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O6ll(Afl XAP AKTEPHCTHKA P AEOTbI 

AKTVanbHOCTb TCMbl COJ,ua11ue npocrpaHCTBeHHOH MO,UCJIH pn6ocOMhl BhlCOKOro 

pa3pemennll 11 a,ueKBaTnoe crpyKrypnoe onncanne MeXaHHJMa 6uocHHTeJa 6enKa 

HeB03MO)KHbl 6e3 qeTKOro pa3rpaHH'IeHHll PHK-oro H 6eJJKOBOro KOMnoHeHTOB B crpyKrype 

pn6oCOMbl. Tiocne.unne ,UOCTl!)KeHHll B KpHOJJJeKrpOHHOH MHKpOCKOnHH 1103BOJIHJIH 

BOCCTaHOBHTb H306p=eHHe 70S pu6ocOMbl E.coli. c pa3pemeHHeM 20-30A. O,uHaKO JTOT 

MeTO,!l ne no,UXO,UHT .!lJlll no,uo6noro pa3rpaHH'IeHHll, noCKOJlbKY JJJeKrpOHHbie nnoTHOCTH 

PHKoro H 6eJJKOBOro KOMIIOHeHT Mano pa3JJH'IalOTCll. O.UHHM HJ B03MO)KllbIX rryTeii 

nonyqenHll crpyKT)'pbl pn6ocoM c BbICOKHM pa3pemenHeM l!BJllleTCll pacmH¢poBKa 

.un¢paKQHOHHbIX KapTHH KpHCTanJJOB pu6ocoM, 'ITO .uo CHX nop He C,UeJJaHO H3-3a 

OTCYTCTBHll anropHTMa pemeHHll 4'aJOBOH npo6neMbl .!lJlll TaKOro Kpynnoro KOMnneKca. 

O.UHHM HJ neo6xo,u11MhlX ycnOBHH pemeH!Ill 4'aJOBOH rrpo6neMbl no nameMy MHeHHIO 

l!BnlleTCll nan11q11e Ha,!le)KHbIX crpyKT)'pHbIX Mo,ueneli pn60COMbl II ee PHK. 3m MO,uenH 

MOryT 61,rrb 11onyqe111,1 C nOMOinblO ManoyrnoBoro paccel!HHll nelirpOHOB C HCnOJib30BaHIIeM 

MeTo,ua BapHaQHH KOHrpacTa. He,uaBHO 6bIJI npe,!lJIOlKeH npl!MOH MeTO,!l IIIITepnpeTaIIHH 

Kp!IBbIX ManoyrnoBoro paccel!H!Ill C nOMOinblO c¢epH'leCKHX rapMOHHK. OcHOBHOe 

,UOCTOHHCTBO JToro no.uxo.ua COCTOIIT B B03MO)KHOCTH IlpllMoii BHJyanH3aIIHH noJIO)KeHHll 

PHK B prr6ocoMHbIX qacTHQax 6e3 HCIIOJlb30BaH!Ill arrpHOpHoii IIHq>OpMaIIIIH. 3Ta HOBall 

BOJMO)KHOCTb ManoyrnoBoro paccel!HHll y)Ke cero,unll MO)KeT o6ecrre'IIITb npocrpattcTBeHHOe 

pa3pernenHe, ,UOCTaTO'IHOe .!lJlll nocrpoeHHll na,ue)KHbIX 4'HJH'IeCKHX MO,ueneii 6oJibllIHX 

6nonor11qecKHX MaKpOMOJieKYJll!PHbIX aHCaM6neii, I< KOTOpoii OTHOCIITCll p116oc0Ma. ,ll;o 

ne,UaBHero BpeMeHH JTH MO,!leJIII B OCHOBHOM crpOIIJIIICb ,!lJlll E.coli. O,UHaKO 3a nocJie,!lHee 

BpeMl! HaH60JibllIHH IIHTepec npol!BJllleTCll K IICCJl~,UOBaHHl!M crpyKT)'pbl ,upyroii 6aKTepIIH 

Thermus thermophilus. 3ToT HHTepec BbIJBaH .UBYMll 06cTOllTen1,cTBaMH: Bo-nepBbIX 

p1160COMHhle qacTHQbl HJ JTOH 6aKTepHH 6onee JierKO KpHCTaJIJIH3YIOTCll II B0-BTOpbIX 

crpyKrypa MHOrHX pn6ocoMHbIX 6eJIKOB 113 JTOii 6aKTepHH y)Ke cerO,UHll H3BCCTHa B aTOMHOM 

pa3pernenn11. 3TO ,uenaer Ja,uaqy nocrpoeHHll crpyKrypHoii Mo,uenH pn6ocoM Thermus 
thermophilus Bec1,Ma aKT)'aJJbHOii. TaKall Mo,uen1, B ne,uaneKoM 6y.uymeM MO)KeT cny=1, 

OCHOBOH ,!lJlll JIOKaJJH3aIIHII OT,UeJJbHbIX 6eJIKOB. 

Hay'IHall HOBHJHa BnepBbie nonyqena crpyKT)'pHall MO,UeJib 30S cy6qacTIIQbl 

p116ocoM Thermus thermophilus II ee PHK c npocrpaHCTBennhlM pa3pernenHeM 35 A no 

,!laHHbIM ManoyrnoBoro paccel!HHll HeiirpoHOB MeTO,UOM c¢ep11qeCKHX rapMOHHK. 

TipH cpaBHeHHII nonyqennoii MO,UeJIII C aHaJJOrH'IHOH MO,UeJibIO ,!lJlll E.coli IIOKaJaHO, 'ITO 

KOHT)'pbl PHKoro KOMIIOHenTa IIOJIHOCTbIO COBna,ualOT B o6eux cyfiqacmuax, Tor.ua KaK 

KOHT)'pbl 6enKOBoro KOMnonenTa HeCKOJibKO OTJIH'IalOTCll. 

B paMKax MYPH BnepBbie npe.!lJIO)KeH npocToii Mero.u orrpe,uenenHll ,uonH BKnlO'IeHHll 

,ueiiTepHll B He06MeHIIBaeMbie noJHQHH PHKoro II 6eJIKOBOro KOMnOHeHTOB B p116oc0Me. 

MeTO,!l HMeeT cpaBHHMYIO c MeTO,UOM .51MP TO'IHOCTb (:::, 2%), O,UHaKO B OTJIH'IJie OT 

nocne,!lHero ne rpe6yer pa3,uenemrn .UBYX KOMnOHeHTHOH 'IaCTHQhl Ha OT,UeJJbHbie 

COCTaBJll!IOIQHe. 

Mero,uoM 6HOCHHTeTH'IeCKOro .ueiiTepHpOBaHHll nonyqenbl ,nBa Tllnhl 30S cy6'!aCTIIQa 

pH6ocoM Thermus thermophilus, Il.!leHTH'IHbIX no crpyKrype, no c cymecTBenHo pa3HbIM 

BKna,!lOM B paccellHIIe OT PHKoro 11 6eJIKOBOfO KOMnOHeHTa. 

Hay'IHall JHa'IHMOCTb pa60Tu1 Tipe,!llIO)Kena crpyKT)'pa 30S cy6'!acmua pu6ocoM 

Thermus thermophilus c npocrpattcTBenni,IM pa3pemenHeM 35A na ocnoBe .UaHHbIX 

ManoyrnoBoro paccellHHll neiirpoHOB. 3Ta crpyKT)'pHall MO.UeJib MO)KeT HCIIOJlb30BaTbCll B 

6y.uyIQeM .!lJlll yBenH'!eHHll npocrpaHCTBennoro pa3pernennll na OCHOBaHHH ,!laHHbIX 
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peHTreHOBCKOll .umfipaKUHH OT,neJII,HbIX :meMeHTOB, COCTaJlmIIOmnx ::noii qaCTHUhl, 
naITpnMep, pn6ocoMHhIX 6eJIKoB. 

AITpo6aunH pa6oThI n ITy6nnKaunn MaTepnanM mIccepT~nn ,n0Kna,nhrnannc1, Ha 
Me)KJzynapo,nHoii KoHqiepenunn "1st European Conference on Neutron Scattering" 
(Interlaken, Switzerland, 8-ll OKT. 1996); "7th Berlin Neutron Scattering Centre user's 
meeting" (Berlin, 8-10 noH6pH, 1996); Me)K,eyHapo,nHoii IHKone "HERCULES-97 (Higher 
European Research Course for User of Large Experimental Systems), Neutron and 
Synchrotron Radiation for Biomolecular Structure and Dynamics" (Grenoble, France, 16 qieB.-
27 Maprn, 1997); "IV International School on Neutron Scattering around SINQ" (Zuoz, 
Switzerland, 18-24 aBr., 1996); "I KoHqiepeHunn MOJIO.UMX yqeHbIX O11JII1"()zy6Ha, Maprn 
1997), "II Konqiepenunn MOJIO.Ub!X yqeHblX O11JII1"()zy6Ha, Maprn 1998) n OITy6JIIlKOBaHI,J B 
6pa6ornx. 

Uen1, n 3anaqn nccne110BaHHH U:enh nacToHmeii .uncceprnu110HHOii pa6oTM cocTOHT B 
TOM, qm61,1 ITOCTpOHTh CTpYKTyPHYIO Mo,nen1, 30S cyfiqacrnuM pn6ocoM Thermus 
thermophilus C MaKCHManbHO B03MO)KJII,IM ITpOCTpaIICTBeHHbIM pmpeIHeHHeM ITO ,naHHblM 
ManoyrnoBoro pacceHHHH neiiTpOHOB c ITOMom1,10 MeTo,na cqiepnqecKnx rapMOHHK. Pa6oTa 
BKJIIOqaeT peIHenne cne,nyIOlllHX KOHKpeTHblX 3a,naq: 
pmpa60TKy MeTo,na OITpe.ueneHHH .UOJIH BKnIOqeHHH .ueiiTepnH B pa3Jil!qHI,Je KOMITOHeHTbl 
pn6oCOMbl MeTO.UOM ManoyrJIOBOro pacceHIIHH HeiiTpOHOB; 
ITonyqenne pn6ocoMHhlX qacTHU c pa3HI,JM BKn10qenneM .ueiiTepnH B pmnnqHbie 
KOMITOHeHThl pn60COMbl MeTO.UOM 6noCHHTeTHqecKoro .ueiiTepnpoBaHHH; 
na6op 3KCITepnMeHTanbllb!X KpHBbIX ManoyrnoBoro pacceHHHH HeiiTpOHOB MH 30S 
cyfiqacrnu1,1 pmHoii CTeITeHn .ueiiTepnpoBaHHH; 
HHTepITpeT~HIO .UaHHbIX ManoyrnoBoro pacceHHIIH neiiTpOHOB qacTHUaMH Il HOCTpOeHne 
CTpYKTYpHoii Mo,nen11 30S cy6qacrnu1,1. 

CmyKrypa nnccepTaunn .l(nccepT~HH H3JIO)KeHa Ha I 07 cTpaHnuax, BKn10qaeT 26 
pncyHKOB, 6 Ta6nnu Il 63 ypruiH_eHHH; COCTOHT Il3 BBe,neHHH, ofoopa Jil!Tepazypbl, OITHCaHHH 
MaTepnanOB Il MeTO.UOB HCCJie.UOBaHHH, Il3JIO)KeHHH pe3yJihTaTOB Il HX o6cy)K.Z{eHHH Il 
BbIBO.UOB. B ofoope JIHTepazyphl ITpe,nCTruineHM o6mne ITpHHUHITM ManoyrnoBoro pacceHHHH 
HeiiTpOHOB, MeTO.Ubl Bapnaun11 KOHTpaCTa, MeTO.Z{I,J HHTepITpeT~Illl KPHBbIX ManoyrJIOBOro 
pacceHHHH HeHTpOHOB ){JUI HCCJie,noBaHHH CTpYKTYPM p1160COMbl, HeKOTOpMe pe3yJibTaTbl 
qi113HKo - xnM11qecK11x nccne,noBmmfi C1JJYKTYPM pn6ocoMnofi cyfiqacTHUhI 30S n 
ITOCTaHOBKa 3a,naqn .unccepT~HOHHOH pa60Tbl. B rnruie "MaTep11an1,1 Il MeTO.UbI" OITHCaHbl 
ITpoue.nypa Bb1pam11BaH11H 6aKTep11fi E.coli n Thermus thermophilus n BhI,neneHHH pn6ocoM n 
!IX cyfiqaCTHU, ycTaHOBKII, r.ue ITpOBO.UHJIJ!Cb 3KCITep11MeHTbl ITO ManoyrnoBOMy pacceHHHIO 
HeHTpOHOB, MeTO.UHKH 113MepeHHH Kpi!Bb!X ManoyrnoBoro pacceHHJIH HeHTpOHOB JI 
peHTreHOBCKIIX nyqeii Il MeTO.Z{I,I HHTepITpernun11 3THX KpHBb!X. ITocne,nHHH qacTb 
.nnccepT~l!Il ITOCBHmena pe3yJibTaTaM pa60TI,J ITO OITpe.ueneHl!IO .UOJIH BKJIIOqeHl!H .uefiTepi!H 
B pa3JIH'IHbie KOMITOHeHTI,J pn6oCOMI,J ITPII ee 6noCHHTeTI1qeCKOM .ueiiTepnpoBaHHII MeTO.UOM 
ManoyrnoBoro pacceHHHH HeiiTpOHOB Il ITOCTpOeHHIO CTpYKTYPHOH Mo.uem1 30S cyfiqacTHUI,J 
pn5ocoM Thermus thermophilus II nx 06cy)K.Z{eH1110. B KOHUe .unccepT~HII ITpe.UCTaBJieHbI 
OCHOBHbie BbIBO.UbI. CITIICOK JIHTepazypbl co.uep)KIIT 110 pa6oT. 
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MA TEPI1AJibI I1 METO.l(bl 

IllrnMM MRE600 Escherichia coli 61,rn HCITOJib30BaH .UJIH oITpe.ueneHHH cTeITeHH 
BKJIIoqeHl!H .uefiTepnH B pmnnqm,Ie KOMITOHeHT pn6ocoM, ITOCKOJibKY OH xapaKTepn3yeTCH 
HI13KIIM ypoBHeM PHKa3HOH aKTilBHOCTII II xoporneii anaITTilBHOCTbIO K poczy Ha ITOJIHOCTblO 
.ueiiTep11poBaHHOll CilHTeT11qeCKOll cpe.ue. 

Cne,nyIOm11e TilITbl p1160COMHbIX qacTilU Il3 Escherichia coli 61,rn11 !ICITOJib30BaHbI: 
(H)-70S TpaHCJIIIpyIOmne p1160COMHb!e •-mCTilUbl B rrpe-TpaHCJIOKaUIIOHHOM 

COCTOHHIIIl. 3TH qacTHUbl BbI,neJieHbl 113 E.coli, BbipameHHOll Ha l\lilHHManbHOH 
cHHTeT11qecKoii cpe.ue, co.uep)Kameii H2O n H-rnIOK03Y [Spirin et al.,! 987]. 

(HD)-70S TpaHCJIHpyIOm11e pn6oCOMHbie qacTHUbl B npe - TpaHCJIOKaUIIOHHOM 
COCTOHHilll. 3n1 qacTl!Ubl BbI,neJieHbl 113 E. coli, Bb!pameHHOll Ha MIIHHManbHOll 
cn11TeT11qecKoii cpe.ue, co.uep)Kameii 78% D 2O 11 H-rnIOKo3y [Serdyuk et al.,1992]. 

(HD)-50 S pn6ocoMHbie cy6qacmu1,1. 3m qacrnuhI nonyqeHhI pm.uene1111eM (HD)-
70S TpaHcn11py10m11x p116ocoMHhIX qacmu B rpanneHTe caxapo3hI [Gavrilova et al., 1976]. 

(H) - 70S 061,JqHI,Je HeTpaHCJIHpyIOlll!le pn6oCOMHhle •mCTilQbl. 3TH '-!aCTilUbl 
BhI.neneHhI 113 E.coli, Bb1pameHHoii na 6oramii cpe.ne . 

(H)-50 S pn6ocOMHbie cy6'-laCTilUbl. 3TH qaCTilUbl nonyqe!lbl pm.nenemieM TaKl!X 
(H)-70S 061,1qHI,IX HeTpaHCJIIIPYIOllll!X pn6ocoMHblX qacTilU B rpa.nne,ne caxap03bl . 

(D)-50 s pn6ocoM!lb!e cy6'-!aCTIIUbl. 3TH '-!aCTIIUbl BbI,neJieHbl Il3 E.coli, Bb!pamen11oii 
Ha C!IHTeTnqeCKOH, IIOJIHOCTblO .nefiTep11poBaHHOll cpe.ne, co.nep)Kameii I 00% D20 Il CMeCb 
_neiiTepi!pOBaHHOfO cyKUHHaTa II _neiiTepnpOBaHHOfO fJil!Uep1111a (B COOTJIOIIIeHI!I! J: J ). ITp!! 
Bb!pam11BaHIIII 3TilX '-!aCTIIU l!CIIOJib30Banacb MeTo.n11Ka FED-batch KYJibTilBHpoBaHIIH. 

.l(nH 11ccne.noBaHHH CTpYKTYPhI p116ocoM Thermus thermophi!us 61,rnn Bbipamen1,1 .nna 
TIIIIa p116ocoMHblX '-!aCTIIU: npoTOH!!pOBaHmUI II IIOJIHOCTblO .neiiTep11poBaI!HaJI (Ta6nnua I). 
30S p116ocoMHbIe cyfiqaCTHUbl nony'-leHhI ueHTpnq,yrnpoBa1111eM n caxapo3HOM rpa.u11eHTe 
[Fan et al., 1997]. 

Ta6n11ua I 

1-laCTIIU 

II 

1160COMHbIX •mCTIIU .Z{JIH nefiTPOHHblX Il3MepeHIIII 

Cpe.na poem 

H2O, 
[ 1H]-rnnuepnn, 

1 Hl-cYKUHHaT 

D2O, 
[2H]-rm1uepnH, 

2Hl-cYKUHHaT 

3neMeHTbl CT bl 
PHK oii n 6enoKoBoii KoMno11e11ThI 
qacTHUbl 

cpopMa qaCTl!Ubl B o.nnopo_nHOM 
npn6JIH)KeHnn 

Kp!!Bble pacceHHIIH HeiiTpOHOB ,nJIH pa3Hb!X TilIIOB pn6ocoMHblX '-laCTIIU 113 
Escherichia coli 6bIJIIl Il3MepeHbl npn pa3Hb!X KOIITpacTaX B l!l!Tepnane BeKTOpOB paccellllllll 
oT 0,01 .no 0,07 A·1 Ha ManoyrnoBOM cneKTpoMeTpe DI I s1,IcoKonoT0•111oro pcaKTopa 
I1HCTHTYTa Jiay3-JlaH)KeBeHa (fpeno6n1,) 11 B mnepnanc neKrnpoB paccei111m1 OT 0.007 .no 
0,12 A-1 Ha ManoyrnoBOM cneKTpoMeTpe "!OMO" HMnynhcHoro peaKTopa I16P-2 (/\y611a). 
KoHueHTpaunH p116ocoMHb!X qacTIIU napb!!poBanach OT 0,22 Mrhrn .no 6 MflMJI. 

KpHBbie pacceHHilH HeiiTpOHOB ,nnH 30S pn6ocoM11oii cy6'-laCTIIUbl H3 Thermus 
thermophilus 6hIJIII II3MepeHhI B umpoKOM HHTepBane neKTopon pacceimHll (.uo ~0.2 A-

1
) 11a 

TpeX ycTaHOBKaX. Db!JIII rrony•IeHbl '-leTbipe na6opa .uaHHblX . .fl:nll KOIITPOJill CTpyKTyp11011 
11.nenTnqnocTn •iaCTIIU npono.nnnHCb napanneJibHble pcnTreHOBCKHC ll3Mepe11m1. YcJIOBllll 
ncex 3Kcnep11MeHTOB .unll 113MepenmI 30S Thermus thermophilus npc.uCTannc111,1 n Ta6m1nc 2. 
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Ta6 2. 3 
r .. 

I1HCTJ)yMeHT 1faCTHUbl PaccTOJ!HHe ,[vIHHa KoHTJ)aCT KottueHTpaum1 
o6pa3eU- B0J!Hbl (A) (%D2O) (Mr/Mn) 

,lleTeKTop (M) 

0 18.5 
V4 20 23.2 
HMI, Berlin 30S(l) 8, 4, 2, 1.16 8.0 n6.02 40 24.9 
HMI(I) 98 15.0 

0 33.0 

V4 35 34.1 
HMI, Berlin 30S(l) 8, 4, 2, 1.16 6.02 80 36.9 
HMI(II) 98 37.9 

0 1.05 Il 17.1 
D11 32 0.3nl7.7 
ILL, 30S(1) 10, 3.6 ,1.2 6.0 73 1.72 Il 15.7 
Grenoble 98 1.12 nl4.8 

30S(2) 10, 3.6 ,1.2 6.0 0 1.59 Il 29.6 

0 4.0 
YUMO 35 4.0 
JINR, 30S(l) 10.52 4.5 - 20 80 4.0 
Dubna 

98 3.7 
X33 30S(l) 
DESY, 30S(2) 4.2 1.5 0 4-20 
Hamburg 

Tipn o6pa60TKe ,llaHHbIX Bee 3KC11epHMeHTaJibHble KpllBbie 6billll H0pMHp0BaHbl Ha 
IlHTeHCilBH0CTb 11awuoiuero 11yqKa Il qyBCTBHTeJibH0CTb ,lleTeKTopa, K0HUeHTJ)auHIO Il 
11ornoiueHne o6paJua. YqeT 011rn60K 11pn Bcex 011epaum1x c 3Kc11epnMeHTaJibHbIMH ,llaHHbThfH 
ocyiuecTBJIJIJICJI 11porpaMMOH SAPOKO. MaKCHMaJibHbIH .llllaMeTJ) 30S cy6qacTHUbI 6bIJI 
oueHeH 110 KpHBbIM peHTreH0BCKoro pacceJIHHJI c II0M0IUbIO 11porpaMMbI ORTOGNOM, 
IlCIIOJib3YIOIUeii pa3JI0)KeHHe 110 II0JIHH0MaM 3pMHTa. PacceJIHile B HyJieBOH yron Il PMHYC 
HHepUHil 011pe,lleJIJIJIIlCb Il3 11pn6JIH)KeHHJI fHHbe Il C II0M0JUbIO rrporpaMMbl K0CBeHHoro 
11peo6paJ0BaHHH GNOM. GNOM TaK)Ke 6bm nc110Jib30BaH .llJIJI y.llaneHHJI BJIHJIHHJI 
arperaunn n MaCIIITa6HpOBaHHJI Ha6opoB HeHTJ)OHHblX ,llaHHblX, CHJ!Tb!X .llJIJI O,llHOH n TOH )Ke 
qacTHUbl 11pll pa3JIIlqJiblX arr11aparypHblX ycJI0BilJIX. 

,[vIJI HHTep11peTaUHH KpHBbIX pacceJIHHJI 30S cyfiqacTHUaMH pn6ocoM Thermus 
thermophilus 6bIJI IlCII0Jlb30BaH IIPJIMOH MeTO,ll C II0M0JUbIO cqiepnqeCKHX rapM0HilK. 
l13BeCTHO, ~o 30S cyfiqacTHUa pn6oCOMbl C0CT0HT Il3 .llBYX K0MII0HeHT0B C pa3Hb!M 
XllMilqecKHM C0CTaB0M (a HMeHH0, PHK n C0B0KYIIH0CTil 6eJIKOB). Ee HHTeHCilBH0CTb 
pacceJIHilJI KaK 4JYHKUHJI K0HTJ)aCTa 3aIIHCb!BaeTCJI B Bll,lle 

l(s,~p) = ~Prn/Irna(s)+~ppro~Prnalcross(s)+~pp,/ Ipro(s) (1) 

r,lle ~Pma, ~Ppro, Ima (s) II Ipro(s) - K0HTJ)aCTbI II IIHTeHCIIBH0CTII pacceJIHIIJI PHK Il 6eJIKOBblM 
K0MII0HeHT0M, C00TBeTCTBeHH0, a Icross(s) - nepeKpeCTHbIH qneH. 
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Tipll Hll3K0M pa3perneHHil CTJ)yKrypa 30S cyfiqaCTHUbl M0)KeT 6bITb 11pe,llCTaBJieHa C 
II0M0JUblO .llBYX4Ja3HOH M0,lleJIH, OllllCbIBaeMOH 4JYHKUHJIMH .llBYX o6oJioqeK, O,llHa H3 
K0T0pbIX orneqaeT qiopMe BCeH cyfiqaCTilUbl, a ,llpyraJI - qiopMe o6naCTil B Hell, 3aHJITOH 16S 
PHK. <l>yHKUHIO o6onoqKII Y.ll06HO 11apaMeTJ)Il30BaTb C II0M0JUblO MYJibTHII0JibHOro 
pa3JI0)KeHIIJI: 

L l 
F ( OJ) ~ L L fzm Ytm(w) 

l=O m=-l 

(2) 

r,lle fim - K0MIIJieKCHble qilcJia, a Yim( 0)) - cqiepI1qecKI1e rapM0HIIKil. MaKCIIMaJibHbIH HOMep 
rapM0HIIKil L 011pe,lleJIJ1eT pa3perneime 0IIIICaHHJI qiopMbl, KOTopoe M0)KH0 ouenHTb 
aennqIIHOH (5/3)112 nRgl(L+ 1), r,lle Rg - PMIIYC I1HepUI1I1 qacTHUbI, a qncno He3aBHCHMbIX 
11apaMeTJ)0B cocrnBJIJleT B o6IUeM cnyqae (L+l)2-6. AM11nI1ry.lla paccel!HllJI TaKOil: qiopMon, 
3allOJIHeHHOH aeiuecTB0M C e,llllHilqnon IIJI0TH0CTbIO pacceJIHIIJI, 3allllCb!BaeTCJI B BH,lle 

c,:, I 
A(s) = L I A1m(s)Y1m(w) 

1=0 m=-1 

(3) 

r,lle 11apunanbHble aMIIJIIITY ,llbl Aim( S) BbJqIICJIJIIOTCJI H3 cre11eHH0ro pJl.lla, K034J4JIIUHeHTbl 
K0TOporo JIBJIJIIOTCJI 11eJII1HeHHblMII KOM6HHaullJIMII K034J4JIIUileHTOB qiopMbl fim. AMIIJIHry,lla 
pacceJIHHJI .llBYX4Ja3HOH qacTHUeH c K0HTJ)aCTaMII ~0MII0HeHT0B 6Pma II 6Ppro 6y,lleT TaK)Ke 
0IIIICbIBaTbCJI ypaaneHileM (5) c 11apUHaJibHb!Mll a.'111JIHTY.llaMH 

Af:tal ( s) = ~PproA~S ( s) + ( ~Prna - ~Ppro)Ar::t< s) 

a IlHTeHCilBH0CTb pacceJIHIIJI BbJqncJIJieTCJI 110 4JOPMYJie 

oo l 2 
I(s,~p) = L L [Af:tal(s)] 

l=O m=-l 

(4) 

(5) 

I1HTeHCHBH0CTb pacceJIHilJI M0,lleJibIO 30S cyfiqaCTHUbl pn6ocOMbl 6y,lleT 3aBIICeTb OT 
.llBYX na6opoB MYJibTHII0JibHbIX K034J4JIIUHeHTOB fim, orrpe,lleJIJIIOJUIIX qiopMy BCeil: 30S 
cyfiqacTHUbl II ee 16S PHK. AnropIITM II0IICKa CTJ)yKrypbl .llBYX4Ja3HOll qacTHUbl COCTOilT a 
orrpe,lleJieHHII 3THX K034J4JIIUileHTOB 110 BCeMy na6opy Il3MepeHHbIX KpHBbIX C pa3JIIlqHbJMH 
K0HTJ)aCTaMII K0MII0HeHT0B H3 ycJI0BilJI MllHIIMH3auHII 4JYHKUII0Hana cpe,llHeKBa,llpaTHqnbIX 

OTKJIOHeHIIH 

2 1 M 2 
R1 = - L Rik 

M k=I 

[ 
(k) (k) I ]2 L (lexp(sj)- Ica/c(sj)) u(sj) 

=..!...I j 2 
M k=I r[1f#(sj)/u(sjJ] 

J 

(6) 
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r,ne M - 061IIee q11cno Kp!IBhIX, lexll(sj) 11 cr<k\sj) - IIHTeHCIIBHOCTh pacce»Hm1 B j-ii 

3Kcnep1IMeHTaJihHOH TOqKe k-oii Kp!IBOH II ee CTaH,napTHOe OTKJIOHeH11e, 1<k)(Sj) - pacqeTH3}1 

IIHTeHCIIBHOCTh pacce»HIIH MO,neJihlO. AJirop!ITM peaJIII30BaH B BII,ne KOMilhlOTepHOH 

nporpaMMhI MONSTER. 

PE3YJibTATbl If OECY~HHE 

Pa3pa6oTKa MeTOJla onpeJleJieHIIH JlOJIII BKJIJOqeHIIH J1eiiTep11a B pa3JIIIqHhie 

KOMITOHeHTbl p1160COMhl np11 ee 6110CIIHTeT11qecKOM J1eHTep11poBaH1III C IlOMOIIIhlO 

MaJIOVrJIOBoro pacce»HIIH HeHTpOHOB. fJiaBHOe ,noCTOIIHCTBO 3TOro MeTO,na nepe,n 

CTail,!lapTHhIM MeTo,noM COCTOIIT B TOM, qTo OH He TPe6yeT pa3,neJieHIIH qacT!Il(hl Ha ,nBa 

KOMilOHeHTa. MeTo,n OCHOBhIBaeTCH Ha ,nByx ypaBHeHIIHX. TiepBoe 113 HIIX OITIIChIBaeT 

3aBIICIIMOCTh IIHTeHCIIBHOCTII pacce»HIIH, 3KCTPaITOJI1IpOBaHHOH Ha HyJieBOH yroJI 1(0) OT 

KOHTPaCTa, a BTOpoe - aHaJiornqeyJO 3aBIICIIMOCTh pa,n11yca IIHepl(IIII. l(na 

,nByXKOMilOHeHTHOH qaCTIIl(hl C 061,eMaMII vi II V2 II IlJIOTHOCTHMII aMilJIIIry,n pacce»HIIH P1 II 

P2• COOTBeTCTBeHHO" MO)KHO 3aIT!IcaTh 

I(O)=CPpa,-1 -po)2v2 (7) 

r,ne 

- - - VI - V2 
Ppa,, -P1--+Pi--

v1 +v2 v1 +v2 

(8) 

II 

v=v1+v2 (9) 

3aBIICIIMOCTh pa,neyca IIHepl(IIII OT KOHTPaCTa HaII6oJiee y,no6HO npe,ncTaBIITh B BII,ne 

Rg2=x1R/+(l- X1)R/+ X1(l- X1)L2 (10) 

r,ne R1 II Rz eCTh pa,n11ychI IIHepl(IIII nepBoro II BToporo KOMITOHeHTOB, COOTBeTCTBeHHO, a L 
eCTh paCCTOHH!Ie Me)K_ny !IX l(eHTPaMII TH)KeCTII. 

B qiopMyJie (10) X1 - OTHOCIITeJihHblH BKJI3,n nepBoro KOMilOHeHTa B cyMMapHylO 

aMnJI11ryey pacce»H11» 

(P, - Po)v, (11) 

X1 - -

( Ppart - Po)( V 1 + V 2 ) 

AJihTepHaTIIBHhIH nyTh npe,ncTaBJieHIIH 3aBIICIIMOCTII pa,n11yca IIHepl(IIII OT KOHTPaCTa 

6bIJI OCHOBaH Ha IICIIOJih30BaHIIII ypaBHeHIIH 

a 
R! =R~+-(_ ) 

Ppa11 -Po 

p 

(ppart -pJ 
(12) 

6 

TiapaMeTpbl a II p xapaKTeplI3ylOT npoCTpaHCTBemme pacnpe,neJieHile ITJIOTHOCTII aMITJIIIry,n 

pacce»H11» qacTIIl.lhI, R., - pa,n11yc 11Hep1urn np11 6ecKoHeqHoM KOHTpacTe. 

V V V1V2 R2 =R:--1-+R;--2-+L2 
--- 2 

"' V1 +v2 v, +v2 ( V1 +v2) 

(13) 

<l>opMyJibl (10) II (12) CTP0ro 3KBIIBaJieHT!lhl. 

)];JI» cnyq3}1 L=O (qTO Heo,nHOKpaTHO OTMeqaJIOCh MH pa3Hh!X p1160COMHhIX qacTill.l, 

I13yqeHHhIX MeTo,noM MaJI0Y:JIOB~ro pacceHHIIH neilTpoHOB) H3 3TIIX ¢opMyJI noJiyqeHbl 

CJie,nylO[l(Ile Bh!pa)KeHIIH ,nJIH P1 II P2 

- R!-R;(- )v1 +v2 
P1 = R2 -R2 Ppa11 -Po ---+po 

I 2 VI 

(14) 

- R!-R7(- )v 1 +v2 
P2 = R2 -R2 Prart -Po ---+po 

2 I V2 

(15) 

113 qiopMyJJ ( 14) II (15) Bil,nH~ ~o, 3H3}1 3KCITepIIMCHTaJihHh!C 3Haqen11a IlJJ0TH0CTll 

aMITJJIIry,nhl pacce»HIIH qaCTIIl(hl (ppa,,) II ee pa,nI1yi;a 11nepl.llIII (Rg) np11 ,naHH0M K0HTpaCTe 

Po, MO)KHO Bh[q!ICJJIITh IlJJ0TH0CTII aMITJIIITy,n paccemrna Ka)K_noro Il3 K0MIT0HCIIT0B B 

OT,neJJhHOCTII (pl II P2 ). reoMeTpI1qecKI1e napaMeTphl Ka)K_noro Il3 K0MIT0HCHTOB 

p1160COMHOH qaCTIIl(bl (pa,n11yChl IIHCpl.llIII R, II R2 II o6beMHb!e ,nOJJII VI /(VI + V 2 ) ,n0JJ)l(Hhl 

J11I60 6bITh II3BCCTHhl 3apaHee, JJI160 ycTaH0BJJCHhl 113 3KCnepI1MCHTOB no neilTpOHHOMY 

pacceHHIIIO Ha o6b!'IHhIX (npoTOHilpOBaHHhIX) 'IaCTill(aX. Ba)KHO no,nqepKHYTh, qTo 

HaH,!lCHHh!C TaKIIM o6pa30M napaMCTPhI R,, R2 II v, /(v, + Vz) ,!lOJl)Kllhl 6hITh 3a¢IIKCHpOBaHhl 

II IICil0Jlh30BaThCH 6e3 II3MCHCHIIH ,nJIH qacTHl.l pa3HOH CTCIICHII ,neHTCpI1pOBamrn. 

,[J;oJJIO ,neiiTepIIH (S), BCTpoennoro a 6eJJKOBb!H 11 PHK-bIH KOMilOHCHTbl pn6ocOMbl !IO 

OT,!lCJ!hHOCTII np11 ee BhipamnaaHHII E.coli Ha cpe,ne, co,nep)Kall(eH rJUOK03Y B KaqecTBC 

cy6cTPaTa, M0)KHO BhlqIICJIIITb !IO cne,nyIO[l(IIM ¢opMyJJaM, r.ne m - .non» D20 B cpc.ne 

Bb!paIIIIIBaHHH 

fJpv = 172 + 4.71S + 0.38m+ 1.22~'() (16) 

~ =3.74+ 2815'+027m+Q874Y/Wf (17) 

RJ = 0.56+6.~Y ( 18) 

r,ne y pro II y RNA CCTh ,!l0J!ll D20, npn KOTOpOH IIJJ0THOCTII aMIIJJHTY .n paccemma 6cJJKOBOro II 

PHK-oro KOMIIOHCHTOB, CO0TBeTCTBeHH0, CTaHOBHTCH paBHblM llJJ0TII0CTHM aMIIJJIITYll 

paCCCHHIIH pacTB0pIITCJIH Po . 
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Mern.n HCIThITatt tta ,nayx pu6oc0Mttb1x '-lac-rnuax (70S u 50S) -rpex CTeITetteii 
,neiiTepupoaattl!ll, Bb1,nenetttth1x 113 E.coli, BbipamettHoii Ha TlllKenoii cpe.ne (cM "MaTep11anh1 
ll MeTO.llbI"). AHaJJll3 3aBl!CIIM0CTH K0pHll KBa,npaTH0ro 113 HOpMaJJ1!30BaHHOH 
IIHTeHCIIBH0CTII, .neneHHOH Ha K0HUeHTpau1110, TpaHCMIICCIIIO II T0JJJUIIHY KIOBeTbl, OT 
K0HTJ)aCTa .llJlll 3Tl!X p1160COMHbIX '-laCTl!U (P11c. 1) IT03B0JllleT 0ITpe,neJJl!Tb l!X T0'-IKII 
K0HTJlaCT11poaaH11ll: 59% D2O ,nnll (H)-50S 11 (H)-70S p116ocoMHbIX '-laCT11u, 91 % D2O ,nnll 
(HD)-50S H (HD)-70S pu6ocoMHbIX '-laCT11u 11 123% D2O ,nnll (D)-50S p116ocoMHbIX '-laCT11u. 

0(0) 
Jm 10 

:~ .. ; 
X, 

2~ "'-.."'-. ~~ ~Cl»-m 
123% 

t 

-2 

-4 (H)-70S 

20 40 60 HO 100 

% D2O a cMec11 H2O - D2O 

P11c. I 3aBIICIIMOCTb ✓ I (0) IC TL OT .ll0Jlll 

D2O a cMecu H2O - D2O ,nnll (H)-70S, (HD)-
70S, (H)-50S, (HD)-50S 11 (D)-50S 
p1160COMHblX '-laCTHU. ( 000 - IT0Ka3aHbl 
,naHHbie, ITOJiy'-leHHbie Ha CITeKTJ)0MeTpe D 11 
(rpeHo6JJb, <l>paHUllll); XXX - IT0Ka3aHbl 
,naHHbie, IT0JJy'-leHHbie Ha CITeKTJ)0MeTpe 
"IOMO" (.[(y6Ha, Poccull). 

....... R'111:(A) 
.... 
', (ll)-7US 

', ..... r-............ 
70%0,0 'x~ 

, .. , ... , ""· 
10000 

5000 

-o.oa -0.06 -0.04 -0.02 

(IID)-70S 

'ii,.,., 
.......... 

..... 
(D~-50S '-,, 

. .... ,.,.,_ (111>)-!'iOS '-

X 

" 40%Dp 

x,,, l 
', 

0.02 0.04 

1/~p 

P11c. 2 3aBl!CHMOCTb R; OT o6paTHOro 

KOHTJ)aCTa 1/ (P part - Po) .llJlll , (H)-70S, 

(HD)-70S, (H)-50S, (HD)-50S 11 (D)-50S 
p1160COMHblX '-laCTIIU. (ooo - IT0Ka3a1\bl 
,naHHbJe, IT0JJy'-leHHbie Ha CITeKTJ)OMeTpe D 11 
(rpeH06JJb, <l>paHUllll); XXX - ITOKa3aHbl 
,naHHbie, ITOJJy'-leHHbJe Ha CITeKTJ)OMeTpe 
"IOMO" (.[(y6Ha, Poccull). 

AHaJJll3 3aBIICHMOCTII KBa,npaTa pa,n11yca IIHepu11u R; OT o6paTHOro KOHTJ)aCTa 

I I (P part - p0 ) .llJill 3THX p116ocOMHbIX '-laCTHU (Puc.2) IT03BOJJlleT OITpe,neJJHTb 11x pa.n11ycb1 

11Hepum1 ITp11 6ecKoHe'-IHOM KOHTJ)aCTe R.. (78,5 A ,nnJI 50S pu6ocoMHOii cy6'-laCTHUhI u 91A 
.llJlll 70S p1160COMHbIX '-laCTIIU) II pa,n11yCbl l!Hepu1m PHK-oro If 6eJJKOBOro KOMITOHeHT0B 
70S 11 50S p116ocoMHbIX qaCT11u (81 H 106A ,nnll PHK-oro 11 6enKoaoro KOMIT0HeHTOB 70S 
p116ocoMHbIX '-1aCT11u u 64 11 100 A ,nnll PHK-oro u 6enKoaoro K0MITOHeHTOB 50S 
p116ocoMHbIX '-laCTuu). Aonll o6beMa 6enKoaoro K0MITOHeHTa ,nnll 50S 11 70S p116ocoMHhlX 
'IaCTIIU M0lKH0 Bbl'-lllCJJeHa ITO <pOpMyne (12) 11 paBHa 0,36 11 0,37, COOTBeTCTBeHHO. 

B Ta6n11ue 3 ITpe,nCTaBJJeHbl Pe3YJJbTaTbl Bbl'-IIICJleHl!ll ITJJOTHOCTII aMITJll!Ty.ll 
paccellHllll 6eJJKOBOro If PHK-oro K0MITOHeHTOB ,nJJll pa3HblX THITOB p1160COMbl, Haii,neHHblX 
ITO <f>opMynaM (14) 11 (15). AaHHhie ,nnll (H)-50S 11 (H)-70S p116ocoMHbIX '-laCTHU 
ITOKa3bJBalOT, '-!TO pa36poc peanbHblX 3KCITepHMeHTaJJbHblX ,naHHblX C0CTaBJJlleT He 6onee 1 % 
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_/' 

1 
J 

'\ 
I 

OT 3aJJ0lKeHHblX (40% If 70%, C00TBeTCTBeHH0, ,nJJJI 6eJIKOBOro If PflK-oro KOMllOHeHTOB). 
AaHHhie B rn6nuue 3 ,nnJI (HD)-50S II (HD)-70S pI16ocoMHbIX '-laCTIIII rro.nrnep~aIOT 
xopomo Il3BeCTHblll <paKT, '-!TO rrpII BbipaIUIIBaHIIII E.coli Ha cpe,ne, co,nep)Kameii H-rJHOK03y 
B Ka'-!ecrne cy6c-rparn, .ll0JIJI BKJllO'-leHIIJI ,neiiTepllll B 6eJIKOBblll K0Mll0HeHT pI160COMbl Bcer,na 
Bblllle, '-leM B PHK-blll K0MIT0HeHT pI160COMbl. Haii,neHHbie B 3TOll pa6oTe BeJIIl'-IIIHbl ,l(0JIII 
BC-rpoe1111oro ,neiiTepilll B pI160COMHbie qaCTIIUbl xopomo C0Blla,!lalOT C ,l(aHHbIMII, 
rronyqe1111bIMI1 panee Mern,noM .51MP(cM. PI1c.3). Mern,n IIMeeT cpaBHIIMYIO c MeTO,noM .51MP 
T0'-IH0CTb ("' 2% ), 0,l(HaK0 B OTJIIl'-!Ile OT rrocne,nnero He -rpe6yeT pa3,neJieHllll '-laCTIIUbl Ha 
0T,l(eJibllbie C0CTaBJIJIIOIUile ee K0Mll0HeHTbl. 

Ta6JJI1Ua 3 Pe3yJihTaTbl Bbl'-IIICJieHIIJI llJJ0TH0CTII aMllJIIITy,ll pacceJIHIIJI 6eJJKOBoro II PHK-oro 
K0Mll0HeHT0B ,nJJJI pa3HblX Tllll0B pI160COMbl, naii,neHHblX no <pOpl\fYJiaM (14) II (15). 

KOHTpaCTbl Ppro PRNA 

'laCTHQbl (%D2O B CMCCH Rg (A.) (%D2O B CMCCH H2O - D2O) 
H2O-D2O) 

(H)-50S 0 74.3* 39.8 69.8 
25 70.7* 39.6 69.9 
75 93.5* 39.4 69.8 
98 85.0* 39.5 70.0 

p( cpe,nHile) 39.6 69.9 

(H)-70S 0 87.9* 40.8 69.2 
16 86.8 40.8 69.2 
83 98.4 38.5 70.5 
94 96.0* 39.0 70.4 
97 95.1 41.0 69.2 

p( cpe,nHile) 40.1 70.3 

(HD)-50S 0 79.1 * 95.1 88.8 
25.5 79.2* 94.5 88.2 
31.5 78.5* 90.6 90.8 
41.5 79.8* 95.3 88.2 

p( cpe,n11I1e) 93.9 89.0 

(HD)-70S 0 91.9 98.9 86.5 
0 91.6* 95.0 88.8 
0 91.5* 94.0 89.3 

20 91.9* 99.5 86.2 
40 91.5* 94.9 88.8 
45 91.6 95.0 88.7 
60 92.0* 95.0 88.7 

p( cpe,nHile) 96.5 88.1 

(D)-50S 0 79.1 * 126.7 120.9 
23.8 79.2* 126.8 119.8 
90.0 81.9* 129.2 119.5 

p( cpe,n11I1e) 127.6 120.0 
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c,: 

= :,: 
(I) 

=f 
(I) 

::. 
OS 
M 

~ 

100 ~-;..-:_':_-:._-_-_-:._-_-_-:_-_-~-~~-~~--- 100 

RMP 
x HeiiTpOH 

6eno 

50 50 

0+-~~-~~~-~~-~~-~.-+-0 
60 80 100 

% D2O B cpe,D;e BhipaIIIHBaHHll 

Puc.3 3aBHCHMOCTh BeJiuquHhl 
J{OJIH BCTPOeHHOro ,D;eHTepttll B 
pu6ocOMHhie qacTHUhl OT % D2O B 
cpe,D;e BbipaIIIHBailllll. ·- ,L(aHHh!e ll3 
51MP(Moore, 1979), x - ,LlaHHhie HJ 
paccellHllll HeHTPOHOB. 

CrpyKrypa 30S cy6qacrnuu pu6ocoM Thermus thermophilus I1HTerpaJibHhie 
rrapaMeTPhI ,L\Jill 30S cy6•mcTHUhI Thermus thermophilus, rronyqeHHhie HJ .L\aIIHbIX 
ManoyrnoBoro paccellHHll, rrpe,LICTaBJieHhI B Ta6nnue 4 . .D:aHHhle ,LIJill 30S cy6qacTHUhI E.coli 
6hmn B3llThI m pa6oThI, KaCaIOIIIeHcll MO,Llenn 70S pn6ocoMhI E.coli [Svergun et al.,l 997a,b]. 

Ta6JIHUa 4 3p~eKTllBHbie llHTe!,£aJihHhie rraeaMe!J!bI 

qacTHl(hI rrapaMeTphl paccellHHe .L\BYX!pa3Hall 

HCHTJ)OHOB MO,LICJih 

Rxi(A) 72±2 71.70 

Ri,ro(A) 79±3 77.54 

E.coli RRNA(A) 66±2 67.21 

V(x1/A
3

) 1400±200 1570 

ycpe,LIHCHHhiii 0.0823 

R-cpaKTop 

Rxi(A) 71±3 73.89 

Thermus Ri,roCA) 80±2 81.97 

thermophilus RRNA(A) 66±2 66.85 

V(x 1/A
3

) 1470±200 1601 

ycpe,LIHCHHhlii 0.0599 

R-q>aKTop 

Xopornee coBrra,Llenne HHBapnaHTOB ,L\Jill 30S cy6qacTHUhI E.coli H Thermus thermophilus 
II03B0JilleT rrpe,LIIIOJIO)KHTh, qTo HX CTPYKTYPhI Ha ypoBne Hll3KOro pa3perneHHll ,L(OCTaToqHO 
6mI3Kll . .ll:Jlll rrpoBepKII 3TOH rnrroTe3hI 6bmll paccqnTaHbl TeopeTuqeCKHe KpHBble paccellHllll 
30S cy6qacTHUeH E.coli, ,L\Jill 3HaqeHHH KOHTPaCTOB KOMIIOHeHTOB, rrpttBe,LleHHbIX B Ta6nnue 
5. B uenoM, MO,LleJih 30S cy6qacTHUhI E.coli .L(aeT paJyMHoe cornacue c 14 
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3KCrrepnMeHTaJihHhIMH KpHBhIMH paccellHHll 30S Thermus thermophilus: ycpe,LlneHHhIH R
<paKTop (CM. ypaBnenHe (7)) COCTaBHJI 8.3%. O6paIIIaeT Ha ce6ll BHHMaHHe, O,L\HaKO, 
cymecTBeHHO XYAIIIee cornacue 3KCIIepuMeHTaJihHblX ,LlaHHhIX C TeopeTttqeCKHMll ,L(Jlll 
HeHTPOHHhIX KpHBhIX c IIOBhIIIIeHHOH (6oJihIIIe 70%) KOHUeHTPautteH D2O (Ta6nuua 5). 

Ta6nuua 5 KOH!J!aCThI ll llH,LlllBH,L\YaJihHhJe R1k paKrnpu 

CrreKTPOMeTphI qaCTifl(hI % D2O B Ppro 

CMCC!f 

V4 

V4 

DII 

X33 

(H)-30S 

(H)-30S 

(D)-30S 

(H)-30S 

(D)-30S 

H20ID20 

0 
35 

80 

98 

0 
20 
40 

98 

0 
32 

72 

99 

0 

X-ray 

l.79 

0.293 

-1.41 

-2.48 

1.83 

0.972 

0.11 

-2.37 

1.8295 

0.4577 

-1.2571 

-2.3716 

5.52 

2.26. 

PRNA 

2.27 

1.18 

-0.069 

-0.848 

2.27 

l.64 

1.02 

-0.78 

2.2646 

1.2690 

0.0246 

-0.7843 

3.82 

4.23 

Rik 

(x,/) 

E.coli 

2.45 

3.46 

17.6 

7.75 

3.57 

4.25 

9.05 

3.87 

5.35 

3.36 

13.7 

9.71 

8.79 

5.88 

Th.th. 
2.19 

2.17 

7.40 

7.34 

2.96 

3.57 

8.09 

3.16 

3.79 

3.07 

IO.I 
8.22 

7.23 

6.46 

IIocKOJibKy TOqKll KOMIIeHcauuH 6eJIKa H PHK COCTaBJilllOT 40% ll 70% D2O, 
COOTBeTCTBeHHO, rrpeo6Jia,L1aJ0111un BKJia,L( B paccellHlle rrpII Bh!COKOM CO,D;epJKeHHH D2O 
BHOCHT 6eJIKOBhlH KOMIIOHeHT. HanpaIIIHBaeTCll Bh!BO,L(, qTo OCHOBHhie OTJillqllll MelK,Lly 
.L\BYMll THilaMH 30S cyfiqacTHUhl JaKJIJOqeHhI B pacrrpe,L1eJiel1Hll pH60COMHhlX 6eJIKOB, B TO 
BpeMll KaK KOH<pOpMaUHll M0JieKyJI PHK MaJI0 0TJIHqaJOTCll Ha ypoBHe Hll3K0ro pa3peIIIeHIIll . 
.ll:nll II0CTP0eHHll M0,Llenn 30S Thermus thermophilus MO,LleJih 30S cyfiqacTHUhI E.coli 6bma 
B3l1Ta B Kaqecrne HaqaJibHOro rrptt6JIHJKeHHll. <pOpMbl Bceii cyfiqacTHUhl ll o6naCTll B Heil, 
JaHllTOH pn6oCOMHOH PHK, rrpe,LICTaBJieHhl <pyHKUllllMll o6onoqeK, napaMeTpll30BaI111hIMH C 
II0M0II.lhJO c<pepnqecKHX rapM0HHK (CM "MaTepHaJibl u MeTOJ{hI"). O6e o6onoqKH 6htJIII 
rrpe,LICTaBJieHbl, KUK H B [Svergun et al.,1997a,b], c MYJihTHII0JihHhlM pa3peIIIeHHCM JlO L=7 
(qrn orneqaeT rrpocTPaHCTBeHHOMY pa3peIIIeHHJO 35 A). Ko3<ji<puutteHThI napaMeTp111au1111 
orrpe,LleJieHhl rryTeM 0,L(HOBpeMeHH0ro npu6nHJKeHHll BCero Ha6opa 3KCrrepHMCTaJibllblX 
]laHHhIX (14 KpllBhIX paccellHllll rrpu pa3Hh!X KOHTpacTax). CpaBHCIIIIC 3KCrrepHMCHTaJibllbIX 
H TeopeT11qecKHX KpHBhIX paccellHHll rrpencrnBne110 Ha Pnc.4 (a-d). 
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P1Ic.4 3Kcrrep1IMeHTailbHbie KplIBbie MaIIOyrnoBoro pacce.l!HII.ll neii:TPOHOB(a - c) II 
peHTrenoBCKHX nyqeii: (d) 30S cy6qacrnIIbI p1I6ocoM Thermus thermophilus (TOqKII), II 
pacce.llHHe BOCCTaHOBJieIIHOll. .UBYXqJa3HOll. MO,UeJibJO (crrJIOIIIHbJe JIHIIHII). KaJK,Ua.ll KpHBa.ll 
C,l.llllIIIYTa IJIIH3 na o,rum rrop.ll,UOK no OCH op,umrnT OTHOCIITeJibTIO npe,UbT.llYIIIeH. (a) (b) · 
,ua11nb1e nonyqeHbI B HMI, (c) • ILL, (d) - DESY 

ITonyqeHHa.ll Mo,uenb (Puc.5) ,uaeT cymecrneHno nyqrnee cornacue c 3Kcrrep1IMeHTaIIbHbIMH 
.UaHHbIMH, He)KeJiu ucxo,unoe rrpu6JI1I)Kenue: ycpe,uneHHblll. R-qiaKTop paBeH 6. 1 %. 
CpaBHeHue Mo,n;eneii: 30S pu6ocoMHbIX cy6qacrnII Thermus thermophilus u E.coli (P1Ic.6) 
JIOKa3bIBaeT, ~o OCHOBHble pa3JIIIqlI.ll 3aKJIJOqaJOTC.ll B rrpOCTPaHCTBeHHOM pacrrpe,n;eneHIIII 
6enKoBoro KOMIIOHeHrn, TOr,n;a KaK qiopMa MOJieKYJI l 6S PHK .llJl.ll Thermus thermophilus u 
E.coli rrpaKTuqecKH He OTJIIIqaeTC.ll na ,D;aHHOM ypoBHe pa3peIIIeHH.ll. 
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' 

Lo n-m. 

• 
Puc.5 CTPyKTypHa.ll Mo,uenb 30S cy6qacTHIIb! 
p1I6ocoMbI Thermus thermophilus (cepblll.) u 
ee PHK (TeMHbiii:) c rrpocTPaHCTBeHHb!M 
pa3perneHueM 35 A. 

l 
5 nm 

Puc.6 CpaBHeHue KOHrypoB .llBYX 
pu6ocoMHb!X qacrnII B o,n;Hopo,n;HOM 
rrpu6Jlll)Kenuu: Therm us thermophilus 
mo6p~ena B Bll.lle CeTKH, E.coli 
CIIJIOIIIHbIMH TeJiaMH) 

Heo6xo,uuMo OTMeTHTh TaK)Ke orpattnqeHH.ll rronyqeHHoii Mo,n;enn. ITpelK,lle Bcero, 
cornacno TeopeMe KoTeJibHHKOBa [KOTeJibHHKOB n ,n;p., 1950], qucno ne3aBHCHMb!X 
rrapaMeTPOB, neo6xo,n;nMbIX .llJI.li orrncaHH.ll KpHBOii: pacce.l!Hll.ll, paBHO Ns= SmaxDmaxht, n B 
HaIIIeM cnyqae COCTaBJI.lleT rrpuMepHO N.=15. BapHaIIH.ll KOHTPaCTa na .llByxqJaJHOll. CHCTeMe 
II03BOJI.lleT orrpe,ueJl.l!Tb TPH He3aBHCHMble 6aJHCHb!e KpHBbie (cM. ypaBHenne (1)), ~o ,D;aeT B 
o6meii: CJIO)KHOCTH 45 rrapaMCTPOB. B TO )Ke BpeM.ll, .llByxqJa3Ha.ll MO,D;eJib C llCIIOJib30BaHHeM 
rapMOHHK ,n;o L=7 TPe6yeT 128 Mo,n;eJibHb!X rrapaMCTPOB. HecMOTPH na TO, ~o 3TH 
rrapaMeTPbI He He3aBHCHMbl ,n;pyr OT ,n;pyra (B qacTHOCTII, H3·3a HeOTPHIIaTeJibHOCTH <PYHKIIHii 
qiopMbl, OTCYTCTBH.ll HX rrepeceqeHnii: ,n;pyr C ,n;pyroM H T.rr.), HHqJOpMaIIHOHHOe co,n;ep)KaHHe 
3KCIIepnMeHTailbHb!X .llaHHb!X He,D;OCTaTOqHo .llJl.ll O,llH03Haqaoro BOCCTaHOBJieHH.ll MO,n;enn ab 
initio. IT03TOMY HaJIHqne .llByxqJaJHOii: MO,D;eJIH 30S cy6qaCTHIJbl E.coli HBJI.llJIOCb 
Heo6xo,n;HMbIM ycnonueM rrocTPoenll.ll Mo,n;eJlll .llJl.ll Thermus thermophilus. HecMOTPH Ha 
YKaJaHHbie Bb!IIle orpattnqeHH.ll, rronyqeHHa.ll MO,n;enb .llJl.ll 30S cy6qacTHIJbI Thermus 
thermophilus ,n;acr a,n;eKBaTHoe rrpe,n;cTaBJieHne o CTPYKType na HH3KOM pa3pernennn n 
Y.llOBJleTBOp.lleT 6oJibllIOMY Ha6opy 3KcrrepHMeHTailbHb!X ,D;aHHb!X penrreHOBCKOro H 
neiiTPOHHoro pacce.l!Hll.ll. 
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OCHOBHhIE PE3YHhTAThI l1 BhIBO.[lhI 

1. B paMKax MYPH miepBbie IIpeWIO)l(eH IIpocToiJ: MeTo)J. oIIpenenemrn. nonn BKmoqeHHll 
)J.eHTepIIll B Heo6MeHJIBaeMbie II03lll.lllll PHKoro ll 6eJJKOBOro KOMIIOHeHTOB B pH6ocoMe. 
Meion HMeeT cpaaHHMYIO c MeTO)J.OM .5IMP ToqHoCTb ("" 2%), O)J.HaKO B OTJJHqHe oT 
IIOCJJe)J.Hero He TPe6yeT pa3)].eJJeHHll qacTHI.lbl Ha OT)J.eJJbHbie COCTaBJll!IOIIIHe ee 
KOMIIOHeHTbl. IloKaJaHO, qTo )J.eHTepHH IIpeHMYIIIecTBeHHO BCTPaHBaeTCll a 6eJJKOBOH 
KOMIIOHeHT. 

2. MeTO)J.OM 6HOCHHTeTHqecKoro )J.eHTepHpOBaHllll IIOJJyqeHbl )].Ba THIIa 30S cyfiqacn111 
pn6ocoM Thermus thermophilus, H)J.eHTHqHbIX IIO CTPYKTYpe, HO c cymecTaeHHO pa3HbIM 
BKJ!a)J.OM a paccel!HHe OT PHKoro H 6eJJKOBOro KOMIIOHeHTOB. 

3. Ha TPeX 3KCIIepHMeHTaJJbHb!X HeHTPOHHb!X ycTaHOBKaX IIOJJyqeHbl Ha6opbl HeHTpOHHb!X 
KpHBb!X paccel!HHll )J.Jlll )J.BYX THIIOB 30S cyfiqaCTHI.I IIpH pa3Hb!X KOHTPaCTax. 

4. Ilo )J.aHHbIM Manoyrnoaoro paccel!llllll HeHTpOHOB MeTO)J.OM ccpepHqecKHX rapMOHHK 
BIIepBbie IIOCTPOeHa MO)J.eJJb 30S cyfiqacTHI.lbI pH6ocoM Thermus thermophilus H ee PHK 
c IIpocTPaHcTBeHHbIM pa3perneHHeM 35 A. 

5. CpaBHeHHe IIonyqeHHOH MO)J.eJJH c aHaJJOrHqHoH MO)J.eJJblO )].Jill E.coli IIOKa3bJBaeT, ~o 
0CHOBHbie pa3JJHqHll 3aKJJIQqaIOTCll B IIpOCTPaHCTBeHHOM pacIIpeneneHHH 6eJJKOBOfO 
KOMIIOHeHrn, rnrna KaK cpopMa MoneKyn 16S PHK Will Thermus thermophilus H E.coli 
IIpaKTnqecKH He OTJIHqaeTCll Ha )J.aHHOM ypoane pa3perneHHll. 
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