gamoiTvleba: 

n

X
X

n

i
i∑

== 1
 ;    

(((( ))))
)1n(n

XX
2

i
X −−−−

−−−−====σσσσ  

sadac n_paralelur gazomvaTa ricxvia. 

 zogierTi monacemis damuSavebisas, gansakuTrebiT maSin, rodesac 
gamoyenebuli gvqonda regresiuli analizi, saSualo ariTmetikulis 
saSualo kvadratuli cdomilebis nacvlad viyenebdiT standartul 
gadaxras _ S, romelic gamoiTvleba formuliT: 

(((( ))))
1n

XX
s

2
i

−−−−
−−−−====  

Tu raime Sedegi ar moxvdeboda zRvarSi xixx σ3≥− , is iTvleboda 

acdenad da monacemebis gasaSualoebisas mxedvelobaSi ar miiReboda. 

 ufro didi sizustisTvis, xSirad, cdebi tardeboda seriebad. 
amitomac gazomvebi gvixdeboda erT an sxvadasxva preparatze, sareaqcio 
aris erTnairi Sedgenilobisas, magram sxvadasxva dros, anda sxvadasxva 
dros miRebul preparatze. aseTi gziT miRebuli monacemebis gaerTianebis 
mizniT vaxdenT fermentuli aqtiobebis normirebas, riTac vadgendiT 
sxvadasxva dros miRebul monacemebs Soris gansxvavebas. es xdeba 
normirebis koeficientis gamoTvliT. Tu cdebis pirvel seriaSi aqtiobebi 
iyo: V11, V12,...,V1n; Semdeg seriebSi ki: V21, V22,...,V2n; V31, V32,...,V3n da a.S. 
normirebis koeficientis gamoTvla xdeboda Semdegnairad: 

;
21

11

V

V
 ,,...,

2

1

22

12

n

n

V

V

V

V
 anda ;

31

11

V

V
,,...,

3

1

32

12

n

n

V

V

V

V
 da a.S. 

ris Sedegadac TiToeuli seriisaTvis viRebdiT koeficientebs K21, K22,...,K2n, 
anda K31, K32,...,K3n da a.S. SemdegSi xdeboda maTi gasaSualoeba, ris Sedegadac 

miiReboda normirebis koeficienti 2K , anda 3K  da a.S.  

 Semdeg, seriis yvela monacemi, cdomilebis CaTvliT, mravldeboda am 
koeficientze. normireba keTdeboda yvela seriisTvis (gamovdiodiT im 
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mosazrebidan, rom sxvadasxva seriis aqtiobebs Soris aris xazovani 
damokidebuleba). xSirad es koeficienti erTis toli iyo, magram Semowmeba 
xdeboda yovelTvis yvela seriisaTvis.  

 normirebul Sedegebs, romelic warmodgenili iyo 11 σ±x , 

22 σ±x ,..., nnx σ± -is saxiT, vasaSualebdiT awonvis meTodiT [Агекян, 1968], 

risTvisac viTvlidiT saSualo wonas (W), awonil saSualos da awonili 
saSualo ariTmetikulis saSualo kvadratul cdomilebas. 

∑∑∑∑
==== σσσσ

====
n

1i
2
i

1
W  ;       ∑∑∑∑

==== σσσσ
====

n

1i
2
i

iX
W
1

X  ;     ∑∑∑∑
==== σσσσ

−−−−
−−−−

====σσσσ
n

1i
2
i

2
i

i
)XX(

)1n(W
1

 

sadac n _ seriebis ricxvia. 

 xSirad, saqme gvqonda ara pirdapir eqsperimentul monacemebTan, 
aramed am eqsperimentuli Sedegebis gamoTvliT miRebul parametrebTan. 
magaliTad, Na,K-ATP-azuri aqtiobis gamosaTvlelad, rogorc ukve 
aRvniSneT, jer vzomavdiT jamur ATPazasa da Mg-ATPazas, xolo Na,K-ATPazas 
viTvlidiT, rogorc maT sxvaobas. am SemTxvevisaTvis viyenebdiT iribi 
gamoTvlebisaTvis arsebul statistikur kanonebs, romelic zogadad 

aisaxeba ase: Tu gvaqvs eqsperimentulad gansazRvruli )( xxi nx σ±  da 

)( yyi ny σ±  parametri, maSin );( yxfZ = -s, romelic miiReba maTi iribi 

gazomviT, Seesabameba formula );( yxfZ =  da Sesabamisad: 

                                  [ ] [ ] .
1n

f
1n

f
1n y

2
y2'

y
x

2
x2'

x
z

2
z

−
σ

+
−

σ
=

−
σ

 

 Cven viyenebdiT am formulis kerZo SemTxvevas: 

1. Tu A=const; AxZ = , Sesabamisad, xAZ = ; xz Aσσ = ; xz nn =  

2. Na,K-ATPazas gamoTvlisaTvis, sadac yxZ −= , miviRebT yxZ −=  da 
222
yxz σσσ += . 

 es gamoTvlebi gamoiyeneba maSin, roca gazomvebis ricxvi tolia  

yzx nnn == , rac Cvens SemTxvevaSi ar irRveoda. 

 

 

 

 

3. 12. or sidides Soris gansxvavebis sarwmunoobis or sidides Soris gansxvavebis sarwmunoobis or sidides Soris gansxvavebis sarwmunoobis or sidides Soris gansxvavebis sarwmunoobis 
SefasebaSefasebaSefasebaSefaseba    
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 monacemebis Sedarebisas, pirvel rigSi, vamowmebdiTYSesadarebeli 

sidideebis, magaliTad, )(1 xx nx σ± -isa da )(1 nyy yσ± -is cdomilebebs da 

vadgendiT, iyo Tu ara isini erTi da imave rangis.  

 amisaTvis viyenebdiT fiSeris F kriteriums, kerZod, vangariSobdiT F 
eqsperimentalurs (Fexp) Semdegi formuliT: 

2
YY

2
XX

exp
n

n
F

σσσσ
σσσσ====  

mricxvelSi iwereba ufro didi cifri. 

 TiToeulisaTvis viTvlidiT Tavisuflebis xarisxs: 1−= xx nυ ; 

1−= yy nυ  da Sesabamis tabulaSi vpoulobT F tabulis (Ftab) mniSvnelobas. 

Tu Fexp ≥ Ftab, maSin iTvleba, rom 22
yx σσ ≠  e. i. sxvadasxva rangisaa, xolo Tu 

Fexp < Ftab, maSin 22
yx σσ = , e. i. erTi rangisaa. TiToeuli SemTxvevisaTvis 

Sesabamisi formuliT viTvlidiT t-kriteriums: Tu Fexp < Ftab, maSin: 












++++
++++









++++

−−−−
====

2
Y

2
X

YX

YX nn

SS
n
1

n
1

YX
t  

sadac, ∑ −= 2)( ix xxS ; ∑ −= 2)( iy yyS . miRebuli Sedegebis Tavisuflebis 

xarisxi iqneba: 2−+= yx nnυ ; 

xolo Tu Fexp ≥ Ftab, maSin: 

22
YX

YX
t

σσ +

−
=  ; 

xolo Tavisuflebis xarisxi gamoiTvleba formuliT: 

(((( ))))
1n

u1
1n

u

1

Y

2

X

2

−−−−
−−−−++++

−−−−

====νννν  

Sesabamis tabulaSi Tavisuflebis xarisxisa da t-mniSvnelobis 
safuZvelze vpoulobT Sesatyvis sarwmunoobis (P) mniSvnelobas. Tu 
Sedarebisas P>0,1 (ufro xSirad, P>0,05) vTvlidiT, rom or sidides Soris 
gansxvaveba ar aris, xolo Tu P<0,05 or sidides gansxvavebulad 
miviCnevdiT.  

3333. . . . 13131313. regresiuli analizi. regresiuli analizi. regresiuli analizi. regresiuli analizi    
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srul regresiul analizs vawarmoebdiT specialuri kompiuteruli 
programis saSualebiT. gamoiTvleboda rogorc parametrebi, aseve maTi 
cdomilebebi da xdeboda sworxazovnebis Semowmeba-Sefaseba.  

 regresiis koeficientebi ganisazRvreboda formuliT: 

( )( )

( )∑

∑

=

=

−

−−
=

n

i
i

n

i
ii

xx

yyxx
b

1

1  

xbya −=  

eqsperimentuli mrudebis ageba xdeboda mrudis polinomuri 
aproqsimaciis saSualebiT (standartuli kompiuteruli programa). 

 

 

 

 

 

    

    

    

    

    

    

 

 

 

 

 

4.4.4.4. miRebuli samecniero SedegebimiRebuli samecniero SedegebimiRebuli samecniero SedegebimiRebuli samecniero Sedegebi    
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4. 1. Cl-ATPazisa azisa azisa azisa HCO3-ATPazebis ganawileba ganwileba azebis ganawileba ganwileba azebis ganawileba ganwileba azebis ganawileba ganwileba 
subujredulisubujredulisubujredulisubujreduli    fraqciebis mixedviTfraqciebis mixedviTfraqciebis mixedviTfraqciebis mixedviT 

cxril 2-Si mocemulia Cl-ATPazas ganawileba Tavis tvinis zogierT 
subujredul fraqciaSi (SJC, mikrosomebi, mitoqondriebi da vezikulebi). 
xvedriTi da fraqciis aqtiobebis gamoTvliT Cans, rom Cl-ATPazas 
ganawilebaSi fraqciebs Soris principuli sxvaoba ar aris, Tumca 
SedarebiT maRali aqtivoba aRiniSneba mikrosomebSi. Tvisobrivad 
analogiuri Sedegi gamovlinda Mg-damokidebul da Mg-aradamokidebul 
HCO3-ATPazebis sinafsuri, mikrosomuli da mitoqondrialuri membranebis 
fraqciaSi.       

 

cxrili 2 

Cl-ATPazuri aqtivobis ganawileba subujredul fraqciaSi. 

 

                                                                 

aqtivoba sinaptosom
uri 

mikrosomu
li 

mitoqondria
luri 

vezikuluri 

xvedriTi 

µmolPi/sT 

 

 

145.14±8 

 

174.92±12 

 

143.79±14 

 

154.12±26 

fraqciis 

µmolPi/sT.mg.cila 

 

9.68±0.52 

 

14.58±1.05 

 

9.59±1.64 

 

19.265±4.58 

  

                                                                                      

gansxvavdeba sinafsuri vezikulebiT mdidari fraqcia, romelic xasiaTdeba 
Cl-ATPazis maRali aqtiobiT da ar Seicavs HCO3-ATPazebs (cxrili 3), Mg-
damokidebul da Mg-aradamokidebuls. 

 

 

 

 

cxrili 3 
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HCO3
-
-ATPazis ganawileba subujredul fraqciebSi 

 

  

 

  Fraqcia 

          Mg=0           Mg≠0 

xvedriTi 
aqtivoba 

fraqciis 
aqtivoba 

xvedriTi 
aqtivoba 

fraqciis 
aqtivoba 

 

μMpi/mg,sT,     
cila 

   

  μMpi/sT 

 

μMpi/mg,sT,    
cila 

 

   

μMpi/sT 

 

 

mitoqondriebi 

     [-1,4] 

 

 

 11,79±0,23 

 

 118±2,31 

 

 13,60±0,84 

 

 136±8,40 

 

mikrosomebi 

     [-0.32] 

 

 

 6,02±0,16 

 

 

 77,2±1,88 

 

 17,91±0.91 

 

 214±10,9 

 

vezikulebi 

     [-0,6] 

 

 

 8,17±1,12 

 

 65,4±8,97 

    

     _ 

 

    _ 

 

sinaptosomuri  
membrana  

   [1,2-0,8] 

 

 

 8,94±2,49 

 

 132±37,3 

 

 7,28±1,35 

 

 109±20.18 

                                         

frCxilebSi miTiTebulia saqarozis gradienti, romelSic miRebulia 
fraqcia. 

Mg damokidebuli da Mg-aradamokidebuli ATPazebi ganxiluli iqneba 
paragraf 4. 3 da 4. 4-Si. 

4.2 Cl-ATPazas molekuluri meqanizmis eqsperimentuli Sedegebiazas molekuluri meqanizmis eqsperimentuli Sedegebiazas molekuluri meqanizmis eqsperimentuli Sedegebiazas molekuluri meqanizmis eqsperimentuli Sedegebi    
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suraTi 1. Cl-ATPazuri aqtiobis (V) damokidebuleba Cl
-is ionebis 

koncentraciidan (logariTmebSi) sinafsur (Syn) da mikrosomul (Mic)  
fraqciaSi. cila -0.022 mg/ml, ATP 2mM, Mg 2mM, Tris-malati 30mM, pH 7.7, 

ouabaini 0,2mM. 

 

suraTze 1 warmodgenilia Mg-damokidebuli ATP-is hidrolizi Cl
--is 

ionebis koncentraciaze sinafsuri membranebisa da mikrosomebis fraqciaSi. 
V=f[Cl

-
] mrudis forma msgavsia orive SemTxvevaSi. icvleba  mxolod 

fermentis xvedriTi aqtivoba.  mrudis geometriuli formis analiziT 
naTlad vlindeba zariseburi forma aRmavali da daRmavali faziT Cl

--is 
koncentraciidan damokidebulebiT. 
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1/V=f(1/[MgATP])

0

0,1

0,2

0,3

0,4
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1/[MgATP], mM

1/V

 

 

suraTi 2. Cl-ATPazuri aqtiobis damokidebuleba substratis (S=MgATP) 
koncentraciaze, ormagSebrunebul sidideebSi, rodesac Mgf = ATPf. 

 

suraTze 2 warmodgenilia ormagSebrunebul sidideebSi Cl-ATPazuri 
aqtiobis damokidebuleba MgATP koncentraciaze. 

orive SemTxvevaSi, 1/V=f(1/MgATP) funqcias gaaCnia asimptota argumentis 
maRali mniSvnelobebisas. MgATP-is saSualo koncentraciebisas funqcias 
gaaCnia motrialebisa da gadaRunvis wertili. argumentis mcire 
mniSvnelobebisas ki adgili aqvs fermentuli sistemis inhibicias. 
argumentis didi mniSvnelobisas (eqstremalurad mcire MgATP dros) 
1/V=f(1/MgATP) funqciis sworxazovneba aucilebeli da sakmarisi pirobaa 
imis dasturad, rom [Mg∙ATP] kompleqsi warmoadgens fermentuli sistemis 
WeSmarit substrats. 
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1/V=f([Mg])

0

0,1

0,2

0,3

0,4

0 0,5 1 1,5 2

[Mg], mM

1/V

1

2

 

 

suraTi 3. Cl-ATPazuri aqtiobis damokidebuleba [Mgf] koncentraciidan 
substratis fiqsirebuli mniSvnelobisas (S1=0,5mM; S2=1,5mM). mikrosomuli 
fraqcia. cila= 0,025 mg/ml. 

 

cnobilia, rom Tavisufali ligandebi (Mgf  da ATPf) transportuli 
ATPazebis (kerZod NaK-ATPazas) modifikatorebia. aRniSnuli ligandebis 
efeqti SeviswavleT Cl

-
-ATPazaze substratis sxvadasxva fiqsirebuli 

mniSvnelobisas. suraTze 3 warmodgenilia ATPazuri aqtiobis cvlilebis 
xasiaTi Mgf koncentraciaze substratis sxvadasxva fiqsirebuli 
koncentraciis (0.5mM da 1.5mM) pirobebSi. 
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suraTi 4. Cl-ATPazuri aqtivobis damokidebuleba substratis 
koncentraciaze ormagSebrunebul sidideebSi, [Mgf] sxvadasxva fiqsirebuli 
koncentraciebis dros. 1. [Mgf]=0,2mM; 2. [Mgf]=0,5mM; 3. [Mgf]=1,2mM; 

 

suraTze 4 Cven vxedavT Cl-ATPazuri aqtivobis damokidebulebas 
substratis koncentraciaze, ormagSebrunebul koordinatebSi, Mg-is 
sxvadasxva fiqsirebuli koncentraciis dros. substratis eqsperimentaluri 
koncentraciebi SerCeulia ise, rom V=f(S) hqonda sworxazovani 
damokidebuleba argumentis mcire koncentraciisas. aRniSnul pirobebSi 
Mgf-is koncentraciis zrdasTan erTad wrfeebis daxra da ordinataze 
gadakveTa izrdeba, xolo wrfeebis urTierTgadakveTa xdeba abscisaTa 
RerZze, rac imis maCvenebelia, rom ar icvleba fermentis Tvisoba 
substrates mimarT Mgf sxvadasxva fiqsirebuli koncentraciis dros, 
reaqciis maqsimaluri siCqare ki izrdeba [Mgf] koncentraciis zrdisas, Mgf-
is koncentraciis Semdgomi zrda (Mgf>0,8mM) ki iwvevs aqtivobis dacemas. 

 

 

 

 

 

3 

1 

2 
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0 
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suraTi 5. Cl-ATPazuri aqtiobis damokidebuleba substratis koncentraciaze 
ormagSebrunebuli koordinatebSi Cl-is sxvadasxva fiqsirebuli 
koncentraciis dros: 1-Cl1=5mM, 2-Cl2=10mM, 3-Cl3=15mM. 

suraTze 5 warmodgenilia Cl-ATPazuri aqtiobis damokidebuleba 

substratidan Cl
—is sxvadasxva fiqsirebuli koncentraciis dros 

ormagSebrunebul sidideebSi. 1/V=f(1/x) funqcia wrfivia da aqvs asimptota, e. 
i. Cl

- ionebi Cl
-
-ATPazisaTvis aqtivatoria. regresiis koeficientebis 

gamoTvliT da wrfeebis urTierTgadakveTis wertilis gansazRvriT 
SesaZlebelia fermentuli sistemis modifikatoris (konkretulad Cl

-is 
ionebis) moqmedebis xasiaTis garkveva. asimptotebisaTvis regresiis 
koeficientebis gamoTvliT miviReT, rom es parametri erTnairia substratis 
sxvadasxva fiqsirebuli kon. dros, e.i. wrfivi funqciebis 
urTierTgadakveTa xdeba abscisTa RerZTan erT wertilSi. es ki imis 
maCvenebelia, rom fermentis Tvisoba substratis mimarT ar icvleba Cl

-is 
koncentraciis cvlilebisas. substratis da Cl-is ionebis dakavSireba 
xorcieldeba randomuli meqanizmiT.  
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suraTi 6. Cl-isa da sxva anionebis (N-) SefardebiT gamowveuli MgATP-

is hidrolizi (mokrosomebi). N
-
1=NO3

-
, N

-
2=SO4

2-
. 

suraTze 6 da suraTze 7 warmodgenilia qlorisa da sxva anionebis 
SefardebiT miRebuli aqtiobebis amsaxveli mrudebi. 

 

 

 

 



63 

 

 

 

 

suraTi 7. Cl
-
-isa da HCO3-is sxvadasxva koncentraciebis SefardebiT 

miRebuli aqtivoba. 1-sinaptosomebi (Sin), 2-mikrosomebi(Mic). 

 

anionebis jamuri koncantracia yoveli konkretuli SemTxvevebisaTvis 
Seadgenda 200 mM-s. suraTze 6 0/200 mM (1 mrudi) asaxavs NO3-ATPazur 
aqtivobas, 0/200 mM (2 mrudi) - SO4-ATPazas. suraTze 7 Sesatyvisad 1 mrudi 
gamoxatavs Mg∙HCO3-ATP-azur aqtiobas, xolo 2 mrudi Cl-ATPazas. kidura 
koncentraciebi uCvenebs konkretuli anionebiT gamowveul ATP-azuri 
reaqciis aqtivacias. mrudebi rTuli formiT xasiaTdebian. TiToeul 
SemTxvevaSi aRiniSneba erTi an meti amozneqiloba an Cazneqiloba, 
aRiniSneba gadaRunvisa da motrialebis wertilebi (erTze meti). mrudebs 
sakmaod rTuli grafikuli gamosaxuleba aqvT, rac imis maCvenebelia, rom 
anionuri ATPazebi xasiaTdebian urTierTsawinaaRmdego efeqtiT.  
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4. 3. Mg-damokidebuli damokidebuli damokidebuli damokidebuli HCO3-ATPaza, eqsperimentuli Sedegebiaza, eqsperimentuli Sedegebiaza, eqsperimentuli Sedegebiaza, eqsperimentuli Sedegebi    

                                            VVVV    
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suraTi 8. Mg-damokidebuli ATP-is hidrolizi HCO3-ionebis 
koncentraciidan  pH-is sxvadasxva mniSvnelobisas.  Tris-malatis buferi, 
sinapsuri membranis fraqcia, cila-0.016mg/ml. 

 

suraTze 8 warmodgenilia Mg-damokidebuli ATP-is hidrolizi HCO3-
ionebis koncentraciidan sinafsuri membranebis fraqciaSi. mrudis 
geometriuli formis analiziT naTlad vlindeba zariseburi forma 
aRmavali da daRmavali faziT HCO3-ionebis koncentraciidan 
damokidebulebiT. es geometriuli forma damaxasiaTebelia yvela 
transportuli (Tr) ATP-azisaTvis da aris maTTvis aucilebeli, magram 
arasakmarisi piroba. 
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suraTi 9. HCO3
—

ATPazis damokidebuleba substratis (MgATP) koncentraciaze 
(mM) ormag Sebrunebul sidideebSi, roca [Mg]=[ATP]. 

 

rogorc suraTidan Cans MgATPazas dabali koncentraciebisas mruds 
aqvs martivi Cazneqili forma, xolo MgATP-is maRali koncentraciisas 
rTuli geometriuli forma. MgATP-is dabali koncentraciisas gvaqvs 
fermentis aqtivacia, xolo koncentraciis zrda iwvevs inhibicias. 
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suraTi 10. HCO3-ATPazis aqtivobis damokidebuleba substratis 
koncentraciaze ormag Sebrunebul sidideebSi HCO3-ionebis sxvadasxva 
koncentraciebisas: 1 – 25mM; 2 – 5. mM; 3 – 100mM. 

 

asimptotebis gradientis Sefaseba gviCvenebs, rom isini substratis 
sxvadasxva koncentraciisas ar arian msgavsni. mrudebi ar kveTen abscisaTa 
RerZs erT wertilSi, rac imis maCvenebelia, rom enzimis Tvisoba 
substratis mimarT icvleba HCO3-ionebis koncentraciis cvlilebasTan 
erTad. 
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4. 4. Mg-aradamokidebuli aradamokidebuli aradamokidebuli aradamokidebuli HCO3
-
ATPaza, aza, aza, aza, eqsperimentuli eqsperimentuli eqsperimentuli eqsperimentuli 

SedegebiSedegebiSedegebiSedegebi    

    

    

suraTi 11.  Mg-aradamokidebuli (2) da Mg-damokidebuli (1) ATPazuri 
aqtiobebi.  1. Mg=0 ;   2. Mg≠0 

 

HCO3
-
-ATP-azis magniumiT aqtivaciis problemis gasarkvevad, HCO3

-
 

ionebisagan damokidebuli fermentuli katalizi ganisazRvra ori 

gansxvavebul situaciaSi: Mg
++

=0 (suraTze 11 - mrudi 1) da Mg
++≠0 (suraTze 11 

- mrudi 2). eqsperimentuli monacemebidan gamomdinare aRmoCnda, rom ATP-is 
hidrolizi mimdinareobs orive SemTxvevaSi. orive SemTxvevaSi mrudebi 
daaxloebiT erTnairi formisaa. gansxvaveba aRiniSneba situaciaSi, rodesac 

[ −
3HCO ]=0 da Mg

++
=0 am dros HCO3-ATP-aza ar muSaobs, xolo rodesac Mg

++≠0, 

hidrolizs ganapirobebs Mg-ATP-aza. rogorc Cans, magniumis ionebi −
3HCO -iT 

gamowveul stimulaciaze seriozul cvlilebebs ver axdens, e.i arsebobs 
Mg

++
-aradamokidebuli HCO3-ATP-aza, xolo Mg-ATP-aza funqcionirebs misgan 

damoukideblad. amdenad saqme gvaqvs ZuZumwovarTa Tavis tvinis sinafsur 

membranaSi adre aRmoCenil Mg
++

-aradamokidebul Ca-ATP-azis msgavs −
3HCO  

aqtivirebul ATP-is hidrolizis meqanizmTan. literaturaSi aseve aris 
miniSneba, rom arsebobs struqturuli kavSiri CaMg-ATPazasa da HCO3–

ATPazas Soris, gasufTavebiT maTi dacileba praqtikulad ver xerxdeba, 
Tumca isini damoukidebel sistemebs warmoadgenen. zemoT aRniSnuli 
gviqmnis garkveul warmodgenas Mg

++-aradamokidebuli HCO3-ATPazis 
arsebobis SesaZleblobaze.  
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suraTi 12. HCO3-ATPazas damokidebuleba HCO3ionebisa koncentraciidan 
sinafsur (1) da mikrosomuli (2) membranebis fraqciaSi. cila-0.022mg/ml. 

suraTze 12 warmodgenilia ATPazuri reaqciis amsaxveli 
mrudebi(substrati Tavisufali ATP-ia). HCO3

-
 ionebis koncentraciidan 

(V=f[HCO3
-
]) sinafsur (1) da mikrosomul (2) membranul fraqciaSi. orive 

SemTxvevaSi mrudis geometriuli formis analiziT mrudi samfazovania: 
HCO3

-
 ionebis dabal koncentraciul fargalSi (10-50mM) adgili aqvs 

sistemis aqtivacias; koncentraciis zrdiT aRiniSneba umniSvnelo plato, 
xolo koncentraciis Semdgomi matebiT mosalodneli inhibiciis nacvlad 
kvlav aqtivacia fiqsirdeba (hiperbolis msgavsi mrudi). MmiRebuli Sedegi 
eWvqveS ayenebs fermentis satransporto funqcias.ismeba kiTxva, HCO3

-
-

ATPazuri sistema xom ar warmoadgens e.w.,,Ecto”ATPazas. 

literaturaSi warmodgenili monacemebis safuZvelze Camoyalibda 
transportuli ATPazebis zogierTi kinetikuri Tavisebureba: 1. yvela 
transportuli P-tipis ATPazisaTvis transportirebadi ionis 
koncentraciaze fermentuli reaqciis siCqaris damokidebulebis amsaxvel 
mruds aqvs zariseburi forma, 2. P tipis yvela transportul ATPazas 
WeSmarit substrats warmoadgens MgATPkompleqsi. es ori piroba 
aucilebelia, Tumca arasakmarisi, magram maTi Seusruleblobis SemTxvevaSi 
danarCeni ar ganixileba.  

 zemoT moyvanili Sedegebis mixedviT aRniSnuli pirobebi ar 
Sesrulda,  ramac eWvqveS daayena HCO3

-
-ATPazas transportuli 

ATPazebisadmi mikuTvneba. 
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suraTi 13. HCO3-ATPazuri aqtiobis damokidebuleba −
3HCO (X)-ionebis 

sxvadasxva koncentraciidan ATP-is sxvadasxva fiqsirebuli mniSvnelobisas: 

1,2-0,5-1mM;  3-1,5mM;   4-2mM. 

 Mg
++-aradamokidebuli, −

3HCO -iT gamowveuli ATP-is hidrolizis 

arseboba miuTiTebs imaze, rom Mg
++-damokidebuli ATPazebidan gansxvavebiT, 

HCO3-ATPazas substrats unda warmoadgendes Tavisufali ATP da ara MgATP 

kompleqsi. amdenad Semdgomi kvleva molekuluri meqanizmis SeswavlisaTvis 
Catarda aRniSnulis gaTvaliswinebiT. 

suraTze 13 moyvanilia HCO3-ATPazuri aqtiobis damokidebuleba 

[ −
3HCO ] ionebis (X) koncentraciidan, fiqsirebuli ATP-is sxvadasxva 

mniSvnelobisas. X<100 mM koncentraciis pirobebSi V=f(x) mzardia da gadadis 
platoSi (suraTze 13, A). magram X>100 mM koncentraciisas platos Semdgom 
adgili aqvs aqtiobis kvlav mkveTr awevas da damokidebuleba sarwmunod 
sworxazovania (suraTze 13, B), rac kinetikurad gaumarTlebelia. V=f(x) 
funqciis analizi argumentis maRali koncentraciisas gvafiqrebinebs 

−
3HCO -ionebis moqmedebis artefaqtul bunebaze, ar miiReba zaris formis 

mrudi. amdenad eWqveS dgeba HCO3-ATPazis transportuli funqcia. aqtiuri 

transportis SemTxvevaSi −
3HCO  gamowveul aqtivacias, maRal 

koncentaciebze unda mosdevdes inhibiciis faza (periodi).  
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suraTi 14. HCO3-ATPazuri aqtiobis damokidebuleba HCO3-is koncentraciidan 
(x) ormag Sebrunebul sidideebSi  ATP-is sxvadasxva fiqsirebul 
mniSvnelobisas:  1. 0,5 mM,    2. 1 mM,      3. 1,5 mM 

 

suraTze 14  naCvenebia HCO3-ATPazuri aqtiobis damokidebuleba −
3HCO  

ionebis koncentraciidan (X)  ATP-is sxvadasxva fiqsirebuli koncentraciis 

dros ormag Sebrunebul sidideebSi. suraTidan Cans, rom 1/V=ƒ(1/X) funqcia 

0,01≤X≤100 mM wrfivia, rac imis maCvenebelia, rom bikarbonatis anionebi 
HCO3-ATPazisaTvis aucilebeli aqtivatoria da misTvis gankuTvnilia erTi 
dakavSirebis ubani. regresiis koeficientis gamoTvliT da wrfeebis 
urTierT gadakveTis wertilis gansazRvriT SesaZlebelia fermentuli 

sistemis modifikatoris (am SemTxvevaSi −
3HCO  ionebis) moqmedebis xasiaTis 

garkveva (cxrili 4). Tu gavanalizebT cxrilSi warmodgenil regresiis 

koeficientebs (a, b, a/b). davrwmundebiT, rom am SemTxvevisaTvis −a/b 

parametri sarwmunod erTairia ATP-is sxvadasxva fiqsirebuli 
koncentraciis  dros, e.i wrfivi funqciebis gadakveTa xdeba abcisaTa 
RerZze erT wertilSi. es ki imis maCvenebelia, rom fermentis Tvisoba 

−
3HCO  ionebis mimarT ar icvleba [ATP]-is cvlilebisas.  
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cxrili 4: 

 

 

fiqsirebuli 

ligandis 

koncentracia 

1/V=a + bx regresiis koeficientebi 

A b -a/b 

sur. 1 4 

1/V=ƒ(X) 

[ATP]=const 

[ATP]=0.5 mM 0.0180 ± 0.0016 2.860 ± 0.055 0.0063 ± 0.0006 

[ATP]=1 mM 0.0216 ± 0.0025 3.707 ± 0.084 0.0058 ± 0.0007 

[ATP]=1.5 mM 0.0254 ± 0.0061 4.547 ± 0.006 0.0056 ± 0.0014 

sur. 15 

1/V=ƒ(1/ATP) 

[ −
3HCO ]=const 

[ −
3HCO ]=50 mM 0.0379 ± 0.0057 0.018 ± 0.001 2.106 ± 0.334 

[ −
3HCO ]=75 mM 0.0327 ± 0.0044 0.016 ± 0.001 2.043 ± 0.289 

[ −
3HCO ]=100 mM 0.0225 ± 0.0018 0.0124 ± 0.0003 1.815 ± 0.15 

sur. 16 

1/V=ƒ(ATP) 

[ −
3HCO ]=const 

[ −
3HCO ]=50 mM 0.0628 ± 0.0010 0.0126 ± 0.0005 5.413 ± 0.229 

[ −
3HCO ]=100 mM 0.0407 ± 0.0027 0.0123 ± 0.0012 3.309 ± 0.39 
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suraTi 15. HCO3-ATPazuri aqtiobis damokidebuleba ATP-is koncentraciidan 
ormag Sebrunebul sidideebSi HCO3-ionebis sxvadasxva fiqsirebuli  
mniSvnelobisas: 

1. 50 mM,  2. 75 mM,   3. 100 mM. 

 

HCO3-ATP-azis damokidebulebas [ATP]-dan, −
3HCO  ionebis sxvadasxva 

fiqsirebuli koncentraciis dros (X= 50, 75, 100 mM) rTuli xasiaTi aqvs.         
suraTidan 9 argumentis (S=[ATP]) dabali mniSvnelobisas (S<0,8 mM) adgili 
aqvs reaqciis aqtivacias, maRali mniSvnelobisas (S >0,8 mM) aqtivacia 
gadadis inhibiciaSi. mrudis geometriuli formis zusti analizisaTvis 
substratidan damokidebuleba (aqtivaciuri faza) warmodgenilia ormag 

Sebrunebul sidideebSi (1/V=ƒ(1/S), (suraTi 15). suraTisa da cxrilis 

mixedviT −a/b sidides Soris −
3HCO  ionebis sxvadasxva  koncentraciis dros 

sarwmuno sxvaoba ar aRiniSneba da sworebi ikveTebian abcisaTa RerZis erT 
wertilSi. substratuli damokidebulebis analizis safuZvelze keTdeba 
daskvna, rom ATP-is mimarT HCO3-ATP-azis Tvisoba ucvleli rCeba. sidideebi 
– daxris kuTxe (b) da ordinataze gadakveTa (a) mcirdeba HCO3-is 
koncentraciis zrdisas. aqedan gamomdinare SeiZleba iTqvas, rom 

modifikatori (am SemTxvevaSi −
3HCO ) aqtivatoria mocemul koncentraciul 

fargalSi.  
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suraTi 16. HCO3-ATPazuri aqtiobis damokidebuleba ATP-is koncentraciidan 
ormag Sebrunebul sidideebSi HCO3-ionebis sxvadasxva fiqsirebuli   
mniSvnelobisas: 

       1. 50 mM,   2. 100 mM.  

 

ATP-is maRali mniSvnelobisas (S > 1 mM) situacia icvleba  (suraTze 
16);  aRiniSneba motrialebis wertili da ATP-is koncentraciis zrda iwvevs 

reaqciis inhibicias, −
3HCO  ionebis fiqsirebuli koncentraciis pirobebSi. 

ATP-is zrdiT gamowveuli fermentuli reaqciis inhibicia warmoadgens 
substratul inhibicias. regresiis koeficientebis gamoTvliT gamoCnda, rom 
HCO3-is sxvadsaxva fiqsirebuli koncentraciisas b-sidide erTnairia, e.i. 
mrudebi paraleluria. es niSnavs, rom ar icvleba mrudebis daxra da 
icvleba abcisaTa da ordinatTa RerZTan gadakveTis wertili. aqeden 

gamomdinare ATP-is maRali (S > 1 mM) koncentraciisas −
3HCO   iwvevs ra 

aqtivacias, cvlis katalizur konstantas da ar moqmedebs specifikur 
konstantaze. amdenad, HCO3-ATP-azuri reaqciis siCqaris substratidan 
damokidebulebis SeswavliT gamovlinda ATP-is ormagi efeqti aqtivacia da 
inhibicia, e.i ATP fermentisaTvis erTdroulad aris aqtivatori da 
inhibitori, rac ganpirobebulia fermentis molekulaze substratis 
damakavSirebeli ori Sesatyvisi ubnis arsebobiT.   
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4. 5. Mg
2+----aradamokidebuli aradamokidebuli aradamokidebuli aradamokidebuli HCO3

-
-anionebiT aqtivirebuli anionebiT aqtivirebuli anionebiT aqtivirebuli anionebiT aqtivirebuli ATPazaazaazaaza----

,,,,,,,,Ecto” ATPazaaazaaazaaazaa    

Mg
++

-aradamokidebuli HCO3-ATPazas muSaobs mTeli datvirTviT 
msgavsad transportuli ATPazebisa, magram saWiroa garkveva ATPazebis 
romel klass mivakuTvnoT is. literaturuli monacemebis Tanaxmad 
arseboben e.w. ,,Ecto” ATPazebi, romlebic funqcionireben plazmuri membranis 
gareTa mxridan da inhibirdebian specifiuri inhibitoriT-ARL67156-iT [100, 
101].  

 Cveni monacemebiT sxvadasxva membranul fraqciebSi (mikrosomebi, 
sinaptosomebi, mitoqondriebi) dafiqsirda HCO3

-
-ionebiT ATPazuri reaqciis 

aqtivacia. literaturaSi cnobilia HCO3
-
-ATPaza, romlis substratia MgATP 

kompleqsi. garda sekretoruli organoebisa, fermentuli aqtioba 
gamovlinda plazmur membranebSic. Cven mier aRmoCenilia meore tipis HCO3

-
-

ATPaza, romelic ATP-is hidrolizur reaqcias axorcielebs Mg-is ionebis 
gareSe. Tu pirveli sistema SeiZleba mivakuTvnoT ,,P”-tipis transportuli 
ATPazebis sistemas, gaurkvevelia Mg-aradamokidebuli ATPazas adgili 
ATPazebis Tanamedrove klasifikaciaSi. 

 Semdgomi eqsperimentebi Catarebulia ,,Ecto” ATPazebis specifiuri 
inhibitoris-ARL67156-is gamoyenebiT (tabula) inhibitoris efeqti, Sedarebis 
mizniT, SeviswavleT orive tipis HCO3

-
-ATPazaze. rodesac ATP-is hidrolizis 

HCO3
-
-iT aqtivacia mimdinareobs magniumis fonze, ARL-is Setana sainkubacio 

areSi ar iZleva efeqts (fermentuli aqtioba ucvlelia). substratad 
Tavisufali ATP-is gamoyenebis SemTxvevaSi ki vRebulobT sarwmuno 
inhibicias, anu Mg-aradamokidebuli HCO3

-
-ATPaza ARL-isadmi mgrZnobiarea. 

ARL67156-is efeqti Mg
++

-damokidebul da Mg
++

-aradamokidebul HCO3
-
–ioniT 

aqtivirebul ATPazaze 

cxrili 5. 

 

MgCl2 mM 

                               

ARL67156, µM 

0 5 10 20 40 

[Mg
++

]=2
* 16.50±1.46αα∞ 15.25±0.90 14.25±1.25 14.75±1.03 14.50±1.75 

[Mg
++

]=0
** 15.0±2.06 9.05±2.02 10.25±2.36 8.50±2.69 7.25±1.25 

  

*P>0.05      **P<0.05  

ismeba kiTxva, ATPazebis zogadi klasifikaciidan romeli jgufis 
Tvisebebis matarebelia HCO3

-
-ATPaza. cnobilia, rom transportuli 

ATPazebis zemoT aRniSnul Taviseburebebis sapirispiro efeqtiT 
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xasiaTdebian  ,.Ecto” ATPazebi. es enzimebi mdebareoben membranis gareTa 
mxares, ATP-is hidrolizisaTvis ar iyeneben MgATP-is kompleqss(Sesabamisad 
ar xdeba ionaTa transporti) da inhibirdebian ARL-iT.  

   Cvens mier Seswavlili ATPazebidan yvela am TvisebebiT xasiaTdeba 
mxolod Mg-aradamokidebuli HCO3

-
-ATPaza.  

    amdenad, miRebuli manacemebis safuZvelze, rom HCO3
-
-ATPaza, romelic 

akmayofilebs ,,Ecto” ATPazebisadmi wayenebul moTxovnebs, SeiZleba 
mivakuTvnoT enzimTa am jgufs. 
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5. miRebuli Sedegebis ganxilvamiRebuli Sedegebis ganxilvamiRebuli Sedegebis ganxilvamiRebuli Sedegebis ganxilva    

5. 1. Cl-ATPazas molekuluri meqanizmis Sedegebis ganxilvaazas molekuluri meqanizmis Sedegebis ganxilvaazas molekuluri meqanizmis Sedegebis ganxilvaazas molekuluri meqanizmis Sedegebis ganxilva    

sadReisod cnobili P-tipis kaTionuri ATPazebi mravalubnian, rTul 
fermentul sistemebs warmoadgenen. naklebad cnobilia anionuri ATPazebis 
(kerZod Cl-ATPazas) roli da adgili ATPazebis zogad klasifikaciaSi. 
aRniSnulis dasadgenad aucilebel pirobas warmoadgens misi moqmedebis 
molekuluri meqanizmis Seswavla. upirveles yovlisa, ismeba kiTvva, Cl-

ATPaza miekuTvneba Tu ara transportuli ATPazebis sistemas. 
literaturidan cnobilia [23] is ZiriTadi moTxovnebi, romlebic 
wayenebulia transportuli ATPazebisadmi. maT Soris umTavresia 
transportirebadi ionebidan siCqaris damokidebulebis zariseburi forma 
(V=f(Cl

-
)) da Mg∙ATP-is kompleqsis, rogorc WeSmariti substratis arsebobis 

dadgena. 

yvela transportuli ATPazisaTvis transportirebadi ionis 
koncentraciidan fermentuli reaqciis siCqaris damokidebulebis amsaxvel 
mruds aqvs zariseburi forma, sadac aRmavali faza Seesabameba ionis 
dakavSirebisa process, xolo daRmavali - mis gamonTavisuflebas. Cveni 
monacemebiT Cl

-
-ATPazisaTvis es piroba sruldeba mxolod im SemTxvevaSi, 

rodesac reaqcia mimdinareobs magniumis ionebis fonze. 

miRebuli EDSedegidan gamomdinare SeiZleba davaskvnaT, rom Cl
-
-

ionebiT aqtivirebuli Mg-damokidebuli ATPaza akmayofilebs 
transportuli ATPazebis aucilebel kinetikur Taviseburebebs: 

1. V=f[Cl
-
] damokidebulebis amsaxveli mrudi zariseburi formisaa;  

2. sistemis muSaobis optimaluri reJimi saWiroebs [Mg∙ATP]        
kompleqsis arsebobis aucileblobas; 

3. katalizuri reaqciis msvlelobis procesSi warmoiqmneba 
fosforilirebuli interemediati [102]. 

Mg∙ATP-is mcire koncentraciebisas 1/V=f(1/MgATP) funqciis 
sworxazovneba (suraTi 2) miuTiTebs, rom Mg∙ATP-is, rogorc aucilebeli 
aqtivatorebisaTvis gankuTvnili ubnebis ricxvi n=1. Tu gaviTvaliswinebT, 
rom Cl

-
-ATPazuri aqtivoba vlindeba mxolod Mg-Tanaobisas da Mg∙ATP 

warmoadgens fermentuli sistemis aucilebel aqtivators, SeiZleba iTqvas, 
rom Mg∙ATP warmoadgens Cl

-
-ATPazuri sistemis substrats. unda aRiniSnos, 

rom Mg∙ATP-is maRali koncentraciebisas, misi, rogorc sruli 
inhibitorebisaTvis gankuTvnili ubnebis ricxvi m=1. am pirobebSi 
1/V=f(1/MgATP) mrudze argumentis saSualo mniSvnelobisas motrialebisa da 
gadaunvis wertilebis arseboba miuTiTebs, rom Mg∙ATP-isaTvis, rogorc 
nawilobrivi efeqtis mqone modifikatorebisaTvis gankuTvnili ubnebis 
minimaluri ricxvi p≥1 [95]. radganac sxva P-tipis ATPazebis, kerZod NaK-

ATPazazas SemTxvevaSi cnobilia [28], rom fermentis erT α suberTeuls 
gaaCnia substratis dakavSirebis erTi ubani, amitom Cl

-
-ATPazas SemTxvevaSic, 
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SeiZleba vivaraudoT, rom mis funqciur erTeuls warmoadgens minimum 
dimeri, ori identuri suberTeuliT.  

radganac dabali koncentraciebisas MgATP (S) aris fermentuli 
sistemisTvis aqtivatori, xolo maRali koncentraciebisas _ inhibitori, 
kinetikur sqemaSi aucileblad Seva OES aqtivatoruli da SES inhibitoruli 
forma.  radganac P-tipis ATPazebis SemTxvevaSi warmoiqmneba 
fosforilebuli intermediati, sqemaSi aucileblad iqneba OEP forma, xolo 
nawilobrivi efeqtis mqone modifikatoruli ubnis arsebobas xsnis 
katalizurad aqtiuri SEP forma. radgan fermenti minimum dimeria, amitom 
sqemis win miwerili (0,5) aRniSnavs mis erT naxevarze mimdinare reaqcias, 
rac gulisxmobs igive reaqciis msvlelobis albaTobas meore naxevarzec. 
amdenad, warmodgenili sqemebi SeiZleba CaiTvalos fermentis muSaobis 
sarkul gamosaxulebad. 

 

 

 

  

 

 

 

 

argumentis mcire mniSvnelobisas funqcia asimptoturad uaxlovdeba 
ordinatTa RerZs, e. i. Mg∙ATP amavdroulad warmoadgens srul inhibitors 
(e. w. substratuli inhibicia).  

Mg-sxvadasxva fiqsirebuli koncentraciebis dros V=f(1/S), analiziT 
gamovlinda misi, rogorc enzimuri sistemis mainhibirebeli efeqtis mqone 
modifikatoris buneba. suraTze 4 warmodgeneli Sedegi, zemoT 
aRniSnulTan erTad SeiZleba CaiTvalos imis dadasturebad, rom magniumi Cl

-

-ATPazas substratis Semadgeneli komponentia, Tumca Mg
2+-s efeqts ufro 

rTuli xasiaTi aqvs. SesaZlebelia Mg
2+-isaTvis Cl

-
-ATPazis molekulis 

funqciur erTeulze arsebobdes specialuri damakavSirebeli ubani, sadac 
Mg

2+-s SeuZlia gamoamJRavnos Tavisi Zlieri modifikatoruli buneba. 
wrfeebis abscisaTa RerZze urTierTgadakveTa (suraTi 4) miuTiTebs, rom 
MgATP-isaTvis Mg

2+ warmoadgens inhibitors ucvleli TvisobiT [95] da 

fermentis Mg
2+-dakavSirebul formebs ar gaaCniaT katalizis unari. 

Aamrigad, fermentis MEO,  MES  da MEP  formebi mogvcemen ,,Cixur 
ganStoebebs.” 
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wrfeebis urTierTganlagebis analiziT (suraTi 5), romelic asaxavs 
Cl

-
-ATPazas damokidebulebas substratis koncentraciidan ormagSebrunebul 

koordinatebSi Cl
-
-is sxvadasxva fiqsirebuli koncentraciis dros, keTdeba 

daskvna, rom Cl
-
-is ionebi fermentuli sistemis aqtivatoria, romelic 

stimulirebs nawilobrivi efeqtis mqone ubnebis upirates moqmedebas. Cl
-
 

amave dros sistemis modifikatoria. misi koncentraciis gazrdiT aqtivacia 
gadadis inhibiciaSi. aseTi ganlageba mxolod mravalubniani fermentuli 
sistemis SemTxvevaSia SesaZlebeli da damokidebulia mravalubnianobiT 
ganpirobebuli parametrebisagan. 

amdenad, Cl
-
-is ionebi unda ganekuTvnebodes modifikatorTa im 

jgufs, romelTa moqmedebiT mcirdeba Sesabamisi wrfivi funqciis daxra, 
magram ucvlelia ordinatTa RerZTan gadakveTis wertili, rac aucilebeli 
pirobaa specifiuri modifikatorisTvis. es niSnavs, rom Cl

-
-is ionebi 

specifiuri efeqtis mqone aqtivatoria. Tu Cl
--s aRvniSnavT X-iT, maSin 

fermentul sistemasTan Cl
--isa da substratis (S) dakavSireba-

gamonTavisufleba SeiZleba warmovadginoT Semdegi sqemis saxiT: 

 

 

 

 

 

 

 

 

 

membranaSi Cl
-
-ATPazas sxva ATPazebTan urTierTkavSiris Seswavla 

garkveul wilad dagvexmareba misi moqmedebis meqanizmisa da funqciis 
gaSifvraSi. aRniSnulis garkvevis mizniT nanaxia anionebis 
urTierTzegavlena membranaSi maT mier ATP-is hidrolizuri reaqciis 
ganxorcielebis procesSi. cocxal ujredSi anionebis Warbi raodenoba 
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dafiqsirebulia membranis gareTa zedapirze, SigniTa zedapirTan SedarebiT 
[85]. es faqti gansazRvravs maT moZraobas koncentraciuli gradientiT 
garedan SigniT. literaturaSi aris miTiTeba Cl

-
-isa da sxva anionebis 

kotransportis SesaZlo arsebobac ATP-is hidrolizuri energiis 
gamoyenebis xarjze (kerZod, Cl/HCO3

- -kotransporti) [46]. Cl
-
 mimarTulia 

ujredis Signidan gareT, HCO3
--is sapirispirod. aRniSnuli procesi 

SesaZlebelia ganpirobebuli iyos Mg
2+

- aradamokidebuli HCO3
-
-ATP-azas 

arsebobiT plazmur membranaSi [Tsakadze, at al., 2007], romlis substrats 
(gansxvavebiT Mg-damokidebuli HCO3-ATPazisagan) warmoadgens mxolod 
Tavisufali ATP. es ATPaza SesaZlebelia ganekuTvnebodes e. w. Ecto-ATPazebis 
jgufs, romlebic funqcionireben membranis gareTa mxareze da ar 
saWiroeben Mg-is ionebs. 

Cl
-
-isa da HCO3

-
-iT gamowveuli ATP-azuri reaqciis erToblivi 

SeswavliT sainkubacio areSi (Mg-is TandaswrebiT) anionebis Sefardebisas 
(jamuri koncentracia mudmivia), gamovlinda rTuli 
urTierTdamokidebuleba (suraTi 7). erTi anioniT gamowveuli aqtivaciuri 
faza emTxveva meore anioniT gamowveul inhibiciur fazas da piriqiT. 
rogorc Cans Cl-ATPaza da HCO3

-
-ATPaza urTierTsapirispirod moqmedeben. 

aseve rTuli damokidebuleba aRIniSna Cl/NO3-is, Cl/SO4-is SefardebiT 
miRebul grafikul gamosaxulebaze (suraTi 6). V=f(Cl/N

-
) rTulia, mrudebi 

xasiaTdebian gadaRunvisa da motrialebis ramdenime wertiliT. unda 
vivaraudoT, rom ujredSi fermentis molekula gansxvavebul Tvisobas 
iCens TiToeuli anionis mimarT maTi erTdrouli arsebobis pirobebSi.  
daskvnis saxiT SeiZleba iTqvas, rom Cl-ATPazas SeswavliT gamovlinda 
saintereso analogia transportuli ATPazebis zogad kinetikur 
TaviseburebebTan. Cl-ATPaza, P-tipis ATPazebis msgavsad, warmoadgens 
transportul sistemas, romelic axorcielebs qloris anionebis aqtiur 
gadanacvlebas plazmuri membranis Siga mxaredan gareT. Cl-ATPazas 
WeSmariti substrati Mg∙ATP kompleqsia.  

Tavisufali ligandebi (Mgf da ATPf) sistemis modifikatorebia 
aqtivatoruli da inhibitoruli efeqtiT, substratis mimarT ucvleli 
TvisobiT; Cl

-
-is ionebi ki specifiuri tipis modifikatoria substratis 

mimarT ucvleli TvisobiT. 
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sqemaSi S warmoadgens MgATP-is kompleqss, P-araorganul fosfats, M-

Tavisufali magniumis ionebs. OEO aRniSnavs fermentis formas, rodesac 
arc erTi nukleotiddamakavSirebeli ubani ar aris dakavebuli (E-Si 
igulisxmeba fermentis funqcionaluri erTeuli); OES-fermentis katalizur 
ubanTan substratdakavSirebuli formaa, (OES-aucilebeli aqtivatoruli 
forma), OEP-fermentis fosforilirebuli intermediatia. fermentis MEO,  

MES  da  MEP  formebi iZlevian ,,Cixur ganStoebebs” da fermentTan MgATP-isa 
da modifikatorebis dakavSireba-gamonTavisufleba xdeba randomuli 
meqanizmiT. 

substrates maRali koncentraciis (S>1mM) SesaZlebelia fermentis 
Cixuri ganStoebis formebis ori varianti: 1) SES, rodesac fermentis 
molekulas uerTdeba meore S mxolod im SemTxvevaSi, Tu masTan ukve 
dakavSirebulia pirveli S (SES-sruli inhibitoruli forma, romlis 
arsebobaze miuTiTebs 1/V=f(1/S), rodesac S>1, suraTi 2); 2) AES, rodesac 
substratdakavSirebul ferments ukavSirdeba meore ATP (dasturdeba 
1/V=f(Mgf

2+
), rodesac S=const, suraTi 3). 
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fermentis SES da AES formebi Cixur ganStoebebs warmoadgenen. Cixur 
ganStoebebs miekuTvneba M-dakavSirebuli formebic (MEO, MES, MEP), 
romelTa arsebobas gansazRvravs eqsperimentaluri monacemebi. miRebuli 
1/V=f(Mgf

2+
)-is SeswavliT, Cans, rom Mg-is maRal koncentraciaze Mg2+

>1,5mM 
adgili aqvs inhibicias (suraTi 3, mrudi 1); SEP forma katalizurad 
aqtiuri formaa, romelSic  MgATP kompleqsi avlens nawilobrivi efeqtis 
mqone modifikatoris rols. (amas amtkicebs 1/V=f(1/V) mrudze gadaRunvis 
waertilis arseboba, suraTi 2).  

Cixuri ganStoebebis warmoqmnis meqanizmi Seswavlila NaKATPazur 
reaqciaze [103, 104]. ATPazuri reaqciis dros hidrolizdeba ara marto 
xsnarSi warmoqmnili MgATP kompleqsi, aramed fermentis molekulaze 
awyobilic. am ukanasknelis gansaxorcieleblad aucilebel pirobas 
warmoadgens enzimis aqtiur centrSi jer ATP-is, Semdeg ki Mg

2+
-ismierTeba. 

Tu procesi warimarTa sapirispirod (jer Mg
2+

,Semdeg ATP), warmoiqmneba 
,,Cixuri” kompleqsi. 

literaturuli monacemebis Tanaxmad [28, 105] NaK-ATPazuri 

sistemisaTvis damtkicebulia erT α suberTeulze mxolod erTi 
katalizuri ubnis arseboba. aRniSnulidan gamomdinare SEP da SES formebis 
gamovlena miuTiTebs molekulis dimerul bunebaze, ori identuri 

suberTeuliT (αβ)2, rac universaluri sistema unda iyos yvela “P-tipis” 
transportuli ATPazisaTvis. 

amdenad, SesaZlebelia, rom yvela ‘’P-tipis transportuli ATPazebi, 
rogorc kaTionuri, aseve anionuri, xasiaTdebian msgavsi molekuluri 
meqanizmiT. 
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5. 2. Cl-anioniT aqtivirebuli anioniT aqtivirebuli anioniT aqtivirebuli anioniT aqtivirebuli ATPazas azas azas azas eqsperimentuli Seswavliseqsperimentuli Seswavliseqsperimentuli Seswavliseqsperimentuli Seswavlis    
SedegebiSedegebiSedegebiSedegebi    

DDDD    

Cl-ATPaza akmayofilebs transportuli ATPazebis aucilebel kinetikur 
Taviseburebebs: 

1. Ffermentuli reaqciis substrats warmoadgens [MgATP] kompleqsi; 

 

2. V=f(Cl) damokidebulebis amsaxveli mrudi zaris formisaa; 

 

 

3. substratidan damokidebulebis [V=f(S)] amsaxveli mrudebi, 
Tavisufali ligandebis (Mgf, ATPf, Clf) mudmivi koncentraciisas 
transportuli ATPazebisTvis damaxasiaTebeli formisaa; 

 

4. reaqciis msvlelobisas warmoiqmneba fosforilirebli intermediati. 
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5. 3. Mg-damokidebuli damokidebuli damokidebuli damokidebuli HCO3-ATPaza, Sedegebis ganxilvaaza, Sedegebis ganxilvaaza, Sedegebis ganxilvaaza, Sedegebis ganxilva 

         

reaqciis siCqaris HCO3-anionebidan damokidebulebis amsaxveli mrudi 
zariseburi formisaa P-tipis transportuli ATPazebis msgavsad. zariseburi 
formis aRmavali da daRmavali forma miuTiTebs HCO3-anionis transportze 
koncentraciuli gradientis sawinaaRmdego mimarTulebiT (suraTi 8). 
aRniSnuli forma aris aucilebeli da arasakmarisi piroba 
transportisaTvis. 

ormagSebrunebul sidideebSi reaqciis siCqaris damokidebuleba 
substratis koncentraciaze [MgATP] Semdeg suraTs gvaZlevs: funqcias 
gaaCnia asimptota argumentis maRali mniSvnelobisas, saSualo 
mniSvnelobisas ki motrialebis wertili (suraTi 9), argumentis mcire 
mniSvnelobisas ki adgili aqvs fermentuli sistemis inhibicias, argumentis 
didi mniSvnelobisas (eqstremalurad mcire MgATP-is dros) 1/V= f(1/MgATP) 
funqciis sworxazovnebaa ucilebeli da sakmarisi pirobaa imisaTvis, rom 
[MgATP] kompleqsi CaiTvalos fermentuli sistemis WeSmarit substratad, 
msgavsad transportuli ATPazebisa. 

HCO3 anioni ormagi efeqtis mqone modifikatoria substratis mimarT. 
suraTze 10 Cans, rom asimptotebi substratis sxvadasxva mniSvnelobisas ar 
arian msgavsni. mrudebi ar kveTen abscisTa RerZs erT wertilSi, Tumca 
ikveTeba pirvel meoTxedSi. aqedan gamomdinare SeiZleba davaskvnaT, rom  
HCO3 ionebis koncentraciis cvlasTan erTad icvleba enzimis Tvisoba 
substratis mimarT. 

daskvnis saxiT SeiZleba iTqvas, rom Mg-damokidebuli HCO3-ATPaza 
msgavsad kaTiongadamtani ATPazebisa, warmoadgenen P tipis aqtiuri 
transportisaTvis damaxasiaTebeli meqanizmis mqone enzimebs, romelTa 
substratia MgATP-is kompleqsi, xolo HCO3 ionebi sistemisaTvis arian 
ormagi efeqtis mqone modifikatorebi.  
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5. 4. Mg----damokidebuli damokidebuli damokidebuli damokidebuli HCO3-ATPazaazaazaazas s s s eqsperimentuli Seswavliseqsperimentuli Seswavliseqsperimentuli Seswavliseqsperimentuli Seswavlis    
SedegebiSedegebiSedegebiSedegebi    

    

1. HCO3
-anionebidan reaqciis siCqaris amsaxveli mrudi zariseburi 

formisaa, P-tipis transportuli ATPazebis msgavsad. 

 

2. argumentis didi mniSvnelobisas 1/V=f(1/MgATP) funqciis 

sworxazovneba aucilebeli da sakmarisi pirobaa imisaTvis, rom [Mg-ATP] 
kompleqsi CaiTvalos fermentuli sistemis WeSmarit substratad, msgavsad 

transportuli ATP-azebisa. 

 

 

3. Mg++-damokidebuli HCO3-ATPaza msgavsad kaTiongadamtan sistemebisa, 

warmoadgens P tipis aqtiuri transportisaTvis damaxasiaTebeli meqanizmis 

mqone enzims. 
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5. 5. Mg-aradamokidebuli aradamokidebuli aradamokidebuli aradamokidebuli HCO3
-
ATPazas miRebuli samecniero azas miRebuli samecniero azas miRebuli samecniero azas miRebuli samecniero 

Sedegebis  ganxilvaSedegebis  ganxilvaSedegebis  ganxilvaSedegebis  ganxilva    

  zemoT moyvanili eqsperimentuli kvlevis Sedegad keTdeba daskvna, 
rom Tavis tvinis membranul fraqciebSi (mikrosomebi, sinaptosomaluri 
membranebi) mimdinareobs Mg

++
-aradamokidebuli HCO3-iT stimulirebuli ATP-

is hidrolizi.  HCO3-ATPazas substrats warmoadgens Tavisufali ATP, −
3HCO   

ionebi ki fermentuli reaqciis aqtivatorebia (suraTi 11 da suraTi 15). 
fermentis molekuluri meqanizmis dadgenaSi principul rols TamaSobs 
substratis koncentraciis varireba. substratis dabali 

koncentraciisaTvis (S < 1 mM) (sur. 16)  reaqciis siCqaris 1/V=ƒ(1/S) 
damokidebuleba sworxazovania, maRali (S > 1 mM)  koncentraciebis 

fargalSi  1/V=ƒ(S) damokidebulebaa sworxazovani. HCO3-ATPazas funqciur 
erTeuls ori substratdamakavSirebeli ubni gaaCnia __ erTi katalizuri, 
meore inhibitoruli. es, SesaZlebelia, aris imis miniSneba, rom is dimeria,  

P-tipis transportuli ATPazebis msgavsad. cxadia, rom −
3HCO   Sereuli 

tipis modifiatoria (aqtivatoria) substratis mimarT ucleli TvisobiT 
(sur 15). 

aRniSnuli monacemebisa da Teoriuli gaTvlebis safuZvelze 
SeiZleba warmovidginoT HCO3-ATPazis muSaobis principialuri (kinetikuri) 
sqema (e.w. minimaluri modeli, romelic gulisxmobs fermentis formebisa 
da maT Soris reaqciebis safexurebis minimaluri raodenobis SerCevas, 
romlebic garkveuli wesiT arian dakavSirebuli da ligandis nebismier 
koncentraciaze uzrunvelyofen Teoriuli da eqsperimentuli mrudebis 
geometriuli mrudebis Tanxvedras):  
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sqemaSi S warmoadgens ATP-s, X _  −
3HCO  ionebs, P − araorganul fosfats. OEO 

aRniSnavs fermentis formas, rodesac arc erTi nukleotid-damakavSirebeli 
ubani ar aris dakavebuli (E-Si igulisxmeba fermentis funqcionaluri 

erTeuli); OES − fermentis katalizur ubanTan substratdakavSirebuli 
formaa (S<1 mM), romelsac uerTdeba modifikatori (X); OEP-fermentis 
fosforilebuli intermediatia. sqemaze, substratis maRali 
koncentraciisas SesaZlebelia fermentis Cixuri ganStoebis formebis ori 
varianti: 1) SES, rodesac fermentis molekulas uerTdeba meore S mxolod im 
SemTxvevaSi, Tu masTan ukve dakavSirebulia X da pirveli S (V-tipis ATPaza); 
2) SEP, romelic warmoadgens fosforilebul intermediats, romelsac 
mxolod aseT mdgomareobaSi ukavSirdeba meore ATP. fermentis SES da SEP 

formebi  Cixur ganStoebebs warmoadgenen.  

amdenad, eqsperimenaluri monacemebis safuZvelze Seswavlilia 
sinafsuri membranis Mg

++
-aradamokidebuli HCO3-ATPazas molekuluri 

meqanizami.  
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5. 6. Mg
2+----aradamokidebuli aradamokidebuli aradamokidebuli aradamokidebuli HCO3

—
ATPaza da aza da aza da aza da Mg

2+----damokidebuli damokidebuli damokidebuli damokidebuli 
HCO3

—
ATPazas SedarebiTi analiziazas SedarebiTi analiziazas SedarebiTi analiziazas SedarebiTi analizi    

    

gavakeToT SedarebiTi analizi transportul anu Mg
2+-damokidebul 

da Mg
2+-aradamokidebul HCO3

—
ATPazebs Soris. Catarebulma eqsperimentebma 

gviCvena, rom transportuli ATPazebis damaxasiaTebel kriteriumebs 
akmayofilebs Mg

2+-damokidebuli HCO3
—

ATPaza: 

1. Mg
2+-damokidebuli HCO3

—
ATPazas 1/V=f (1/ HCO3) mruds aqvs zaris 

forma, romelic ar gaaCnia Mg
2+-aradamokidebul HCO3

—
ATPazas;  

2. MgATP kompleqsi aris Mg
2+-damokidebuli HCO3

—
ATPazas substrati, 

maSin, rodesac Mg
2+-aradamokidebul HCO3

—
ATPaza muSaobs Mg

2+-is gareSe;  

3. cnobilia, rom ,,Ecto” ATPazebis specifiuri inhibitori aris ARL67156-
is. Catarebulma cdebma orive tipis ATPazaze aCvena, rom ARL67156 inhibirebs 
mxolod Mg

2+-aradamokidebul HCO3
—

ATPazas, xolo Mg
2+-damokidebul HCO3

—

ATPazaze efeqti arasarwmunoa.  

zemoT Tqmulidan gamomdinare, Mg
2+-aradamokidebul HCO3

—
ATPaza ver 

akmayofilebs im pirobebs, romlebic aucilebelia transportuli 
ATPazebisaTvis da is SeiZleba miekuTvnebodes ,,Ecto” ATPazebis jgufs, maSin, 
roca Mg

2+-damokidebul HCO3
—

ATPaza transportuli P tipis ATPazaa. 
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6. 6. 6. 6. daskvnadaskvnadaskvnadaskvna    

miRebuli Sedegebidan gamomdinare SeiZleba davaskvnaT, rom qloris 
anioniT aqtivirebulma ATPazam gamoavlina saintereso analogia sxva 
transportuli ATPazebis ZiriTad kinetikur TaviseburebebTan. Cl-ATPaza 
warmoadgens P tipis ATPazas, romelis anxorcielebs qloris aqtiur 
transports koncentraciuli gradientis sawinaaRmdego mimarTulebiT 
sinapsuri da mikrosomuli membranis SigniTa zedapiridan gareTa 
zedapirze. orive membranis kinetikuri parametrebi msgavsia.  

Teoriuli da eqsperimentuli mrudebis analizma SesaZlebeli gaxada 
Cl—-iT aqtivirebuli ATPazuri sistemis moqmedebis meqanizmis Seswavla da 
misi principialuri sqemis anu “minimaluri modelis” SemuSaveba. 

virTagvas Tavis tvinis plazmur membranaSi (sinafsuri da 
mikrosomuli) dafiqsirebuli da Seswavlilia HCO3

—-iT aqtivirebuli Mg2+ 
damokidebuli ATPazuri aqtioba. Mg-HCO3-ATPaza akmayofilebs 
transportuli ATPazebis aucilebel kinetikur Taviseburebebs, amdenad, 
igi SeiZleba mivakuTvnoT P tipis transportuli ATPazebis jgufs. 

Cvens mier aRmoCenili da Seswavlili iqna sruliad axali 
fermentuli sistema: Mg2+-aradamokidebuli HCO3-anionebiT aqtivirebuli 
ATPazuri reaqcia. aRmoCnda, rom Mg2+-aradamokidebuli HCO3-ATPazuri 
sistema ver akmayofilebs im pirobebs, romlebic aucilebelia 
transportuli ATPazebisaTvis. is savaraudod unda miekuTvnebodes e. w. 
“Ecto” ATPazebis jgufs. 
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naSromis Teoriuli da praqtikuli mniSvnelobanaSromis Teoriuli da praqtikuli mniSvnelobanaSromis Teoriuli da praqtikuli mniSvnelobanaSromis Teoriuli da praqtikuli mniSvneloba    

naSromi miekuTvneba fundamenturi kvlevis tips. 

Catarebuli eqsperimentuli kvlevis safuZvelze miRebuli Sedegebi 
da daskvnebi aRrmaveben codnas anionuri ATP-azuri sistemebis rolze 
Tavis tvinis membranul struqturaSi mimdinare sasicocxlo procesebze. 

miRebuli Sedegebis garkveul wilad gamoyeneba SesaZlebelia 
medicinaSi, kerZod nervologiuri daavadebebis SemTxvevaSi, vinaidan es 
daavadebebi dakavSirebulia membranul struqturebSi mimdinare bioqimiuri 
procesebis darRvevasTan da maTi regulaciis SesaZleblobas iZleva. 

naSromSi gamoyenebuli mravalubniani fermentuli sistemebis 
kinetikuri analizis meTodebi SeiZleba warmatebiT iyos misadagebuli 
rTuli geometruli formis mrudis mqone sxva fermentuli sistemebis 
kinetikuri kvlevisaTvis. 
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naSromis mecnieruli siaxlenaSromis mecnieruli siaxlenaSromis mecnieruli siaxlenaSromis mecnieruli siaxle    

Seswavlilia virTagvas Tavis tvinis membranul fraqciebSi 
(sinaptosomebi, mikrosomebi) anionebiT, kerZod Cl- da HCO3

--iT gamowveuli 
Mg-ATPazuri aqtiobis meqanizmebi Tanamedrove meTodis gamoyenebiT, 
romelic rTuli, mravalubniani fermentuli sistemebis kinetikuri 
mrudebis analizis saSualebas iZleva [Kometiani, 2007]. 

davadgineT, rom fermentuli sistemebisaTvis (Cl--ATPaza da HCO3-
ATPaza) WeSmarit substrats warmoadgens Mg-ATP kompleqsi, Tavisufali 
ligandebi (Mg2+

f da ATPf) arian sistemis modifikatorebi orgvari efeqtiT, 
Cl--isa da HCO3

--is anionebi ki sistemis aqtivatorebia. 

dadgenilia xarisxobrivi parametrebis n da m ricxobrivi 
mniSvneloba ( n warmoadgens aucilebeli aqtivatorebisaTvis gankuTvnili 
ubnebis ricxvs, m – sruli inhibitorebisaTvis gankuTvnil ubnebis ricxvs). 
orive fermentuli sistemisaTvis maTi ricxvobrivi mniSvnelobebi erTis 
tolia. 

miRebuli eqsperimentuli Sedegebis safuZvelze SemoTavazebulia 
anionuri ATPazuri sistemebis muSaobis amsaxveli kinetikuri sqemebi anu 
minimaluri modeli, rac gulisxmobs fermentis formebisa da maT Soris 
reaqciebis safexurebis minimaluri raodenobis SerCevas, romlebic 
garkveuli wesiT arian dakavSirebuli da ligandis nebismier 
koncentraciaze uzrunvelyofen Teoriuli da eqsperimentuli mrudebis 
Tanxvedras. 

Zalze mniSvnelovania is, rom ganisazRvra mocemuli anionuri 
ATPazebis adgili transportuli sistemebis zogad klasifikaciaSi. Cl--
ATPaza da HCO3-ATPaza unda miekuTvnebodes P tipis transportul 
ATPazebs. 

amasTanave aRsaniSnavia, rom aRmoCenilia sruliad axali, Mg2+-
aradamokidebuli HCO3-ATPaza, Seswavlilia misi moqmedebis meqanizmi da 
SesaZlo adgili klasifikaciaSi. aRniSnuli fermentuli sistema 
savaraudod unda miekuTvnebodes e. w. “eqto-ATPazebis” jgufs. 
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