Page 6 Biophysical Society Newsletter
EY -
= chul A 2
SAED MYNE s
Mats

SRS MUHE TAGts JIE =o Zg oas
SL2M MYNE 012= MES AL, SEUA, CIME Eoioine =9 Sangerdt1]
RUSHY B4, AZU M2dE H 25 S dSXI0 01RO Ol At HHS 2B OZM 0F0l - At
OlFEpl= PE SAMS XEol=U 20otD UL 0ledst ANES CHROIC DRSILE AlAS =95 & [}
CIHHAO] Js2 WISl HAEQ H1) Y= =E8t IR 2ot
SAt A0 Sfoh LHEFLE= OIS HHE0| eIES denaturation/renaturation(unfolding/refolding) & &£
(ribosome)0llAl MetHEl s S0l OOl = AFE0] S5 AIESIQICH Ribonuclease A2 DQ Cruix =
SEOIE =20 2foh HAZE 1R AS EHZ 0125t0{ unfolded® Z2|BEIOIS AS0) B4S
SIHRAUCH TetA Ed2 2D Rold=s =56t 2= native SHHE 2 XL O 2 refolding E &
8X22 HIFI0I0r of=l 0l SIS Eemd 29 ASS BUASZM Anfinsen2 THEAE o 3R X0
(protein folding)Oletil Gt0Y OFXMEA] oHZ 0l eha L@ DE HBE 00I-A MY £=S0f ACD
SSAHEUE SHE Sou. ZEXACG2]. 015 AP HEHME A8 o

22 MBslo| LTS 02D TEE O 21D EH SENC A=E CHMEO XRFOI
SHES RN S)IMES 2AGHE OOl 4F N (genotype)0l T8 3XRER
JH= 1k Hl{genome project) € 0101 2R-AL E= +¥ T8 (phenotype) Sl =18 Hal=0 &E0 20,
S0l K20, 0121 B=01 s = H7o) SES0] 1960 CHOIl Columbia CH3HOI K& 20| &
SHU REAS0l I2Soll U= 2= HRAS Levinthal® 2tCHal M2t MBS =of 0|29 Zgodp
IS RS ST 20 XF0IMD AT 010 SRS o) ware gasts 2o gxg 0120 WOA],
TE IS HluE Sgt 2HRE NI S 72 2 g noz gl2om owEQ Y=, 24249 0fglL
STUHSO0l Bl RO, Ol2fer ==s == AH0| helix, sheet, £ random TEZC| 8 RX=
MEHO ZBS 0/G1SID LI} FESl WHIIR O 5ips S e (AH2s Olol SM o Sx
= Olof Th®t XIS 8 W S el=2 =0 3 O S 01K E 25| #E), 0 AFE0l OtE
O & 2= SOIEU. OIEe 28 &2 + 9= pxol 2= 8% (or about 109) 0IT. Brel
HSOl= SR28 T2-I1S e Heled 242600 010/ 4101 B TEUA OE FEZ Bsiats
0ON, 01BN SEXII DSBS OflaF A0 0 10" s (R ST200 20149 bond rotation =
SHERES LImE SRR et 32S ) USIHE £)0l e, random search2 S8l native X2
OIGhGHOIOF Bt= 2=l 2HE WEsD UCH BTl 2ale Ao 0% % o 10% GHo| e

SHEESE 01 wAIS0l 9F TNER o ya0l Uesd Ol 2% LOIROE O 21 Al
M= A0l TRHES S =S8 SHTEE 2HOICH AHS Z2 10004 HEO 0Dl-aoZ 012
2= DS LHO MRt ELSHE o 121D DIE CHrE O oAl 2iele ADiS
;%g'}g'ggm%ggL%g“;@;fﬁ;; ;E;I?—alé milisecond OIAl SEEE Ot ARICH 0248 Haryel

=~ =" - OlE=2 &H ZYA0I2l XH0IE Levinthal paradoxzt

Aliot= R8S sfsot= ZO0ILL 272 S S0, 0218 222 25| MME EUEZ I}
SH= 00l & MY, chain topology, pH, & s&, ZTHEHOE BICHS AFAIS HIAIGHACH
=r S 22 XS0l EGHI] Kok SH 1970 THOl BS JIRS M5 98t 371X
OIXI= =000 st 3=l H=S JksS3l ok= DOl BHESIU=E OIS RS 2XPE HAD 3%
=23 JiZob=0l /UL et 229 HZE BSME Lx sm0| 22i90] UEILIS S JFESH0] HAIS
gm;uau& Oet the g_g SAHE2 —_FLE:E" QA =S0|CE (Figure 1). Framework model {or diffusion—
SoER Sdt 1€ SLHE AOINIAS B8 S0 jicion—adhesion model) © nativedt 2XtRES0| of
Chat XEMIE XIAI0] @R EC)



Biophysical Society Newsletter

Page 7

N @M 0l 2X-2Z2It diffusion—collision J1 &0

Ofcll nativest 3Xt L E Mot A=z JtEstD] U

a7

Ct [4,5]. Nucleation/growth model2 Mz QI&EEH 0}0]
S AE0] oHLEel native A SE 48D Ol2
ol =XX2Z nativedt FAIF 3= Al
ACH [6]. 2t 3XFEE= 2K XS ANUE HEN
XA S CH Hydrophobic collapse model2 =42 &I
H Ol A4 (hydrophobic) side chain S0l Z02 22
2H 20 X0 (hydrophobic collapse), molten
globule 0l2t) 222 SAUHUAE &4detd 0lF |
BH & (rearrangement)S S0l native 3Xt2 XS A ST}
0 ST [7.8]. ODIME 3RS &0 2X+
I SHEOAILH 018 29t #d OHE jigsaw
puzzle model0| UA&=0l, 0 modeltllde= 0OFXl jigsaw
puzzle HIZUIAKHE 2% A2t oL OFLI D Gidd
2 ZZ2E Soll CHYotH LIENY £ Q0D A6
Ct [9]. OI=0ll Odcd A& L HAMUAM LIEIS 2USE
£ Sl 0l LY==
2 LIEFLEA &I

JI019 ¢E0l WEe X QoL SRt
e MatACdS2 20l OtLIXICH EY AR UAHAE
Hl==8F A0l LIEFSCH A4S REE0] LI 01F D
JIo) &M £ nanosecondOllAl 4= millisecond AtO|
HIA 2oilie A2 Mg 2 U SIA2TH(Table 1
EZ2X) 0|H8 2 Eof LIEIL R NsESe Zdd
A2 SO M A0IUN Oloict=dl 22 =88 F)

SIACH

Zl2e EY0 s Adll= JHH SHEEAY
CHoll atLte) Dsset E2YHZIF &Maeks 20| otLiet
£Q10] X2 ZEHZI EME 2= US2H, 0l= OHX
funnelE et 201 Ecllddi=s 2 22 |2IE &
Heh 2 QLD =2CHFigure 2 &X). 282 otUt
funnel2 el Wl 22 R0 &0l =HE =
AUSOMH, E5| W 28 &Lol= XEO/(Figure 2= 24Xl
oz JHOLF X SAUA=E funnel2l o fI=
S2J 20 H5el2 o 8 22 28 1 0|2

WHJle d20 == g2 =4 =0 6 HEEEO
A multiple pathwayJt Z2A3ZI0 0248 HANWE &
ot JASMmM[10-13], WHUE s

AEHS] X0 T8 201 NMRS &
Jtsol XD A0 222 =JISHE HPot=d IA
=8 & Vo2 HOICH14]. O2tA unfolded=
polypeptidedt HEHN ELY =S AlHSt=IF ot =D&
Hel Z2LSHII SRS ARl Stz S&BIAL2MH,
unfolded® AlEHOIA= SHHEAE 2AS0| A2 TE &
EH(I2H B5I6l= local XSS JHa)Sl ensemble
£ EMat=d 0l 8 multiple starting pointslA HE

o

H 12 native A Z convergedst=ItE AYdls 2
H=Z ZEOl H=UHX D UL

HZUoAS 2

el 2A2S0l 2ot S2HAl

CtE CHeHE 2H0|| aggregatesdt &l Al A& £ QULH 0]
st 2HE olZol)| ol MEHE2 =42 TAF

= helper HHES S XSIAAH =0 Ols8 3
molecular chaperoneOl2t &tCh ‘molecular chaperone’
Ol2t= term= DNA2 histoneQl nucleosomel 2
assemblydte X2 TAF= A Ol nucleoplasmin
o] dgtg MHAHol)| M AM0ID] A&t = [15],
SN & 2000 JHRIDF e ULEH & L2HA
molecular chaperone2& hsp702 hsp602t U=
hsp700l &3t HMUEZ= AMMESHIE | DnakKet &
SHMES M2 Hsc/Hsp70, Ssa L= Ssb S0 ¢HAM
Ue=0l, hsp70= cI2BUAM SEHE Mt Al < 7HE
S 9| hydrophobic8t Ol0|=A AL Z2&tot] MEd
T &0l aggregation0] 20 lLt= 4= Y f
£ 8tCH HspbOlll &ote HMiz= A

GroELDt &M MIZS TriC/CCT S0| &
O, GroEL2 O groupWl ML HPE Solf &l
24 H QUCH [16-18]. GroEL2 FHe TH=E
=2 2 € FXE 1 U= MaEt-gol B
Aol Z2tHI2 283t aggregation0l HLE
S UOIECH 01200 hspo02t MW HEot=
chaperone®! hsp10 HtEHAZ RAHMI M L2 GroESIH
2N QULH HHEHEYO A prolinell cis-trans
isomerizationO| Lt, disulfide bond2l & 1t
rearrangement S2 HYEZY HEE == 9¢
ol 22 ZY W AM rate—determining step=2 &
ol=0l, MEWHl= Peptidy! prolyl cis—trans
isomerase{PPI)LI Protein disulfide isomerase(PDIl) &
0] A EY= =1 UL 0|= chaperone0| &HeH&

Ol

=]
o]
=

Ol

>
Qﬂ
rir
I

0=
U
- THo
=
z Oh 30

o0
0z JE Ly

10

g fr

0

o0

f
[

0x Mo

SEIIH oE Eets 012 RYdte B2 M
S0 O S22 P2 l=s SEEE0le ggs =X
Bt EYHZL VA= SEE FA B H2Z Lt
SCH [19-20]. (Metd StezEo] SEIIHY 1 22
AN LEHL = O=8 X220 et d2= JHOH &
22| Ot0l=& ME0 JULH=E Anfinsen2| =& &M
DEA EtEer o2 2OtEHARID A2, OrEX ol
ZEIX 22 Oot0l=4a HE 3XAE0 HE 2AHAE
OLLHD| /I8 WetXsECl =382 ASED QUCH




Page 8

REFERENCES

(1) Sanger, F. (1952) Adv. Protein Chem. 7, 1-67.

(2) Anfinsen, C.B. (1973) Science 181, 223-230.

(3) Levinthal, C. (1968) J. Chim. Phys. 65, 44-45.

(4) Kim, P.S. and Baldwin, R.L. (1990) Ann. Rev.
Biochem. 59, 631-660.

(5) Karplus, M. and Weaver, D.L. (1994) Protein Sci. 3,
650-668.

(6) Wetlaufer, D.B. (1990) 7rends Biochem. Sci. 15,
414-415,

(7) Ptitsyn, O.B. (1995) Trends Biochem. Sci. 20, 376—
379.

(8) Kuwajima, K. (1989) Proteins: Struct. Funct. Genet.
6, 87-103.

(9) Harrison, S.C. and Durbin, R. (1985) Proc. Nat/.
Acad. Sci. USA 82, 4028-4030.

(10) Rothwarf, D.M., Li, Y.-J. and Scheraga, H.A.
(1998) Biochemistry 37, 3767-3776.

Table 1. Experimental techniques used to measure folding

Biophysical Society Newsletter

{11) van den Berg, B., Chung, E.W., Robinson, C.V.,
Mateo, P.L. and Dobson, C.M. (1999) EMBO J. 18,
4794-4803.

(12) Creighton, T.E. (1977) J. Mol. Biol. 113, 275-293.

(13) Weissman, J.S. and Kim, P.S. (1991) Science
253, 1386—1393.

(14) Dyson H.J. and Wright P.E. (2001) Methods
Enzymol. 339, 258-70.

(15) Laskey, R.A., Honda, B.M., Mills, A.D. and Finch,
J.T. (1978) Nature 275, 416-420.

{16) Roseman, A.M., Chen, S.X., White, H., Braig, K.
and Saibil, H.R. (1996) Ce// 87, 241-251.

(17) Buckle, A.M., Zahn, R. and Fersht, A.R. (1997)
Proc. Natl. Acad. Sci. USA 94, 3571-3575.

(18) Agashe, V.R. and Hartl, F.-U. (2000) Semin. Cell.
Dev. Biof. 11, 15-25,

(19) Shin, H.-C. and Scheraga, H.A. (2000) J. Mol.
Bio/. 300, 995-1003.

(20) Coyle, J.E., Texter, F.L., Ashcroft, A.E., Masselos,
D., Robinson, C.V., Radford, S.E. (1999) Nat.
Struct. Biol. 6, 683-90.

Technique Timescale Structural parameter probed

NMR

(1) Real time ms-s Environment of individual residue

(ii)) Dynamic NMR 250 ps Lineshape analysis provides folding-unfolding

rates close to equilibrium

Fluorescence ns-s
(1) Intrinsic

(il ANS binding

(111) Substrate binding

(iv) FRET

(v) Anisotropy

Circular dichroism ns-s
(i) Far-UV CD

(i) Near-UV CD

FT-IR ns-s
Hydrogen exchange (HX)

Environment of Trp and Tyr
Exposure of hydrophobic surface area
Formation of the active site
Inter-residue distances

Correlation time

Secondary structure formation
Tertiary structure formation

Secondary structure formation

Global stability and metastable states
Hydrogen-bond formation in specific residues

Dimension and shape of polypeptide
Unfolding forces and unfolding rate constants of

Role of individual residues in stabilizing

(1) Native stae min-months
(ii) Pulsed HX NMR ms-s
(111) Pulsed HX ESI MS ms-s Folding populations
Small-angle X-ray scattering ms
Atomic force microscopy s
single molecules

Protein engineering Depends on

the method

of detection

intermediates and transition states
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Figure 1. Classical models for mechanisms of protein folding.




