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Isotope Exchange2 & CHYZAEIO| Folding
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1. A =2

chilldo] o] A polypeptide £H€] folding = =7}
e AL HFA £58 do] AAQ Rz
7kA] M7= A alet. o] jF oAk D] folding
o] ¥22 B 4 glv 3 o7kl o] FoiA]7] wFd
Zy2p7} AZ3sar gl A e] folding mechanismo)
cher] dEel 2 Woletn Azt WA, ol
A7ke] we Jolxlr] 13k x2o] wihelw glont
o}z Al folding 27|HAS FHshe dle =2A
VAR gl Adelct. AFAH o ohilA folding
< 74l o5 ¥ uEol folding SR =
reversible unfolding A3 2 HE] AWE odojgic).
ol23 AL A& 54 7ol Fof HYo] o]
Fol A& o Hske iAo BAS P51 99
. ShoA F e, & YA folded state}
unfolded state 7ro] &S 7RSI o] &5 v &=
38 dsba S22 Lol whgelch. ol i
%] folding process®] 724 AR E FA)+= s} ot
Wiz -f-e] AAFZ (static structure)e} D 3FA FH
A% Fskede 2 292 sch 53 A B
(heat capacity)g- £3F A5,A} 344 39 (surface
area)?| & AHxQ A B B HRE F
k). ok v o 2= wh)AlS unfolded state 2
2E] folded state® foldinge FE3ly EAAS
(fluorescence, ellipticity, exchangeable protons etc.)2]
W3S 24 SellA] £ 3k el A, <
ulAl folding A)2F ¥ 1 msAES) HUE AL 4 9]
ou A 4 Qe Alse] ¥l 324 ZaAG
(fluorescence, ellipticity) Z-2 A|7kel] A& 4 gl
¥-21% Z3} (exchangeable protons) wl#-ol] A& 4= 9}
< AHe= A= sl 53], 8% A fold-
ing processt F< A|7tel| o] Foix| o] wiufd Fa}je}
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ol& EHL U= &9 (solvent)o}o] Atz a4
(intermolecular interactions)2- o} Z-2 A)7lol| o]
vhar el e foldingel| 7H4 F8.8 dARlw Azt
Hh?2). ¢]= 53] hydrophobic interactiono]2}= &4k
22 oelR glon opx $MAH R oo Ayt A
S Holsla) e Abefolch. Wl foldings] 71
< B3l7] A8 A7) HE g EejR o s e]
APedh ke wle 2w glent opd mlgat el
o}.

A2 AelA g ellA 2 AR EA)she
o, &3 o1& S Svlet et s-s &e =@
folding®} unfolding-2- 7}d#] o 2 wiEaly gjr}. o]
g ghlle] 548 olgsid friske] 4aats
(intermolecular interaction)®] -7+ % = folding
ATl & =] & Zeolrt.

=4 MZ1} isotope exchange

thiA e oot o g T Alel], = folded state2}
unfolded state 2 Ex|3}=d] o] E2] &Au]&L oy
AR2E S|4 micro-environmento]] w2t} o]H
Qe NS UG B T A
33} foldings} unfolding-g&- ¥HE-3}1 g}
1 & < gJr}. Folding-unfolding exchange= wh#=]
H-2} A A 2] micro-environment M 32 2]v]shy o]&=
o2& o g H}L FA3}Y ¢l FE amino acids
9] micro-environment7} Z-A]ol| H3gcly & 4 )
t}. o]#]&} global flexibility= whial o] 7|53 &
DA} gl olF =8l golck. A2 shale) 7]
%= 540 9he wE AEADARs} o440 2
g SolA o]FeA = =AY Fxz W3
(conformational change)x= Wt} whE A|7ke]) o=
£4 49 Agelth3). o] F wele) £4 47U
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DY & glon 7EAel H4o] sy ez
isotope exchangeE- & < §lt}. Isotope exchange+= |
e 5= gl UAE 7R BALE isotope 2 x| HHE £
tfo]] =9l 0 23 isotope} X|FE = £ EE 2=
Hiolc}. thifAlell= exchangeable protons (peptide
amide protonsy’} 75 F-¥E%|o] glo] thlAlS Fom
(deuterium oxide)r} At (tritium oxide)el] g 37 whij
Zlo]| 9l protono] Foj=E £ %5 liquid scin-
tillation counter(4), UV spectrophotometer(5), mass
spectrometer(6)-} NMR spectrometer(7)5-5 ©]-8-3}]
2 g} "= NMRo] 52 2o]3 glon o] 2
= FFRHoF #AH o] 7153}c}. Isotope exchange
= 5 7 g2 dojuA] ==d) ol =39} Zo]
unfolded state exchange$} folded state exchange® 1}
- 5 UTHE).

Unfolded state exchange:

K, k
NH=UH—->UD&ZN
kU:ch*kc

Folded state exchange:

p k.

NH 2 N*H — N*D = ND

kn =Bk

N : folded state U: unfolded state

N* : exchangeable folded state

H : proton, D: deuterium

ky : unfolded state exchange rate constant

ky : folded state exchange rate constant

K., : folding-unfolding equilibrium constant

k. : chemical exchange rate constant (c}& 7339l

shieldinge] §1-& wj2] exchange rate constant)
B : probability factor that a proton is exposed to
water and catalyst

Unfolded state exchange+= %2 9] unfoldingo] A1
3)%] & eJoji}m protein stability2} LA g A E 7}
Z]318)c}. Folded state exchange+ % 4|2 ¢l whulzl o
fold= -§-%3lH 4] o4 exchangeable protons7} £-uf
o] &= XFE = AR protein94 breathing 3 A}
3} DAY WAE A3 Gort F BEA} wua
Wl R FaheA], e RO
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e ==to] ALE slvt a2y 4 AL
exchange rate®] X}o|7} exchangeable protonF$]<]
local structureel] Wit HRE Frh= Aot =
packinge] =] g]&= #-$]9l = protonsE £l
kZo] Ao 2 exchange ratesE zri=t}. Unfolded
state exchange2?} folded state exchange7} S-A]e| <lo]
e 2 4 g <Aoo ex-
change rates®] 3jto]t}. 221} exchangeable protons
99 local structureol] whe} ¢J= ¥} mechanismo|
T2 o|FA Hr} ofH E$e] )= exchangeable
protons+ T2 9] unfoldinge] Al#)=|ojo} ulo] 3
Fo] dojui] oW H-2]9] exchangeable protons:
foldinge] = Ql= AtefollA] o] Fozlc}. o] = oy
AL aA F HHE JE 5 LS sk A
2] foldingoll 5-83% A X5 A|-Fct. wtef, hifjAlo]
BorA sz AbfA 2 & unfolded state exchange”}
FE o] FA|= v QA% 7% folded state exchange7}
FE o|FAE ke dubdal Fxe} 7]5S
FAIBPAA oA =E W3 AZ 7%, unfoldingol] <]
3lo] x|3to] Uojl= H-9J4l core?] exchange rate+
=7 Wske w1 sle) BEe Wbl gles BE
3t} ol i Ale] AT = core? rigidityel] B]
AgS BoiFo] ool 7o fpd 4L
folded state exchange7} Yojif= T4 Q] H-99]& <
% 9lt}. Exchange rateod] ]3] 735 w2 domain
Al coredll sl F-Hvw =3 A fold-
ing Z7)ell 7P HA Sl 2He] Hiw= F99 A
2 3H& ¥.o isotope exchangeZS o]-§3led 7| o2
o]#-¢ folding®] HHE I& 4 U2

%] unfolded state exchange 7} wl2 molten globule}
7+e Abellel 2 2] isotope exchangei= w3 folding
2] Z7)|AeRel Hi3t ARE F 4 ¢JcH9). =3 mol-
ten globuleo] o} 441 71-& 7hekirhd 4nje}e]
A3 Ao digt A RS A& 4 9l e]z 7"t

+ exchange rates+=

3.2 B

Isotope exchanget= T2l 2] folding-& HA-F3l="
Fo ANE AT} NMRE o] §90 54 7] 54
AlZko] Q3] o]|& <lF} artifacte] AA]7} A,
exchangeable protons®] assignment’} Al3j=|ojo}



Isotope Exchange® ¥ thie] Folding 387

ZH HRE A& Utk =3 A 7 U= ex-
change rate7} = o] Qlo] -2 A 7ol dojv}=
HAHS E4317] o2 D3] Q) o]’ FAIA
2 2 <l molten globuled} 7+-& Atefol| x| 2] 23]
A7} b, 22y} stop-flow(10), electrospray ion-
ization mass spectrometry(6)5-2- ©| &3} NMRZA 3}
& nashs BA Aelba] So1E ol gshe] 3
¥ 4 9]+ exchange rate2] HQE Y&l glo
(11), denaturants 5-2 o]83}le =T 4 9l ex-
change rate 23¢] A3}E 43313 glh(12).

Isotope exchange+= ©] 9]l % folding intermediate2]
T (10), wh¥=le] FxHA A]¢] hydrogen bond$]
$1%] A (13), ligand®] binding sites Z* (14) S-¢]|
de] 220|322 gle] isotope exchanges o]-83F whufzl
o A 4o SHFAE UL PR
Aol E FHS Y AL 7|gH)
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