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Structural Study of Ascidiacyclamide and its Analogues
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Ascidiacyclamide (ASC), cyclo(-Ile-Oxz-D-Val-Thz-),, is a cytotoxic cyclic peptide isolated from tunicates containing
the unusual amino acids, thiazole-4-carboxylic acid (Thz) and 4,5-dihydro-5-methyloxazole (Oxz). The chemical
structure of ASC is characterized by a repeated sequence with C,-symmetry. NMR spectroscopic and X-ray diffraction
analyses of ASC have shown the existence of two major conformations; square and folded forms. To better understand
the conformational behavior of ASC, the Ile residue was replaced with another amino acid to disturb the C,-symmetry.
This asymmetric modification indicated that the conformational equilibrium between the square and folded forms is
related to the bulkiness of the substituted amino acid. Furthermore, desoxazoline-ascidiacyclamide analogues (dASC)
were designed for reducing conformational restraints imposed by the Oxz rings, and were all folded. These results
suggested that the Oxz rings play a key role in the conformational equilibrium. Regarding this point, we designed ASC
diastereomers to modify the conformational restraints induced from the chiral carbons (Ca and Cf) of Oxz. The two
novel conformations, flat-square and reverse-folded forms, were found in the diastereomers. These findings indicated
that the Ca (Oxz) atoms strongly link to structure changes in ASC, while the Cf (Oxz) atoms impose moderate
restraints on ASC. The cytotoxicities of ASC analogues were also evaluated for P388 lymphocytic leukemia cells. It was
suggested that the conformational flexibility of ASC is important for its cytotoxicity.
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CTDEK S BHEMEERTF RofERR, RO
I IERTRIRD Z 27 BHIC BT 5 XT'F N A
LRITS>TWVWS. ZLTINSORMIZER, M
BNICEHOA Y T+ A= a VICHERE 52 %
vEZENG,
@© D-7 X/ BRI HRIZ T X/ BB
HE2 G TS,

@ RXTF FEHDBRIRFEE 2R L TV 5

@ XTF REFEHDT 2 FEGH—EBT A T )V
BIREICEZ D> TV,

@ A 2/ EHDAFIVE, AN TOEIRE
HhER I A EMZ 2T TV 5.

ARWFE T EFET7 oI 7 A0 I A4 R
(ASC) T, 1983 GEEHEDIC L > TA—Z R 517
WKART2EAER YOS HEEE Nz, —HOBRIR
RTFRFO—DTHbO, HEEEIEEZRT. L
THEEEEZD TR, ZOFHEE S Bk
EDTH5. ASC DILFAHEED 1 DHDFRHII,
DFRICIER ST ERT X /BTHD, T
nEGLF 7YV =)V (Thy) 72 /B FF5Y
V> (Oxz) 72 /BOHARAICHEINTHSZ &
TH3. 2 OHOFMIE, XTF REOHLITH
TN BIEFRFR (C, X)) ZET 5T & TH 5.
ZLT, 207 X /A cyclo(-Ile-Oxz-D-Val-
Thz-), TH 5. TOKS EhEE L AIRIEICK D,
ASCHEDXS IOy T+ A= arykE>TWY
BB LI, ZOEMIEEERENZH 5
M3 ETEETHS. HIC, HLORKESR
ICOWVWTHELNZ MR, Bz 2sEmIEHE
EEELT, RARKIEBEVWHEIXRTF R, 28
ZERED TR WS BN D & R SR
MHBEEZENS.

A4, ASC DERAR IZEAERICDNT, X itk
fuRESS AT, NMR, CD AX% RJLHIIEICE D O
VT F A= a UEtiziToTe. ARTIE, ASC
KO ZDOFEARDEKIE, ASC D C, SRR 7 i
Uz, JERPRAEARKL T, OxzBROFSV T 1 —

WKEB LT, D7 A7 LA —ORGE L 2ISE
IZDOWVTRLIR S 5.

2. ASC RUZDBEEHDEK

SEHAO OB, KT DI KB HEEBE
i1 o 7z, Oxz 7 2/ #1d L-lle & L-Thr »» 5 Ji%
HIXRTF ROHGIRIELTIERE NS EEZ S
N, —%, Thz 7 X /& D-Val & Cys B2 Y
XTF RO EERIEE, BIESHEL TERS N
ZeEZ5N%. The 73 /WL, @HON
TF RERGZE T TR EETHADT, ARER
Y 7:% DVal fkd The 7 3 JB% & L, 24
FIEEE UTARTF RiaE Wz,

Oxz BRORERERFEIC DWW TIE 2 AFfE 2 BTz,
1 DHEIE, Thz 7 X /W LB Llle KD Oxz
T BEERL, TNEXTF REGOERE
T55ETHB. 2DOHIF, RIRRTFRELE
BRI Oxz IRZ MR T 5 /515 TH 5. LL, A%
E7% Oxz BRlE, PIHERBR D BV ERFE T OREERD R
BTH3ELEA, BEDHEZRV.

F7z, OxzBAICIE Ca & CB D 2 AT AS
WFEET 2720, ZTOHRITOVTEEERELEZTN
a5k, HO Oxz BEO VKR E X Ca Y S
fidiE, CAAREETHD, L-Thr DIARZLREFL
TWa. LML, LA RICHIT % Thr RO
IKERELE, EBROEGE LR D, Thr B DK
firzefEs. Ko THMD Oxz ROV AR E Z15 5
IZlE, CB A SHEEZ & D L-allo-Thr 72 i\ % A8
N %. 7T THEE LT LalloThr DBK %
1oz,

D EDGRAEEEDD E, £TXTF R
BOJEAKL L 72 % D-Val 2k Thz 7 2 /[ & L-allo-
Thr DEKEITY, RITFNSZE W TERIRXY
F ROMEE7Z1T9 . Z U TIRIZIC Oxz BRZREER L,
HOIb&Yz15%. LUTICS BRI EOMZ

MG,
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2-1. FPY—IT7 I JBOERK

D-Val 1 3k @ Thz 77 X / W& #% & {& (Boc-D-
Val(Thz)-OMe) (7) D& K, Scheme 1 IZHEWV TS
7z. D-Val(1) ®7” X / 3% Boc (t-butyloxycarbonyl)
HTHRE L% (2), IVAFIVZRNCTHILR
F)VHEZ% OMe (methyl ester) TR L7z (3).
RITHAEY 79 L, KEEHRTERF FU D Lz
WIBITIC KD, T a—)LiFEk @) L, ¥
Yy — =g A R T Ekic KD,
TIVT e ReEEK () L L. TO7 VT Rk
HikE Cys-OMe & ZHEGETEF TV U UikE
k6 ZZEY—DREMELTER L. TD

BEMZNEET 5 L, B>V
THE{E LT, HMD Boc-D-Val(Thz)-OMe (7) %= 145
7z.

2-2. L-7PO0RLAZVDERK

L-allo-Thr (12) D& AUE Scheme 2 IXHE> Tiro
7z. L-Thr (8) ® 71V R F 2 )VE% OMe £ TIR#
L9, B>V AT 2 /HIC Bz (Benzoyl)
H%E A L, Bz-Thr-OMe (10) Z &K L 7z, 1Ak
T A VT Oxz BRZ R E & (1), 20% iR
TIRRT 5 &I KO HID L-allo-Thr (12) Z1%
Tz.
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2-3. RTFFBERUERIRL

RTF REEGIEBMEIC K 0o 7. R L
LT, NoK%ii& Boc £, C AR (& OMe J 72 38 1
Lz, BERFED X, Boc B AM $ilE / oA
TP, OMe BE7 VAV T ALK DT> TE.
i AC & EDC (1-ethyl-3-(dimethylaminopropyl)
carbodiimide ) &z O Z O @&l & L T, HOBt
(1-hydroxybenzotriazole ) 2 | » 7z. HOBt (&
M ROSICHE S T8 b2 i/ NRICHN A T, &
I KIS S B A B 5. T N5 0
R ANIC KD, 3RIEDT T T XV %2 &K
L, ZNE6DT ST A2 MBI KD 6 FEE
TFREEGR L. LML, 6REDHFIRT
F R 5, BIRME O FE O & IC EDC/HOBt %
Huwad &, INEN10~20% & IFEFHITED >
Je. 2T, RIKMLDEBEOA, MaHlL L
T PyBOP (benzotriazol-1-yloxytris(pyrrolidino)
phosphonium hexaﬂuorophosphateisv 2%’ Hwa
ok, 30~ 60%FEE TUCRASE SN

2-4. AXYVY VIRHARRIE

Scheme 3 IR T K51, HbFA =)z
T, WRIC Oxz BROMREZ1T> 2. Thr HEE DK
F LG LT A =) VILBIC K D Oxz IRZTERE &
B EEZBNDN, BABHMICHBNT, TOR
FEIC B BUEED 20 ~ 80% & 7k D DAEDHERR
ENTz. 5B, ASC(14) KU Z DR DO HiEK
KILEWTH D, Oxz MR ENTOEWES
Y1 13 7% Desoxazoline ascidiacyclamide (/ASC) &
Vo,

3. ASC IFAEFDEELFRITAR

ASC @D C, WFRMCEH L, ASC D750 lle Hkk
BRILDT I WEREICER U, JERFRA B A
ZER Uz, BT X BEEOMEON T EE
KD, JENFMEDREN L > T3, Fig 1
KB L7z A O X /e RLIz. 2ThHo
AEARZ W, ASCO C, WFREE a> 7 4 X —
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Fig. 1. Chemical structures of asymmetric analogues of ASC. A circled Ile residue was substi-
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T a YOMBICDOWTIHHNS Z EZHIE L.
T, Oxz BRMEEE N TV 7RL dASC FFEIRIC
DNT ERLEMNTEZITY, Oxz IROEMICK B,
VT F A= 3 UN\DEERRG L.

3-1. ASC IERREEEMAD X IRIERIBIEHET

AR L 72 ASC IERIFRGAE R D 5 B, X FlalHT
W& AT RE & # S Y S S 7z, [Ala]ASC, [Val]ASC,
[Phg]ASC K U dASC FERFFR#AE (A & L T [Ala]dASC,
[Val]dASC, dASC 1T DT X #ks S it 217 -
/z.

Fig. 2(a) 1T [Ala]ASC O X KA MG iRt O A5 R
ZRUTz. ZORHE L, LATICAEBICE > T
HEENTNS, ASC OREHHEE L 13 s - Tz,
2 D0 Oxz B& I RO BRI Nz Eh
THED, 200 ThzBIZ, AZvF 2 FHEME
ATBEZRNI IS, AWDICIZIFFTICHE S > TV,
B 1 N(Xxx')-H---0"' (0xz°%), N(D-Val®)-H:--O(Thz%),
N(Ile®)-H---0""(0xz?), N(D-Val’)-H---O(Thz") ¥
&, TNEIUKEMANTRETH S HETH -
7z (Table 1). TOXSERHZE OO T+ A—
>a vz LUK “folded form” &/08E L 7z,

Fig. 2 (b) IC [Val]ASC D X #hds fh b i i A O e
RZRUTz. FHEHOERED, RHEIC Oxz ERE Thz
RZHEEET S, BEAEOXIICE->TED, lle
I E Thz BRE D7 2 FRSGHEML CTHrndih > T
WBEDD, EERINCIED FIERFWIREZ & >
T, DED, ASC DRSS DR & <
—H LTV, ZL T, [PhglASC OffifhE & [A]
FRCTH-oT. TOXSIBFEZEDAY T A—
v a »&ELIF “square form” &% LTz,

[Ala]dASC, [Val]dASC, dASC & AW ICHE{L L 7=
S TH oz, F LT, ZOMEIE “folded
form” 2T NIz, DF D, 2 DD alloThr 5%
R i E#HoEEMinlzEnTEso, »
THD 2 DD Thz BTHD ARy F > FFHHENERIC
XozEbL Tz, Z LT, NXxx')-H---0(lle%),
N(D-Val®)-H---O(Thz%), N(lle®)-H-+-0(Xxx"), N(D-
Val’)-H--O(Thz") MO HiEE%, KEHE A HER
&> 7z (Table 1).

DL EDOFERMN S, ASCIERFRAEAKIE, 777D
FAW7z “square form” &, FhiniclzEnic
“folded form” O 2 O T+ A— 3 VI
DHETZBTENHSMEEST. Z LT, £

(b)

Fig. 2. Crystal structures of (a) [Ala]ASC and (b) [Val]ASC. Dashed lines represent hydrogen bonds.
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Table 1. Hydrogen bonds and stacking between the Thz rings of folded form in cryatal structures of ASC

and dASC analogues

[Ala]ASC

D...A(A) <D-H...A(®) S...S(4)
NXxx')H...0"(Oxz%)  3.193 153.2
N(D-VaP)-H...O(Thz®)  3.283 138.9
N(le*)-H...0"(0xz?) 3.317 157.1
N(D-Val)-H...O(Thz*)  3.401 133.6
S(Thz*)...S(Thz®) 4.531

d[Ala]ASC d[Val]ASC dASC

D..A(A) <D-H..A() 8..8(4) D..AQ) <D-H..A(®) S...85(A) D..A(A) <D-H..A(°) S...5(A)
NXxx')-H...O(lle*) 3.001 161.4 3.026 161.0 e 3.071 161.1
N(D-Vaf)-H...O(Thz®)  3.078 155.8 3.057 152.6 3.051 156.2
N(le®)-H...OXxx") 3.075 161.2 3.057 156.8 3.081 162.6
N(D-Val)-H...O(Thz*)  2.968 148.5 3.021 144.4 3.092 156.2
S(Thz*)...S(Thz®) 4.280 4368 4.852

BICTH—IVT ¢ TS B0, BT I /BB varvkEoTwaseEZILND. TNHDCD

KoTEAENA T AR ENT. DXL, &
7 I /BOMSmEIN e i L FARETHN
X, C, SFEDVRRF S N “square form” ThHh - 7.
i, BT I BONTEmI N Ie HEK D /N
TWVBIT, C MFREDN LD NIZFFERIE, “folded
form” TH o7z, WIT, dASC FHEAR DR RS,
IEAHORREZIC b 59, §XT “folded form”
ThHol. EoTCaryIF+AXA—ygroark
O—)UICBWT, Oxz IROFBEEEAREE NI

3-2. ASC FEXMREFEEARD CD ART LD
AIE
BHCREE T DY T A= 3 Y Z2Matd 572
Hic, Mt (CD) AT MVORIEZTT- Iz,
7 b= FYU)L (MeCN)100% m 5, MeCN IZH L
T222-FV7)Aaxn /—)U (TFE) EE%
10, 20, 30, 40, 50, 100% Lz L&, WIE LA
RERRX—TD Fig. 31TRLTz.
[Ala]ASC & [Leu]ASC & & < f£l7z CD A7 |k
IWTHo7z (Fig 3 (@). £oT, TIHEOFHEENK
&, WIRPICBNTHEWCEBzay 7+ A—

AXRZ F)ViE, MeCN K U TFE i{a i rhic B0
T, 220 ~ 270nm I MF T, BRESMRIEOT Y
7R L THBD, TFEREDOINIC X 5%
ZHEORZIFITWEN>TZ. TDXDHIC 220~
270nm IZ A 726 IEDay k272”9 CD A
N7 MIVDISZ—2 7% typel & LTz,

— 7, ASC, [Val]ASC, [Phg]ASC & & 7z H.\\IC
XM CD AT bV TH - 2 (Fig. 3 (b)).
100%MeCN H1 T &, 245nm {3 /hNE RE D
vy FYA, 210nm AEICIEIEO a3y b AVE
HlEnic. TOXS ERMHZRYT CD AXY b
WDISB— 7% type 11 & LTz, % UC TFE
DI FEY, 245nm IS B % BIVFEH R
MU, 210nmIC B % EVFEHRIZERL T
Tz, IRAKINICIE 100%TFE I EEHIC I8V T, type
[DCD AT MVZ2@RI LTz, F7z 230nm IiX
isochromatic point N E.5N7z.

fiifniiE & CD AXRZ BV E DOHHBIN S, type
I type 1D X7 FLiE, ZhZh “folded
form” & “square form” Z/RL T D, [Ala]ASC
& [Leul]ASCDIRWHTOAY T+ A= g v
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~ 200
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£ o [Ala]ASC (Leu]
E
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Fig. 3. (a) Type I CD spectra of [Ala]ASC and [Leu]ASC. (b) Changing to type I from type II CD spectra
of [Val]ASC, ASC and [Phg|ASC. The spectra were measured in MeCN solution (bold line) as a
function of TFE concentration (10, 20, 30, 40 and 50%). Spectra in TFE solution are drawn with
dotted lines. The scale of y-axis of spectra of [Phg]ASC are different from others.

i, “folded form” ICHHWNT WA T EAUREE N
fz. &7z 230nm I 5 F % isochromatic point D
BN, 22003274 A= 3 /& 2 PO
fifE7Z2" L TH D, ASC, [Val]ASC, [Phg]ASC i,
TFE D22 K b, “square form” » 5 “folded
form” N a2 T A A -2 g UNERT B EEZ
BNz,

3-3. ASC IERFBAEDBS B

HBaR B KICDOWT, P388 ¥ A Y N HIM
Joa Al 9™ % M m PERAER (in vitro) 2175 T2,
o NTAEH % Table 2 12k L7z, ASC @ EDs, fili
& 10.5pg/ml TH-oiz. THEFEULEZRL
7o #EE A, [Val]ASC & [Phg]ASC TH o7z, &
7z, ASC & L#g LT, [Ala]ASC 1347 50%, [Leu]ASC
1A 30% FEMEMMEK R LTz, Z LT dASC JER}
FRAEARII VT NEIEEN T - T2

R TG PEAHBE & LT, ASC, [Val]ASC, [Leu]ASC,
[Phg]ASC D #5 M5 iE A “square form” TH 0,
[Ala]ASC O # A& A “folded form” TH - 7=
b, “square form” MWIEMERI 2T + A—

TarvTharaEmNR SNz, BT, [EEE4eL
IRE IR T2 dASC FENTRREA A DR i 3 4
T “folded form” TdHoiz. Fiz, P TIE,
ASC, [Val]ASC, [Phg]ASC H¥“square form™ & “folded
form” EDORTaY T+ A= g VP EOFER
AU L, EMEMET U7z [Leu]ASC Tl
VT A= a I PFERAER NG T Ko
T ASC DIEMFBACIZ, “square form” & “folded
form” OWHFDAYTH A= 3 02EDFEE
N ETH S T ENRBENT.

4. ASC I7 AT LAV—DEELFHH

A

RIS OIS RIE, ASCOIAV T+ A= 3~
ICBT B, Oxz BROBEMNZRBTSHEDTH -
fz. ZTTAETIE, Oxze BRICHESZDH T, Oxz
REFIIWVBENCKZ YT AT LAY—EER LTz,

Oxz BR D i BX A T & % Thr 5% &%, Ca & CP
D2DODAFRFZZE > THEDY, L-Thr, L-allo-
Thr, D-Thr K T D-allo-Thr @ 4 fEFHO 7R E A
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Table 2. Cytotoxic activities of ASC and its analogues for P388 cells

ASC analogue EDs,(ng/ml)
[Ala]ASC 49.0
ASC (1) 10.5
[Leu]ASC 29.5
[Val]ASC 7.4
[Phg]ASC 124
ASC2 6.6
ASC3 21.5
ASC4 21.5
ASC5 9.8
ASC6 31.8
ASC7 17.5
ASC8 >100
ASC9 8.8

ZII:IIS(?gue EDs (ug/ml)
[Ala]JdASC >100
dASC (1) >100
[Leu]dASC >100
[Val]JdASC >100
[Phg]d ASC >100
dASC2 >100
dASC3 >100
dASC4 >100
dASC5 >100
dASC6 >100
dASC7 >100
dASC8 >100
dASC9 >100
dASC10 >100

Table 3. Configurations of 2nd (o, ) and 6" (c, f) in JASC and ASC diastereomers

Configurations of Thr residues Configurations of Oxz rings

2"(at, B) 6" (o, B) 2"(a, B) 6™ (o, B)
dASC1) 2GS, S) 6"(S, S) ASC(1) 2"%(S, R) 6"(S,R)
dASC2 2", S) 6"(S, R) ASC2 2"(S, R) 6"(S, S)
dASC3 2"(S, S) 6"R, R) ASC3 2"(S,R) 6"(R, S)
dASC4 2"(S, S) 6"R, S) ASC4 2"(S,R) 6"R, R)
dASC5 2"(S, R) 6"(S, R) ASC5 2", S) 6"(S, S)
dASC6 2"(S, R) 6"(R,R) ASC6 2", S) 6"R, S)
dASC7 2"(S, R) 6"R, S) ASC7 27(S, S) 6"®R, R)
dASCS8 2R, R) 6"R, R) ASC8 2R, S) 6"R, S)
dASC9 2R, R) 6"(R, S) ASC9 2R, S) 6"R, R)
dASC10 2"R, S) 6"R, S) ASC10* 2"(R, R) 6"R, R)

* ASC10 was not able to be synthesized.

WFEIET 5. ZLTC, PHUDOREEZME->T, £h
F N L-allo-Oxz, L-Oxz, D-allo-Oxz % U D-Oxz 7
JER E N % (Scheme 3). dASC (&7 +F NI 2 DD
L-allo-Thr 55 7%, ASC 1& 77 FWIC 2 DD L-Oxz
REZZNENHE LTS, dASC 73 FND 2 17
D L-allo-Thr %H47%, 5275 % 4 MO AARE D

Thr FHLICERT 2 L, 10D OfHAGHEDH
D, TLTOxzBRBZIENEES T LickD, 10
D ASC VT AT LAIY—MWEZBNS.
KIKM D ASC 2[R <, 9O Y 7 AT L F
X —DHEWRETTo . Table 31, ThH YT A
T LA —DF T )WERI AT OARBLIEZ £ &
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7z. ASC101ZDW\WTIE, 2 A1FTD D-Thr #HEM 5
D-allo-Oxz BENDSISDEX S, BT 2 T &N
TEiEhoTe.
4-1. ASCIYPRTLAVY—D X iRit&RESE
AR
BRUIEY T AT LAY —D5 5, ASC5, 7, 8
N T dASC2 ~ 10 I DWW, X REl il & nl fE /%
FRMMESNIZDT, XSGt 2171 - 7z,
ASC5 & 2 DD Oxz BR7% L-allo-Oxz BRICEH L

D-Val

D-Val

90°

(@)

90°

(b)

U

TV ATLAY—TH%. DFD, 2DD0xz
BROZNZEND P ALDOVIARLE D HMERIE N T
B, C MFMEEIR7ZN TS, Fig 4 (a) I& ASC
() & ASC5 (F'L—) OfifttrHERsby
ERTH%. TO2OOMERLKT S &, Oxz
BROCBIETES LA 079-099A FNTHED, Cy
FHrixZznZFhizmoncniz. ¥z, D-Val b
BOCafirEs L 074-081AThTWwi C
DX TRNETNNESNZE DD, A1
5 EE R ORE X, RMS fEA 0.31A &/hEn

D-Val

Ile

Ile

D-Val

Ile

Fig. 4. Superimpositions of the crystal structures of (a) ASC and ASCS, and (b) ASC and ASC7. Molecular
fitting was carried out for the peptide backbone. Black and gray sticks represent ASC and ASCS or
ASC7, respectively. Sulfur atoms are drawn as balls, and hydrogen atoms are omitted clarity.
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HEx->THED, FlMEZ L >Tne. DED,
ASC5 & “square form” I FHEINZ AV T 4 A—
varvTh-olk.

ASC7 13 v 75 @ Oxz BRI L-allo-Oxz, & 5 /5
N D-allo-Oxz ICEIAES N2V T AT LAY —Tdh
5. DFD, —HOOxzERE ahind, &5 —HD
Oxz BRiZ p MBI EN TS, Fig 4 (b) 1, ASC
() L ASCT (FL—) OfffkitizERGDE
72X T&®H%. ASCT7 Ix “square form” Td % ASC
OR§E L LT, EHOXTF FED, X 0F
BICHWIKEETH B T LD %, BRI E

FHDOASCH 5D T HUIRMSHEIC LT 1.62A TH -
Te. TOXSEREZEDASCT DAY T X —
¥ a v&LR “flatsquare form” L. %
7z, ASCT IZHBW\TIE, X7'F REHYIC “square
form” ICE RGN GTVWFryET s —DHELENT
(Fig. 5).

ASC8 &, 2 DD Oxz Bi7% D-Oxz BRICEH L /2
IVTATLAR—TH5. DFD, 2DD0xz R
DZENTND afi, AT ARENMEHE N
THED, CHAMEERIZN TS, ASC8 DM
WG MRAT DS R 7% Fig. 6 1<k L7z, ASC8 D

Fig. 5. Molecular structures of (A) the square form of ASC and (B) the flat square form of ASC7 with the
accessible surfaces. The accessible surfaces were calculated by MSMS and figures were drawn by

Raster 3D.

Fig. 6. Crystal structure of ASCS.
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Miidiid, “folded form™ [FIEE, Oxz 7% S milc X
TF RERDITNHID > T ehy, ZFomEId ot
ThHoiz. 2L T, “folded form”™ D 2 DD Thz
BRIE, HWIC A& F 2 7 EAEH AT HE & A7 iE
IKMEHFE>TVBDITH L (Fig. 2 (@), ASC8 I,
D-Val fll$D 1V T CILED, Thz DA X v
FUTERET B KD BMEICFEL TV T
DX ASCE DAV T+ A—3/3 7% “reverse-
folded form” & 77¥A L 7=.

RTDAASC V7 AT LA~ —IE, EHOMIE
A, Thr® & Thr 8B 2 J1 i % 32 50 59 17 DT
NictzEZENTHED, 2D0 Thz' & Thz® RO
TARAZyFVITHEFRICEK > TLRE KL Z
EoTWi. Z LT N(le")H---0(le’), N (D-Val’)H
-+-0(Thz®), N (le’)H---O(lle') & T N (D-Val')H-
O(Thz") ® 4 AP CKKEM AR REREEEIC D D,
“folded form” I/ E N iz,

7z, MIBAERICEE L Tld, &L 7 Thr 5%
HEOVRBEICE > TEWVAR SN L-Thr,
L-allo-Thr, D-Thr 5E O M E#HOXT F Ry
IR UC axial Td > 7z, D-allo-Thr 5I3EDHIEE
\& equatorial \IZBliE L T 7z, Fig 72 ZNhZh
D& LT, dASC5 & dASC8 Dkt~ L 7z.

TDXIITAASC V7 AT LA~ — M

KE2LOBEOHERLNIZE DD, XTF REHD
OV T F A= a VICRIETIEEDHEIEN S
Tz.

UEFottERZZ LSS E, ASC5 &, ASC(1) &
[f U “square form” TH-7z. DX D Oxz B B L
DOVARELE I, RS I3 BE NEE b >
7z. ASCT7 K. UF ASC8 1%, Z v Z N “flat-square
form”™ & “reverse-folded form” D2 7 + X —
varvekoTBH, TNLIFIERNFALAT
BRENZVHFHIY T+ A= 3 v Thol.
ASCT7 & Oxz° B8 o N DI ARLE DY R ICEHENT
D, ASC8 1d Oxz®, Oxz® B o i i /7 DT AKRL
MRICEFINTVS. TDOXIHICOxz B afiid
VARLEE, NTFREHOAYTF A= a3V
ICRE B2 RE LTz

—7, dASC V7 AT LAY —IE, F 7 )VIEH
b5, ETORMMEED “folded form”
TH-oTz. DFED Oxz BRZIEM LTI LD THA
TG L D1$5H T LAV R E N,

4-2. ASCYPRFTLAY—DCD ANRY ~
JUAIE

ASC JERIFREAE A & AR D /1L T, CD ARY

MVORERTT> Tz, FDRERZ AT MLD &

()

Fig. 7. Crystal structures of (a) dASCS5 and (b) dASCS, respectively.

Dashed lines represent hydrogen bonds.



Vol.2 (2008)

131

A 7T &IC Fig. 8 (a) ~ (o) la” L7z,

ASC2 & ASC5 1%, MeCN 7 i v T 1%, 1tic
245nmicE Oy b 7%, 210nm (L TR IED
Jv YR L, ASC(1) &HU type IS E
N%CDAXY MV TH -7 (Fig. 8 (a). TFE 2
JEDORENE & £1C 245nm IS B B TIVKEHFIX

240 ASC(1)

(a)

(8]x104 (deg cm? dmol-)

#imv, AXZ MV type INEZ{LL Tz,
% L C 230nm IZ isochromatic point ZMF7E L 7z.
CNHEDORME £z, ASC(1) DAXRYT b)L EHifL
LW e, E£72 245nm I B 5 BIVAEITROZE
{fE#1%, ASC(1) > ASC2 > ASC5 & 7% > T\ e,
DF D ASC5 < ASC2 < ASC(1) DJIEIC TFE D 5%

ASCS

210 220 230 240 250 260 270 280
Wavelength (nm)

ASC3

[
=
o

3
°

(b)

S
°

210 220 230 240 250 260 270 280
Wavelength (nm)

210 220 230 240 250 260 270 280
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Fig. 8. (a) Changing to type I from type II CD spectra of ASC(1), 2 and 5. (b) Type III CD spectra of ASC3,
4, 6 and 7. (c) Type IV CD spectra of ASC8 and 9. The peptide concentration was approximately
0.04mM. The spectra were measured in MeCN solution (bold line) as a function of TFE concentra-
tion (10, 20, 30, 40 and 50%). Spectra in TFE solution are drawn with dotted lines.
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BWNEDo T,

ASC3, 4,6, 7 DAXZ )L Tl 230nm I &,
255nm iciEOay kAR SNz (Fig 8 (b). L
ML, EIVREHROMEHMED, W EIERIT/)
SWMETH -7z, ZUTTFERED LFICh D
59, AT MUFIEEALEZELLEh 0Tz, C
D& 3 K2R CD AR MVDIRE— 2 7%
type IIl & L7z.

ASC8 & ASC9 DAY 1)L TIE, 225nm ICH,
255nm by RSN (Fig. 8 (¢). C
NS DOENFEHBROMIMES L7/ NEWETH >
Te. TUTTFREICKBHEE/ NS hoTc. TOX
5 Ix K72 £ D CD AR ML D/S R — 7% type
V&L

LLEDFERMN S, TO3FEDOART MILD
SR, /YT AT LA —FEKRD Oxz’ KT
Oxz° D a NDVIAREDOHAGDLEICEZ ED
ThHarT ehbhol. Ikxbb, WFHNSE
BEODOY 7 AT LA < — (ASC(1), ASC2, ASC5) &,
TFEIC XD type I 5 type [INDAXRY L2k
MRS Nz, FiD SBETES 5 F/ih R BliE
DIT AT LA <— (ASC3, ASC4, ASC6, ASC7) IZ,
type Il D F £ AT MIVELADETIE Nixh -
fe. ZUCHIAAEDREEDY 7 AT LAY —
(ASC8, ASC9) & £ 7z, AT FIUH type IV DX
FEEDBIIE Nz o Tz KSR & DFHEY
5, type III i& “flat-square form”, type IV &
“reverse-folded form” Z/RLTW% T LA/RBE
N7z, 7z “square form” (type II) &, TFE D32
#IZ XD “folded form” (type I) N&Z{L L7z,
ZOZEERICE, OxzBRPMNDOFIIVEEE LT
WBT EARMENT. DED Oxz B B Dk
TELE D S BliEICE#IE NS IEE, TFEIC K5O
VI AR=Y 3 YOEERINE BTV
(ASC(1)>ASC2>ASC5). — 73, “flat-square form”
& “reverse-square form” (%, (Z& A E TFE D
BrRZFT, BELIAYTA A= arThb

R ENn.

4-3. ASC I 7RT LAY —DE&SEHHERE

P388 ¥ AU 2 MEH MEAAEIC B9 %, ASC
7 AT LAY — DO MR (in vitro) DFE R 2
Table 2 IZ/R U Tz,

dASC V7 AT LA =R TIHEMEN L, K
fn i 3E & 42T “folded form” T3 - 7z. ASC(1)
B LT, ASC2, 5 IEAIEE DTG MEZ R L T,
ASC5 EAG s, PO 7ICBNT, ASC &
YT A A= a YHELL TV ASC2 D
MRS IXHS M E 7R > TWRWA, CD AT
RV SHEIE NS, WP TOIY T+ X—
g v, ASC(l) LHILTWEEEZALBNS.
ASCO & ASC(1) LAIREDIEMZ R LTZA, 16K
FTOIAY T+ A= 3 U IR> Tz, ASC8
& ASC9 &, CD HIE DHERM 5 Ak h THELL
7oAV T A A—varrboTW0WbEEILNS
7Y, ASC8 DI e < 72> T\ 7z. ASC3, ASC4,
ASC6, ASC7 &, ASC(1) D#J 40 ~ 70% X Ti&ME
MEFL TV, TNEDaY T+ A— 3 Vi,
i, RO FICBNT ASC(1) LidRE-
TV,

DIE, ASCYT7ATLAR—ICBNTE, AR
FIZHBWT, “folded form™ & “square form”
MDA T+ A= 3 Vel D135 FEANE
MaERLE. ZLT, TOAVTH A= 3 F
#ricid, Oxz ROFENRAIRTH D, HIC, 2
DD Oxz BRD a JRADIVARBLED, W Ed S
ETHZ0EMENRENT.

5. &8

ASC JE PR A AR DO MG R HT IC & D “folded
form” & “square form” D 2 DDAV T+ A—'7
YIS E RS Te. F LT, BRPICB TR,
CD2D0AYT F A= 3 VIVHEHREICH B
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T AR ENT.

BT, ASC V7 AT LA —OREEMATIC K D |
“flat square form” & “reverse folded form” @ 2
DOFHIAY T H A= a VLM E RS T,

ASC OFIETEMEABI & L Tid. “folded form™ &
“square form” & DDAV T+ A—3 7 2 FHf
WBIRL TS T EAVRg SN, COa¥ T+
A= g ISR C, MFRRE. Oxz BR a iihY S Aid
BELDHTENEETHS T,

—77. dASC JEXFRAEA N T dASC 7 AT L
A< —13 2T “folded form” TdH > 7z, Oxz Ll
HHEDRW LD D, XTFRNLDES 0
VI F A= areHlRT 5 K5I EbNaH,
WIT ASC ISRt LR 2 5 A TV aB T e
RENT.

— AN RV XTF RO BERET 2 /i, &
EIRT A —)VT 4 VT & Z DREIEITE I 5 TR
MHBEMROEND. ASCOAV T+ A— 3
NCBT B2 & RIS H U, Oxz BRIS HE
HTEEZHS TR EEZDNS.

HEE AWRZITOICHSTD, MEBELS
MRS 2 O & LI KRBCERERY: HHPE
MBI D& DIEHEL X9, 7z, NMR ZHlE
UCHHWE, RBERRY: Bl ZE LT
I AR 2 17 > TTHW 7. RBRCGERIR
(LIFE R R R AT R A CRILER L TR d
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