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LATTICE MODEL OP POLYPEPTIDE CHAIN 

To describe helix-coil transitions in polypeptide chain, 

~ Q-component spin model is used which is a generalized Ising 

1odel being netermined on a triangular lattice. It is proposed 

Juch a form of writing a partition function , when summation 

iver spin variables (cont'ormations) is replaced by that over 

geometrical objects (sets of sirr.plexes of the triangular 

qtt:ce). Such a representation for a partit~on function is 

preferable to carry out high-, _low-temperature and 1/Q expan­

sions as well as to calculate directly the transition tempera­

ure, the cooperativity parameter (the transition w.dth). 
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1P030B Aft.t'ffiI, H.C 

:c, lJHAf1 MO,UE. oP. UFllli 

c';1H. OL -:crum.F.t nepexo 

npe,llJT'.u:aeTCJI Q. -

~HJ:a.R: Ha TP0YI'OJ!l,HO 

smrra. ITpe,u.1IB.raeTM 

OT>,na cyMMHPO~H 

Ha 

3a.IIRCK cTa' 

neueMeHF'£. 

eol'I 

·rKK) • Tru<oe 

,nJlfI npoBe.nemm 

napaME'TPl:l. 

EpeBaHCKmt '"'""""!1 BRCTllTYT 

roil 

orrpe-

'.1 MO,IJ;eJll'I 

Cy-MM!:I, 

98.-

CSOJ;aM 

CTfl.-

0 BWDl!CJ!emffi 

nmpmm nepe-

)LJI.ff OIIHCaim.fI KOH!fJoPMaUHOHHHX nepexo.noB B IlOJIHMepax IL7IO,ll;OT­

BOpHO KCilOJTh3YDTC.fI TeopeTRtreCKKe MO,ll;e.Jlli wepp0Ma.I'H0TKKOB. Trut, 

npliI H:3ytI9HliiliI rn6KOCTK ~OJieKy.JlH np.ID.1eIDUiac:& O.n;HOMepHM MO,ll;eJI:& 

HsRHra [I] , orm:CHBal001CUI ~ nopR.nOK. ,Il..nR: pactreToB qE3Rtrec­

KW!. ~eJill'UIB, CBR3aHHHX c B38.UMonelicTBHeM ,n8.Jl:&Hero ·nopsr.n;xa, 3'.fl­

weKTliBHO npliIMeHRJiaC:& Q - KOMTIOHeHTHaR CimHOBaR MO,ll;eJI:&
1
fIOTTCa 

' 
npn Q. --- O , OIIHCllBa.KmM cru.10HerrepeceKatoo1YIOC.fI uerr:& [ 2] • 

UeJI:&!O HaCTOffil1el1 pa.6oTu .fIBJI.fieTC.fI rrocTpoelllie cmuroBOM peweTotruoil: 

MO,ll;eJIJiI )J,ll.fI OilliICa.HH.fI rrepexo.noB Cllli_p9.JTh-Y..JJY60K B IlOJIJiIITeilTli.n;HOl1 

uerm. 

PaccMoTpliM rroJIHrrerrTM,IJ;HY!O 11err:& .nocTa TO'IHO 6oJI:&mol1 Mfilll:l , 

tITOOH ee MOlltHO 6llJIO 6H C"!HTaT:& TepMO,ll;HHaI'/IH'I8CKOM cncTeMol1.Ko ·­

~OPMaUHliI 3TOl1 uerrn: orrpe.neJLfIKYI'CH Bpamem!Rll'1li BOKpyr CBR3el1, rrpH­

C08.n;HH8HHIDC K acHMMeTplI<UIOMy aTOMY yrJiepo,JT,a. Ha6op yrJioB Bfa­

meHJ.Ui { If, } { ~ c } (prrn. I) rrp.IDrn:MaeT Q. .nHCKpeTH!lX sHaqe­

lilrlt. IlOCTa.BliM KaJK,JJ;OH nape 'fl 4JL B COOTBeTC'.CBHe CIIl'IHOByll ne-

peMeHHY!'.l 6. • , npmrnMa101eyIO o.n;Ho n s sHa tremrn (I, 2. . . Q. ) , 

IIplitreM HOMepoM I OTMetreHa KO!l"JloPMaUH.fI' npilllO,ll;.fill\8JI K c:rmpa.m,-

HOll Q.TPyKzype, T.e. TOJI:&KO npn:. 6~-2=6._,=6L:.1 o6pasyeTC.fI 
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BOAO])O"""' "'""'" a. o••-= G.'- 1 K0"1'°P="" TOJloll 
cM .. •••· lip• o6!"30aaH1"1 d- - cru<paJ!b•oll cTPY"TYP" awt"""-

eTCR ~mep!Wi U11 • C-ymecTBeHHli'M n:p:a6JW11temteM MO:UeJ!l'l BJ3J1!!eTCH TO, 'CJ.TO 13ce oc-

,..,,... •oHi(Jol""""" !IP...,...,,.,.. c ~MB c.aTH••"'ec.- ae-

ca.MR· JI;tR Ta.Kola: MO:UeJlR MOlllHO HBllllcaTb r8!\WlbTOIDIBli Ha TPeyroJlb-

HOtt peme·rite B 'BUe: ' 
(I) 

H -= ~}UH 56.-a,1 CoL- 1 ,~ 06~, 1 

onpe:u;eJteHH B y3JJAX pemeTKH (p:ac.2), 

R cyMMRpoBaHJ!e 13e;u.eTest no BCeM y3-r:u.e cIIKHoBHe nepeMeHHHe 6 L 

a Om n - cRMBOJl KpoHeitepa, 
) 

JiaM pemeTKH· C<raTRCTK'lecRa.R cyMt/18. ;rr,JLll Mo:neJM c ra.MR.JU>Tomia.HOM :1) 3amI-

meTCH R.aK pH 13Ll1-485,106,1b6,1 

i! = z::.. e == :5-:- n e 
6,J \ 6;.) L 

c• ~=I/Kl , oy-poaam<• ....... no aceu cnnaoaH• •ol$n'Y-

,2' 

a.UW™ 
.. epenjUlleM cTaTRCTJN~CltYlO r::ywr.'iY B Bn.n.e 

=· L". n l 1"'" voli 1 65 15-s1 )-= ~ 1'AQ.nf 
~6~1 i.. ' ' ' G{G 

~ 

'\)=t' 
,. KOHi' 

.I 1' .. ~'lli OT CY 

\ 6~ J 

x cyw..mpo:eamui no no,w.m:OJKeCTBaM G, pemeTKn G ~ lloW&Iol!tec­

TBO Gf cTpoZTCJi CJie,JJYIJllEM o6pasm~: ecJm B Tp~x cc..ce,wm:x Bep­

wmui:x L- 2 , i.-1
1 

i. f5 :npmmMaeT owio H TO lite 3Ha1l:eHHe, paBHoe 

I ' TO COOTBeTCTBYIDIItB11 Tpeyro.lll.HllK Ha pemeTKe 3.alllTpIDCOBl:lBaeT­

c.a:, "CUtCJIO Ta.R.IDC TpeyrOJn,HKROB B (3) 0603Ha11eHO trepes f ,BeP­

llllIHH, He BXO,IVIIItHe HI! B O,ItlilH Ta.Kott TpeyrOJibmnt,Ha30BeM CB06o;n;-

Hl:iMR, ll! roe "ll:liCJIO B (3) o6o3Ha'll!M 11epes 11~ 

Ha pKc. 3 rrpee;n;eH IIpID.lep owioro zs no.n;MHOl!tecTl! G f . B 

;n;aHHoM n:pBMepe } = 3, a n .f = N - 7 , r;n;e N - no.mwe "lllic.no 

ya.no:e perueTKZ. '.:'axoe :npe;n;cTa:BJ.IeHHe (3) ,Iµ1SI cTaTHcTH11ecxo~ CYM­

MH a.HaJIOI'lflmO rrpe;n;cTaDJiemm EaltcTepa [3) ,lT,1IJI CIOOIOB01!: MO;D;eJ.m 

IIoTTca :e: n:pe;n;cTarueHHIO (4] )J)UI Ra.1I1!6poBO'l:Hoit MO.D;emr. IIpe:INy­

mecTBo npe.D;CTaBJieHIDI (3) ,lT,1IJI CTaTHC'l';'!'3:8CKOtt CYMMH 3a.KJIIO'la9TCJI 

B TOM.. "ll:TO CJHO Y.IJ:06Ho .lVll1 llPoB0.D;0HRff BHCOKOTeMIIepa TYPHHX' ID'I3-

KOTeMIIepa TypHHX z 1/Q - pa
0

3.710l!teHRli • npmmro Bll'rnCJlSHliff CRP!:l­

THX T0IIJlOT, m:e:pmm IIepexo;u.a, KOppeJlJ'IIJ;HOHHoit ,IµIKHH, napaMeTpa 

ltoonepa.T.iIBHOCTl11:. TO'lKR rre:pexo;u.a GIDIIRID>- KJIY60R II T. ;n;. 

B 06.nacrn BHCOKRX TeMIIepa.Typ napaMeTp tr« 1 ' TIOSTOMY B 
' 

CTaTHCTZ11ecxy11 cy'l!Niy (3) OCHOBHOit BKJia.n ;n;aRJT Taime rIO,D.1HOlKE'C'T-

Ba Gf · , y KOTopwc: 'll'ICJIO samTprioBamnlX TpeyrOJibmmo:e· MaJio. 

Bmnru.teM HeCKOJibKO nepBJIX "VI0HOB BHCOKOTermepaTypHoro pas.noJK~­

HID! CTaTHCTR110CROit cyMM!:l. 

'j!_ = G.N + N lrQ.N-3+N1'"2QN-4 + NlJ2QN·S + N 
2
-5N lJZnN~6 

BT 2 ~ .. ~4) 

B TepMO;n;HHaMl!'iecxoM IIpe.D:e.ne ( N - 00 ) ,nJifl BHcoiqrx: TeMIIepazyp 

n:eI'KO Z3 (4) IIOJlY"tJHTb 3Ha.1l:etme CB060,I(lIOfi :meprn:e:, npIDCO,IT/Illlc>l\<',R 
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Ha o;n;mi yseJI pemeTKH 

p 'l tr tf 1J' 5 tf 
- J'?i FBT: e~m ~~ ::-fn Q -a [ 1 ~ G: + Q.1 - T Q.3 1 + 

N-= 

(o) 

,4ocTOHHCTBOM FHCORO~E}N.?Lei;arypHoro paMOl!te:mm, ]l)IOllteHHoro 

.Cl 

e :.wIC.TCSI '!'O, ~o TepMo~aM•Nec~,::,Ill: xme.11e.r. no-

C.fl ecTec'l'BeHHH~ o6pa30M H HeT He06XO,ll;HMOCTH JV!R pecReR­

a TeMIIepa.TY'lHoro napaMeTpa [5] . AHa.n.orlflh.'rn: o6~30M Jier­

)QBecTK mrn:~.oTeMIIepa.TYllHOe pa3JIQ)p:.£UTX 
o.T.L:~O-

3 
{Gt - -:.- \ + ·~ ( f"'I ~-so - ·"' 
" .J J V"" "l q, 

•6 ( G 4 - 7G J + ~s Qi - 28Q + '} 1+ 

\6 

(G ;>O 
48) 1 5 + 6G-7 + 150 (G ·9Q

5 
+ 

5 Q.4 + 15G:' - 3~5 G2
-198G -

5
:

1 
) 

lta.R JII B CJIY'Iae BllCOKHX "'er.mepaTYP, TepMo,n:mraMK11ec:icmt 

:oo,neJL'IElTCJI aBTOMarn"leCKll, T. f npH BliBO,lle cPoPMYJIU l6) 

Beer~ a.u.J:4KrnBHM ~. 

COKOTCMIIepaTYPHOe ( :i) JII IDI3ltoTeMIIepaTYPHOe ( 6) e-
Jie-

i")!J! cno6o;a;aofi ~meprm1 MOI'Y r 61:1TI> ll:CIIOJll>SOBaHl:l 

KOPl)eJIJ!lUiOHHOH ,llJIHRH, napaMeTpa Koonepa.THBHOCTH' "RDY.'.":l'f'Ie 

\!H,Il;eRCOB" IlOJil!IIeIITil,l.T;HOtt uerm:. 0,1\HaltO KCTmU!HMII napWllC1'pa-

peme"'O'llillX Teopznx .fIBJIJIBlTC.fl pasMepHoCTI> npocTpa.Hc l'B8. ( mr 

, ROOp,nYHauROHHOe t[JIICJIO ) ll 'll!CJ!O Clllf'IO 
,1 L\ I 

• 

( 

a He tl liJlli 'Vtr , IIOSTOMy 6oJiee lWppeI<THo R3Y1IB;T:o qi:e:3H"Iec­

rue CBO:ll:CTBa. IIOJllmeIITHJ-tHott u:erm IIpH IIOMOutK' HaIIpill.lep) 1/ G. -

- paSJioJKemm:. HanoMHHM, "ITO .ItJl!I pea;u,no! uerm Q -g R 1/G. 

- JIBJIR:eTCII xopo1IIHM rrapaMeTpoM paSJio~eHIDI. 

c 3TO:l1: U:eJID!O ,ItJllI CcflopMy.71HpOBaHHOtt MO,z:teJm: (CM. { 2) , ( 3) ) rroc­

TpOHM .I(VaJI:OHylO MO,lteJI:r, a.HaJionrcmo MeTo,ey' Ilpe,n;JiolKeHHOJ'4V B [ 4, 6]. 

IIepeitz(eM OT IlpRMott pemeTm, Ha ROTopo:ll: 6HJia 3a.mica.Ha Mo,z:teJI:o 

( 3) ' R .ltYaJI&HO:lt no C.118,IlyRl!leMy IIpaB:wry: ~OMy TpeyrOJII>Hmcy 

IIp!IMO~ pemeTRH llOCTaBllM B COOTBeTCTBHe yseJI ,IlyaJIDHoii: pemeTRH, 

IIpR"IeM. ec.J.rn: Tpeyro.11:omm 3aDJTpRXOBaH B IIO,ltMHOllteCTBe' TO Ha 

.I(VaJIDHOM llO,ltMHOlltecTBe .fl)f COOTBeTCTBylO!Illrtt yseJI He CTaBHTCR 

11 nao6opoT. OtieB:IWio , f (Gf):: N - n ( ~f) , r.ne n - "!Hc.110 Bepmmr 

IlO,ltMHO~eCTBa ~j • 

Taroi:M o6pasoM, npeo6pasoBaHRe .z:tYaJlhl!ocm MOlltHo 3anHcan 

B CJie,eyt0meM BR.rte : 

z:G-(G,1!)= L. v-fanf_= LlfN-n<i= 
G:fcG s:Jf 

=V"N L( ~)nQf-n::::trNz_!IJ(if,G), (7) 
ll!f 

r.rre l :a ( 1J, G.) "'° f 1Jn Qf-n 
f (8) 

It tr . G../ 1.f' 

B ,fJOpr:.y,'!a.x ( 7) H (8) cyMMirpoBa.mre Be,z:teTc.<:r no l3CeB03MOl!Ui!M 1~,1;.:. 
MHOl'teC"'BaM ;of .rJ'aJibrroii: OOillf>' ru!, IlOJlyl!eHHHM li3 T!>eyrOJll.HO 

pemeTRPJ: (pJ!C.2), B ROTOPYIO J!HOO BHOCHTCII,JI:tr6o He BHOCRTCP. 

Y3JIU, f - tmCJIO o6paSOBaBIIDIXCR: Tpeyro.JI:r,ImxoB Ha IIO,z:tMHO~eCTBe 

? 



I 
:JJf • CooTHO"lefme ;ayam.HocTR (?) tt.Ol!tHO nepermcaTI> .a 'l:'epwmax 

cB06o,u;1IOfi aHe·;>rmi:, npmc:ownuefiM Ha o.rcm y3eJI 

l[f> 

pF(tr,G.)-= fnu~j3F::(V-c ~,a), 

-;;;-F:ll P· tn~X> " ~~m --­
N-"'° N 

i<JlII8 9) BH.ItHC>, -qTo :rn3Ko TeMIIeoo TYJ"'dO~ 

9 

t' 

',OOTBeTCTB,YE.'T Bl:lCOKOTeMnepaTYpHOMY roBe.u.emIIO 

<1.JD):IOft MO,!(emt ll rmo6opoT. IIoaTOMY ,IJ.JIR l!aXOl!tJJ:ei!H'Y. CBOl'JO.!(Hofi 

p 

',!"3 

I> B 

" r . 

~ 

f3 Fer 

3JIOlKemtrI .B b 

.OTEMnepaTY 

1Bl:llt 'CJJ!eH 

1' 

,z 
..... 
Q_lt + 

lJ 
Q_" - 2- QZ + 

mepaTYpHoe Bl:lpai;te:ime t ).> F >l r 

'!rrxo ::IOJIYCllITI> 113 ( 9) H ( D6 1 • 

-~~FH T ) li ill:lC'OKOTE.'MIIepazypHoe 

HHDG'!Y 'l"liMIIen~ TYP 

G -

'L ,r:) 

' .ICM r.pm.10 :o,neJit 

.,.:JRB&.R:" Fus: t0T".'.."1Ilepa r.r>-
fa Fa T ~ paaemm 

.:rF <.!BO'iO,!(HOk! ::meprmr (6, 7l, MOlKhO 13l:l'Ll:C.T.HT! 11 .{~'~IT .. PieC:KylO '."O"'l'.-

" ri:epexo;rr.a crrnpaJI&-KJJY60F'. .EJ rio.Jm.nrrrn;:;.'UC B ~n 

llili: 

1fe ::. Q + 0 ( 1IG.2 ) • 

G. - lf.3-

'II) 

~ 
l 

8TMeTRM, "<ITO STOT pesyJI:i,TaT corJiacyeTCR: c pa3JIOlK8HRffMl'l'. (5) • 

~6). Ms (3a) ll (II) JierKo HailTH TeMrrepaTYpy rrepexo.na Tc: 
UH 

Tc = Kfn (i+G.) . (I2) 

~CJm B ( 12) no.ncTaBl!TI> aKcrrep:mvieHTa.Jll>Hoe sHa"<IeHl!e UH~ I, 5 =' 
TO IIOJIY'Ill:M TeMIIepaTYPY rrepexo;rr.a Tc c:rmpa..7.1I:.-KJIY60K noPJI,IJ;Ka 

!COMHaTHOH. "<ITO xoporno corJiacyeTCR c aKcrrepIDVJeHTaJibHHMH pa6o-

m.~. 

~a.RHM o6pa30M, c!i}opreyJIHpoBaHHaR perneTO"'iHaf! MO,!(eJII:. II03BOJIR­

eT. B rrpHHnlll!e, IIOJIY"'lliTI:. cTaTHCTH'!eCKYIC CYMMY c Jito6oH cTerreHI>to 

<?"tU.OCT!ii B. pa.Ml<ax 1/ G. - pa3JIOJKeHHJI B a.HaJIHTH'!eCKOM IDI,!(e. a, 

o~"BaTeJI&HC, l! .BWrnCJIHTl> TaKJiie xa!?a.RTei)JiiC l'illCY, •\alt CT<'IIeHI:. 

rmpc.m.•wcTH G , umpmra nenexo;rr.a JI T .,n. 

e,D;Hee 'mCJIO - 6 ( CTCIIeHI:. ClllipaJll>HOCTII }BO,Il;Opo,!(Hl:lX CBR:­

el!, rrp:irno~x K ol'5paqoBaHl!IO d., - CJv,pa.mI, r:rtm::xo~cSI Ha 

1.!(ID' yaeJI, orrpe.ne 

e ~·· _1 £JEni. 
""'"" a~ 

eTCSI diopMYJIO~: 

~-< ~ 66.,< 66,1-1) 06.+2 1 >' 

lI.'ITepBa.JI rrepexo;rr.a :.10JKeT 6tlTI:. Btl'mCJieH ITO 'iJOPMYJie: 

. uH ( ae )-1 
AT - K(1.fQ.)en2 (fi-G.) atr 1l'"- tfc. 

\I3) 

(I4) 

~.ICPO~Hoe Rcc,1e..:;o.a.s.·me BO!t'OCOB' CM3a.Pffi.'X c Bl:l'mCJielll'leM aTIDC 

~\7IW:nm, cyreT paCCMOTpeHO B ,!(aJIJ,HeMl.JllD{ ny6Jllma.uwrx. 

ABTopu 6JicJ.ro.ne:'.).dT C •. .V.aTIDL'IH'l, B.~.ACJia.Wma, A.II.rpocc6ep­

J.-a n .~ • .=i. H3Mru!.711IE'l sa IIJIO:ztOTBOpHHe o6cyl!tJJ:eHl".JI. 
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