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iddccyr $rphde (sDs..^cE) sho{
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To indo  Dumd l ,  rgs ' )

adnirion oI difcrc detlgent and acids. Tl,c

nndssrndins ol rhc mlchinlsms !hl!h aicd the
rbmarlon of thrc.dlmensioml prorcii !ru.rurer

resdch*s (an$ ,1,

nmism md H$kdh. re4l
ovxbtrnin hrs bcci rl'e obled orpl'y\i.o.h.

cponed (crolbunon l96er
Kos .k ida r .  r9 ' r0 ;  Bd ra  a  aJ ,  l 93q r )

li .h! pr.sedr ntrdy nerurenenE or fluorcs

.r backbon! irc
rure ofrhe prorein, kineticntrdies, aid cledropho



rrsn und{ Jendoing Inn 'ondcnrttrin! ludi

o!.lbumli toi' d'e mrive $rudur. ro rl'e nndom

2, MATtrRIAL5 Ar-D METHODS

ourblmiD (\rrftrfl).
(cdiHcl). trrea. sodLUi' dod{yl strLphde (sDs)

(cl'cl. rnd 3 t(r chola
midopropyl)dlmcrhtimmoDi{,1- r.Irl,pan6ulird!
(cH^Ps) ydc (isdd

(rrdindh)11N-mdhyrhydrtxrmn a.rd) shnomtrm
[om]d! (c!l.nl! I). hererec]ld crhrlrGn!.
c'r,oryp ryrtrinidrium h!)mn[ ((rtuDicn). d

mift (criionn ) vere sydhcsi/ld rrar! ovA
r's purch'scJ trom
Liddhy Dclonted

All sokrions \rsre ptuplrcd rn 0 0r M phosph.

(ro wn. 'h. rono*iigr uFa {, , 4. 6. d $l

0r, 0.1. 0.6j cpclr. 00000r: 00m0:r. 000005.

7' (crrrcoorr rd rrcr) Prorh r$rs sd.
mdhul (Ls*v d 1,

reir) Ars. $rd ovA vr5,iuurur!!| r rnc nr

lrrcprrcd in sfarJ!\ wnri !pt(xi'nrd! 2rr% or

pho\d'u. bufier
Dreuar. Pdon (r!!dtu6o ,h adju{cd md

23. nuoreseDce, Uv Ab$rbrn.e, rbd cn.ubr

{are. bdh. A sie\ ornuorts.enr cmn:ioi spccta

l j o i o l ] r r n . o x f i r t e | } 0 ' l l L j - ' 1 . ! | l i ! l ] d I o \ | D ' d s

emplcsvo dcrcmined t erlitdion ur.long.hs
(nn) or r71 md

P{enr dcidririon (%I)) = t6 /L)/'iJ x r00

$her. ,i, trtrd /, rc 'h. lluorcslcrc i'nqaili$ df

cn.ulaL dichroism ((r) Fauumcd\ \qd
rrdt on r JNo.J 500! 5l)ldronoranrerer dsic a

lre rbnnbancs oI all

tol. bsc,r uJ)o' r
ohculxr \reishr

resnn'c5 fd ohcule ot ov^

lol,::= 10300, 2r$

NheB lol:,,ir didEeLriprniq drrrnm ud, r
rrichon ol d helix in pror.n

6 M CDnIIcl. 1r l% sDs.

dod.lll $Lthat deniinred samtl.\ {eie reda
rurld by 13 hr diilrir asni'tr' lr.0l rvl pliospha
butr{ (rH7 2)1.r'c. sirnprcs !f. dir'rd b d,o
srmc (Dcurn'ioi ofprcrin ovrd md uoknm.
leNr). rbno\ri.s nddtrlizarior 'o rII 72, aod



oqis) Frcvo,,rrjd nmfres

oxidlioi {irh p.llohi. rc

ird.[n]i r20 c rtrrod'Iid rmin. &id anrtyzer ror
lryophai ddernrin]tjotr. $tr'$ gcr. ll,Ydo|'!d

24 23 16 40 r,r xr u0.C

$n. rnNra'tr.c (Lu.* m,i sd'cl,,. rq$0).

3. RaSUT,TS ,tND DTSCUSSTON

ryFlophlD (r-u.r\ rndsolNb. resr))il Qmpri:on
$irh dhc's {snirh md Brk. lenr) rM {ru$
gilcn by smnh in(i Rad (r97o) tu.htrkm

rDpbphm, rhr.onri.- proLr*. !id *particrcid. rr

i. the mounb or the indxiduJ ovllbtrmr also

chrkers (f*my d 1, 1e6n) rhwewr. ddr in

im|odiil .mino .!nrs {,ch a: zlrrrmor% foi
.rosinc rnd 2ll lortD,proph.n. vhi!h re used in

3.2. I'iinric Fluors.en r. Propedi.! ol

hrnrphxi HoLvever. tuai .r ar (re80l indnaie

dsnxtucd roi,ns ii l5t sel sod,um dode.yl
$LLfhrd I)DLya.yranidc &L dcdrddiq$i\ (sDs.
PACE) wa\ p{ft\mcd a(oidinc 'o d'e pro.edftc
or rrmmh (lerr)
vr\ afr,rild bsi'prc {o1\. Gch!c'c naiDed wnh
02s% coor*se BnLlhni rrlus R 250 in
iirhrnol/wr'enrfttc

$ t i ch tnmd ld \wdc
orrraincd fFm sign. fhenricrrco

cLedrophoresn {ND IACL) wrs done ulins
I ?5% $qlrmide
(phinulra) NDPAGE $drids vse rppried

lschnilnr fik lr0 ror

(r00vj r0m^: r.5*: 15.cr l0vrr, endc
rppLi.rlbi (400v; rm^: l.sri rs'ci rvD. run
(4mv; 10mA1 r.5w; rs.cj 270!h) Mole.ular
lcigrr (Mw) ma*er (sisfrr) tunsed be$€en

10 mM r.n,Hc (/,H 3.0)r 1 mM dhyreredirfri,.
Grmc,h rid (EDr^)!
bn'd A [clo.trsiig {!p oI30 min !r crried our
b.rore appll,Ds rhe pdeii \trntLcs.t30nE/rrl and

Thc 106l clccr.pri.rc\i\ !r!l
lalning rlmc Nirl, cNmhse Ennirnt BrF R2 50

v seminrn dd Dlrir(reerl.

idnclLspo6 on rhc shb selw6crned our yith l
scd lvlakdf 6002 Mir.rck d srDplc {rverensrh
of 530m td{dre {akk,,g$ n0nm) by



lyn\ioc b qlnophar cljrud hay r$ulr in tho

in pkrcio siv- trcalun wnh \inslc I)car or
tynrophan emnsion i,' rhe itrie al:l:11 :142 m r

pe3k vith mrxnnun d (nnl rri.o md x7.j,
rcspsrivery (nd shoFn). Reprrcenmi o he
crlirari{D uycl!n3rh dl271in b 2'r5 rn e5u11d

anJ rhon $mrLdc al\!n!o ol rynaiD! rlrcrc!
cci.c ((hr' ., ar 1s30). rrypropl'ai aprctr* 'o

atthnndndon { clo.s$

(qrigrri d 4r r!r!r0)
T I p s T f p f r . a j j d , | ' r ) r ]

lo!!'cd ii rhc loop bdwcci nnnd I jn p \hed ^

1.3. U€d nced D€mtunrion

(Fig r) md r4nm (rs. r^)

intnsiry i 271ifr rp to ffe3 mreitdion:l M. t

rpperer. AhoYc
+u,l!lor d xfr,,Dri ncly l0? mi atpcridl liuu b

l]eak ('rr?bpbrn fluue$4e) shihed f.on
r3r.5 nm b 151 i trm
.hrigc dp ro rhe 3ddnion or 3M uretr. wherc rhcr'
ws3 nd'maL Gmrsion
r37 5 nn b 3js orn)

albumii rron ercired ryosine ro trlplrphrn

rr,! ryptophtrr and
(ftm d r 1en0). ou 'he dhs hand. \r'jrr of dE

'ri. .^1"*"i "t

pr.senc! or u'.r w.rc derermiied hr monnorin!

l95i'n Ar rrir {rvellnsrh. rhere ii no oirjhu
l i d f rom l l r cs jn i l ] [ ' c$cn .e . l nd l l u .G .en .e

,neaure or rhc cnctrr ot de..'drtrtion (Perm!!Lo

mafturidL li,dusry u'd nandrr olirbu'nr \cr!

rcsuhs wo rlrived (ddr ior ro$il

r,4, CdiHcl Indu.ed Denenndn'

or GdiHcl Nrs sifrllar b ih!.I d'cr' bur 5ho{cd



Ther lhu,scs i,,
GJnHcl ard .oNnrcnr

{irh 'l( icsult ot lrkcdr ., ,/ (1ee2) on trrc
rcldiviry or frco \uLn,ydryl -qroup: in ovalriuDin
Above.onccnlatio$ of 5M GdnHCl!11 nNr sH
!nLr\ {,r okrbunin c.dcd. (i e.,he pdar vx
unroLded to r c$r li.hd random coil H.vcve!.

prorein. iis hoLj!$ rcshr the disn'pri.i br nea

rhe Untolding or Orllhuni"

thu .flcd or sodium dodecrl sulphat ISDS)
oi the ovalbumin nifforud rromereds exh,bircdby
frcvLous dennurtrnh
producld a dcc,casc or the intiisi. fluore$ence.
tsu! rbe pe(entrs. ofdouiurlrion las h4er NjIh
sDs rhan {irh prcrious
53% (Iis. 3). Mu!l'

wrdq!$ {ihl

(Ar rtr{, d dr{$L dudsoi!

ceFc dD.srdh\ E-iDriDlon) n,j 4d rr oi d!

ryirh ftidirion of GdnHCr ai
borh vaydudgrh ol cxlildjln ?sj nn a 271nm
(ris 2 ind 2A). Demr$xrion achievcd 497" x!

3M orer. Ar.onccntrarions or GdnHCl rbove 3M
runher Joa.^c in jluorc*cn.c litcisiir vft noi
oh:cryd. hd orlJ

ffuoresen.c. shil in (h. maxlmum of edisio.
mhieved r57 nn d 6 M 6dnHcr. Minimrl shfr \?s
ob*vcJ b r4r nm ar 2MGddHcl. dqnon{criog

fin.rusln.c ol ry.osi"c r *trv.lo'srh !!cir{i{r

d rho highln d'.dftdiqs ol GJoHcl(5Nr aftl

!

:
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.ontcr( do* noi

|r'! w!5 N diil| r d'cnruioi ot 02\1sDsj

i N l ) L Y ! | i n  1 h o  I ) ( ] | {  e g j l D !  d f l f u  t ( c . h a i |
r P.orern morecure
rhc r,ydtudn$i. sid. dir,R or r rd.in. divfpa

ard tlrLeford ncrmirs an
or rrrn (irlyr s,i

K'una'n,. rLr62) rhrsc dlfcrcnr medrarhhs trr!

id! (cPc) briig

fltro(\.cD.r inrNntir), .oisnlod vith jncreaug :n

:q5nm crhibrcd shii in nre msnun walddogrh

sDs oz3 jdn  { , , r
mAimr cPc or.$r'ior of 0 rxro r N1) shd'kre'

(.r,onr. r. .a'tunic n. rnd .rioff rr) did roi
drd{ in iherflldesse spsrun (m' dD\,t rr

futrdiorar groups harc ior str8i.j.nr inil!ence on

C.ilenrdron oi dcrcr

sp.drD Con(drarid, .r 0lr00lM sho\cd
dt.rexe in fluorc$ci.e i'tensity aDd smrllshir kl
rhe longr N!!!loig'h to 3:r$.5nm) cnicikarior

r.ntrdjlr iicvcd mxio,'llr- 17t1. ̂tprrcidy,

Eiacd\ df dlrcrenr
IanphoLyi. (cIIAPS), rni,)oj! (SDS), r lrnni.
(cP.)l .i rhe enissioi spetrm or ovA weE
smpaied (Frg 3A)

erric. rntrk ofNrkamuft (re72) sii!e,n.erxclon

dlrd.onrric inrmcrior bdween oppositely chrgt(!
groups ial l'tdnrphobic inrenclonr. bdn imL.o
rfld (sldues of pror.i' inrsid wnh sDs {
.rbo\rLi. amiro rcid tusiduds $irh CPC Ihese

$o$cd similrr beharor \rrl!h JirorqLo',ly i', rl'c
c{cd ot denrtrdion

loqs \x!dc4rh *N obse'aed onll a' plr 1.0 (no'
rr!,r. r' Digh' be ierrgd b so rrd 6d 'h.

:inilrr ro rhd d ncukl 1'H. b( rhd molcd,lcs
hodni. nore flexiblc !s thc rll is lowctd. CD

{3te (Kseri d .r rlr|N) 'a,u nlsdid,r i,, 'r'd
dmre$en.r emissioi rrc rl'e result or dire.t proron
qurnchins .r tyfrorhai suore{erce 'rdu.ed by

. .irbo\yl Eouf in rnino x.jds. tbr are in dose
ioqnroDhan ftlidtrlr (uchan d,/, le76)

 lso. yis$ily netrsunnen6 'Micrted tbd

The rempcralda dep.rden.e or rhe fluorcs

we o*c--cd (Fjg 1.$LLd.unel. rhe:hif' of.he



Rel ionshir Beseen [mdional ]

i eisnr- r lircd walclcnsth olmd'mrlshtrl. thci

i eNries in ovA upotr .onrormd'onrL mlc
li,crere of ur.r.oncentarion ur k,6M csult ii
r monnoii. d{rear i. iit.isny {rabk rI). A|:o.
.nission maxima idJicnc a nonpolr envndnmoDr

lion. rhd cnisson ndifrun sl'iris ro 3ss.m. \hich

ncnt. Ihn iNrese
r!!,npa,iicd by r npid dctr.trse in $e nuorts
cme rr'sily (!js 5). (i.c.. nidrr' nr${ s
iitcrsity deuy or
obvn,uny$coid ord{ incondniofirhnh r.sulr in
prrcii u'fordmg).
.b\c'vcdrorHClxidcll,cooll Trrcr!,8.!$No
decerc or 0u.r.r.c..c iniensitr {hioh k .onsis

nrlvious suhnrn.cs (Fi3 6) Ekn at nin'mll

no.litrnrm or unloldlig
(uchm d ar.. 1e8r) md

orh.ftd ihc cxisrence of ihc ir6lc ;rornodiaro

(chnclik, 1e8e). .l.o rhe rapd disappcmnlc or
('no"!y d helilrD. ihc( nrl

remrln Largc pans

subfquenr de'duni{', (Grydynslii., ar., le33).

Hlgh ()r..ntdions or
GdrHCL. sDs, cPC. HCl, 3nd cllrcooll {hich

rboui $7t or the roful fluorcsctr.o ct{is. and *rs
!)m0Lcrcd in 2 min.
nronger eff.d of Jddgcib n[n or dendnran(
(mi and cdirlcL)(rrbh II)

Thc rr(JV cD srecta ror Jifcrcil $tc\ ol
ov^ (rhe ianve. dsdrd d"l .ulrurcd) arc

-

wr! 6dr t^dl

.sro'sc *as snrlle' (r. srvclcrt'h .r 3l0 d'! d
remp{attrc e5'cl.

The shjlt in rhd wxvcleisth of mrximum cnission
u,ronrios oI Pdcin lrh

terterarffe rnd exposing of xmino dds Esn|ues

quen.hine lry 1r,o ! vcn' (Amtfierd..,r 1e37)

dcmrudion rchie1€d 78q, (Fis. 1, dd'cd dryc)

nudics nn c$mindion
nrudurc ddring dendurrlion (cryczynski ./ (r.j
r!r$; FlJ,sdil rd H$rtdr,. ]q7r) rn 'hcpr$m'
w.rk. rtrte mi{in$ 10r ov^ dcniurriion qirh
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Oprical adiviry or d-heli* in
rarUv pemi6 the ue of CD $trdi6 ror
inveiildiois or conromdioml chanscs in prctein
sruriors (chen d ar., D2). R4eivcd urucs df
heliml content lor difierent n,ics or ovrlbtrnin 3rc

The cD or narive ovalbnnin spedrum (Fis. 7,
cNe ,) sho$ a larse neg.tive pe .entered
around 22rm 'Iltis band dcnon$mbs a sis

nificrft d-holial
smrrler baid ar 211 nm is char.crorh(i. lor prorciis
wirb sig.ificant quanftic of p $ndure T*cda
and Mony.m! (1990) rcponed ror inhct ovalbunin
3r% a.hclic,l, ?Eo ,.dructur. lid 60% mndom
oil @nrcr t. lnf,uenc. . r GdnHcl on rhe secondary
srmtor ol OVA is shown by ofle I on Fig 7.
Nesdive naxirtrn around 202 nd is typi.ll lor a
porein wirh a die(ler.d rrndon coil indure.
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i-.  q omrdo ( ih)

o.mrMcPc (1)i H.r pH 0r (b); 3M u€ O *3rc fr! i lo4*ic.

i!- 6. 6c ,in!<@M d d. n!or!$

dDsnn (^)rtu rin@fto dde tutr

GdnHCl .aus6 rh. prohin io undergo a
di$Baniz.tion ol iis secondary $ructore involvins
a .omplclc helix-bsil icnsition. TlHe datr
agree {fth otteft, .uch as conr.n6 of d'helix,
F siructure, and sndom .oil in ov,lbunin vnh
6.4MCdnHClas 6%, 13%, md 3l%, respedively
(Bdm 4 ,1., 1e3e.).
pEtein (0.174 sDs) lsds ro intreA. in d-helical
ontenr (,(l% compared to 36% in d'e native state)
(Fig 7, cure ,). Tne spectrum dG not dosely
€sembb tnat ol ihe narive $rre .nd dmon$ot6
the much noE pronoun@d negative maxima at 222

and 203nn rypic.l oi d-helix
onenrarions of sDs (0.02s%), a dede$e in
r-helical on@nt h conprdsn b ndve late was
obseded (Tabrc Ill). Ar thc sane bne, 6pcctun
shlpe las simih ro rh. high bindins protein s c.
It is obviou rhar SDS does mt unfold lh. pmiein
molcole at on.cntatioB of 0mlM Rmdom
coil undergE tan.ition in tr_helix and ,Jom.
Th*e dara asrce viih resuh or Takcda ud
Monyana (1e90) who desibed ,' ineere in
heli.ny tu ovalbumin{odium dodecyl suffaie
@mplexes: 35% of Fhelix (inee$e froh 33%),
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w r i r d i ( i h l
h),&fuurcdlir ceHcr
Ds !) ov e6d6 d

sirh rhis, Brh.,dr (le3e/)pointed out lhn. sDs.
cvcn dr r con.entdion ol10mM. hrs io crecr on
lhc mnJormtion df ovxlbunin.

The tu.Uv spedrum of rho icid dcnanRd
prcrin (nor:hoM) sho*s spectum sinild to rhc

3,3. Reenenrion or rhe N.tiv. Srde

Rcnrrumiion of dcnlrtrred esg albumin fiom
rhe sndom.oihd $ c by dirlysis shoxed panial

ol ndivc ovdlbunin
Gsr 4 {irh dalgp€s*d r.dufs or d herier
prcreiis (prc$icc
centcrcd donnd 2$rnm aid 220nm). Cd.dlrions
in,ridrc 33% of d helix (T!bl.lII).

Renaluhrion ofovalbu'in rko sho{ed padial

N'ivc [d.h (j,0 M 'lr'Mb Mrg. Pn ' )

r Rardon{ikd prcbi (6 rJ addrcD
] Aldtrodu& (] 0L M riofhb b!'q.,12)

13% of, nndure (iifea* from 7%), and 52Eo
or nndom coil (dccrc$c trom 6074. tn conr!!



rooctics $d stnrctore ot OY Dnmir

rurcd prorcin b:r:r'romiD rcodu(rono sh4L,r!r
rt qrvul.nlrh e{cirarid'

rhc proreii is tully DtrroLded by d'e rdiotr or
6M cd.HaL to yield

ierdtrrrhon hy JiiLysn
or thc dclcrgt Ho{c!a.

sigrira i'rlucn.c .!r' or i'inii'rl anodrs or

rreviotrir) b.on rcponud rJl f.nrord (1e63)

rqni[dioi or hich bindinc pmrin rom (rrbre
nr).

!luoF5lcd.c sncdnL {i.rorxrion un b :lr)%

1.9. trlcdrcpboft rir Anrirsis

Nr rtkxr shall) hmds (Fis. 3Al: rhstfre. i's
{heo,d'! prcscnhnoi

2. lnd 5 (nxrilc rnd rroired
or.lhumiD i" sDs buftv aid boilcd o!!lhuni,' ;'
nrrivc huff.r) shosed sinilar distiburioi or baids
o'ly f'orci" n' narive vDple butr{ (lire O
fonned si rr q'kmi"s or bods (r innc{r of 6
and irlegibls sL( ln rh. rop) and thcfnobilry vrs

rl'. f.or.ins d'trer
prcteins m rcmrkrbly .omlad ln .ompanson

prorcln rflud\ rrir

.ondirn)ns \rovuLr hdrof aourio, lruD homog!.
(rig 38) ovalbmn' in

edPh umds in rhe ndiw smd6 (r,4) hN

crrularcd ovA afrer heating in rmpule sho{s

P^cL vxt perroned in sDscondi"oN (Fig
r1.) H.{Ns. okrbDnin in anpk bt'fis hod

q,{d;'! of sbuni,s o Na'r of 3) than prckn,

resulrs rr. q^inddr $nh drlr rpNtri"s ln rhr
lirerr'urc (cl'nel'. e, ,/,
1e31i chrtrgrnd H6ey, Deo).

A :(n or SDS pdcio pdrortr domonrraros
the Jiften n.cs be tred' li"es l. r,5.and 6 (ris 9)

hoMs ftw inrcrchain disuhhtu rronds rc

rlcilcn ir rl'. brMs x posirioi.o'.es])ondincro
molecul.r nss or
d,is'd' wi,h 'hc drh of Gagh,on oere), vho

ovalbrmin ro rssrcgxr. snsLL.rqM hies of spo6
bu1 brxJq dics *itl' largcr nole.ulrr weicht of
pdrcrns d'ai i" noNeduced
Aggicgation was approxinatll *much as nvile in
major brn& rhin ir milq o!$ (Fis e) Mnr
frrcroB (fis I {d. nd dkdsed. b{aue ,he
rem{klNc dEnlcs vse obrnrd onry for maior

contormarioml chmgs in ovrlbnmm rc$xdt
rmr rhe ddirn,n or rnionic (sDs). lr'ioii.(cPc).
.aronic 1. cdloii. II, and cdlonic III wnh diflcrcnr
rdt chair\. ad r photeic (cHAPs) derergens.
derdrmr (urca md cdiHcD, dganic md
;ktr$ c rcnh (cHrcooll rnd Hcl) rcru
examnd u\i,* rric sunresenca ol rhc tryprophan

The rclrrivc oldcr itr which d'c

chdgcs followed tho :cqudd.d:

sDs> cPc>carioniA r. rr lll >cIlAPs

and CH.COOH rar. or
denaiurrion roLlo{ed singlc rlutc [*!ordcr

Dcfteasing in ilrcrus.ci.. intnsity and shin



A

B
-132,0

-29.0

zt.L
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