J. Korean Soc. Agric. Chem. Biotechnol. 46(4), 305-310 (2003)

FHIR|E CHiEe| ERHo=R
Ht
73 hste

(20034 8¢ 21

ECE T=0 st 25N E4
& 5+
SEELEELE!

A, 2003 109 8 <))

Hydrophobic core’} #ol8 )€ gizo] pH 2 Loldx Hols 72 SA4L of B354 wyo
2 333 W& pHREE 2 §99A o] o] #HIA”S intrinsic tryptophan fluorescence emission
spectrum unfolded “JE]ET} ¢k7} blue shifts]o] UL EF 2 intensity= 433 BA Ueht) ole o] &
o ZZA o] We] AR AATRIT 7t Hol Y' A& ou)dic) 22 S04 o] Wo] fuAReL)
far-UV circular dichroic spectrum native 31} unfolded “3E1] spectrums} A3 E5ko™ 220 nm 9
49| molar ellipticity Z+& F31o] £ o) pH 22 oA FBFe] o) }r=RE UL It EF 2 &
Bof A o] Ho] HH]FAY L hydrophobic dye$l 8-anilinonaphthalene-1-sulfonic acid(ANS)$] fluorescence
emission intensity® 37}A)7]3L fluorescence emission maximume] & ZPolA elAl 351t blue shift).
olAE AL pH 2 £HollA o] Wo| {u|ARE] hydrophobic core’} =31J214 hydrophobic dye$] ANS
7t 298 + de FRE U3 UL Jepdt o) 3 #FL o] He] fulFEe] pH 291 £
oA} AFHe] o|xRE AU AT hydrophobic cores =234 FAE molten globuledt 2 FEE
AU YL veldct. o] Wol fu1FAES] molten globule el . 2 w39 AZg AFY = I

T F2 2do] 2 F 31g A= g

Key words: f+9# %, molten globule, folding intermediate, hydrophobic core, mean hydrophobicity, mean net

T

charge

rhu

2l

o) AETH 7]
. S Eoe] HESHA
BE= 7r g
ola] Qff Hof A
olf= I E4 v
d Yol weba] oA 7A] ot
A AE2RE gAY ABEFERE Ue & YA 958 5
A Kt} 53] 2o s JYHL U= genome project
of ostdr] fHAIY A7IMGs} 2z HE FEI gd o}
n=qte] MEe] digk JuE Ve oR 451 9o
I A F2E dAYse A7 g8 g ol Xeray
crystallography 38 ¥l =2 Aejoltt, weby whid =
B g WAUSS WA obr|xAte] MERYE whiEe)
LS WS F A dS3l] 2 S Jee gaE)
= 9% Genomics A7} Proteomics 979 A5} A5
3] slAsiord drf AESe] Fa% AT & S Qi
il Zdof g A ERNRSe] F7HJE|Q folding
intermediate®] T2E 5 W Z FA e 2ol
TR WEem APET I, A, two-state X #AY)
mas A tisle] thE ek

=2 0T

4y Tl
»o M
RO

I
Rl

3\

o4 m-?l-l’ >'_l\|.'

ol

A
o AA=o] stk
] native AAHH-F
845 wajAAl o

r

flo KA

M vy =

vy

L
K

=

-+

]
v =

¥ (protein engineering)

*AZAA)
Phone: 82-33-640-2458; Fax: 82-33-642-6410
E-mail: spark9@kangnung.ac.kr

305

Heg AAE] £9 8Eg9] transition-state
o] Fersht®} 29} colleaguedl |3}
? two-state E THH| thetodr] A&
A, TFol WEF native FE|S] 873 A
pH#E 2t oy A F=9 3EAgA
(chemical denaturant)® FH43te SHolM native AEIE
unfolded FEIE ofd FEAo=z Fdo] Holle
globuleFe}E w3 ULo] L&A Uk ol2)e molten
el wd fpldiﬁg intermediate 2 <IAA|3 YL molten
globuled) FZZ EAFoH thld Zg wkgo] 74g o
ke R e A A I ) ’

Molien globule e 373t o] ol3H72 (avhelix, B-sheet)
7RIt ] iR ds] FAEe] IA o
=3 FRE AT 9,12“31‘ hydrophobic dye¢! 8-
anilinonaphthalene-1-sulfonic acid(ANS)$} Zgshe= 42 7}
A3l Yok o|FE A 7 7] wWEke R A Zdo] gk
A7} AYAT YA okA7A) shiel Dufdel tislel 3
FAelol ) #HEE molten globuled] Tt £ W3¢l
transition stae®] TEE A WET ATE olFAXA o
o} ol Z9 transition state®] A7t 7Ved dEe &
Hhg-o] 1§~ cooperatived}] two-state B HAHEE whE
ol ol2fdk WAL molten globuleS FEde A
FzEo] YA 7] wiRoltt. mebd E9 wkE9] transition
stateol) X BAEE TZ9} molten globule 7S HE & 9l
= two-state folding kinetics= BolHA FEAE A molten
globule HEI= 2 & Sl = ghle] sjdo] AlFeit), &

molten
globule

=
=
Lo

O flr o8l 32

[5]
1



I~

Ay

306 )

<

Ao ME 2 pHELS Zhe S99A Hole o8 71X &
B ZA3E B2 o] hydrophobic core®ll $1X1%} valine
©] alanine®= X|2¥ ®o| FH|FARIO] molten globuleS 43
2 Holn webr HYH X FA3EE molten globule®]
T2 4 kinetics¥ @S T3l ¥oiR|= wansition state®]
TZE vl BAslel Aest 29 whizele Holax) s

FHFARL T670¢] opnito 2 o]FojH wWlwA e o
Wd2ZA A 789 strand7} ©1F= B-sheets} 2] o-helix
(residues 23-34)F ©]Fo|Z native FEE 7HAIL Yok F
B E-L prosthetic group®|W disulfided3-g 7FAZ A &
3 8B noncovalent AT 2JF oligomerE A EHA
=t WebA, FHlAES 9 Bhgo] disulfidedFe] wE
o} ligand®] A%, 28]X oligomerization ¥F8 53 M2 &
AHAA doffx] gorz F3lA conformation 3RS
As7lel A 2y deigoeln), fujFRe] EY w2
vl-% cooperativetd HEJE ol A= LZA] native e}t
unfolded JEiRF EAch= AHZAQ] two-state T WAUSS
Z= T2 Fersht Fo| Are Taid F3lst 9 kinetics
ARS 23 HOE ZFY transition state®] TZE B8}
= 47 Hgs ddelrt. add FuAE S molten
globule el TFEo] AEES TS Sdor YepiH,
meb G580 FEr) ule- =2 SAoM 9] FHIFE molten
globule®] 2ol gk A7} A=A Yk et
@Zolut EES TR TRl de §9e iR
polypeptide chain®] o-helixE ©|FA 3k &) flojr &
HelMz B-strandE oIFHE AHo] 7e oAt AME=
T2 MeEs Ike M e ohelixE olF= S
7b o fu|FEe] A ezl WEkes ek 8o
oA residue 395E] 727FA7} native “FEfolA = Holx] gF=
orhelix 72E BHATE? A azwel vekeg dh3 &
718712} dHol gt goolla Yehte F37F 8 A
AN EY ¥hEe FHRACAN delde e Bo)de
7t mEda & 4 vk a#Hd ZHel mean
hydrophobicity®l] gt mean net charge®] H|7} W2 whldE
94 molten globule FeN7} Bo] VEdT B3 Sl ®
o] site-directed mutagenesisE F3te] WA mean
hydrophobicity S Boj=g|¥ fo|AE 722 E4 uhgo]
cooperatived TMAS molten globule2 AT 4= U2 A
AFsHH molten globule] 2] e A7-E F7]-8u)2] A7
o] Zgt &fo] ohd gloA Al B F Y= 7HeE

Azt

K

=

29wy

AE. ofrit MEd 45MA $1x19] phenylalanine ©)
tryptophan © = X| el F-H|F L F45W FHIF )2 D
A0 HES A8 of {83 intrinsic fluorescence probe
£ 7HAL Ao wild typedt ARMEE, 729 A, A
32 @go] fAKe] delA o fulFAE Y Aol
Bo] ARHAT? B dAFodMe F4SW HIAES wild

type 7”0l gt web V26A RHIFRS F4SW &
v AEE backgroundZ 3l op|=A M BAL 261A] valine©l
alanine > 2 X EE o] FHIAL (V26A FHIAR S AT
o} V26A FHIFARLS wild type FHIFAEH LA|sl= far-UV
Circular Dichroic(CD) spectumS Hol= ZoZ Ho}
mutation®] peptide backbone] native 7320 Ao FEE Al
A gy Aoz wAY ANFRF FYFHE TG
Khorasanizadeh 5'70] 7|&3 Wo| FF2 22 Sephacryl S-
100 column chromatography 28-S tisldr] At B4
el fH AL SDS-PAGET coommassie brilliant blueZ 44
3l densitometer= FA3}] 98% ol TRt AoE WHE
At @HE unfolding Ao AHEE = &5 grade
guanidinium chloridet= ICNoJA] F¢38lgoH 7|E} AloFE2
reagent grade®] AV B £ gradeE AME-3IATH

¥y, Fluorescence emission, Far-UV CD spectra©® 25
mM acetate S04 29351t 2 pH Fhol 2041 5 Ale]9]
Sl 05M acetate <, HCl, 283 E& 4ojA dsl=
pHZH AF acetate FE7F 25 mME = 98 THERITH o]
g fH)AE stock8H-E 7HSE | 25°C water batholl 1A]
7b o)t BA|E TR spectrume S4315(TE. Unfolded “3Ed2]
spectrums= 25 mM acetate, 6 M guanidinium chloride (pH 5)
ol At BE Aejelire] ©ElE unfolding 2H
2 25mM acetate, pH 5 £H FHFAYE 718 native
solution? 25mM acetate, 6 M guanidinium chloride (pH 5)
LMol native solutiond} 7 FErt HEE {9HAHE 7}
o A|Zg unfolded solutions FHIE ThE, WA native
solution®llA] €A F3o] §AE AASL AAZ FITF
unfolded solutionS 7Fsloix] 33 o]} 4{olFo] Lds] Y
of =2 thS spectrumS S5k WHOE denaturant®] F
TE HA woqFHEA A3 &% 2 9l unfolded
solution’ €] A|2}5}] denaturant®] F=F Hx} WFolg= v
Foanw 7 HPS AABIReH F Addxe] A o
AR}, Denaturant®] F=% 849| refractive indexE &7
st A4 3R Fluorescence emission spectrum< Jasco
FP-6500 spectrofluorometerg AM&-31d E4315AT). HIFAR ]
intrinsic tryptophan fluorescence spectrum- tryptophan side-
chaing 295nme| FHeZ 7] A|A Y LE fluorescence
emission spectrumS 300 nmolA 450 kA g5t ©
Wzlo] FEE 3~6puMoiich. ANSQ| fluorescence emission
spectras 350 nmolA] &7] A1A 400 nmolA 650 nm7Z7HA] ol A
19+ fluorescence emission spectrums 24 3}Hom T
o] FLE 3-6uMOIR T ANSE ©HART & H & F%
2 718155}, Fluorescence spectrum 2§ A] JeioTech DTRC-
620 circulating water bathS AM-5} cuvette 1] Ao 2
=7} 25°CE §A1HA 8ttt FarUV CD spectrai Jasco J-
810 spectropolarimeter® =74 3}51tk. CD spectra S 0.1
cm pathlengthE ZH= cell ARSI o dalde] =+ 50
UM oPdelitt. Far-UV CD spectrum®] &7 A] g4
= spectropolarimeter®] Z2FE peltier type =227
sl 25°CE FAIHA et

H

b

s

A

i
o



13l molten globule 307

10L — )
0.8 i
06| i
04} i
0.2} i
0.0 i

] I | I !

0 1 2 3 4 5 6
[GUHCI], M

Fig. 1. Guanidinium chloride-induced unfolding of wild type and
V26A ubiquitin. Circles and squares represent the unfolding data for
wild type and V26A ubiquitin, respectively. Lines are nonlinear least
squares fit of the unfolding data to a two-state (N & U) transition model.
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Fig. 2. Intrinsic tryptophan fluorescence emission spectra of wild
type and V26A ubiquitin. Panel A illustrates the spectra of wild type
ubiquitin. These illustrated spectra were obtained, reading upward at
340 nm, in the solntions with pH of 5.1, 47, 42, 32, 29, 25, 2.2,
1.9, and solution containing 6 M gunanidinium chloride. Panel B
illustrates the spectra of V26A ubiquitin. These illustrated spectra were
obtained, reading upward at 340 nm, in the solutions with pH of 5.0,
46, 40, 3.4, 3.0, 2.8, 24, 22, 1.9, and solution containing 6 M
guanidinium chloride. AU stands for arbitrary unit.
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Fig. 3. Far-UV circular dichroic spectra of V26A ubiquitin. Spectra
of the native state and unfolded state were obtained in 25 mM acetate,
pH 5 (dotted line) and 25 mM ‘acetate, pH 5/6 M guanidinium chloride
(thick broken line), respectively. Solid line represents the spectrum of
V26A ublqurtm in 25 mM acetate, pH 2. Molar ellipticity, [0], has the
unit of deg cmi™' dmol™.
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Fig. 4. Fluorescence emission spectra of V26A ubiquitin in the
solution containing ANS. Panel A, B, and C represent the spectra in
the solution of 25 mM acetate pH 5, 25 mM agetate, pH 5/6 M
guanidinium chloride and 25 mM acetate pH 2, réspectively In each
panel, dotted and solid lines répresent the fluorescefice emission spectra
of ANS only and ANS in the présenge of V26A ubiquitin; respectively.
AU stands for arbitrary unit.
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Spectroscopic Analysis of Partially Folded State of Ubiquitin
Soon-Ho Park* (Department of Dentistry, College of Dentistry, Kangnung National University, Gangneung 210-702,
Korea)

Abstract: Hydrophobic core variant of ubiquitin appeared to have partially folded structure at pH around 2. The
intrinsic tryptophan fluorescence emission maximum of this ubiquitin variant at pH 2 showed slight blue shift
compare to that of unfolded state, suggesting that some residual tertiary structures remain in this solvent condition.
At the same solvent condition, this ubiquitin variant binds with hydrophobic dye, 8-anilinonaphthalene-1-sulfonic acid
(ANS), which is known to bind to exposed hydrophobic surface. Furthermore, far-UV circular dichroic spectrum of
this ubiquitin variant in the diminished pH was remarkably different from the far-UV CD spectrum of the native state
or unfolded state. Based on the molar ellipticity at 220 nm, this ubiquitin variant at pH 2 appeared to have significant
amount of secondary structures. All these observations suggest that this ubiquitin variant in the diminished solvent
pH has loosely folded hydrophobic core with some secondary structures, which are key features of molten globule
conformation. Since molten globule has long been considered as a protein folding intermediate, it is considered that
this hydrophobic core variant ubiquitin will serve as a valuable model to study protein folding process.

Key words: ubiquitin, molten globule, folding intermediate, hydrophobic core, mean hydrophobicity, mean net charge
*Corresponding author



