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BbIAEJIEHUE MEMBPAHOCBA3AHHOM
Na+,K+-ALEHO3UHTPUPOCPATA3bI U3 MOYEK CBUHbHU
W UBYUEHHKE EE CTPYKTYPHbIX CBOUCTB

A. b. YETBEPHH, E. B. BPAJKHHKOB u 0. H. YHPIrA13E
Hucruryr 6eaxa AH CCCP, ITywuro

PaspaboTana mMeToAHKa BblAeseHHs OOJBIIMX KOJHYECTB FOMOTEHHOrQ Ipe-
napata Junug-6enkoBoro kommiekca Na+t,K+-ATPasb u3 [0OYeK CBUHbBH.
UxcToTa npenapaTta no 6eJKOBOMY KOMIOOHEHTY cocTasager 96—98Y%, cooTHo-
meHHe Macc HoabIoH U Masok cyOneAUHHL paBHO 4 ; 1. BelkoBas u JHNHAHAA
YacTH npenapara npHOJH3HTENbHO OJAHHAKOBH MO Macce. AKTHBHOCTb Mpenapara
cocrasidgeT 1600—1900 mkMoabL 0cBOBGOKASHHOTO HeopraHuueckoro docbara Ha
1 Mr 6enka B 1 u. M3ayyena BTOpHYHAs CTPYKTypa OesKa B PacTBOpe THAXKeJNOH
BOAbl METOJOM HH(DaKpacHOH CNEeKTPOCKOMHH B O6JACTH OCHOBEBIX aMHIHBIX
nosoc. IlokasaHo, uro ~20% mnenTHAHHX rpynn 06pasVIGT BHICOKOYNOPSIAO-
qeHHBblE O.-CMHpPaJbHblE YYaCTKH H ~25% HaxXoIUTCH B CTPYKTYpe CKJIaA4aTOro
CJI0fl ¢ aHTUNApaJJIeIbHOR yIaKOBKON Uenefl, ¥4acTKH ¢ perydspHolt cTpyKTypoi
pacrno/IoXKeHs! MPEUMYILeCTBEHHO B HEAOCTYNHBIX AMSA BOAB 061aCTAX OENKOBOIO
KOMIIOHEHTA, H, NO-BHAHMOMY, NPHHUMAIOT yyacTve B o6pasoBaHuu rHApodob-
HOro sigpa MoJsekysanl. OcHOBHas 4acTb OeNKOBOH CTPYKTypw (~55%) sB-
JIeTCS MaJoOYNOpsAAOYEHHOH H JIErKO AOCTYIHA fJISL MOJIEKYJ BOJBL.

Na*,K*-ATPa3a saBuasercs GeJKOBOH CHCTeMOH, BCTPOEHHOH B MJa3Ma-
THUECKYI0O MeMOpaHy 3YKapHOTHUYECKHX KJETOK. Ee ocHoBHas (QyHKUHS 3a-
KJI0UaeTcss B TeHepalUHd 3JeKTPOXUMHUECKOro TpaHcMeMOPaHHOro IOTeH-
uMasa OZHOBAJEHTHBIX KAaTHOHOB, TPaHCIOPTHPYEMBIX C HCIOJIb30BaHHEM
sHepruu rugpoausza ATP no ADP u P, Ilpu sToMm, Kak nmpaBu/o, Hpolecc
HAET C COOJIIONEHHEM CTPOTrOTO CTEXMOMETPHUYECKOr0 COOTHOLIEHUS: BBIXOL
TpeX HOHOB HATpHsl M BXOJ ABYX HOHOB KaJusl CONPOBOXKIAAETCS T'MAPOJH-
3oM oxnofi moJekyasl ATP {lI, 2]. B stom cmbiciie Nat, K*-ATPasza moxer
pacCMaTPHUBAThCST KaK IpPEeACTaBHTeNb IIMPOKOrO KJjacca OHOXHMHUECKHX
MOJIEKYJ/ISIDHBIX MAlHMH. YCIIeX B HM3YUeHHH TAaKHX CHCTEM 3aBHCHUT Hpexue
BCero OT pelmeHuss Npo6/aeMbl MEXaHOXHMHYECKOro CONPSAXKEHHS, T. €. BO-
mpoca O CTPYKTYDHBIX HEpecTpOiKax OeJKOB Ha pa3HBIX CTalMAX SH3UMa-
tuyeckoro nukJgaa. Nat, K*-ATPaza o6aagaer Tem npuUBJeKaTeJbHBIM CBOH-
CTBOM, YTO OHa MOXKeT ObIThb 3a)UKCHPOBaHA B Pas3HBIX TOUKax ee pabouero
IHKJIa NyTeM 00pa3oBaHus crneludHuecKuX KOMIIEKCOB ¢ Juranaamu. Onxa-
KO TNpH o6CcyxAeHHH namHbXx o cTpykrype Na*t, K*-ATPaswl nHeobxomumo
MOMHHTb O crenuduke sroro obvekra. Has stoft ATPassbl, Kak u misi MHO-
I'HX ADPYTrHX MeMOpaHHBIX 0eJKOB, eCTECTBEHHBIM COCTOSIHHEM sBJSeTCS ee
JOKAJNU3AHsA B JUIUIHOM OHCJIOe ¢ OLHOBPEMEHHBIM 3KCIOHHPOBAHHEM Ya-
CTH MOJIeKyJ B BOAHEI pactBop. IlosToMy cienyer yAe/sTh BHHMaHHe He
TOJBKO aKTHBHOCTH (DEPMEHTa, HO M COXPAaHEHHIO HATHBHOH MNPHPOABI €ro
oxpyxenns. OTciona cjelyer, yTo usyuenue cTpykTypnl Na*, K+-ATPasmn
mpeanoYTuTe bHee MPOBOAUTD AJsl MeMOpaHOCBA3aHHOH (OPMEI, a He Co-
Mo6unusuposannofl. Takue mpemapatsl TPELCTABJAIOT COGOH CYCIEH3HIO
H3 JOBOJILHO KPYMHBIX O€JOK-JHIMAHBIX HaCTHL {3], 4TO CHUJIBHO 3aTPYyHAHSIET
NpUMeHeHHe MHOTHX (H3HYECKHX METOJOB. B Hacrosmee BpeMs, MO-BHAH-
MOMY, TOJBKO MeTOJ HH(PaKpacHOH CIEKTPOCKONHH MOXKeT ObITb HPHIOA-
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HBIM /1 OUEHKH BTODHYHOH cTpYKTYyph Oenkosoi uactu Nat, K*-ATPas-
HOro KOMIIJIEKCA H ee IIpeBpallleHHH B mpolecce PyHKUHOHHDOBAHHA B pac-
tBope. [ammas paGoTa OTKPBIBAET ULHKJ CTPYKTYPHO-(PYHKUHOHANHBIX
uceaenosanui Na*t, KT-ATPasnr 3 mouek CBHHBH.

METOAbl UCCJIENOBAHHYA

Noayuenne npenapara Na+ K+-ATPa3sl. [laHHblk MeTON OCHOB2H Ha MeTOHA¥KE paspa-
6oransoir Ploprencenom nns ounctkd Na+ K+-ATPasbl U3 MO3roBOro cjiosi nouek: ‘Posuka
[4]. Hcxommblt MaTepuas — IOYKH CBHHbH — H3BJIEKAJH H3 JKHBOTHBIX, 00pa00OTaHHBEIX Ha
MSICOKOMOHHATE MO TEXHOJOIHH «IpaHKa», HeMEMJIEHHO NOoMelaJn B cocyn [poapa 4 nepe-
KJaObIBAaJIH NOJHITHIEHOBBIMH MAKeTaMH CO JbJOM. B TaKOM BUJE NOYKH TPAHCIOPTHDOBAJHK
B JabopaTopu. Bce mpouenyphl BhbIAEJIEHHST MHKPOCOMHOH (hpakLHH NPOBOAHJH NDH TeM-
nepatype 4°. TpefyeMywo TKaHb — MO3TOBOH cJOH mouek (o6aactb mereap [ eHse) — BhIpe-
3aJIH C IOMOILBIO IVIA3HBIX HOMKHHIL H NoMmelnaan B 6ydep A, comepxawmi 30 MM 1puc-HCI,
pH 7,2 (20°), 300 MM caxaposy u | mM D/ TA, 3atem TKaHb ABaXKIbl NPOLABJHBAJH Yepe3
CHTO M3 HepKaBeoUlel CTaJH ¢ OTBEPCTUSMH AHAaMETPOM 2 MM H FOMOI€HH3HPOBAJH B rOMO-
renusatope [ayuca —llortepa ¢ TedJIOHOBBIM [ECTHKOM, BDAIAIIMUMCA CO CKODOCTBIO
okoa0o 1000 of/muu (b Tpaxuuii necthka). Ilpu stom Ha 100 r Tkamu pobGasagan 400 ma
6ydepa A, roMOreHH3aTOp OXJAXKIAJH CHEroM HJH JeISAHOH KpoiKo#. ['omMoreHar IeHTpH-
¢yruposaau npu 6000 g 20 MHH, 0CaZOK IOBTOPHO IOMOT€HH3UDOBAJM BO BABOE MeHbIIEM
obpeme 6ydepa W BTOPHYHBIH roMoreHaT LEHTPU(dYTHPOBAJH B TexX XKe ycaoBHAX. O6nend-
HEHHYIO HaJOCaZOYHYIO KHIKOCTb LeHTpudyrupopaau npH 10000 g 20 mMuH A1 ocBo6OX-
JAeHUA OT MHTOXOHJpPHE ¥ W3 NOJYIeHHOH HALOCALOYIHOH MKUAKOCTH OCaMKAAJIH MHKDOCOMBI
neHTpHdyrupoBanuem npu 50 000 g 30 muH. Ocapmok cycnengupoBaJH B Oydepe A ¢ Tem
pacuyetoM, yTOoGH KOHIEHTpalus OesJKa B cycneH3uu Ovlia okosno 10 mr/mi. CycneHsuioo pas-
JHBAJH B NPOGHPKH 110 4—95 MJI, 3aMOPaKHBAJH B CMeCH alleTOHAa C CYXHM JbJOM H XpaHHJIH
ppH —60°. B TakoMm Buie MHKDOCOMBI MOIKHO XPaHHTh 0e3 MOTepH HX aKTHBHOCTH IO Kpad-
Hell Mepe B TeUeHHe rojga H HCHOJb3OBaThb N0 Mepe HeobxoaumocTd. F3 100 r TkaHH nmoay-
gaau 06buHO 0,4—0,6 r MHKPOCOMAJNBHOro Genka.

Haneuefinyo ounctky Na+,K+-ATPasnl ocymwectBasan oviegyomum ob6pasoM. Heobxo-
JHMO€ KOJIHIeCTBO MHUKpOcOM OBICTDO pasMopaxHBaid H AobaBadnn 6ydep, colep:Kallui
50 MM Tpuc-HCI, pH 7,5 (20°), 3 ¥M ATP u 2 uM 3JTA u (1o xanasM, NpH NOCTOSAHHOM
nepemewmnBaduy) 0,2%-HbE pacTBOp AoAenuacyabbaTa HATpHsl, IPATOTOBJEHHBIH HA TOM Ke
Oydepe, Tak, 4TOGH KOHEUHAs KOHIEHTpauHs 6edKa cocTasasna 1,4 Mr/uMa, a geTepreHta —
0,58 mr/ma. MukyGauuio npoBoAHJH B TeueHHe 30 MHH mpu 20° u obpaszen HeMelJeHHO 3a-
IpPyXkaJ/J{ B 30HAJbHBIA pPOTOpP C 3apaHee NPUrOTOBJEHHBIM CaxapO3HLIM TpafHenToM. Llen-
TpHYrupoBaHHe TNpPOBOAHIH HA OTeuecTBeHHOH weHTpHdyre YLI[13-47 B potope P3-35T
{o6beM poTopa 1670 Mu). 3arpyxaJu H pasrpyxKajad pPOTOp IPH CKOPCCTH €ro BpalleHHs
2000 of/muH, COGCTBEHHO UEHTPHPYTHpOBaHHEe npoBOAMAH npH 33 000 of/MHH B TeueHHe
3,5 u u Temneparype 2°. ['pagueHT caxapossl (NHHeHHBIH Mo 0GbeMy) (DOPMHPOBAJH C MO:
MOILBK NepHCTaJbTHYECKOrO TDEXKAHAJbHOrO Hacoca: B cMecuTeap ¢ 800 Ma pacTsopa
15%-r0ft caxaposn B Oydepe B, comepxamem 25 MM tpuc-HCI, pH 7,56 (20°) u 1 MM
DITA, no oxnHOoMy KaHaJay nomaBaJjH pactBop 45%-Hol caxaposnl B ToMm ke Oydepe, a no
JABYM JIPYruM KaHajaM CMechb 3aKau#BaJ/Jd B DOTOp, H4 ero mepudepHio, 3al0JHEHHe POTOpa
3aBepuanu nojpadeir pacteopa 45%-Hoik caxaposnl B Oydepe B. O6pasen (200 mi) 3arpy-
}Kad B LEHTD POTOpPA, BBITECHSS U3 HETO «TAXKENYIO» 4acTh I'pajueHTa, a 3aTeM NOAaBaJju
300 ma 6ydepa B. [lo oxOHYAHHH UEHTPUGDYTrHPOBAHHSA COAEPKHMOE DPOTOPA BHITECHSJM
yepes UEeHTp, NOJaBas Ha nepHdepHio pacTsop ¢ 45%-Ho# caxaposoil ¥ cobHpasH BO Gpak-
UHH 1o 16 MJ, OIHOBDEMEHHO DETHCTPHPYS ONTHUYECKYIO MJOTHOCTb-~o0pasna mpu 280 HM.
KoJuiekTop ¢ npoSupkaMy W ONTHYECKYIO sueHKy npHOOpa «YBHKOPA» OXJAXKAAJMd B XOJO-
quabHoM mkady (2°). CkopoCTb mofauu rpajHeHTa caxaposdbl — 40 MJ/MHH, CKOpOCTbL MO-

pauy obpasua u Oydepa, a TakKe CKOPOCTb pasrpy3ku potopa — 20 MJi/MHH.

U3 ¢pakuuil, COOTBETCTBYIOIIHX BTOPOMY, MaJOMYy, MHKY ONTHYECKOH NJIOTHOCTH, OTGH-
paau npobsl mo 10 Mka gas omnpeneienus axtuBHocTH Na+ K+-ATPasbl. ®pakuuu, cogep-
Kamue He MeHee 600 eIHHHI aKTHBHOCTH, 00beAHHAJH, pa3basianu B 2 pasa 6ydepom b
¢ 1 MM ATP u ueHtpudyrupopasu B TeueHHe Houd npu 100000 g (4°). Ocamox cycneHmaH-
poBasu B Oydepe B ¢ Tem pacueToM, uTO6Bl KOHeuHas KOHUeHTpauusi Gejxa O6blia 33—
4 Mr/MJ, H nonyyeHHBIl npenapat XpaHuaH npH 4°. AxTtuBHocTh ATPassl octaBasnach mpak-
THIECKY HEHM3MEHHOH B TedeHHe IO KPadHel Mepe ABYX MeCsleB, II0OC]e XDAHEHHS B TeUGHUE
LIeCTH MecsleB cOXPaHAMoCh 0Kono 709% HCXOLHOH aKTHBHOCTY.

Onpenenenne ATPa3Hoi axTHBHOCTH. ATPasHy0 peakutio nPOBOJUIY B YCJIGBHAX, OJH3-
KHX K Hcrnosb3yembeim Floprencenom u Cxoy [5]. K 450 mka o6pasua B 6ydepe, comepxka-
weM 30 MM tpuc-HCI, pH 7,5 (37°), 130 MM NaCl, 20 uM KCl, 4 uM MgCl; u 1| uM
SOTA (c 0,5 MM cTpodanTHaHHOM HJH Ge3 Hero), NpeaBaPHTENBHO NporpeToro npH 37° B
TeueHue 5 MHH, go6aBasfan 50 Mra 10 MM pacrBopa ATP B Tom xe 6ydepe. Peaxkuuio npo-
BogHaH B TeueHHe 10 mMuH npu 37°. KosuyectBo Geska B npoGe moAGHpasgu C TakHM pacue-
TOM, YTOOH B pe3ysbTaTe peakuuu 010 BeAeneHo 50—100 Hmoab P;. a5 ouHIleHHOTO mpe-
napara Na+,K+-ATPaser 6pand oGbiyHo §,2 MKr Genka Ha npoby. PeaklUHio OCTaHABIHBAJH
nobasnenuem 0,7 mMa 3%-Hoé XJODHOH KHcaoTh. KoauuecTso P; onpejesssn mo «XoJa0f-
HoMy» MeTony [eabcans 1 Manypu B momHdukauuu Ilanyma u ap. [6]. B xauecTBe craH-
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[1apTa HCNOJb30BaJH ONTHYECKYIO MIOTHOCTL npobul co 100 umoms KHaPO.. Has yuera
yPOBHSA CHOHTaHHOrD rHApoan3a ATP B ycioBHAX skcnepuMeHTa craBuau npoby ¢ 500 aMoub
ATP. Ilo pasHOCTH B KoJnuecTBe P;, 0cBOGOXKIeHHOro B npo6ax 6e3 HHrHOHTOpPA M C HHIH-
6utopoM (CTPOGAHTHAMH), paccuuThiBaju BeaHunHy Na+ K+-ATPasuoji akTHBHOCTH, IO pas-
HocT# B KoJuuecTBe P; B nmpobax ¢ uuruburopom u ¢ 500 uMosnp ATP — BesHUMHY HeCNELH-
dbuueckolt Mg?+-ATPasHOH aKTHBHOCTH, HCHIOJb3Ysi B KauecTBe €IHHHUB! aKTHBHOCTH
1 Mmxmoab P, ocBo6ox neHHOrO 33 | u.

Onpepnenende KOMUEHTpauuu Oeska OCYLIeCTBASJH mo MeTony Jloypu u ap. [7] mocae
ocaxJeHus Genka B 5Y%-HOH TPHXJODYKCYCHOH KucjoTe, B KauecTBe CTaHAapTa HCIOJB3O-
BaJH ObIYMH CEIBODOTOUHBIH aJbOYMHH, aMHHOKHCJIOTHBIH COCTAaB KOTOPOTO OUeHb OJH30K K
takoBoMy A1 Na+t K+-ATPasbl. KoHueHtpaunio anb0yMHHA Onpefefsii H3 3SKCTHHKIMH

Ei:/:, =6,68 mpu 279 M [8]. IloMumo npenBapHTENbHOH KaJHGPOBKY KaxKAbIf pa3 npH olpe-

JleJIeHHH KOHUEHTPAanHEH Oe/Ka CTaBHJIH KOHTPOJbHBIE mpober ¢ 25, 50, 75 u 100 MKr ajb-
6ymuHa. CpefHee KBaJpaTHUHOE CJy4YaHHOe OTKJIOHEHHE NDH ONpEJeNEeHHH - KOHIEHTDaUHH
Genxa He mpepbiano 39%. Mbl mnojiaraem, uTO MaKCHMaJbHO BO3MOXKHAS CHCTEMaTHUeCKast
olMBKa B ONpelNeJeHAH KOHUIEHTpanuu 6esnka mo Meronay JIoypH B HallleM cjaydae He Ipe-
Buimaer 109%.

AaekTpodopes GeNKOB B IpajHeHTe HOJKHAKPHAAMHAHOrO Treass ¢ IOAEUHICYIabdaToM
HaTpusi. MeTox OCHOBaH Ha Kjaccrueckoii Mertomuke [9]. O6pasen (15—200 Mkr Oesxa)
pasbasasanu 10 70 Mxn 6ydepom, conepxamwum 5 MM docdar matpus, pH 7,2 (20°), nobas-
asan 30 Mra1 10%-uoro pactBopa DS-Na, 2 My 2-MepkanTosTaHoJa ¥ HarpeBalu 4 MHH
npu 100° 3atem nob6asnsan 80 mka 60%-uoi caxaposel, 20 Mxa 0,05%-Horo 6poMdeHono-
Boro cvHero M 100 mka1 1 MM ¢docdara naTtpus, pH 7,2. 50 MxJa Takoro ofpasua HaHOCHIH
Ha INOBEPXHOCTb TeJisd, NPHIOTOBJEHHOIO cJelylomuM obpasoMm. B cMecHTeNb, COAepxKaluui
40 ma «jaerroro» pacrsopa (5% akpuaamupa, 0,135% N,N’-metunen6ucakpunamuna, 2,5%
caxapose, 0,19% DS-Na, 0,025% nepcynbbara ammonus u 0,05% N,N,N’,N’-Terpastuimeru-
JegpuamMuia B 50 MM cdocdara Hatpus, pH 7,2), ¢ moMombio TpexKaHaJbHOrO IEepHCTalb-
THYECKOTO Hacoca NOAABaJH IO OJHOMY KaHaJly <«TsKesblil» pactsop (159% akpHiaamuza,
0,405% N,N’-Merunenbucakpunamuna, 5% caxapossl, oCTaJbHble KOMIOHEHTH Te K€, 4TO
H B <«JI€TKOM» pacTBODE), O IBYM JPYTHM.KaHaJaM CMeCh IOA4Bajd CHH3Y B IUJHHJpHUE-
CKHH COCY[, 3aNOJHEHHbIH CHINKOHH3HNDOBAHHBIMH 3JEKTpObOpeTHUeCKUMH TpyOKamu (5X
x:130 mMm). Tlocne mopaau 80 ma cMecH (wepes 30 MHH noche 'ro6aBJeHH TOCASIHETO KOM-
noHeHTa) TPYOKH OKa3bIBAJHCh 3aNOJHEHHEIMH Ha BbICOTY :105 MM pacTBOPOM C JIHHEHHO
yBeJMYHBAIOLIENCsS CBEPXY BHH3 KOHLEHTpalMeH akpHiamuia u Gucakpuiamupa. st mpen-
OTBpallleHHs KOHTaKTa ¢ BO3AYXOM B COCYH C TPyOKaMH NpefBapHTeJbHO HoAaBasd 10 Ma
Boanl ¢ 0,0259% mnepcyibbara aMMoHHA. ['elb OCTaBJAJNH NMOJHMEPH30BAaTLCSI HA HOYb. Ilepen
aaekTpodopesom TPYOKH H3BJEKAJH H3 COCYJA, OYHINAJH OT HADYXKHOTO Tefist H IOMeIlaH
B npu6op 1M 3JeKTpodopesa, BEPXHHH M HHXKHHH De3epByapbl KOTOPOTO 3aNOJHSJIH Oyde-
poM, copepxamum 50 MM docodar matpus, pH 7,2 u 0,1% DS-Na. Danektpodopes nposo-
JRHJR B ClefyiomeM pexume: 1 MA Ha 1 TpYOKy reis B TedeHHe mepBbix 30 MHH B 5 MA
Ha | TPyOKy B TeueHHe NMOCAEAYIOUHX 4—>5 4, TIORKa noJjoca GpoMQpeHoN0BOrO CHHErO He H0-
cTHraia 1 ¢M OT HMXKHero Koxna TPYOKH. ['eslb OKpallHBaJH KyMacCH ODHJIIMAHTOBHIM TO-
ay6biM R-250 M mocsie oTMBIBKHM B AMGOY3HOHHOM obecuBeunBaTese C AKTHBHPOBAHHBIM
yIJeM B KauecTBe IIONJIOTHTeNs KDacKH CKaHHPOBAJIA Ha npubope ¢upmel ISCO (CIIA) npn
580 uM. TIpHMeHeHHWe rpafMeHTa NOJHAKPHIAMHAA NABAJIO BHICOKOE DA3PEILiEHHE NpPH 3JeK-
Tpotdopese MeMOPAHHHX NpENnapaToB, 4 TaKkKe BOSMOXKHOCTb CJeIHTb 32 HAaJHYHEM NPHMeC-
HEIX IOJHIENTHIOB B HIHPOKOM AHANa30He MOAEKYASPHBIX BecoB. OTHOCHTENbHOE COAep:a-
HUe KaXXJAOro IOJHIENTHAA ONpefesyy IO IVIOWALH TIOA COOTBETCTBYIOIIHM €MY IHKOM Ha
neHcutorpamme. Taxoit MeTOJ ONpefesieHHs MaCCOBOTO COOTHOLIEHHS CYGbeNUHHI B mperna-
patax Na+ K+-ATPasns sipisiercss OOUICIPHHSTHIM, XOTSI H3BECTHO, YTO IVIHKONPOTEHHBI (Ka-
KOBbIM SIBJISeTCS Majasd cy§befuHALlA) 9acTO OKPALIMBAIOTCS MEHEE MHTEHCHBHO, YeM OOHY-
ubie Geakd. ONHAKO, KaK rokasaHo B jgabopatopun Xoxuna [10, 11], npw onpenenenau ko-
JHYecTBa GeJKa 1o JIo pH mosydaercs TaKoe e COOTHOIIeHHe CyObelKHHL, KaK K NPH OKpa-
IIHBaHHK GeJKOB HCIO b3yeMbiM B Hauleli JaGOPATOPHH KpacHTeJeM.

Tonyuenue nucpa<pacHpix cekTpoB MeMGpanocessaunoit Na+ K+-ATPasm B pacTsope
TsKeqnoH Boxb. Mubp KpacHbie CHEKTPE PEPMEHTHOTO KOMIUIEKCa PETHCTPHPOBAJIH Ha CIIEK-
tpodoromerpe Ilepkur. -— dasmep 180. B HacTosiuee BpeMsl KOJHYECTBEHHBIH AHAJIH3 BTO-
PHYHON CTPYKTYpbl 6cKos no HH(PAKPACHBIM CHEKTPAM BO3MOXEH TOMBKO B DacTBOpax
Tsaxenofl soabl D.O. Meroguka HOAYUEHHT KOJTHYECTBEHHBIX HHPPAKPACHBIX CHEKTPOB IOJH-
NeNTHAOB B TSIKESO) BOje OMHEAHA B paborax [12, 13]. Has monyyeHust cBO6OJHOTO OT
JIETKO# BOAB NENTHAHOro IOMMIOUIEHHS B 061acTH TIOJIOCH BaJeHTHHX KoJebaruii NH-men-
3 SKCIEPHMEHTAJbHOTO CHEKTPA BLIUHTAJH NOJIOCY NPKMECHOH H30TOMHOIN
330M, UTOOBI B obamacta 3500—3700 cM~l ee noromeHHe CTAJO
oM HCXORHYIO cycreHsHio mpenapata Na+ K+-ATPasum (6 wmr
Geska) ocaxiany B LeHTpHOYre IPH 100 000 g B TeyeHHe | 4, 0CajOK CYCNEHNHPOBAJTH B
0,3 M1 Gydepa, coaepKallero 25 MM Ttpuc-HCIl, pH- 7,5, 100 MM I\jaCl, 2 MM MgCl,,
2'MM ATP u 1 MM va6au. ITONY4eHHYIO CYCIeH3HIO C KOHLEHTpaunel Genxka 2% HHKyOH-
popanu 30 MuH mpm-37°, 3 9THX YCJIOBHAX :0'6-0pa3gye'fc;1 womnneke Na+ K+-ATPasu ¢ yaban-.
Hom. IlepeBoi 06pasia #3 PacTBOPA B JIETKOH BOLE B TSKEJYI0 BOLY OCYIIECTBAMIN Ha KO-
ngouge (4X10 MM) c cedanexcom G-25 {fine), YpaBHOBeUIeHHOH B Gydepe TOro xe cocTana
HA OCHOBE TIMKeJoH BOAbL DJIIOLHIO TPoBOAMAK IPKE® TION AaBreHnem okosno 1 amM, cosza-
BaeMbIM IIEPHCTANbTHUECKEIM HaACOCOM: KonueHTpauus 6eska 1ocje BHIXORA H3 KOJOHKH CO-
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crasiana 1,6%. Hamepenus 6bly npoBefieHsl Takxke Npd xouuentpaunu 0,6%. Hemosbso-
BaMM TepMOCTATHPOBAHHEE KioBeTH Tounod 120 mMxM. ITpouenxypa oT Hauajaa KOHTaKTa
feaka ¢ TAKeNOH BOLOH 0O HaYaJa H3MEPeHH 3aHHMasNa 0Koa0 10 MuH.

Marepuaan. B paGoTe HCIO/Ib30BaHbI cleaylomune peaktHBe: ATP (puHaTpHesast coJb)
u peaktHB Ponuna — pupMer «Merck» (DPPI), pogeunsncynnpar HaTpHs, 2-MEPKANTOITAHOI,
6pOMPEHONOBHIH CHHHA H KYMAQCH OpHIMHAHTOBHIH rosry6oit R-250 — «Serva» (OPT), 6bluni
CHIBOPOTOUHBIH a/bbyMmHH — «Koch-Light Laboratories» (Anrnna), yabaun — «British Drug
Houses» (Auraus), axpunamug, N,N’-merunertucakpunamug, N,N,N’,N’-reTpastuiMeruieH-
JHaMHuH, nepcyabdar amMmonus u DJTA (aunartpuesas coss) — «Reanal» (Benrpus), tpu-
XJOpYKCYcHas Kucjaora — «Xenon» ([Tosblma). B 3KCIepHMEHTax 10 HHPPAKPaCHOH CHeKT-
DPOCKONHH HCIMOJB30BaNH TAXKEAYI0 BOLY OTEUEeCTBEHHOrO0 NPOH3BOACTBA C COJAEDIKAHHEM
D20 ne menee 99,8%. Hogeuusncynbdar HATpHsl, WCHONB3yeMBIE A% ouncTkH Nat K+-
ATPas3bl, 6Bl ABaXKAbl NEPEKPUCTANH30BAH H3 3TAaHOJA [0 HCUE3HOBEHHR I[OIVIOLIEHHS B
6mmkHeH yapTpaldHOIeTOBOA 06MacTH CNeKTpd, TPUC({IHADOKCHMETHNI)AMHHOMETaH, OTede-
CTBEHHOI'0 NDOH3BOJACTBA, NMEPEKPHUCTAJIH30BAH ABaXKAb — M3 BOABI M 3TaHosa. [Ipemapar
cTpodaHTHAHHA Obln sMi06e3no mpepocraBiaeH Ham npod. H. K. A6y6axuposnim (HMEeTHTYT
XHMHH pactuTeabHelX BemlecTB AH Y3CCP, Tawmkent). OcTajbHble DEaKTHBB OBIIH OTeye-
CTBEHHOI'O MPOU3BOJCTBA, KBAJHQHUKAUMH OC. 4. HJH X. U

PE3YJIbTATbl U HX OBCY)XIEHHE

AxtuBrocTs Nat, K*-ATPa3wl B MHKpPOCOMHOA (pakiuH, IoJyuaeMoH
Ha mepBOH CTAaJMH OYHCTKH (pepMeHTa, cocTaBJjsaa npubausuressHo 30 en.
Ha | Mr Oeska, a Hecrmeuudbuueckon Mg*t-ATPaswe — okomo 20 en. Ilocae
- 00paboTku poieuusacysnbdbarom HaTpusi akTHBHOCTh Na*, K*-ATPaswl yae-
auyuBanack 1o 170—190 ex. Ha 1 Mmr 6enka, B TO BPEMA KaK BeJHUHHA
Mg**-ATPasbl ocraBasach IpakTHueckd 0Oe3 uaMmeneHH#d. OTcroma, YUHTHI-
Bas AaKTHBHOCTb KOHEUHOr'0 INpelapara, MOXKHO 3aKJ/JIIUHTb, YTO COMAEpIKa-
Hue Na*, K*-ATPasel B mpemapaTe MHKPOCOM H3 MOYEK CBHHBH COCTaBJSET
okogo 10% ot Bcero mukpocomHoro 6enxa. KoHeynwlfl mpenapat umesa cJje-
AyIOllHe xapakTepHCTHKH: akTuBHOCT, Na't, K*-ATPaswm cocraBasiia
1600—1900 MxMousb ocBoGOxaeHHoro P; Ha 1 mr 6esxka B 1 4, Hecmenudu-
yeckas Mg*t-ATPasa mnpakTHYECKH OTCYTCTBOBaJa, COAep:KaHHe Oenka
Na*, K*-ATPasu ot obuero 6esnxa npenapara cocrasiasio 96—98% (B pac-
yeTe Ha ABe cyObenuuuubl — 50000 u 100 000 manbToH), MaccoBoe OTHOIIIE-
HHe GOJNBbHIMX CYOBbeIHHHI K MaJbM — NpubausutejasHo 4:1* (puc. 1).
BhrIX0ox Takoro npemnapaTa Ha OLZHO LEHTPH(GYTHPOBaHHe B 30HAJbHOM POTO-
pe cocrasasa 12-—15 mr 6esnka, uau okoJso 50% oT TeopeTHyecku oxKuIae-
moro. Kak BHAHO H3 3JEKTPOHHO-MHKpPOCKONMUecKod Qororpaduu, Jjaobes-
Ho usrotoBseHHoi b. JI. AssaxseppoBsim u B. M. [TomoBbim B MHcTHTyTE
6uocdpusuku AH CCCP, npenapar npeacraJ/sier cO60H CMeCh BE3HKYJa H
bparmeHTOB MeMOpan pa3mepoM B cpeaHeM okoso 0,3 MKM, C BKJIOUEHHBI-
MH B HUX G€JKOBBIMH uaCTHUAMH Auamerpom okoJo 100 A (puc. 2). AkTus-
HOCTb KOHeuHoro npenapata Na*, K*-ATPasm MoxkHO mnogHATh Ha 10—
15%, ecuan mepen ompejneseHHeM axkTHBHOCTH ofpasen ofpaboraTh OeTep-
TeHTOM — JpoJenuicynbdarom Hatpus uau tputoHoM X-100. ITo-Buammomy,
5TO CBSI3aHO C pa3pylleHHEM Be3UKYJ (cM. [3]).

HubppaxkpacHblii cmektp JunupgHoro kommsmekca Nat ,K+-ATPaswsl B
TsXKeJOH BoAe ObI MOJydYeH TpH 5° depe3 15 MHUH mocje KOHTakra ¢ Oyde-
pOM Ha ocHoOBe TsxeJso# Boabl (puc. 3). elitepocOMeH ¢ BEICOKHMH CKODO-
CTAMH NPOXOAUT NPAKTHYECKH BO BCeX GOKOBBIX IpyNIax. a TAKXe B HEKO-
TODOH 4YaCcTH HMENTHAHBIX IPynm 0eJka B 06/acTAX JEerko# AOCTYNHOCTH /s
Mousekysn D,O. B cmekrpe BHIHBI CHJbHBIE NOJIOCH GeJKa: mojoca aMua A
okosio 3290 cm~!, mosoca amun I ¢ makcumymom okosio 1651 et w amun 11
¢ MakcumMyMmoM okoJgo 1551 cm~' Xopouro BHAHBI Takke TOJOCH JIHIHAOB:
KapOOHHJ/bHAS T0JI0CA ¢ MAKCHMyMOM OKoJIO 1733 ¢M™! H CHJIbHEIE ITOJIOCHI
CH,-rpynn oxosio 2854 u 2922 cm~! (Bksan 6esKOBBIX IPYNN B 3TOH obJa-
cTH cocTaBJjsieT He Oodsee 109% or obmeli uurtencuBHoetd). [lo OTHOIIEHHO

* Bosmoxnas own6ka B ONpefeNeHHH OTHOCHTENLHOINO COpep)KaHHs cyObedHHHL, B Ipe-
aapate Na+t, K+-ATPa3w He MOXeT CYIIECTBEHHO NOBJHATh HAa pe3yJbTaT aHAJu3a BTOPHY-
.HOH cTPYKTypn Oeska BC/IENCTBHE CXOACTBA AMHHOKHCJIOTHOrO cOCTaBa o0eux cyObemH-
Huu [17].
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Puc. 1. Daexrpodoperndeckuil KOHTPOAb 4HCTOTH npenapara Nat,K+-ATPaswl us3
[OYeK CBHHBH

a — aneKkTpoopes MHKPOCOMEOH (ppakuHH, Harpy3ka — 40 Mxr o6pasua Ha CTOJ-
6ux rensi, 6 — saexTpodopes woHeunoro npenaparta Na+, K+-ATPasnl, narpyska —
8 MKr o6pasua Ha CTONOHK reJfs, 8 — CKaHHpOBaHHe reas (6) npu 580 um

HHTerpaJbHBEIX HHTEHCHBHOCTEH OeJKOBOH M JIHOHAHBIX IOJOC 0K0JO 1651
u 1733 cm~! 6b1a caenaHa OLEHKa OTHOWIEHHS Oenka ¥ JununoB, oJu
5THX KOMIIOHEHTOB B KOMIIJIEKCE MO BECy NPUOIH3UTESbHO OAHHAKOBHL.

[Tonoca amun A (NH-BaJjenTHoe KoJeOaHHE) Tak Ke, KaK H I[0J0Ca
amun Il (NH-zebopmannonHoe KosebaHHe), OTHOCATCA K KosaebaHHSAM He-
nefiTepHpoBaHHLIX MenTUAHBIX rpynn. Ilosoca amua A mposBasercs B Buie
Y3KOfl MOJIOCH ¢ MOJYMIHPHHOH 0KOJo 88 CM~™!, UTO XapaKTEePHO TOJbKO JIS
PETyJSPHBIX HOoJMmenTHAHbIX CTPYKTYp [14]. Ha sTOoM ocHOBanuu wmmbr 6y-
JeM ToJarath, 4To cIekTp B 06JacTh moJsoc aMua A u amux I B ocHOBHOM
OTHOCHTCSl K pery/sipHoii yact Oenka. Murerpajbpnags MHTEHCHBHOCTBL I0-
Jochl aMua A 6yzer XapakTepH30BaTh JOJIIO PErYJNSADHOH 4acTH CTPYKTYpPbL
TTonb3ysch 3HayeHneM 3ToH HHTEHCHBHOCTH nis 100% perynspHoii dopwmbi,
paBHOI 4,5-10* a-Moab~'-cM~* [19], MBI OLlEHHBAEM KOJHYECTBO PeEryJsipHOH
dopmbl B 6enke paBHbiM 45%. CneKqu, MoJyueHHbI TpH 5° yepes 15 mun
moc/le KOHTaKTa 06pasua C TsKeJIOH BOLOH, MPAKTHYECKH He MEHSETCs B
Teyerne 1 u. [Tocsienyiomas BelIepxkKa mpyu 20° B TeueHue 2 4 IPUBOAHUT K
JONOJHATENLHOMY JeiiTepo3aMenienuio okono 8% mentuanbix rpymm. ITpwu
5TOM NOJYLIHPHUHA HOJOCH YMEHBIIACTCA 10 78 cmTL.

Haun6osee uyBCTBHTENBbHOH K BToquHoﬁ CTPYKType 4BJseTCS IoJoca
amun I, pacnosoxennas B obnactd 1650 em~". Ee MEI M HCIIO/B30BANH A/A
OLEHKH BTOPHYHOH CTPYKTYpBl. MBI MPOBENH BbIYUTAHHE MOTJOLICHHS GOKO-
BEIX TPYII aMHHOKHCJOTHBIX OCTaTKOB coryacHo patore [16]. Amunoxuc-
JOTHBIE cocTas nasd Nat, K*-ATPasel U3 moyek CBHHbH HEHU3BECTeH, I03TO-
My MBI HCIOJb30BAJH NaHHBIE AJ 3TOrO b6esqka U3 nouyek cobaxky [17], oc-
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Puc. 2. Onextponnas muxpodororpadus npenapara Nat, K+-ATPasbl H3 nodek CBHHbH
Kpyrosoe oTrenexue ckosa o6pasiua, 3amopoxkenuoro B 30%-HoM rauuepuse

HOBBIBASICH HAa TOM, UTO pPa3/H4YUA B aMHHOKHCJIOTHOM COCTaB€ B 3TOM CJV-
yae He3HAUYUTEJbHBl gake JJs 3BOJJIONUOHHO OTAaJeHHBIX BUAOB [18]. Tou-
Hble JlaHHBIE TI0 COJAEDIXKAHHIO aMHAHBIX OCTATKOB TaKXKe OTCYTCTBYIOT, IO-
5TOMY MBI NPHHAJIM YUCJIO OCTATKOB IJIyTAMHHA M acnapariHa PaBHBIM UMC-
JIy OCTATKOB COOTBETCTBYIOILHUX AHKAPOOHOBBIX KHCJOT.

Koutyp nmosocel amua [ BKadaeT B ceOs HE3aMEUWEHHYIO PeryJspHYIO
YacTh U JAeHTEPHPOBAHHYIO YaCTh HEymopsjgoueHHOH d¢opmbl. IlapameTpsl
nmocJeHef OblJIM B3ATHl HAMU OJH3KHUMH K TAKOBBIM JAJ5 HE€HATYDUDPOBAHHO-
ro TENJOM JIM30UHMMa M3 KYPHHBIX AHL {19], rHCTOHOB B pacTBOpax ¢ HHU3KOH
HOHHOH cuioft {20], a Takxke CNenHaJbHO H3MEDEHHOTO HAaMH ois-Ka3eHHa
¥3 KODOBbEro MoJioKa. Bo Bcex ciyuasx 3TH O€JKH B pacTBope TXKeJIOH
BOAbl UMEJH KOHTYD INOJOCH aMua | B BHAe UIMDOKOH MOJOCHl ¢ OJH3KHMH
napamerpamMu. CpelHHH KOHTYp HEYNOpAAOUeHHOH (QOpMBI HMes UYacCTOTY
makcuMmyma 1647 cm~', moaywupuHy 50 cM™' M HHTErpa/bHyr HHTEHCHB-
HOCTb 3,8 s1-Mosb~"-cM 2,

B pesysbTaTe BhIYMTAHHA HEYNOPALOUEHHOH 4aCTH M3 aMHAHOTO IOIJIO-
IIeHUs B 06JACTH MOJOCH aMHA [ MBI MONYUHIH HE3AMEUIEHHYI0 4acTh 3TOH
MOJIOCH, OTHOCAUIEACH K peryJispHbIM ydyacTkam Oeaka (puc. 4). ITOT
CIIeKTD sBJsIeTCA BecbMa XapakKTepHbIM. M3 cymMMapHoOro KOHTypa [AO0BOJB-
HO JIEFKO MOXKHO BBIJEJHTb KOMIIOHEHT C 4acTOoTOH 1656 cMm~!' ¥ moJylIHpH-
HOi 21 cM™, OTHOCALeACS K o-CIUDPAJNBHOH cTpyKType. Comepikanue a-CIH-
pajefi, ONpefeseHHOe [0 HHTErpajbHOH HHTEHCHBHOCTH 5Toil mosockl [13]
coctasasger 20%. Y3kas mosyulMpuHa o-CIHPAJbHOIO KOMIOHeHTa CBHAE
TEJIbCTBYET O BBICOKOH CTEMNeHH YIODSAOUEHHOCTH 3TOH CTPYKTypHL. Hza
KoMroHeHTa npH 1632 u 1675 cM~' MOYXKHO OTHECTH K aHTHmapaJJelbHOH
B-dopme [20]. Ee comep:kaHHe, OLEHEHHOE N0 HHTEIpaJjbHOI HHTeHCHBHOCTH
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[12], cocraBaser oxkomo 25%. Dra cTpyKTypa O6osee nehOpMHPOBAHA, UYeM
-CIIHPaJb, TIOCKOJbKY €€ KOMIIOHEHTH HMEIOT OOJbIlHe [OJYIIHPHHBL
Pacuiensenne KOMIIOHEHT, paBHoe 43 CM™!, COOTBETCTBYET UHCJy LeNed B
CKJIaJ4aTOM CJICe, DABHOMY TPeM MM ueThipem (21].

HaunGonpmas norpemnocTs ananuza MoKer BO3HHKHYTb H3-32 HETOYHO-
CTH B ONPENEICHHN KOHUEHTPAUMH GesKa 10 METOAY JIOypH, KOTOPYIO MBI
npunuMaeM paBHOH 10%. B stom cayuae kommuecTBO PEryaspHBIX CTPYK-
TYp ooueHHBaeTCﬂ C TaKO# K€ NOTPelIHOCTbIO, H OHO CTaHET PaBHBIM 45+
+4,5%. K 3ToMy, KOHEUHo, ciefyeT L06aBHTD MOTPENTHOCTb CAMOI'0 MeTONa
H3MEPEHHS MHTErpaJbHhIX HHTEHCHBHOCTEH H BBIIEJEHHsI COOTBETCTBYIOLIHMX
KOHTYPOB, KOTODYIO Mbl OLeHHBaeM paBHOH 5—7%. B pesyabrare obuiee
KOJIHYECTBO PEryJNSPHBIX CTPYKTYP MOXKHO OLEHHTHL Kak 45+ 89,

y, /1?117/
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Puc. 3. MudpaxpacHulfi crekTp 9acTHYHO AedTepuposaHHoro mpemaparta Na+t, K+-ATPasu us
IIOYeK CBHHBH B BHJE CYCIIEH3HH B THKEJIOH BOAe

25 MM Tpuc-DCl, pD 7,5, 100 MM NaCl, 2 MM MgCly, 2 MM ATP u 1 MM yabauna. CrexTp
moJiydeH depes 15 MHH IOCAe NepeBOAd lpemapata B TSXKeNylo BOAY IpH 5°

Puc. 4. AHanus WHGDAKpaCHOro CIEKTpa YaCTHIHO AedTepHpOBaHHOrO mpemaparta Nat, K+-
ATPa3sn u3 nouek cBuubH (A) M rpaduueckuit aHaJH3 KOHTYpa IOJOCH aMHA I, oTHOCSIHA-
Csl K HesaMelleHHOH PeryJsispHofl gacTH 6eJxoBoro KommoHenTta (5)

@ — 5KCIIEpHMEHTANBHEA KOHTYD, 6 — MeNnTHAHOE IOIJIOLIeHHe, 8 — HeylopsaaodeHHas popma
(55%), R — BEIYMCJEHHBI! BKJAAL B NMOrJOLIEHHEe GOKOBHIX TPYNN aMHHOKHCJOTHBIX OCTaTKOB

Heo6xonuMo OTMETHTb, 4TO B 3TOH paboTe npeiAcTaBJeHbl NaHHBIE O
cTpykrype Na*, K*-ATPasrel, naxonsmefics B KOMIIEKCe € CEPACTHBIM
raukosuaoM. OfHaKo HaMM GBUIO YCTAHOBJEHO, YTO KAaK (OPMa OCHOBHBIX
AMHUIHBIX [I0JIOC, TaK H KHHETHKA AefTepoobMeHa OCTAIOTCS NOYTH HEHSMEH-
HBIMH, HE3aBHCHMO OT TOTO, HaXOHZUTCH JH (EepMEHT B KOMILJIEKCE C KAKHM-
JHGO JHraHAOM miu HeT. Mccielopanue BTOPHUHOM CTPYKTYPHl O€n0K — JIH-
NUAHOTO KOMIJIekca ATPasnl 110ka3ajo, 4To OKOJO 59% BCeX MenTHIHBIX
aTOMOB BOAOpOAa O6MenyBaloTcsi mpu pD 7,5 H 5° B Teuenue 15 MHH, UTO
CBHETENLCTBYET O OOJBHIHX CKODOCTAX OOMEHa H (axTHIECKH OTpaxKaer
GOJIBIIYIO CTeNeHb JAOCTYIHOCTH 3HAYHTEJbHON 4aCTH 6eJIKOBOH CTPYKTYPHI
IS MOJIEKYJl BOALL. Bomgoponubiii oOMeH B OCTaJbHOH (pery/sipHolt) YacTH
MOJIEKYJIBl 3aTpyAHEeH. IJo-BHAHMOMY, Pery/spHEe CTPYKTYphl JOKaIH30Ba-
HEL B TUIpOQOGHOM siipe 6esOK-JTHIHIHOTO KOMIIEKCA.

ABTOpH BBIpaKaT 6/1arofapHOCTb aKALEMHKY A. C-CCU[P{IPIX{Y 3a 06-
CYy2XKJ€EeHHe De3yanLTaToB H LeHHble 3aMeyanusd, a TaK}Ke. . . AraJgapoBy
33 TIOMOWIb B GHOXWMEueckol gacTH paboTH 1 O. B. ®enoposy 3a 06Cyx-
JleHHe OIleHKH NTOTpelUHOCTH pe3yabTaToB CIIEKTPaJbHbIX H3MECDCHHU.
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ISOLATION AND STRUCTURAL PROPERTIES OF MEMBRANE-BOUND
Na+,K+-ADENOSINE TRIPHOSPHATASE FROM PIG XIDNEY

A. B. CHETVERIN; E. V. BRAZHNIKOV and Yu. N. CHIRGADZE

Institute of Protein Research, USSR Academy of Sciences, Pushchino

A technique for isolation of large amounts of homogeneous Na*, K*-
ATPase lipid-protein complex from pig kindney has been developed. The
purity of the preparation as determined by the protein eomponent is 96—
989%, the large to small subparticle ratio being 4 :*1. The protein and lipid
parts of the preparation have approximately the same mass. The enzyme
activity is 1600—1900 mcmoles of inorganic phosphate released per mg of
protein per hour. The protein secondary structure in a heavy water soluti-
on has been studied by infrared spectroscopy in the region of the main ami-
de bands. It has been shown that about 209% of the peptide groups form
highly. ordered «-helical regions and about 25% are found in the pleated
sheet structure with an antiparallel packing of the chains. The regions
with a regular structure are mainly located in the protein component regions,
inaccessible for water and are presumably involved in the formation of the
hydrophobic core of the molecule. The major part of the protein structure
(~55%) is non-ordered and is easily accessible for water molecules.
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