T B R BREA R 37 (1) 23 ~ 31 (2007) - 23 -

EFIVINRTFROZ I A—=IFERa- Y v I RERICHITS
BIEBREDRE

ek SLHE! - At &' Sergey Krishtal '+ i5H Tk '-ZF ME!-
& BB RAR EZ. o 8B

(ERE 18 42 11 H 30 HZ8H)

On the Role of Solvent Environment in Alcohol-induced

o-helix Formation of Model Peptides

Takeharu Funinaca !, Satoshi Nakamura ', Sergey KRISHTAL ',

Koji Yosuma ', Sannum Leg ', Kenji Kanazawa ?, Tadashi Nemoro ?, Toshio Yamacucrr '*

(Received November 30, 2006)

Abstract

The role of solvent environment in alcohol-induced «-helix formation of 10 and 17 residues
peptides synthesized is discussed in view of the structure of aqueous solutions of methanol
(MeOH) , ethanol (EtOH), 2,2, 2-trifluoroethanol (TFE) and 1,1,1,3,3, 3-hexafluoro-2-propanol
(HFIP) . The alcohol concentration dependence of molar ellipticity values at 222 nm for both
peptides was measured to estimate the amount of the a-helix formation of the peptides in
the alcohol-water mixtures. The order of «-helix formation is consistent with the order in
solvent structural transition at specific alcohol concentrations. The 2D-NMR spectra for the
10 residues peptide in ethanol-water mixtures were measured to obtain conformational information
of the peptide. The NMR results were in good agreement with those of replica-exchange
molecular dynamics (REMD) simulation. The detailed solvation structure of the 10 residues
fragment in ethanol-water mixtures was revealed by REMD and 2D-NMR.
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1.

TV 3 — V3K & BB ITIRA T D MBI A
WTHHZLFELMBNTWS, Tila—)b-
KIBEWREEX, 7Tova— VIBEICG T TEvt
BHEGINCELEZE L LN TEXL0T, 7
2 NTT T4 —=RL R E DRI LT
IESHAWLNTWD, Fixld, ZHETAFY
InAtwmAY Fax—)LHFIP (1,1,1,3,3,
3-hexafluoro-2-propanol ), ~V 7 Fa=xs ) —
)V TFE (2,2, 2-trifluoroethanol) , =% / — /b
EtOH (ethanol) <°# % /—VMeOH (methano))
DT N2 —)b = KAV OW T XHREHT
IMEEELIIEIC X Y I 7 m2a by 70X VR
Ay 7 OREERRELTERI1-4]. 20k
B, T a— )VOREEITIKIEL T, FEDT IV
a—)VBEIZRBWT, MEAROKS TR % —
s G, Uk 7V a— VAR O IE~ DR
BNEZL 2L L. #lxiE, EtOH -
TKIBETRIEETIE, EtOH T3 x < 0.2 TIIK
OV AR E BRI & 72D, 0.2 =< x<1.0
TIE EtOH SR &E A K ReRIC 25 [ 5], —H,
P NAEEL O, BERSEDOHEETH
LR e WELND. FOMKOMBEILT L

=)V KRG DT T A=K D T &
Ty, BoIERN S, HFIP > TFE > EtOH
DNEFT T v 32— )L DARE V73 FAN I THR
RKERTZEDBHONCRoTe, T, DM
KIZFEERDNEFF T 220, HARRRERS &
MWEZDZEERLTWNS,

T a— L, Z U NTERRTF Rkl
T, a-~U v 7 AEEFET HEE S L TH
5L TWA. Hong HbiE, Eio7/va—iv-K
RETRERIZEBNT, & TV a— W ITRE ok
% T melittin © 7 v & AEEPD -~V v 7 A
HEE~OREIEBNE 5 2 L2 RE L6 ].
-~y 7 Z2EEES O O S HFIP >
TFE > EtOH DIFEFTH Y, HFIP & TFE TiXa-
~Y oy 7 AR I BEEE R Bl S S R S T,
IS OREFIE, ERORSTEEEO P/
BELD D ETRER L IEFICE WD b - 72,
ZDO XY IET IV a—)v —KIBATEERICBIT IR
SRR L a- ) v 7 AREEEB OFRICE
B EIAIOR S ITITHEER R 6ND, 2oz e

B

2

D a-~U v 7 ARSI ICAEERIE SR <
PO TWD ZEIRBEIND. %2 TR
T, ETNAXTF K2R TlHE OBFREZE
TN Z Lz, FEFARTFRELT
X, BRI R R T Y v VB L STk b
7R LIRS <HET LT Y X8 %D &L,
BBaTIDY 7T ¢ v —EEE A & D 28 7k
FENT/ % 37 '8 Full Sequence Design-1 FSD-
1 (QQYTAKIKGRTFRNEKELRDFIEKFKGR)
(PDB ID :1FSD) %##ATZ. ZDHX X7 ED
WIRP COMGEE, BEEEL 55910 il
BEDHIENRENTVWA[T7]. FxiZZ ok
2N EF D9 O FSD-1 @ —# 10
(ELRDFIEKFK) BX O 17T #ET7 I 7 A v b
(KGRTFRNEKELRDFIEK) ##& kL, HFIP,
TFE, EtOH, MeOH D& KR AR Bk L TH
Rt (CD) A7 VDTV a— ViR
REHEREL, W7 7742 N O REEE
b L RIS & OB EBE L. IHIT,
CD I T3S bR WSS SR 215 5 72
12 2D-NMR HIE % EtOH— /KB AR A T T o 72,
4T T, V) BAs B REMD)
VIl —ya Y, 28FED -~ v
I AD—ERTH D 105RIELT Z 7 A v M HKHIC
BNWTT & A EZRTOICK LT, EtOH H
T —v b a-~) v 7 2EEEZRL, X
7 NI s T L ERELTWS[8]. %
2T, EtOH-/KEATARE CfTi4L7z REMD #HH
& 2D-NMR HIE OFER DD a- ~Y v 7
ARG 31T D IR DR E 2B R LTz,

2. ® B&

2.1 10,17 RERTFFOERLEFER

10 AT F Foa i, Ny 73 Fmoce
(9-fluorenylmethyloxycarbonyl ) [EAH & k% T
1To7z. 2@ 433A peptide synthesizer (Ap-
plied Biosystems) % ffi f§ L 7z. Fmoc-Lys
(tBoc) -PEG-PS BfiE Z N HME & L, #EGAIL
L THBTU (2- (IH-Benzotriazol-1-yl) 1,1,3,3
tetramethyluromium hexafluorophosphate ) |,
HOBT (1-Hydroxybenzotriazole), [t Fmoc i
& L TDIEA (N,N-Diisopropylethylamine) %
FAv 7z, Ff8I1E Applied Biosystems £ WAL,



ETNIRTF ROTNVaT—VFHEa -~ v 7 ZAFRRICEIT S

BB ORE] (HK - fh)

KFET 2/, FEEH, DIEA ITELFTEX
DEEA LTz, Ny FK Fmoc B A RETIE,
Fmoc $& & MM 2 REESL 2 C RIGINICEA L T2
BHRIC, EXRT 2 JBRAEAL AR T T N
EREEL. Ny FRTHE, £27 v itk
TAHill L BIAMEZRE Y KL To T2, BRI TH,
RPF REFELZRSE., XTFF (0.25
mmol) 1ZxfL THEE 7 =/ —v (0.75g), 1,2-
= VFA—N 0.25mD, FAT7=Y— 0.5
mD, ~UZAAeEFE Q.25mb, /K (0.5ml)
ZMNA TR T 2 REFRIE L. AL THEDL
NIRRT —T VEMAT T — a3 vic
Lo THA_TF NRZET. Bonicfl T
F N & ZYOKICEmM L, 241 CI8RP-HPLC #
A (BE4.6mm, 77 25EF250mm) ZHW
T, 0.1% MY IAnEBEHRETE =)L
BRUOZWKEZRBEEHEL LT, XTFRIRE
DI CIAH T 2 22T, T ORI
MALDI-TOF B ESHTEIC Lo Tt o 7z, il
I%, Voyager-DE STR (PerSeptive Biosystems)
AW, BT S ROBEHIALE & iR,
TR CISRP-HPLC # 7 & (N#Z 20 mm, B 7
AR 250mm) AW TRRZ T 7. FAROF
ETUTREXTF RO LT, 2L,
HARTF REFRILEIC SephadexG-25 7V 7 v~
N5 T 4 —EHNT, 30% (v/v) BEEEREIES
TV Aillh, %0% RP-HPLC 12 X 288 %1T -
7z,

2.2 AEX=—&MK (CD) AZE

4TH CD 227 FUL, JASCO-J-805 ¢R
K TEAE 1I0mm OAEELVEHANTE LI
7o, RXTF ROBRED, 10 EZERTF KR 60uM
T 17T EEATF FIE50uM THIE L2, BT,
MeOH, EtOH, TFE, HFIP Zfi\ /z. MeOH &
EtOH iE EBH{b22 1325, TFE 13 Aldrich 25,
HFIP I3fEMEE TEN S TN ENEAL, TD
FEMEHLZ.

2.3 NMR HIE

"H-NMR 22 h/LiE, Varian INOVAG00 %>
Yt E Az, VY EtOH —/KiBATEEE (=4
/= IVEIGER xpou=0, 0.1, 0.2, 0.3, 0.4)
TRy ZEEELT5% (v/v) OEKEEAT

(3
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W5, X7F RKOBREL, 2mM OKF , xeon=
0.) &1mM (pou=0.2, x50u=0.3, Xeiou=
0.4) TIT->7z. TOCSY #fEIE, 150ms D I F
VT H A LTIz, NOESY #IZEIZ, 100,
300, 500, 700ms P I F > 7 XA L TiTo T,
FREIKOFREIE, Watergate 72 277 AL - T
fTote., &TD2WTALY FViL, 8kHz DA
7 R ViR, 2048 X 256 7—H A A v b THIE
L7z, A7 MVEENTITIL, MESTRELAB
RESERCH #E:0 Mest ReC % v 7z,

3. HBREER

3.1 CDAIEIZLZEIFEMEDTILI—ILK
ey

Fig. 112 EtOH —/KiBEATAIESRICEBIT 5 10, 17
BHEATF RO CD A7 b VERY. ZFDKF
2RI D 27 ki, 200 nm 3T SRR IME &
b, HAER S L X ARETHD 2L g
EtOH — KIBATAIER TiX, EtOH T/ 73ROH
& 41z 208, 222 nm AHE ISR/ IME 2 7R A
7 N V~OEG R BE B S iz, 2o
ST U H DREEPD a- ) v 7 AREEA~ORE
WDOBATZ AL, 205nm T CERIUSE RS
NDHZEPL2MEBTHLZ LERT., 22
T, 10, 17 FHEATF KEFHITHL T MeOH,
EtOH, TFE, HFIP—/KiE &A% C© CD HIE %
1T 7.

Wi, T LG —a-~) v 7 AREEERE
DT N3 — ) VRERFIE 25 7201, 222nm
2RI D ENAFEMERE T L3 — LT L5 ERITH
LTFry hL7e (Fig. 2). 10, 17 &~ TF
RIIZT VT —VENVGROBEINCAE S Ta-
Uy 7 ZEEOEMNRE LN, ZOEHRD
frEi¥, HFIP, TFE, EtOH OJEFE TIKE /L4
AN N TERI SNz, £7-, HFIP & TFE T
B BB S N, 2B ORERI,
IRETIEO T/ IMEHELIC Ko TR b Ie T —
2L BV RONS, ki, CDHIETHES
RS B %15 5 72 912 2D-NMR HI7E
T o Tz,



|
oo
(=)
|

(a)
4 10 residues fragment
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E | T
e L x=0.2
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(b)
4 17 residues fragment
[x107]
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Fig.1. Far UV CD spectra of (a) 10 residuesfragment
and (b) 17 one in ethanol-water mixtures

3.2 2D-NMR BIFIZ &k D =RIEEDRTE
3.2.1 RIIFFRXBIZHELEVITTILDRE
2D-NMR HIEIE, EtOH-KESREER (eion =
0, 0.1, 0.2, 0.3, 0.4) ITBWTHIEL .
CD JIEDFER DD, K TIXEII 72 Z 2 & 4
s 2oL, EtOH EASEOHM L 41T - ~
Vo I ZREEEBE L Z 5 2 EAREN TN S,

&9z, TOCSY fliE i kv FeEkEEDy 75
NOIRIEEIT- T2, Fig. 31T/KFITRITDE51
72 TOCSY A7 MVERT., HAFRTEHRSN
TLE 9 NEHHO Glu 2k < 9 EHO NH
%#6@/ﬁ+w%?t FIfEIC L T EtOH-7K

BAIROY 7NV DIREbIT-72. 2O TOCSY
#%%6%&3%@/7%”@#%%%WT
H-H B IFE L T 72455105 NOESY
AT MVOIFBEATO 2 L DHIFRS.

(&)

()

10 residues fragment

2
|x103| ¥ ' J : ! ! J
g 6-.... A & . ¢ |
E [_ - R
E 4™ a ® e .
=]
&0 _- A . ® o 2
S 2F » = HFIP
L Vo & ® % [o] A TFE
o i . ® EtOH
Ag
= 0 [¢] 0 MeOH
(== | | |
- 0.2 0.4 0.6
Xa
(b)
17 residues fragment
|x1l]3| ' J Y T ! T
o 8 4" © Il
P i
“s 3 :LA B .
= 4 Y L ]
%ﬂ A oe®® ® s HFIP
= 2f,* ~ TFE
. * EtOH
o 0 1 1 i 1
- 0 0.2 0.4 0.6

XA

Fig.2. Alcohol concentration dependence of CD
ellipticity at 222nm for (a) 10 residues
fragment and (b) 17 one in MeOH, EtOH,
TFE, HFIP-water mixtures.

3.2.2 C*H7ZZANLLT bIH
RTIFRKRF o RIED CHDr I Ny 7
i, FONERREE IC R L CIER IT e SO %
AT T a- ) v 7 2EE R L TV 5
&, FUELEEDHDr I INT T FBE
Wss 7 h a3 5L WHRENRH5[9]. 22
T, 10FE~TF ROKFIZEITSH C*H D7
HINVT 7 ab EtOH - KRR TD 7 I 8
T R EZELBINWEDONRFig. 4 ThDH., x=0.1
ICRBWTIIZ LB R o oT7ahs, x=20.2 T
133~ 53HED Rs-Da-FsITBWTERSG Y 7 b
BRIENTZ, CH7 I N7 FD5I1E Rs-Da-
FsZahbh b Uiz a-~Y v 7 AEEERE ORI X
na.
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Fig.3. Partial TOCSY spectrum (C*H-NH) of 10 residues fragment in water at 298 K. Peptide

concentration was 2 mM. The text in parentheses is residue number.

C“H chemical shift deviations

ASC®H (p.p.m.)
o

+xﬂ0H=0.2
™ Xpon=0.3
+xBOH=0.4

residue number

Fig.4. The C*H chemical shift deviations from the random
structure values for 10 residues fragment in EtOH-water
mixtures at Xgion=0.1, 0.2, 0.3 and 0.4 and 298 K.



_28_

3.2.3 BA—nR—nIH¥—%2 (NOE)

Fig. 513, xeion= 0.4 FOMIEED CH & NH
ff]o NOE & NH-NH [#]o NOE Z/rL7z. E£7z,
Fig. 6 12iZ CH-NH ff]® NOE »#%% & NH-NH [#
DHELZRL. CH-NH > 7 VozEis &,
Xeon=0, 0.1 IZR W TITREEEL 7238 L T
NOE L2 S ivenotz, LarL7eh3 5, EtOH
ENVFROEIMAE, 2 ~ 3FRESEOMEH & D
MWEERDPMRBI Sz, £72, xpwon= 0.1 TiZ

B4z L 72 NH-NH o NOE 721} Th - 7273,
Xeron= 0.4 TITREHAI727% IR NOE 238 =
iz, Ex (NI{)_’Dzl (CaH), Da (NH)—>E1 (CVH),
E-(C*H), Ds(NH)© E7 (NH) D ZF Vi,
Asp BEEZFLE LTz a- Y v 7 A~OfiEHzR
BErgTs, ZoZiiE, CHZPIINY T
MEZENHEH BT Re-Da-Fs 2.0 & L Izt
B ORER L T 5.

(@) B 670 & © E
o R Y © OEo ot coom = @ o - - 0 oo .o 0 E 1.00
o D ® E
3/4 ®
) 61 %@ @
© " 9 o5 3 =
) 83 P o 200 §
o112 ] &
°12 : ] S
232 0173 0 14 °7/8 =
47> P45, g9 2
13.00 =
. 17?% o910 1 2
5/6 g
=
3 6]
® - 14
o ° 6/7@ & ?3/6 - ] 4,00
® ‘ @273 %62
° %@9 @910
9.00 8.75 8.50 8.25 8.00 7.75
Chemical Shift (p.p.m)
(b) . ]
0 v
0
, ,
@) {18.00
' ] g
' @ =
. ¢ 8
, &
0 ' ] 3
g 1850 =
o 17 8
o :
d © 0 &
DS !
\ . 19.00
' ‘K@ Q ]
9.00 8.75 8.50 8.25 8.00 7.75
Chemical Shift (p.p.m)

Fig.5. Partial NOESY spectra of 10 residues fragment in EtOH-water mixture at Xgron= 0.4
and 298 K to show NOE contacts of (a) CH/NH and (b) NH / NH NOE connecting.
A mixing time of 700 ms was used to measure these NOESY spectra.

(6)
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(a) water
LIR F|1|E|K|F|K
NHG)-CHG) | W) 7
xgron=0.1
NH(#) -CH(i+1)
Xeon=0.2
NH(i) -CH(i+1)
NH(i) -CH(i+2) 7/IR7/ Y7/
NH(#) -CH(i+3) %
xgion=0.3
NH(#) -CH(i+1)
NH() -CH(i+2) /i
NH(j) -CH(i+3) 7
Xgon=0.4
NH(#) -CH(i+1)
NH() -CH(i+2) 91
NH(i) -CH(i+3) 7,
n=3 n=2 n=1 i
o
(b) i
R 1E|[k|F|K LIRID/F|I K 2
= o L O
R R|O O
o o D O O
F o F © ©
I © ! L
E O O E o o .
K o R =
F o o d =
. = = oo

Fig.6. Summary of observed NOEs (NH-CH) for 10 residues fragment in EtOH-water mixtures
The amino acid sequence is shown at the
top. The number of the NOEs (n) are categorized as n=3, n=2, n=1orn=0
Summary of observed NOEs (NH-NH) at
The amino acid sequence is shown at the top and side.

at XEtOHZO, 01, 02, 0.3 and 0.4 (a)

and marked according by different shades.
XEtoH — 0.1 (b) and 0.4 (C)
The NOEs are indicated by circles (O).
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3.3 REMD 2 alL—>a itE#HRLEDLE

I CDHIE, 2D-NMR HIE TH b vicft
B EARFEZE TITHONZ REMD ¥ 2 L—¥' 3
VEHERER L O AT, a- Y v 7 AEE
ISR DI 2EE T 5, 40, Xeon=
0, 0.4, 1.0 O TREPTONL[10 ], FF
H4ME, UUTOM@Y Thd, KOET VL TIP
3P T910 41 (xewon=0), EtOH ®E T /ViL
GAFF (General Amber Force Field) T 698 43
¥ (x EtOH — 1), 385 7/k4r & 578 EtOH 4 1
(xpron= 0.4), XTF NIT10EEXTF K
(E"-L-R*-D"-F-I-E " -L*-F-L"), J14%I% FF03
(Duang ), Xy 7r—y7 w7 A% Amber8 (B
U7 V=T K, \BEX 250 ~650K (32
7V 1), BEERRIT 1ns (At=11s) TITo72.

KFNCRIT BRHERRIL, EREFEICT v
B AEETH D 2 ENb D (Fig. 7a). EtOH
HFIZRWTIE, NREITa-~U v 7 A0
HIE B S e (Fig. 7Tc). a-~U v 7R
NORGETIBATHE 9 E-Da-E- DB R 505,
ZDZ &, 2D-NMR HIEDFER & BV FHEIAS
5. xpron= 0.4 1BV TiL, EtOH T & T
XV T v DEEDS a- ~Y v 7 R like 72
fE~EBILL TV B 00br5. Eiz, EtOH
DOFEFEG L FIREIC Ex-Da-Er OB R R 615,
2D-NMR #UI7E & REMD FHEAGFRITIZ R VAR A
TRy 0

Z T, EtOH—JKIEAEEH D~ T F Nt
DIEIHEREICER 32 (Fig. 8). N,C Wi T
KD FRELFELTHWDEORbPS. Zh
%, WG, E1(CO27), Kio(NHs™) Fizk v #E
KEZRT oD LB NS, WIT Phe £
B0, Tle 72 & OB OFEE T EtOH 2123
ZLFELTWD., 20X 9T, RTF NiEkE
IZR W TERIRPTA AN M S Tz, RIS~
F REFRIE L 6 ALINICH DIRME & DKEFEAER
DZEAL% Fig. 91TR LTIz, _TF FHPLEICE
WT EtOH OB KBRS G OB 375
N5, ZOZEnD, a-~Y v 7 A0
BII_T T NG TR SEZ Y, £
AW T T RHULER TR & DK G
DD LTI F R NTOKER-EESDEF]
TR TEIDZEDNREIND.

®

(L]

Fig.7. Averaged structure of 10 residues fragment in
EtOH-water mixtures at Xgcon= 0 (a),
0.4 (b) and 1.0 (c) obtained from REMD
simulations.

Fig.8. Averaged structure of 10 residues fragment,
EtOH and H20 molecules in EtOH-water
mixtures at Xmon= 0.4. Blue and yellow
sticks indicate EtOH and water molecules,
respectively .



ETNIRTF ROTNVaT—VFHEa -~ v 7 ZAFRRICEIT S

BB ORE] (HK - fh)

number of H-bond changes for each residue
25 +——

| T I T T T T
L |~ —water
< 20F *—Xgop—0.4 -
g | —=—EtOH
2
= 15f i
Gls L
510+ -
2
E L
Z 5L I
0- | | | | l 1 1 1 1 1
1 23456738910
residue number
Fig.9. The number of H-bonding events between

solvents and each residue of 10 residues
fragment in EtOH-water mixtures at Xgron =
0,0.4 and 1.0 during the simulation time.
The distances between the atom of solvents
and peptide are within 64 .

4. #&

CD HIEIC L v AkFICEITHET NTF R
TUHELREETHDZ g otc. LL,
TN A= VORI a -~ v 7 2Ok
HEEDEIIS N, a-~) v 7 2RO
DR XX HFIP > TFE > EtOH TH 5. E 7z,
HFIP & TFE TI3EHER Y ¥ —TTho7e. Z
o OFREFRIT, A/ NABELOAER & B E
B R 5N, 2D-NMR HIEE, EtOH—/KEA
IR TITo 7. COHIRZEDRERNPOIX, NE
UMD Rs-Da-FsIZB W TElE > 7 b M8 &
Nz, F£7z, Ei© Du© E THIEH 7 NOE 2358
W47z, 2D-NMR #IE TiX, Dafkkz sk
Lica-~Y v 7 A~OEEEEP TR EIND.,
REMD #E#EHIL, 2D-NMR DOFER & BV FEES
MRELNTZ, Eio, XTF NIFEICEWTITE
IRAGREEFN SR STz, Z O3BIRAER RN I
LT F NNEHOKBREG ML Ta-~Y v

S
aff

9
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J A~OREEEBDFHHEESND T LRSI,

5 # #

AIGEO—HIL, SCHRHFE Rt &
4 (15076211, 17550023, 16GS0417), STELE}
BHENAT T - VP —F - o x—KEEE (F
B 17 S ~IRK 19 4R, AR KR SR
DOIERBICLDZLDTHS.
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