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ANGIOTENSIN-CONVERTING ENZYME INHIBITORS
FROM THE VENOM OF BOTHROPS JARARACH

Miguel A, Ondetti, Nina J, Williams, Emily ¥, Sabo
Josip Pluicec, Bugene R, Weaver and OctavianKocy

The Squibb Institute for Medical Research
Wew Brunswick, Hew Jersey

Introduction. After the original observation by Ferreira
(1) that an alecholic extract of the venom of Boethrops jararaca

potentiated some of the biolegical activities of bradykinin,
Bakhle (2) reported in 1968 that a similar extract inhibited

the conversion in witro of angiotensin I to angiotensin II by

the angiotensin-converting enzyme froem dog lung,

Ferreira gt al. (4) and Greene gt al. (3) recently
described a procedure for the fractionaticn of this crude
extract that led to the isolation of nine peptide fracticns

P ing bradykinin-p ating actiwvity, Ferreira et al,
(5) showed that these peptide fractions also inhibit angiotensin-
converting enzyme, Kato and Suzuki (6) have isclated peptides

with bradykinin potentiating activity from the wvenom of
Adki ion hal -

Concurrently with and independently of the studies
described in the previous paragraph, ocur interest in the

inhibitory activity reported by Bakhle (2), with respect to the

angiotensin-converting enzyme, led us to further fracticnate
this activity in an aleoholie extract of vencm of B, jararaca
prepared according to the method of Ferreira (1), Fractions
wera testad for inhibitory activity inm an in witro-assay for

angictensin-converting enzyme developed by Cushman and Cheung (7).

Igolation Studies, A schematic description of the frae-

ticnation is given in Figure 1. All chromatographic separa-

ticns were run on columns at room temperature in the following

manner: Sephadex G-25, equilibrated and developed with 0.2M
acetic acid; CM=-Cellulose, eguilibrated with 0,005M ammonium
acetate and developed stepwise with the same buffer and with
0.24 acetic acid; DEAE-Sephadex, eguilibrated with 0,005M
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SYNTHESIS OF BRADYEININ-POTENTIATING PEPTIDES ISOLATED
FROM THE VENOM OF AGKISTRODON HALYS BLOMHOFFIL

Terutoshi Kimura, Hisac Kato, Shumpei Sakakibara
and Tomoji Suzuki

Institute for Protein Research, Osaka University
Kita-ku, Osaka, Japan

Introduction. In 1965, Ferreira found the presence of

peptide-Iike substances in the venom of Both:-ogs jararaca,
which potentiates bradykinin action on isolated smooth muscles
(1). Recently, Perreira et al. isolated one component of these
potentiating factors, and the amino acid sequence was deter-
mined to be Fyr-Lys-Trp-Ala-Fro (2). This compound was then
synthesized using the solid-phase method, and its biochemical
and pharmacclogical properties were studied in detail (3). Of
special interest was the finding that this compound is a potent
inhibitor of the angiotensin convertin,
lung (4). Two of the present authors %H.K. and T.5.) had also
iselated five different bradykinin-potentiating peptides 4, B,
» Dy E from the venom of the Japanese snake, Aﬁgietmaon halys
blomhoffii (5); subsequently, they elucidated The amino aci
sequences of peptides B, C, and E, as follows: B. Pyr-0ly-Leu-
Pro-Pro-Arg-Fro-Lys-Ile-Fro-Pro (6). C. Byr-Gly-Leu-Pro-Pro-
Gly-Pro-Fro-Ile-Fro-Pro (7). E. Byr-lys-Trp-Asp-Pro-Fro-Fro-
Val-Ser-Pro-Pro (8).

enzyme located in dog

The present communication deals with synthesis of potenti-

ators B and C t¢ confirm their structures, and with biclogical
activities of their fragment-peptides in order to elucidate the
structure-activity relationship of these potentiators.

Synthesis of ?egtides. Fotentiator B was synthesized as
illustrated in Fig: 1. Mainly, t-amyloxycarbonyl (Acc) group
(9) was used for the protection of a-amino groups except in the
case of an arginyl residue, on which the p-methoxybenzyloxycar—
tonyl [Z(OMe)] group (10) was used for the F-protection.

These F-protective groups were removed with trifluoroacetic
acid before elongation of the peptide-bonds. Protection of the
functional groups of arginyl and lysyl residuss were carried
out with nitro and p-chlorobenzyloxyearbonyl [E(C1)] groups,
respectively. The Z(Cl)-group is more resistant to trifluoro-
acetic aeid than the ordinary benzyloxycarbonyl group, but is
removed easily with liquid hydrogen fluoride (HF) in a presence
of anisole (11). The protected C-terminal tri-, tetra- and
penta-peptides were obtained as syrupy or amorphous materials,
and were purified by silica-gel column chromatography. Attach-
ment of Z(0Me)-nitroarginyl residue to the {-terminal penta-
peptide benzyl ester gave finally a ¢rystalline materiasl.
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WHEILTH, 09— EETIVETEDEDLLETTDD
DEF SRR EVIMERRL, &0Y
DIAFREELT IV BROBRIIKITFE TSI ERRD S
EERRT—BIT L. Lk, BIFTH - 7/RE
+H, ZoOHFETCRTF FVEEEIEEFRELTL
720 COMEDRID A DL % FEBSLetters |2
Eoll T A, FORVEROMEETFTIVHIMEED
FMIHTRECR LS DY T L
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4. R7FKE%L, #UL T PEPTIDE NEWSLETTER
JAPAN

BTCET, PORETHRIEEENTET LD
—HTRTF MMUEFTmadg « e ER, $5%
VOBENREICE T > Tz BunEd,

I FAVIZEFEL T2 ens, 3—ayo8.
NRTF Py EY YA (EPS) 12IZ1978FE DR — 5
R 7527 hbEh, 19824E0D 75 — I3 ESR
L EHICHETARE, FEALEREELTCEE
L7z BEEIZ I —a v S, FEERT A1) I THE
NHY, RAY—RHEHLVIIOEEEEZ IETHH
WE L7z, Wb 7 21 # B F L H 5 Peptide Society
ELTHENRAT— P LTWE LA-OT, BHIZHEN
72 £ 9 1C19904F121E T BARICHER LS RIFOFRAS
LY, RTF NIRRT CRESGAE % OIAT A0
O E7-b04ET T, FHLOWE - ITHEbEDTTh
NF L7z FEOHERIIOVTIL, RBRESESEEX
W% b2 L BnEd, FERAIREFRS, FAIZRER
LT A HHE LT L, REICSBEHAEOEKE LA
xR T T & LC, [PEPTIDE NEWSLETTER
JAPAN] L ZMITCEE 1 T2 EXBOA R S AICB®%
D L720i%, 19904E DT L 720 AT WTR S &,
FEREAWVIEHEYS 2T TV L) T, 2O EA
OFIMERBEZBEN L2812 05, &5
BENENWEFRIHY L TW/272 &, S KRFEOHM
WEFIEZT T LHREICRLAAT, HW7) —
CORMICEHRIL T 50720 T,

WH, FEHEERIEEZEAT, #H LW PN]H
15 RELTRT, &P HI0FE0SF S
Tl Bl ENnFE Lz, PNJ IZmg4 -7
DOFEBHEHKN R L DOT, HROXRTF M%7 H E
FONTIEFTOWEDOR LY - FE~ OBV &%
ENTWEW2Y), FOELDFEETREDFEH
FLEWVIAI LI RO HLIIHELTET L. #1
W, STEIT—RIDIZRD20R=JVIZDREI LD
HY, ®HOFTHIIR—TV 6%, L DAL EA
Bkl bednwTBoNn, Fo< REZLLD
> TWELT, BEHOREZEUETEA, 2ED
ALK A L — XHER, FOTTRLHEEDOR
- RBOB o TWAHI L 2O TEITL L B
¥4, BAEREFHRLD “RT7F PR T, AkE
AMI2IERDOWFEE 2 D TT o HRDATF RS
ELhb3RETHIE, FL T4 ED PN] =i
CTEEDAL EADK - S —RBIEFIATbI
LHIEEHSTRAT T A

thar’z 2T

TR FHEHIZ
cdc74850@hkg.odn.ne.jp
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[&<CFY, K<KEX] I XTF NREZERREIC
H59 3IENTF NHAR
Non-peptide Research

for Peptide Science Research

1. EUBIC

PNJ No.1000 72 & 5 & 3817
22472 > THatEfH Y O W BB
Serk CGEHrBKREL) X #EEEK
SNz 20164E3 HZ B 5T
KFEZBBT LEEIE ST,
Z ORIAER DR TF N %
RYEY, LIl o> THE -

ML 72 e &% o TARIZ LR
Vo [FBEEOEYIFEE YT Lo T
F204F, — B L CAERISEIC BT 2 HEEEHE O
FERTIFZE 2 M L T\ b0 TOERIT [ZHMERE O
BTANZALEHATL] 2L THD, REDO X
49 FONIZTEGFIE— Iy FEMmaEnsb,
RTIF IO H Y ROFEZLEWMTH 505, I
RTF FEOLEW L Sy 2D LI IIRTTF R,
JERTF K, THHETELZLOD, THEMEKIZE ST
BRILY XY FThY, ZOFECEIRETH
%o

FIIIBVWTH [ LY, I#EX] EEbh
o TIZTO [X#ER] &1, [JEBHEBIZE T
H AT, WS FUHREV, ZIHTIUTFMT LY E
X 72b] EVwIHILDTH D, MIZINIFETH S,
19804E A S A TEZEEIL, GF V30 E
I AHE (GPCR) TH 5. 20005EE, S 1, A
ZEAEOWZRIZ ST MLA 2. MNZ BRI LIRS HI1H
K+THhbh, F& L TDNADS mRNANDEEEE
PEEEHET 50 GPCRICL A, BRZEMEIZLA, 1)
K RIEZBFMHRICHES LT, SBRERONAME, o>
RRAXA—Ta rEBILEED, TORKE LikTsry o
INTEDPHEE LD, o WnITENY LT, kOZ
TRISEPFREN, FLTC, mE TV OMIGE
FTICLED, BIE (LR OBEFEXIZILD
HOHTThoBNZBERMIEE 57205, Ho I
A2 L (serious) 27> TLF o729,

NRTF R F Y FOGEIIGED SR -85 5,
FRTF FEOLEW B EEFT L, LFERUTHELD 4
ATZe BRLIRTFF, ERTF FEOLEW D2
FHRISEEZHOOFTHNL, TOREZHES 2L
T &7 BT, ZHEENOFEELORE, S, EY
EEORE, ZLC, BUERBEO A = X100k
WA RETIHIFICARTF R, ERTF F2ERL
HWIFREFOTERLFEDMR D &, THEIGE
IZDOWTHIAM L2, e, EEDPELROHARRT
F FFERREE LT20144F 1 A5 (No.91) 1ZBWT
NRTF PR [FBL] oW TEBHES %L 72,
ZZCRELABEIRENICATRONEIHELE S b
DTHY, BHOD LI TEBHRATEIT S &3
ThHb,

2. BAZEE
HRERT T FRRTF FRVE Y OZEERSEL,



INBLDXRTF RBZHERY VXV BISHEETH I L

Lo TAL Y FHAND, ZTERIE, ﬁ%ﬁ kL
ﬁ@ﬁxﬁ%®_ﬁﬁ IRELEEND (K1),
W& IL S 512, GPCR, 14 ¥ F v A VEIZEAR, F
Oy F—ERSHFEMIIKIISNE, BEE, Mg
BOMNTIZH 2EENZTHRTH D, EENEDL-TE
7-WF7E1d, GPCR OIRESFT & BN B AR D IS B RMT
T&Hbo GPCRIZOWTIE, RTF FEXBDO D%

CIRTHMTHLEELNLDOT, 2 TEH L VA
@®7 =7y M LTRERELFHEED TV L
N 2iN- b‘“(ﬁ’"’ﬁﬁ\ttlﬂ

BWNZEFEEE TR CE VIS S ), A —
N—=T73) -—%%EJZL’CV%, Yo BNZHMT, 1)
ﬁyFﬁYE/@%%WTﬁémiﬁﬁﬁT»%y
Z 74K (thyroid hormone receptor: TR) T&H 1, ol
EPBRNHERET Do U A ¥ K triiodothyronine (T3 &
WERR) (X7 3 Bk - Tyr OFFEfkTH Y, IR ¥
V%’B@@aﬁ%ﬁ%%%O(I2)’m®aﬁf
)ﬁ% iTR \-/nmj—z)@ /Etff%l_%@f%y) %
DFEEHEEIEREIC Xﬁfnaa%:\_ﬁﬁﬁf%%# ah<
Wb, % F/\U‘ﬁ“/fn halogen bond |, K& O"
[3i\1 7 > #& 4 inverse halogen bond | # 4 %
—%, b9H— Oaﬁfﬁ?iﬁ*%nfﬁﬁﬁﬁﬁ
HoTwnbEEbhs (M2), aHEa v RETIZ
COTIICAGHICESICMY AT D720, G
MEETFHHE L L CoRE S 7 FR O BRI THEH
DY TH b,

LIAT, BAZERTHEAMEIIESWTHET

| ErOBBEH(LETY) |
|

(@mmssw| [@enses ]

ﬁsmanmw 1’1‘.1*1‘1-”.-!!!3 *BW** ﬁmn Inl!w

AL 2

5&% TR 7773 —D by FIZEDPNLEY,

SIS EEPMTEATET S (F3). 2
%%E:*TLttb#/A%ﬁ@ﬁ%,%zéht
LDOTHLY, TNHDH HEITHEL (20164 3
A) TEz, 700 RE L2FELWBITINEA T
W\, DF D, KREONIEHEE, MRS EHZOTH
bo THUIEBMNERICEZ S, VY FOHBL T
WWF =T 7 VEHERDPEHFETR7-0TH
5o

(A)

(B)

HURBR ARV EY (A) L ZNDHEE L7-HIRE AV E
Y25k (B)

(A) Triiodothyronine (B&FrT3) Dfb#E L # 4
E 7V stick models IMA 213 3 7 RIET-5Y 4 &
L7z TADS 3, HEFEVEE T3D 1T ) G = s
(B) HURIRFIE > ZEAE TRe DY) I Fifie N2
A4 >~ (LBD) 2454 L72T3 (PDBID: 2H79), CPK
E TV TR L 72 T35 T H O fEH 1 dark violet 253 77
EEE%O fdu::l Lf T3 ’%% Lf’?b@ﬁﬁ“%@éﬁqu N
Uy 7 AR, YT 5, B, EFVHEEG
ﬁ%%‘l’ﬁﬂ:? “/ 2 7 5 MOE (Molecular Operating

B2,

1. e MK (LEeTY—) 055 Environment) THit L 72,
(A)

Tha RARa LiRa FXR TR2 EARZ GR ROR1
TRE RAR & LYR & HNF4 @ TR4 ERa MR 5F1
PPAR & RARTY Rev-prboa|  HNF4r TLX ER A PR LEH1
PPAR 8 RORa Rev-erb 8| RXRa FMR ERfta AR GEMF
FPART RORE CAR RXR A COUP-TF1| ERRSA TR3 DaX1
VDR ROR ¥ PR RXR ¥ COUP-TF2| ERRT HURR1 SHP

C=NRl O=XNR: O=NR} O=NHRd O=NRS O=NRé [O=NED
(B)
TR RAR o LXR o FXR TRZ EARZ GR RORT
TRE RAR 8 L¥R 8 HNF4 a TR4 ERa MR 5F1
PPAR & RARY | Rev-erba [ HNFdy TLX ER & PR LRH1
PPAR & RORa Renv-erb & MR & FHR ERfla AR GONF
PPAR ¥ ROR A CAR RXRE | cOUP-TF1 | ERR NGFI-B DAX1
VDR | RORT PXR RRy | COUP-TFZ | ERRT HURR1 SHP

3.

O = UAf-FR e i m Rk,

v MERSZHRA—8—T 7 3 — 48FED 55 4E

DRASCIUMREE

(A) 73 BRERAIHE Y, H D VIEHET 2 NS 5. (B) B
SZEMIEHALA 7 = X L OFEFNHELS ) F Y FiEHELEABASEA L B
%é“éﬁ’l‘éﬂ[:ﬂ&l’ﬂ%ﬁ@@ﬁ}iﬁ
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D F
1 [ [] [ ]se5  ERa

1 [ 11 ] 033 PR
1| | | | 777 GR
1] [ 1] []462  RARe
M AIB Pedl] E | }c -sma
I

TR (AF-1) DBD  LBO(AF-2)
30560 aa #50aa #9240 38
T2/8 0% 4294%  1557T%

famE

X4. b MENZERD R XA ik

IR MOy r2H5E (ERe), 7HTS AT 0V HEA
(PR), ZVaaFaA FZREE (GR), HIREE
VEVEZREMAE (TRe), LF /A VEEZ%E (RARa)
DA~F FAAL U EZRT o A/B N A A VITARE,
ALEBDODZODRAAL E LTHEMENTWD,
M liabeTHIEFIZEENZERSBIRL 727
O, BRLTA/B FAAL yEEHREINL L HIThS
720 A/B KX A4 i AF-1 (activation function 1) 58
B3 ) Fy FIFKGEW R isGEILEE B3 5, —
Ji. E RAAL Z0 Y FIIFECiEBIG M LEE 2 A
T 5 AF2#HIg % &1, AF-21Z, VXV P& N AA
v (LBD) ®#120-~1) v 7 A4 5, DNA K
EFNXAL Y (DBD) 1Z, DNADFRILE VIpETL R
v+ (HRE) A7 5,

KRZEEIL RELCE6DDFAL UhHRER S
Ntz io60, FAALC, 2F)DNAKAF
24> (DBD; # =ca.50) &22® Zinc 7 1 ¥ H—
EF—TIOLREEINTEY, BASERETH<
BEENTWS (F4), 72721, Small heterodimer
partner (SHP) 7317132 ® DBD ##->TH5F, TR
% EMDOBNZEAED ) I Fika B A4 > (LBD;
n=ca240) ~nTOFA~v—%EKL, ZOBEX%
Pkl 2 %EE2H > T 57, LBD OfErE D JEHIC
RSN, oY) v 7 R12M S 5D FHIRD o
FXA HEEEREL TV b BOKICHY T 2 E
2B — FEBEFEO, A/B FAA 2 L& LBDICIE
activation function 1 (AF-1) & AF2H0SFNZENAETE L
NS EFELICWETH S, MH@EW%&&
felZ oW, fﬁﬁif%ibﬁ( o TV,
BWNZEREIRESA~—, HLniEATosg
~—&¢%oT, DNAD 7O E—% — %ﬁ’fﬁ#
Z,; hormone response elements (HRE) (Z#5& 9 58
W3S D, MERIChoTWaEH A M
uf%&fv P, EHEEYE— M A MIldATo sy
A —DHEET D, ) —>?D HRE BENZEME ]
O# BETELY Y TIWN=TH A NTHDLHH, T
WCHBNEZBFEROFRES AV —DEEL, §1<3—D
—HOGTFPRET S, ThbE, WTiLd HRE 12
BOWTOEBNSHERIEITA - o THET 5,

3. BREMABEREMERRNZEG

HWEZEE4SEOH 4 50 11k, VA FIELTYH
HEFEE R IR A= 3 v 2 Elo THE 28 L
HESMIZ 7 MVIEME 2R SR HiE, MEaEMz B3
LB SRR EIRIEI, FEAED) F Y Rk
BRI —T7 7 VZHEMETHS (M3B)s LY B
ROEIET AL, EOL) RIEWEZRTIAT Y D
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§

P

bisphenal A (BPA) bisphenol AF (BFAF) d-hydraxytamoxifen (4-0HT)

X5, WonEilwELe A7 /) —)VA A7z /) —
AF, BU4-b FaFL ¥EFXT 7 DS
WENOLFWEOE AT =/ — VOFERTH S,
L FOFTyEFT T2, ILDBADTDAK Y
EFT T2 OIS BITARBWTH B,

M2 FE, RBI) Ty FPECTTREELH D, #ﬁ
IZHIBRR VG, & 2 AT, BNSEERD ) bk bist
HEATHSL DI, t@+w%/-1xbu7/#iﬂ
FLHIA MO K (estrogen receptors; ER) T
HY, b ol BT 5 L THHEILET S
(F3)e WITNIRBHED ) LDO—DTHb, b
EREEDIEE I L KB — B OBNZ BIENERE L
IAMuy vHESZEAR (estrogenrelated receptors;
ERR) L IFiZN 5, ERRIZIZaBl, pRIE yREID=D
OV TEATHEEL (K3), Zhsidvnand
GG 7 B ZEIG AL A TH 5 (M3B),
FAITRBEEE TH LN WHEEWE - €A
T/ —=VA (H5) PERRy IZIEFICHHEET S
ZERFERLYO EAICHRMICH RE KB
EIFOHRE L7ze COKET, ERRy IHEET A1EiH
WEERRBE LD, LDBADTIPAH - ¥ EF
Y72 OREMEEM TH B4 e FuF Ly EF T
71?(“Mﬂ(.5>%%b%ftol®Wif
[BH]4-OHT % + L —4% — & 3 25 a ks A alBrfi s
W L72e SO7 v XA RDFETIZ %Ltbt#
[EA 7z /= )VASZHEEKER] ORI %EIIES
TmDOTHb, EIHPEELEVEWVITZVOIR,
[ERRy (3 #5 i% 1 20 B S IE AL RBN T HARTH 5
DT, EATx /) = VAPEELLHID, EELE
WATT00% ZIVICHEE LT ETH D] LI FHETH
%50 2%V, ERRy 3V A7 =/ — VADHEE L TIG
EPHESNG, LV ZHERTIE LD THS, E
ATz /)= IVAZERPHEGTEVHEHERSI LTV
DTHBHD, [HHNZEEOMN,] & v) BYiEo
W2, RIETERWIREETH 72, TOREES
FIBEESE LISl e R TS/ ERT D
ELTWeo 2D, RONSLLrolzOTH b,
2%, ERRyIZE A7 =/ — )V ADHEE LT Him
Wb e {, WHET %L, Lo T, Ronbs
BirolzDXERTHD, TVF T4V b—=7 (R
w2 BZEEERBRT L rRwHET, RIZE
HAEERBOBT) % R 12T & 7 o 726

BH] ¥2 7z / — )V A ® ERRy |2k § 5§31k &
AR CHE SN/ MREEER K 1354 0M ThH D, KK
D RIVE VA AIZIEF 125, [FH]4-OHT @ Z i
F10nM TH Y, TNHHRVWO, LarLRd2as, X
7 x/ =)V A L4OHT OZHKIEEZIEEICRL S,
YK L2 275, ERRy (&Y A > K8 L12100% 7
VICTEETH Y, CA T/ — VAT OB
DT, HED L v, XAk S SEmmc X s &,




PDB ID: 1KV6 PDB ID: ZEZR

6. BNZEMA = A buy v Bz AEky# (ERRy)
DIVF Y FREEFAAL v OT7 REHEB L YA 7 o
J =)V A (BPA) »6 L7-4 o Rl
WA LZBPAILER LETEORBOEL20- ) v 7
AH, AF21IZHY4 T 5, CHET7RETLEZ L2E
12 >TWb,

CA7x/—=VATEHEEI R A= a3 VI2dH
% ERRy-LBD ®Z2 X221y ¥ ) L AYAL &)
CHEA L, EEEga R A=Y a VIR ENLD
THAHLD (M6), 272 LD E, KT I/
WA ERECAE ST T, FEBEMIIEAT7 2
= IVAERREEL, FOBEEZEROEEIAIC
BWTELEMIZTZ SN TWABY, —J 4-0HT i
COEEEIH - RS L, 0F ), HEKTN
WCHET 2, 20X BiEHEERTI T Fid (4
YN—ZF7 IR N] LR (A7), 40OHT X
ERRy-LBD OAEFH T 2ok A — 3 3 v 2410,

4O0HT DA Y N— A7 T= A MEHEICH LT, ¥
AT/ = )VAFIINETIZRITEH A RT. K4
Fohze [fUNN—2AT7 V5T ] EHEEFA
TW5b, MG BREECIENSERTH S
ERRy DRI AV K95, LA Y N=ZATIT=A b
ThiHEE, YAT7z /) —VAREFNEZHEST LE
MAzaRmd el b, HEEHRLEENSEERISED
WMDY # Y Rk, EhdEERTHS (K3B), A
UN=ATIZANDY K Y ROIFAET HDH? Y
By FIHFELBZVODR? WORETLDES ) ?

4. FHUHEEXTFFPHFIAIBRZEFOMH

7

YA7x /)= VAIENZERERRy ©) 7Y FT
HLIERERLEBIC, ZoOBHBNLEEY D
FTAHIZES72e —2I, ERRy KA DD L7ZZDESL
FHIHET L2 ETHDHY, b)) —ol%, EilEy) Hr
FIZHW/24-0HT IZ A b7 Y ZFEKERDT v %
TZZANTHY, ILBAITTTEHSAR, FH#L
LCHERENTWAEETH S, 2% 1), ERRy DFE
ERERT v LA HHEL L 722 L 1F, 4OHT 28 ERRy |2
HETAZEDHHENLZLEZERTHOTH S,
KA DRBEMBITIZL B L, ERRy I3k b4 g, F5
FHZHFE L TWwWb, 4OHT 2SER 7213 T7% <, ERRy
IHEETAZLIEIhoOFEA L LToRMEIcKE R
BEIZLDITTTHD, FHE, FEF T T UI2D,
4OHT I Z L DEIEHP SN T D, b9 —D
%, 4OHT XER D% 7% 4 7 ERa 2% ERBIZ b [H]

- (B L amEe)

| . <
2 & -
# H # b
; : : : RS
# : @ .
® v ® C

oA ai=—2X

Fd=AF

A FRE - YA FRE "

X 7. BIEGEEACRBNZER - A boyr v EESERy
Al (ERRy) OHEBIEEZIHT L4 v N—AT7 T=
AMBLUZEOWH % HE L CEREBEEICRT A ¥
IN= AT V& T=A MEWSSEORY
ERRy (V) 7Y F#EL CHLABEE I VA A - a v
(7 REHERE) 122 ->THBY, 100% 7 VIZiEETH
Do THICAVN—ATIT=A M, BlziF4v Fox
PEEXFT Ty (M5) PHEETEE, BB
WHlEhb, LALL, THUIA UN=AT ¥ T=A
e LTEYATZ7 2/ —=)VA -BPADSHET S EHE
L CRBEEICRT L) IEHT %,

FRIZCT7 v T=A e LT 2 & TH S, 4-OHT
1348TED v MENZHRD D b0 &b 3TISHE
L, AYVN=ATI=ZAN, HEVIEIT VY IT=ZX b
& LTHERES %,

VA7x/—)VAIZERRy IZ#ET %%, ERRq,
ERRBIZITFEA Lo L2 L, CARIZHRL KA
%o 4OHT RV A7z /) — VAICHTA2INO0H
FEix, BNZEERICBWTERNY & Mt ak
THNME S ZREL TWwb, F5E, ERa & ERp % i
AMLTCHEBTATIZAN, TryyITA &AL
LTS 2DEIEFICHEELZREEL 2o TWnd, C
) L7z ikl - C, BNSZEROB X % HIH,
HESTBDIZRTF REHWLEERS 70— X7 v 7
ENTWDL, HWAEXRTF i, BHNZEARD DNA
EEBRICHEMERT Y SV EOMELERA ~ ¥ —
T =AY T A RTF RTHY, WHEEHT
FHEL L9 & W) TH 5, BEIHHILETOa 7
7 FR—ZFHAEF THREETI SN TBY, #lz
12, &b L MBS N TS SRCIDHEEN % %544 LBD
DE120- N v 7 A EMEERT AW <7 F Fig,
ERo Ot % HEMRAMIZHES 2,

T4 NIHNZBUDN L OE, FESA~v—L L
THRET A 2 &b, ZENSERERNICZ OREE
RHET 27-DI121F, FEFAY—%BETHA v
Y =T 1—AZHLMARTF FEHWwWLZ L2l
ERRy IZOWTZDRIREH L7zo TOMR, Wi~
7 Fid ERRy Oif k2RI, £ LT, HARKE
RICHHET LI EPHL R E o720 (X8), F
72, WA RZF FOATIIMBENICE T >Tw5b Y
DD, ERRy 753474 2 L AHEAER L CGRBENICE
TTAHZEDRERINSY (M), 29 LW
TF R E L THWAIZE, BIRTREEE) N
HNnHEH LN, BLERZRTF FRFIOEHE LTS
OBNZFEARIIIEETRE LD S,

5. SRECEBFICNTF R, IEXNTFRORF
L

ZEEDO) F Y FIZRTF R, EXRTF FOKHIL

HoTh, —HZHERHEETLEENDEF) AT VK
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(&) ERRy-LED H7 (B) ERRy-LBD H3 (C) ERRy-LBD H10/M1

i g

ERR N

. 1 H 3 . 1 ' 3 . H z H
Lo [DSA (ngil] Loy [ (ngil] Log [B84A ingl]

8. ERRy REYA =DM HIED S 72 & TEEHEMH

mmuﬁ/b% FALVDORETA <= [V
=7 x4 A% D%~ v 7 A (H7), HY
H10/111%, ERRy (&F) O#sGEME% HEMKFNIC
HES 2, ZOMEIL, HIO/11TF RO D IRV
(C) o

9. ERRy L REFAX— A V¥ =T 24 AXTF N
&1k o HeLa MM R1E
ERRy V v FAEBE R AL Y OKRET AV — - 4 ¥
Y =724 A% DL 510/11la- N v 7 AL, ERRy
(BF) OmEIHEEE HEERENIZHET 5 (M8C).
FLAG E# 010/11 7 F F %$5T’C FHRIED L,
IR LT F FIEHIREICE EoTwa 2 eds
555 (Ao ERRy (£F) ’i’i’%ﬁéﬁ% L, R
I IR B O TF FITMBEBENICBITL T
(B)o Z?& X% ERRy (JL ERRy PUATHREIZM) b
MR NICFRRRICHEAE L T D (C)s IN—1KkD
AR THDZ L, RTF FEERRy O\ QALY
gt (D) O®RELS SHBEIZSH %, 10/11
A7 FIZERRy I8 & L C 2 ORNBITICHE L
B bhd, £7, ERRy £10/11% 7 F PS5k &
DFER, RES A —DEENTREFEERE L 72
LB b b, 10/11% 7 F FiE N = FLAG R 7' F
N CHEFE L, rabbit polyclonal anti-FLAG antibody %
vy, ERRy (2%} L C X mouse monoclonal anti-ERRy
antibody % fiv> 72

kLT%%#éﬁf&ﬁ%ﬁ#é@&wOQwau
VI FREEIE - THED A A v T 0E) X,
HW@%ﬁ MbEGl &S ﬁom%M®¢#%ﬁ%
BANCIT CHIE S N B Z ofE X, %+ 5 G
R EO—BHOINE R FHEL, GPCRIZEMEIL X
N, LERMRISE & EING, —F, BNZHE
RTIX)H Y PP LBD IHET L L AF2, 974bb,
120N v ZANRT R A= a VELLTERT
bo TOFEIWZAT I FR=FPKET L, DRI E
T, a7 7 FR—FIBNZHERT A ~— BT %
B b &9 IHEA ?éiﬁﬁ%?wﬁﬁwéﬂfwt
s, W—OBHNZERGT O AF-1& AF-27053:4% L C
ay s FN— 71\%&ﬁﬁb L72h55 T, ﬁW%
BESA—1E T T 0 FR=F 25FDHREETH
tﬁ%%#t&otmo_ﬂ%%%®:77%N~7
p3002sH A Z L LS L SN, BEIZBWT
X, IN50aATIR=FIZE5|IMo—#EDF v
BHRTPEEL, REMIZIZRNARY X5 —E0
mRNA % A& L TH7 <,
FNZEEROERALIC BTS2 v R A - a VAL
DFEEIC I VIS 22 SN 720 GPCR Ot
BlizBiFsa vk A= g vy ElLicowald, 7%
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i FER A —a
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Moy Y H K e (ERa) ICIE7T=AMELT,
BEl (ERB) ICIZ7 ¥ T=A L LTHZ %W
LMD, FUSTHEEZEFERICL->TT7IT=A b
B, T VY ITZA N DOERENSEICEIR SN L 5T A
HEZRXLE, VAV NBZHEEY VX0 EEED L)
WHEER LTIy s A—2a v B hEREI T2, &
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LR, §EEHE, KEED LB TwET,

LIF, 5 DA4EIZD AT F FifEo “Bw
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% GIn(Trt), Asn(Trt) # N- K& 35H v 7)) 7
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2 126 helical bundle & IER 35 Z &6, A
WA 5 R —E R TIZ7TTM-GPCR 12 L - T
HESND —EO—UHEEITH T 7 MEEEE O
7-helical bundle % % e T2 O Tid B L fHE L
FLAE (W1 NAFA YT 4T 47 ATTFHE
NTWv 5% { OTTM-GPCR 5l 12— kA & = FL 123
EINTVWETOTKRIELFEHMEIIFTR 2 ERvE
TH5, BREZEE L GH & 3 57TM-GPCR O 1{L:
AR 12l F L7z L@ Fmoc B fEAH
B CE0~TOREREDRTF Niah s V) EiliEE
5B & & EREL Tw$ 40T Native Chemical
Ligation (NCL) #: & flA A b ividpe L CHERE2 Tk
HTlEaweBoTnE 4, —fKICEEHTTF N
TKATEIENZ O FAEREBEIZ QD THITIZ C WEA AR
WA, FREZEREE UL & T IUSAERREORE
DERTEHLEEZDIFTT, EREMNE LTI,
HEHSOWEOHD—>TH S CXCRATENA V5%
HEREBERRNLE L2 EORWI L 1Z CXCR4D 3D
O E (ECL1~3) 3w nd Cys ks fH
LTWwWEd,

Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine
(POPC) & XTF FFF+IT AT VB LN K
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Entry  Peptide {ligation sites) Peptide conc. (mM) Condition Yield (%)
1 TM2-TM 3 (Leu - Cys) 1 &M guanidine, 48 h ]
2 TM4-TM 5 (lle - Cys) 1 &M guanidine, 48 h ]
3 TME-TMT (Gly- Cys) 1 &M guanidine, 48 h 0
4 TM2-TM 3 (Leu- Cys) 1 1% SDS, 48 h <10
5 TM4-TM 5 (lle - Cys) 1 1% SDS, 48 h <10
3 TM&-TM 7 (Gly - Cys) 1 1% SDS. 24 h 81
7 TM&-TM T (Gly - Cys) 0.05 1% SDS, 24 h 52
8 TM2-TM 3 (Leu - Cys) 0.05 POPC vesicle, 24 h 85
9 TM4-TM 5 (lle - Cys) 0.05 POPC vesicle, 24 h 83
10 TME-TMT (Gly- Cys) 0.05 POPC vesicle, 12 h 88
1. 7REE@A CXCRAT A A ¥ ZHEROE KT

Palmitoyloleoyl phosphatidylcholine (POPC}
+ Peptide thioester, Cys-peptide,

phosphate burﬁer

U
vaporatio hydration
\ 5
- Lngatlon

organic solvent lipid/peptide POPC vesicle
HFIP/CHCI; or TFA mixed film

Mative Chemical ngali!n

In phosphate buffer
(pH 7.8)
TMD: transmembrane domain (8§ 5 #t)

2. JWEEREPOSY; & ¥ A EEEN TS P o NCL

AT A v XT T W& TFAFEO#Y) 7 G ER L C
BIERERL, U VEEEERCHRL TRE, £
E B (multilamellar) @ POPC vesicle 12 72 1) F §
2, BEZEBELICKEESYF FLHEFEETE F
T (M2)s ZOIREET NCLIZA 3 £6M Guanidine/
HCI %1% SDS % F\» 5 HER 312 iR L TMied TR
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ZH) 0, —fl& L THidIZAEEEDOKEV Ie-Cys
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LTwa EEbhET, TONEIIRFHBESRR %
TPBBE (UERRS:) DIREL 2T 2275 KK
BefTd o 72 EHRE L ICHEBEOFEEZ Y L Tne
PEF LD, Bahhb3625%E0 5 7% % CXCR4D
KB oRTF FHERESE L7 L 2 A T Time Out &
70, FOBRLEZETIEARMEZFHL TCWET
(K4)s 7272, NCL#E®D /84 %+ =7 TH 5% Stephen
Kent S5 2E 12133 4 @ & L % “Efficient in-membrane
chemical ligation could have a profound impact on
the ability to prepare integral membrane proteins by
chemical synthesis.” & & < FFfli L CW7272& F L
f:u)o
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thiophenol ™S TEDD 8000 B200
" Molecular Weight
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HPLC condition: 60-100% B over 30 min; A: water - formic acid (3 : 2);
B: isoprepanal - formic acid {1:4)
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BhIC

I RS FRIEET ) v —A L LTRTF PO
HIZFEERET > TS, [(RTFF - ¥ 30 H
bt a Fi & 3 2 RISENTIE ) (2B 284 5 OWFFEIC
B9 L Tid PNJ No.90 (20134E10H) pp.2-11% & L C
W2 UEE N T,
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151-152.
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288.
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Ed Engl 2002, 41, 2937-2940.
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Matsuzaki, K.; Fujii, N. Chem Commun 2004, 1722-1723.

11. Kent, S. Curr Opinion in Biotech 2004, 15, 607-614.

12. Sato, K.; Shigenaga, A.; Kitakaze, K.; Sakamoto, K.; Tsuji,
D; Itoh, D.; Otaka, A. Angew Chem Int Ed 2013, 52, 7855~
7859.

ALV OR0

P yNEyNEAE PR IV Sl s vy
EAAREGES: ) rET ) 37 A5
nfujii@pharm.kyoto-u.ac.jp

The 8th Takeda Science Foundation
Symposium on PharmaSciences £l

20164E 1 H21H L 22H @ —
HEhh, RHEMTL
# (B WHERTIC TRERY
& B | 2% /8 5 % The 8th
Takeda Science Foundation
Symposium on PharmaSciences
WEEINE L. ZNE L >
4544,°C, 9 bErHE100% & g
Bty LAY ATLI WE =
FALFGEINCBIT L 2O Y RV 7 AL 2412 1 [
ENTWETA, SHENEZDF 75 1 bV [Hdsr
THoELENL - THEEPLII-] o dbnd
£, BICEBRRTF R &, doTiEodEs|
BEDIZDDNR=2 v 7% 4 T2 22D WC20MH0
BREFHEEIMTONA L LB, KAY —5FEK L1254
DFEENVD VIER WS ITbNE Lz, HeiEE
T, XTF FREMRETHICB VW TRESSS %
Annette Beck-Sickinger 4% 4= (Universitit Leipzig) <
Horst Kessler 5G4 (Technische Universitit Miinchen),
James Tam 4 (Nanyang Technological University) ,
Paul A. Wender 5¢4  (Stanford University), Tom W. Muir
JetE (Princeton University) #i3 Lo & L72ZH 0
IWRZEE OE T FEIE T A EELBEEET L. F
THARRTF FEE&2 S QBB ANAE (E GBS
Wty —), EREReAE (BERRE), EHRHGE
CERURE), MIFFoeAE (Rl NA K5 ilE
SN, RFTOEBRNLMIEENE L 2 LB TEIEE
WZRIEIC 2 ) F L7,

RETIEEBR LA L) IZIBHDORR Y —5E D
D F L7228, #FdOH5 5 Excellent Poster Award & L
TTHWZELE Lz SEHEIIHE S &, Kkt

22

24 THY FI2, REGKLZZLICAOZEIL
L72o REIZIIMAENENOWMBIOERMEH 5 &1
Z, BOBIERHEFLBNWTBY T, 5RIEZ0ER
iha & L, M@ L CHAESZ S HIEE RIFC
WELWwERNET,

K TlExE ORNR E % o 72 [Mitocryptides:
candidate factors for neutrophil-activating peptides in
mitochondrial DAMPs] (22 W T HHEIZHMA ST
W2RREE Y, i, FEREUOREREICEDS
HF& LTI Iy N 7H*ED damage-associated
molecular patterns (mtDAMPs) 235 FEH S CTwFE
W, FNEBRTLIELRRERNTELCEI Fa Y
F1) 7 DNA (mtDNA) 5NV I VRTF FHREZ S
NCTWwE I, LaL, 20164, EHIEICHEL
mtDNA [ZIFTRBEADL R W EPHE I N T L7722,
%72, mtDAMPs F1 &)V I VT F FHETFIERZE
RRICFEZEICIEE > TWERF A, —FTHEAE, I b
ay KT8 87 BHROW T F FTH LM+
ERIGHALRTF R, <A 7)) T84 FEFRELTE
039, mtDAMPs HOTEMERTF & L COWEREDE 2
LNFEFO, 22T, v AR LEEL TS <A
MoV TE A PO B NEKEA KL IMLEI N
AN 27U TH AR 2%, AVIVbEEsnTnine A
N7 TE AR 1% ERERS LR, i ERDNE
PERANRE T 57200 T <, PRIHIRE o B ik 23 &k
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