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ABSTRACT. We suggest that thermal unfolding of the molten globule state of
horse cytochrome C is 2 cooperative process with a small, but distinct and positive
AC =0.2+0.02J/gK. Results suggest that transition “molten globule-unfolded state” for
cytochrome is like phase transition of the first order. However, by certain attribute
this transition is close by to second-order phase transition, for example, the heat of
transition is small AH=173 KJ "M,
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The positive heat capacity change observed for the thermal denaturation of globular
proteins indicates that hydrophobic interaction is the dominant driving force stabilizing the
unique native structure of proteins [1,2].

By using a precise scanning microcalorimetry it was found also that melting of molten
globule i.e. unfolding of this intermediate state is associated with the significant heat capa
city change. Some authors classified this transition as a second order phase transition
because we see the change of second derivative of thermodynamic potential, but not the
enthalpy and entropy [3).

In present paper we study the physical nature of phase transition in aqueous solutions of
thz molten globule of horse cytochrome C. The globular protein - Horse cytochrome C was
purchased from Sigma. “Molten globule” state was obtained at pH 2.0 (glycine buffer
solution, 0.5M NaCl).

Differential adiabatic scanning microcalorimeter DASM-4 A (made in Puschino, Rus-
sia) was used. Besides the potentialities of DASM-4, DASM-4A allow to deal with prepa-
rations which have not constant viscosity and bad heat conductivity. The other advantages
are: high sensitivity; high reproducibility of base line; the control of the device is possible

e by the computer; the possibility of automati-
zation of data processing.

% The temperature dependence of the par-

B 0 tial heat capacity of cytochrome C in solu-

= tion at different pH values in the presence of

20 o . salt (0.5M NaCl) is given in Fig. 1. It is well

AZZFI7T known, that at pH 1.8 - 2.0 and in the pres-

s ence of salt cytochrome C is in the state of

molten globule. As we see that the transi-

tion: native state (pH 3.7) — molten globule

v :L ;0 1 (pH 2.0) accompanied by change in the heat

“"’ capacity at 25°C. Note that the partial heat

Fig 1. Temperature dependence of partial specific heat  capacity value for molten globule is inter-
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tured (unfolded) states (Fig.2,3). We measure the temperature dependence of the heat capac-
ity at different scanning rate (0.125; 0.25; 0.50; 1.0; 2.0 degree per 1 h); the reversibility of
the process "molten globule" unfolded state was checked by reheating; this process was
found to be reversible and could be adequately r[?r;:ﬁ:nted by a two-state process (see also

So we suggest that thermal unfolding of
the "molten globule” state of horse cyto-
chrome C is a cooperative process with a
small, but distinct .M:p and the em.ha.lpy
change of unfolding AH=173 kM’ The en-
thalpy of unfolding transition for molten
globule is equal to only % of total enthalpy
differences between folded and unfolded

M 0§ oo op o w  states (381K M’l), heat capacity change is
0 60 TC 00 also small, but dlsunctand positive AC o (N-
Fig2. Temperature dependence of partial specific heat U)=0.6+0. OGJK 8 ) ac (MG'

capacity of cytochrome C inthe various conformational U)=0.2+0.02JK g, all these results sug-
states of protein: |- unfolded state, 2-native state at pH gogt that transition of “molten globule-un-
3% 3" malien globule” este st pH 2.0 (0IMNICY) £ 404 state” for cytochrome is similar to
the first order phase transition, or it may be same mixed transition. The last possibility is
demonstrated in the precise statistical theory of globule-coil transition [6]. Thus, for the
rigid chains globule-coil transition represent as abrupt first-order phase transition with
definite change of density. However, by certain attribute this transition close by to second-
order phase transition, for example, the heat of lransmon is small [6].
Our experimental result is very im-
L portant for detailed computer simula-
tions and calculations of realistic pro-
3 : tein folding energy landscapes resemble
a funnel [7] in which the protein is
2} guided through a myriad of pathways to
its natural shape, referred as its “native
It structure”. Although the folding protein
eventually finds its way to a minimum-
energy the landscape has rugged fea-
tures. These features correspond to “lo-
cal” minima in which the still-folding
3 protein may be temporarily trapped
1 because different chain segments are
o 50 o 100 “frustrated”, 1.e. they have conflicting
i3, it chpty it T Sk dilfaceat interactions when brought together at
temperatures and pH random.
The “molten globule” placed in the middle of funnel [7], where the polymer chains
“going” half of the way towards the folded structure. Our thermodynamic measurements give
the funnels slope (the effective search size is reduced, making the computational task easier)
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while separate measurements on the motions of molten globules by NMR give an estimate of
the motions of the ruggedness.
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LO0DTMBANTTN  WMBILOL FIOTbLoLMBN BoOPTMO DOROLE-
@ BOBNSTGO  3obaLNSM3BTIBN

Fatdmomanbs ayomgdogmbda 3. Beopadgamds 4.03.1997

Unodm@ggeEmdnl @e@idnme Gamamgds, medbgbomo (omgdelb bomdate @y-
Botyntragzanl emmb, d033:808698L, dmd 3nphmambamo nbmngbodgegbebe Fob-
dmageaghyb Emdnbebiné ddebagger dagmal, fedgero( »603gdl Ldsdammdel (3o-
modob wagsmné Bs@ogh Lehai®nheb [1,2]. 3bgaobonme bysbobgdsma do,-
fam gommméndgd bink aodmygbglem Bohggbgdes, Gm3d 4.§. aeemdern arremdnmob
©bmBs, 5.0. Gomob Bnsrrgenén gmbgmtdsgogmo dwpamdobgmbalb mgbedndee-
ob Ibm(iaba @oeadnégdammos bomdm®ggepmdal 366338gmmaeb gaemomgdoboeb.
bman sahmébin o8 gepobareb sbsboomgdl, Amamby H-hogal gsbné ae@sbgmal,
Fapgob sEanee sjgb mgbdmpabadn gt Sm@gbgeemeb dgmbg Jobdmgdamgdal
gamoerndel, e obe gb@semdnnbe e pbdédmdants [3].

Fboddofyg BAamdTdn Fglfogmammos w3OmEmdam aggbmaaﬁgmaﬁn“ dymqo
(bnBab an@dedbmds C-b FyomblBstinl @sbybn aswsbgemob @obosnén bdnbade.
somdnmefme Goee - (3bgbob Go@mdhmdn-C Tgbyowgm ofbs gods "SIGMA®™-
L3396. ngn 0dymegds ,AmmGob aomdpmebgm” (Wweremore grrmdgere”) doam-
Jomgmbdds pH 2,0 phmb (arogebol dagyhn, 0,5M NaCl). nym a5dmynbgdnere
wngnfinbansnin spnsbs@rtn *bysbabgdamn
Bn‘jhmdag‘ﬂmf“maﬁ@ﬁn JTACM-4A (5&30‘:’3335{3- (o
oo Sdaﬁnsmlan, fwbgonn). JTACM-4A 4 3Im-
Bobgoerhn Tgbadmgdrmmdgde agedimgab bady-
cgrgdel aaﬁ‘aﬁammm Jaaae Ibgdetad gdalbs,
mmdgmos( oh goshbos dmedogn Lobrebdy o
sine gaen bnondmysd@ofindermds. podedgdom
bgLofyr bolnsopgds Bspegnn dghdbmdnathm-
Bnon, dsbabnybo bsbol Brb@e 3sbdgmbepmobnm;
Babodmgbaros Fmgagdol ymEBémmo ymaddeg-
Batenon; sabnogg Bobedoadgmres gsbmdgel dom- o1 L |

A e

(3abgbob sgdmdadobses.

1 bmérscthy Bobggbgdns go@mibada C-b blLEBs-
fanb Joksnoméin boodm@ggepmdol Bnd3ghe-
&abooe @namanaéo@aba pH-ol Lbgogolbbgs
d6n8gbgmmogdnbengou 0,5M NaCl otrngrob Fgd-

TC

b1 gagmdbmin C-L bLBstnls

Sabgoommbn bomdodggapadol
$983bsdnbgre @singnesdy-
mads pH-ab Ldgopobbgs 3603369~
rmdgdauomgol.
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330mmdol phel. jobgor obol gbm-
doghn, bmd pH 1,8-2,0 s dohnemnl
mobomdabol 3o@mibmdn-C odympgde
H3mmBgb armdgmetgr " dpamdshy-
mdsdn [4]. bmamb(s gbamoam gomoba-
ol Bodoghn dpamdstgmds (pH 3,7)
- dmmpgb ammbges (pH 2,0)-00b
obgmogl Lomdm@ggeemdol ggmomgde
L . .44y 257C-%g. wboo opobadbmb, bhmd dak-
0 60 ToC 100 3nagrnéan Loomdm@gaepemonl 366T36-
lgh .2 (edmdbindn C-b Jobgnsmnha boabmds- mmds ,dmmm@ab aomdgmabs” sbab bs-
ga@n&nb 033336.:60(*;5@:- xodmyopydgry- Eﬂoq‘awm EOOG‘Q(’!DLO (Q"baﬂﬂﬂ‘) @
Bl ch‘nh ngu@ahbao dnb?}mﬁaa(}nﬂg"n g iy V) 3 N
dpgmdstgmgdalogel: 1. pabsmmbotgdgme ©0 sthgbotdge (3s3corr) dpamdsing
dopmlatigmde: 2. bahonbin dmpmdatgmbe, M&iaab Benéob (bﬂ“" 2,3): ?’335 Boa%m'
pH 3.7, 3. demagh gomdagmibnme” 3900 Lomdm@gaspmdgdel @nd3ghedy-
dppmidstrgmds pH 2,0 (0.5M NaCl) fwvyrn odm gomgdnmads Lysbakgdol
bnﬁjohm&nh Lbgocosbbps asn'aaﬁgq:-m&ﬂ&nb @bl (0,125; 0,25; 0,50; 1.0: 2,0
aéopnbe 1 FroBe); Ygdoggemmds dbmabobs dmm@gh ammdgme - egbedndo-
fadnen dpamBdatnmds Bndmfdgdrmns bomdgmégoe bygobobgdam: gl 3benggglo
smdmbbps Lbymose Bgdaaseee o Fobhdmmagborr agbe, bmambéyy dbmmmp méb
a0eaénb deamdatgmdsl Bméinb gsesbamnl 3bmgalol spgsas@dabe [4,5]. hagh
sabgmag peahfdnbpnm, hmd (bgbab Go@mdbmda C-L dnedgh aomdgmebyre
Jopmdsbymdal Lombibo pgbadgbsges sbol ymmdghbodagme 3bmzgbo dgnén,
dogtrsd Lagbgdoom 3"("‘;533'{3@“ ACp-00; pgbodbeiaab gb@odanl gamammgde vee-
bob AH=173 52 M. pgbs@nbsgnnl g6@smios L, dmm@gb armdnol” aoobg-
mabongol Bpepagbl Bmmer 1/2 Loghon gbdemdacbe webggam o adror
dppmBubigemdadl Bmbab (381 47 MY, spano odgl Loodm@ggsomdol aonhq,
Bogted gedmygiovem o Esegden (amaegdst ACP(N - U)=0,6=%0,06 ;!K'Ia' :
ACP(MG-U) = 02 =+ 0,02 gK '35 ygore b Bgogagde aaebFonbadl, Med
goabgme 3mm@gt armdams - Eghednhnbgdgre g mdsbrgmde’ (Jo@mibm-
Bnbomgol obnb dlgeglo I-bogal gbnbo geesbgrmobs, ob gyeenbgl Bg8nbgggedn
Fobdromantl gobyanpriorer . 8ghgnm™ asweobamob. b pgebsbgbgme Bybod-
@abreide obab BofobebFotdndygamote areodars - @sbagowe ambgeee gopsl-
amab brb@o L@@ oab@nggbo agmboon [6]. oy dogemomop, gewabams aroda-
e - obgpnme gtz bob®a goagdeleomgal fobBempggbogros, brengmbr(y 343000~
ba T-brognl msbrbn gepebgre bodgahogol aotyzgnme Garorgbeo. dogéed gl
au@ab:}@a buboom@gde bogn 3¢x">o33@?ﬁnm, t‘amaqz’a&n(} ssgmembass 1I-bv0gol @a%ﬂﬁ
aopabigmmsuomek, ogomrnonap, gomsbarob Lomdm ofrnb 3oty [6].
domybaen g‘ib.}ahnagﬁbogn Bywaagdo 338w 3563353@1'-13.:50.: ndabsmgols, fend
3egebobon pgdeepbn Jmddon@atmen dmpgrntigss, 1.5 959f39G 0400 Ibm-
gomabe (,mebalog@obe"), Gmdgreg sbsboemndl (ogrob g3Bgrnge 3mgrodgl@o-
Eohn fodaob bogbgar bBGnidatRBe gepebameb domagb. ,gbghzadosoTe
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robpBog@n" Fobdmopanbgdo,
bimamti 98g6agdogame Ldsdbnt
(Funnel), Gmdgmog mbps gono-
feml Un@nh amwgdgg‘oa dotoo-
o Balsdemagdaemn dogmagob gogmmob
31839800, bogie dnspfomb ad
3mBadéing ymbmmhdsgonm gmé-
dob, bmdgmey EEmdomas, fm-
263 Lbodogho L@ énddahe™.
3nmbgeogere ndnbs, bmd ogg(a0-
bs o geabgggol @dmb 3modgld-
oenéin gadan dndyznds gbeb, bm-
dgmnQ o4doymanrmgdl gbgénal
30b0dndb, o3 gbdby gbgbaadosoT :
d20&b" goobbos moahbgbﬁﬁaaosn s L i

bméa.3 (odmitomde C-U bomdemdyggemmdel (preemg-

sabfrsyramant $qmadobglnl Loboo.
4ol Bypsdamn Lb Lh 335/, b
7 000 5dragbs6o Fggbododgda- p‘;-!-n[,niaﬁ.:,i_,, gomebbge pddgtodatiobs @

sb gbgtgont mseegh™ 30bndyy -

378, bodgrBos EAmgdaa meglegds 143 320 4srar e pobagnero gs3ge.
0. ga330b Lgadghdgon ndyegndask 9.7, ,aénl@begenb™ (" frustrated") dpgm-
dotrgmbndBn. Lbge Lo@yagdom bmd godgem, obbgdmdl Foboomdrgamdbage phma-
St‘au%jagggbosn $533000b Lgadgb@gdob @esbermgdab @hmb ool Eabzggol dbm-
(3gYdo.

LAned s arnbams™ g5103000sar IsdHBa™ 0geggdh Igrowah dnamde-
fgmdal [7], bergbe3 Jmrodgbne o3l ngan aeameme odab Bobggeéo gbo Log-
fmblnga LEgidnhol gmhdabgdobsagol, haabo mghdmeobedo ynhn gsbmdgg-
B30 ag0demngnb dedénb ygerob gpobghe @sbérnb 36aBgEgmmdel (28 @hmb gg9dda-
bo ymbpmédsnab dogdabsmgal bejatm gedmngemgbal dmgrmde 33nhiwgde v
sqém spgore bpgds ymddegdabgmn godmmgmob sdm(ebe) [7]. ho Bggbgds
LAm@ b armdnmob™ 1mbgmédagngdol 3mdbamdoms magnbgdnbgdgdl, nbobo Bg-
admgde mobsbnompbgh dobagaee 3oabo@bn bgbmboblol dgompon 3oy

Bywoandoom.

adorraliol LobgrmdFemm nboggbbodgde
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