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Akabori Memorial Award 2012

Shiro Akabori deceased exac-
tly 20 years ago leaving behind
the foundations of peptide and
protein chemistry in Japan.
In his honor every two years
the German and the Japanese
Peptide Societies organize the
Akabori conference in Japan or
Germany. These meetings (and
others) gave me the opportunity to meet my Japanese
colleagues and friends regularly. I soon realized that
Akabori has influenced our research in the last century
as a truly pioneer and father of peptide chemistry in
Japan.

My interest in peptide chemistry came relatively late
in my career. I studied chemistry in Leipzig (escaping
one week before the Berlin wall was built up - just
in time™*) and continued my studies in Tiibingen to
obtain my Ph.D. degree in 1966. My doctoral advisor
was not the well known peptide chemist Ernst Bayer
but Eugen Miiller, in which group I performed copper-
catalyzed carbene reactions with aromatic compounds.
To characterize the products and prove the existence of
cyclopropane rings I started to use NMR spectroscopy.
As soon as I realized that line broadening of NMR
signals can give us information about intramolecular
mobility I became interested in these phenomena
and started to investigate mechanisms of fast
intramolecular rearrangements®. However after several
years in this field most principles were established and
I was looking for another field to use my knowledge
about conformational analysis by NMR.

I thought studying peptides would be interesting,
as at this time there was not much knowledge about
peptide conformations. However the flexibility of
the peptide backbone requires constraints to cyclic
structures to get reliable answers about peptide
conformations. This was my start in the field of cyclic
peptides.

Cyclic hexapeptides had been investigated by Ken
Kopple and others whereas the conformations of
cyclic pentapeptides and -tripeptides where largely
unknown at this time. We used all available state of the
art techniques for conformational analysis by NMR-
spectroscopy but as soon as 2D NMR was invented by
Richard Ernst we also started to apply these new pulse
sequences.? Thanks to these advantages and several
other novel pulse sequences® introduced by us we
were able in the late 70ies to elucidate the conformation
of several cyclic peptides. Some of the 2D NMR pulse
sequences paved the way for 3D NMR - actually,
we reported the first heteronuclear 3D experiment
to elucidate the conformations of derivatives of
Cyclosporin.?® The conformation of Cyclosporin in
chloroform was solved by us via a number of NMR

Prof. Dr. Horst Kessler



techniques at the same time as Kurt Wiithrich reported
his first 3 D structures of proteins by NMR*.

Conformation is only of interest if we correlate this
information with biological activity®. For this reason,
we used NMR to determine the conformations of
bioactive cyclic peptides. Structures were determined
by NMR and Molecular Dynamics (MD) calculations
first together with Rob Kaptein and later with Wilfred
van Gunsteren, but we also contributed to technological
developments, e.g. a force field for the solvent DMSO
was developed to perform the MD calculations under
experimental conditions.

The important role of the chirality of the amino acids
in controlling the conformation of cyclic peptides let us
to search for scaffolds with preferred conformations
which can be used to present bioactive peptide
sequences in different spatial structures. A correlation
with the biological activity yields the optimal
arrangement of the pharmacophors®. This procedure
(dubbed “spatial screening”) was also used for peptides
containing the tripeptide sequence RGD. This sequence
was discovered by Erkki Ruoslahti in fibronectin as
a major cell-adhesion site. It is recognized by several
subtypes of the adhesion receptors, the integrins. Our
spatial screening method led to the development of
c(RGDf1V), a superactive ligand for the integrin avj3,
with low affinity for the platelet receptor «IlbB3 (high
selectivity).” It was later modified to the N-methylated
peptide bond analogue Cilengitide c(RGDfNMeVal).?
This very potent and enzymatically stable peptide is
now in clinical phase III for the treatment of brain
tumors (glioblastoma)®.

My research has also focused in the study of proteins
by NMR, from their solution structure, stability and
folding, to their mutual interactions. E.g. we studied
recently the interaction of the tumor suppressor
protein p53 with Bclx' and the chaperon Hsp90'.
The advantage of NMR over the X-ray structural
methodology results from the fact that the molecules
can be studied in solution which can be used for not-
crystallizing proteins and conditions can be varied to
mimic the biological environments. So we were able to
determine the structures of the folded C-terminal'? and
N-terminal'® domains of spider silk under conditions
of storage but also as found in silk fibers (different
salt concentration and pH) which could explain
how a spider can store a protein under very high
concentration without aggregation but form in parts of
a second a silk thread which has higher stability as any
other material.

My interests of research have also explored other
scientific areas: Recently we used optimized peptides
or peptidomimetics to specifically target cancer related
receptors such as the chemokine receptor CXCR4!"
and several integrin subtypes. Optimized ligands are
modified by attaching positron emitting nuclei (e.g.'*F
or %Ga)."® Great attention has also been devoted to

multiple N-methylation of cyclic peptides as a new tool
to achieve oral availability of biologically active peptide
(drugs).1®

Thus, my career has moved from organic chemistry
via physical methods to bioactive peptides as drugs,
and now faces new challenges in the fields of Molecular
Imaging and biomaterials. I have always found peptide
chemistry an exciting field which is ideally suited to
perform multidisciplinary work for understanding
biological function and for solving medicinal problems.

It is my pleasure to thank first all of my engaged
coworkers who accompanied my research with
passion and enthusiasm. They inspired me with new
ideas and performed their experiments carefully and
reliably. My thanks go also to the different institutions
and companies which sponsored our research. I feel
strongly honored to receive the Akabori Memorial
Award and to follow the array of excellent peptide
chemists who received it before.
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* Editor’'s note: Editor asked him what had happened at
that time. She got to know the following story. Here is
the excerpt from his e-mail.

“Concerning my escape from East Germany (“DDR”)
I could tell you a long story. I was prepared for the
event long before and had copied all my certificates
and signed by a lawyer and deposited in West Berlin.
However, I wanted to finish my study in Leipzig
and was already working for my Masters Thesis (in
Inorganic chemistry !). Four weeks before the wall
was erected there was an almost hidden article in the
official newspaper, which we are forced to read (the
newspaper, not the article). This was a faint hint that
something will happen. Also everyday so many people
escaped that an extrapolation yielded that the DDR is
empty in one year.

Hence I took a train to Berlin (all my relatives,
including my parents and my brother stayed in East
Germany), which was controlled heavily and especially

young guys were filtered out and interrogated. This
also happened to me and I could convince the police
that I am only interested in culture to see in (East)
Berlin. I was searched completely but I had nothing
with me that could be taken as a sign to leave the
country. The going by S-Bahn (city line) from east to
west Berlin is a story to tell also. To make it short, I
was immediately flown out of West-Berlin (August 8)
to West Germany an in the camp I looked for a place to
finish my study. I intended to be specialized in Physical
Chemistry. In Tuebingen there was Kortiim, a well
known physical chemist, who has written several text
books. In my greenness I assumed that a professor who
writes textbooks should also be a great scientist. The
first years were not easy as I was really poor, but was
steadily improved as I was supported by my supervisor
Eugen Miiller during my scientific work for the
masters and Ph.D. Anyway, finally I ended in Organic
Chemistry. I had an interesting life.”

Horst Kessler

Institute for Advanced Study, Technische
Universitit Miinchen, Germany
horst.kessler@ch.tum.de
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HADREBIZOWTIS L F L7z, BHEIE45H%,
BB T 3 R EE L Lok 4 B - S R
SHICEEAL, TNOHHRERTT FETRSICTHEE
TELLIMETHLEELEBITHARTF FEEDOEH
BHRBIIWMD RS bEMLZWEEZTBY
To TIN5 BEEEEHO TIRE, THiFEZBY F
T L)LY BECHEL ETE T,

W) T L7220, RWRZATH I2H 72 ) ki
P THRE L R0 E LAEREREREREAIL AN A
FHA L AWER K BEIEICE CEEh L
9, bbET, FIAEICEERL F L LEDEE
DFEREFTBLOFEOEREIZL LY BILE L LW
F 9, R0 —FIRHE R B4 FFs
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FR24FE BANTF N ER BHEEZEL T

COEIX, HARNXT T Mg
BHEL VI BEHLETHD
FLTRERKIE L TEY
To FREOTHERLEA T X
U, B H FEEE, #
EREOFHIAT, Kk x
BHEDLELTESHILEL L
FEd, AFETIE, TEONSR
E ) F L7 [HEEFEENRTF
F OBk RE M SRR R BT & BRI M) 12w
TITHRANEETHEET,

1. (FUBHIC

N AN Sy N R i = R e i S
TRZEICHE L CERGOFZIHMISIHERZELTHBY F
L7zo SEWZEE & 2o C—4HFHIZ, i - KNEAL
e (BRI A7 RS2 S8 %) DS LIATE L C
W AMATERSBMOBEMICHE S, LnuNA
i L < SV M O e E 2 2 IR R 1S F
U720 RARFILEEIITRE 25520014 1223 S 1,
0%, WOl - RNETETEE O - KBCER
RFEER, 2011FICHTE) SV oF2 2 L
TFEY, FIEHMEMIBELZITALIENTEIL
7o TSR HICRAEMEEIC L 21852215
CENHE R L ANATEE & 4 R L 0O
G #ED, T, ZOMIBEOMHETH S DR
DHEPELACEE > TENFE Lie AHT7—%
5 2 B CHIIRNE RS PO CHIE % & b7z
R RFIFMOBE L 20, AHEERTF N
DEFEISH % B L 7S8R & 2 Ok N B
fil# % B Ay & L 7zdrug delivery system (DDS) @ B



T~ LTHEEEL-HICHAROMATED
E3N

2. MEESHEBENTF NOBEELEREmT

— MR ARG T T NIZP R b 7 S NS4
{LFHNINY B) Y TDPES TRV ENE L, Fh
M, FNSREHSHT L2134 L DL H 5 v
AR FEN 2 TRPLEE Y 9, 2218 ()
MR L A RE T EREom L, G) ERERD 7
OOBHFLH TS, (i) BIVEH REO 720 DR R
FEW R EFORBELR/ER ST T, Faodbil
BIEBIVEN;E R 7F K (vasoactive intestinal peptide,
VIP) ORZESHZ B L CTHEAMRF 27T T Z
T o VIPIZSR W PLISAESE & 5055 08 st /e %
B, NS OBKRD 2 AFHEIC LY, KENE
W0 2 BIRRE & L COISH R IS v
T 72, MR ZERIR - EFREICL o T, PR
SRICBIUT A VIP KA8 & W BFSAE D N R BE1R % /RIE T %
T8RO N, VIPZHEET I= A b O BiGHEE
ELTOMRESLDEIEZRHESNLTWET, L2
L, VIPIZARNIZBW TR T F ¥ =L L > TERH,
WS, ERFREE 25 2 810z, #&OH
LTl A W R SR DM 72 0 SEERR R A3 B LIS
LW EOMEREIERINTYE T, T/, RN
B G- 7 EO IR TIRRIILE R 2 Do IVER o
fabtErEmE L EFMEN, NSO ETIRT S
720, AR, EREEIYRISEOBLE D O EMFIIEE R
VIP FHEAR DA & RIS~ O FF RN 7 3 2% %
/1 L 72 EF OBZEHD 7 0 — VIS H i Tw
F9 (F1) Ve 7, FA1IL L DOEH VIP FHEMR
W THREREERL 7 T VEEY 7 5 —Yist bk
FH % 38R\ VIPO R 25 15 T AH B 28 % A5 A9 12 AT W,
P FEARBEEO TR 2L F Lz, ZOME,

(i) VIP® 4, 517 3 /BRIZPACI, VPACI, VPAC2
ZHR OBIRMEICHF S5 52, (i) VIPO C K

Vv 7 AR VPAC L / 2 2R~ DA IS¢
%3, (i) VIPO{GEMEH/NEAIE N Kb 23 FRET
H5Y, (v) 1TMDOAFF = IZELEnbs EANY v
7 AREERIEL, FHErFELIETSELT LY 2R
Wd L7 =9 2 ZNETIRLIENTEFE L, I
bOERE IS HITHEIG AR R S &
TokEE, 15, 20, 2Q1/BHDOT I VERIERTH HLys%
ArglZZWH L, 177 I/ BEEOMet % LeulZE#: L
72VIP B3R ([R922, L-VIP) (AL ERICB W
THELWSEELZ LTI EEHLNIZLE LY,
E 512, ZOFERDOC Kl w LR & &7 [RB202
LY7]-VIP-GRR (IK312532) I3 H I AHtw etz H
L, invitroB X Win vivol BWTKRROVIP L ) b &
WAPNERERLE LY,

3. £IEEHEANTF FOYFER DDS %

R B I BN ZVIP 38k % 15723 0, VIP
F 23 F OFEROBROLGIHE VL EEE Z L
[EE B D 72D ICBFEMTIE R L, Fhuk, EHH D
W E DML TERED IS EIICHIZE L T
AT R ERYET (K1), %2 THAIIVIP FHiE
R B 18R ZEMERIEE (COPD) ~o#EH % H
& LM R A A2 R L F Lz —RRICA
T HRTF ORAZRITED OMELER S 2 \VITHEEALS
KEpR8r b 2, WEERREBE~NOBHIZIEE pm
BEOKZEMFE LVWEEZZLATVWEY, —F, &
F NI HMA VT (<05um) (X7 /3T Df & FHk
IR & i EbicE T L v, koo y ba—
WAIRD CEELRMPE T, £ TH4 ILVIP FHE
ek OFIRAEE Sum LTS, VIP#
ERE T A b=V OREY % Jet millla THH: L
WA K EB0-60pm D FLHE & ¥ 1) 7 — (Respitose SV-
003, DMV Japan) L {RF$T 52 &L -T, BEL

TR ABKN ZB/L D TET L, RBEHNIA
TIMETNTHDLNAr— A X7 5 —%H\izin

#1 BEHOVIP ZEET T=A b

Affinity (ICso: nM)*

VPAC1 VPAC2

5 10 15 20 25 30

Naturally occurring peptides

VIP 1.6 53
PACAP27 2.0 10

VPACI agonists Selectivity
[A'?22%1.VIP (Nicole et al. 2000) 0.9 2352 2613
[K'5, R', L]-VIP(1-7)/GRF(8-27) (Robberecht et al. 1998) 1.0 >30,000 >30,000
GREF-6 (Ito et al. 2001) 26 >30,000 >11,538
[R'*]-chicken Secretin (Robberecht et al. 1998) 60 5,000 83
[Y’, Dip'*]-VIP (Tams et al. 2000) 01”53 a2

[A282111922:242521.98) V[P (Igarashi et al. 2005) 11.5  >30,000 >2,609

VPAC2 agonists Selectivity
Ro 25-1392 (Xia et al. 1997) >1,0009 969  >104
Ro 25-1553 (Bolin et al. 1995) 800 1.0 800
BAY 55-9837 (Tsutsumi et al. 2002) 8,700 60 145
BAY(Q9Q28C32)PEG43 (Pan et al. 2007) >10,000 200 >50

PG 96-277 (Moreno et al. 2000) 1,000 3.0 333

Nonselective agonists

stearyl-[Nle'"]-VIP (Gourlet et al. 1998) 5 1
[R'*2*2! L"l.VIP-GRR (Onoue et al. 2004) 14
[R'*22! L ].VIP(1-23) (Onoue et al. 2004) 48

HS DAVFTDNY TRLRKQMA VK KYLNSILN

— - —GI-———-S - S—Y———— - —— ___AAV-
e A - - - S A—— - — — A
- —-——-—-———-NS - RKVL-RL SAR —-L-QD - —
~pA—-—-I1-—AyA - RKVLAALA,AR — A-AAAG,
— - —-GL-—S E- SKM-GRAQVQ —-FIQNLM
e Dip—— — ——— — — — —
acety-— - —————E —,Y —-K—-—— —Nle— A— K-——-D'LKK
acetyl — - —————E - - —-K--—--Ne-A- K---D'LKKGG T
- - - - - ___V-A- ---Q--K-KR Y
Y J V_-A- ——--Q- - KQKR Y C-PEG(43kDa)
acetyl— - —————E - - —-K-—-—-RNe-A- Ne-——NLKKGG T
steary} - - - ———— - - - ————— —Nle- -~ — — ——— — — — —
- - -~ - - - - --R-L--R R-———-—-—--GR R
- - - - - ____R-L--R R-—-

* R025-1392 & Ro025-1553 TIE Lys® & Asp® OB T lactam ring 23R STV %.  Aib, a-aminoisobutyric acid; Gab,
y-aminobutyric acid; Dip, B,B-diphenyl-L-alanine; mY, methoxy-tyrosine.



vitro delivery FiHlFAERIZ BT, WA L7-VIP FHEfk
D) HRIZ0W%DEED D \WIFHI~FET D & FRER
TE, WAROIRITIC BT 23N BETE F
To T2, BARG- L4552 LT, B TORSICH
RTCEORERZBST I ENTMRERY, $249
WORWEREREZ b 7-5TdbDEEZL T,

4. XT7FNHERERBAREOREENE

Ty NRGBERIEETIVEVER L, VIP AR K%
ABHIOERIZOWTHREEZ TV T L7270 PEIEE
7 v M TIITh2MEH R 4 b & A4 > @ mRNAL )L
O FHAPBE N, — 5 TIFN-4 7 EThLAH H &4
474 OEFIRD LNT, 7% b b P
Thl/Th2/NT ¥ AT BE RIFT I L ATRIBRE N E
o ZAUT & o THRIEMEMEOZE L IR IR«
2o, FHhEBLO~Yr 07 7 — VHEO KEOFEE
& 7z A I Myeloperoxidase (MPO) &3 A 5 7
FHRERLET. —F, LEE VIPFEM4 IK312532
DRy R ABH] (50pg/rat) ORTLEIC & - THifF o
RERMIEOB R %% L HEL, [EHEOILE %
HEICHH T2 ERHS2ELRD T LA (K2A),
EHICEREMNA T~ —H —DOEERBADERD, N
RIEIZ BT 2 B OREBRE & &b8 T, VIPFEA
DOYRIEGEICIE, RIES A7 — FOERICTET S
MR E R T SE M A 4 v Ol It 3 5 il
B 7 SRS S L CW A I L2 RIB L F L7 &
72, T4 COPDOJFREER L W ML L TWwWb & & T
W5 F N IR E TV T [FEA O FIZ O TH
AT VWE LY, Ty My Na% 11 HEEH &%
L, R FEO 1 R %ICIK312532%8 KW A # 5
(50pg/kg) EXREWHG L CEENS <= —D
BT 7 LT Lz, FNORGEHETIZE
B OE LWIEE, SIEMEMI O, MR8
B SIEMEMIBICBIT A 7R — Y AFENR
57z b OO0, IK3125328 £k A # A 5-FE Tk 2
NHEOWMBRIAFEICHWENE LA (K 2B), 2D
BTS2 S M O &N A F < —
=t BOHIEERL, T4bbEEN VIPFEA
DRy R ABH] A58 SIEVEFFR R BICAE R TH 5
THEMEZ B RIET b0 ER T L7,

[ Inhaler system ]

Swallowed fraction Lung deposit

Degradation ][ Gl tract] [ Lung ]‘ Topical effects

Absorption from gut

Absorption from lung
1) Transcytosis
Inactivation . 2) Paracellular transport
(First pass) Liver Tight junctions
Tricellular junctional complex

Active drug Epithelial defects

[ Systemic circulation ]

1 _TF FRARHOGNBE KEOBEIZTF F
AT 5,

5. LUBWERMEEE L ISEMRIRA A OB

R etz m E S VIPFEEE2HWTYH, +
BEERIEERES 7201213 1 HICEMEOWRA & 2
BEvLREMESHY T, £2C, 1H1EHOES
= Hig L CTHESRIERY < — % 7R A K
W ABK OB E AT LY ¥, MUmiFk4H 7
VAT RMFE LT LTIV 3 VLR
B X o TIHEERA 2 IE L7 L 2 A0, FIihT
££140nm®Dnanosphere & 1% L, 254 1 135920% D)
HIN— 2+ B X OZ0OBOEHMERI X 1) 24F5R DL
P CHI55% DRt = 88 F L7 (X 3), Nanosphere
EH LRI ABH O AT o 728 2
5, By ABHK] & U O R AR o 2 & A8
BHOPERD F Lz T ORI KA A & IEE
W ABH %2 5 v MzERENES (VIP #HEk L
L Clopg/ratf824) L7-&Zh, WwIFndb#kgHkd
CITHRWBIIEME I 2R L E L7228, FREREmg A 34
FICILPUBIEAE #2405 [ ¢l Mg 22 © ONIZBALF H
MPO &0 LA 2B F Lz, —F, Him ki
FITIEA % & S PURBAMER24RMRE £ TEZ O
HEREL, T4bb, RS LHH ARG %
AR VIERER SR L L CSBROBERPYE SR
9,

(A

~—

MPO activity (% of initial)

Time (h)

(B) 2

Goblet cell hyperplasia
(% 102 cells/mm?)
>
|

Control Lactose Inhaled VIP deriv.

Cigarette smoke exposure

X2 VIP#FHEfk (IK312532) #5 K W A 2 #] oo 3 B 15 i,
(A) PUREAEE 70V I2 BT 514 MPO &1, [0, 2
vihu—)v; @ PRBEETNT v M WMARA L
BiEG L VREEET VT v b (B) N fliR
TETFTNIZBUT MMM ** P <0.01;*
P<005vs EETFIVI Y bDOTF—%,



(A)

renaensasnasnsanas 100
80

60

Intensity (%)

40

20

Cumulative undersize (%)

o
10 100 1000

Size (nm)

(B)

Released VIP deriv. (%)

Time (h)

3 VIP Rk (IK312532) FRPEmy KW A #Hl. (A)
R E T BEE BRI BT 2 /M & Bl
X BRLE Ao 2N —12100nm. (B) AFEAKHIZ BT
BT F NS,

6. EWLWTIZ

KAETIIVIP FHEAKDODDSICOWTTHALE L
72, EFEE T F FOESREH ORI @Y %
DDSOBHIE DS WIEE 7 B 2 0%, Frld Lk b4
M &GO E R R DDS Hiift OB SIS E S L
ek EZTWET, BIZINS OEBKEIRTFIER 52
L o TIFRIIVIP E 7213 7 O FBAR DI 2395 B iG
IR E CEHB L, VIPAY “Very Important Peptide”
EBRRENAL LI LA RS Z L 2B TLEZ
AT,

B A0 AR e ] =NViy NP &5 € L N
JE At KIRERIRFRHEEE & - ZRETE
T ERRE SRS BRI O BIEE,
NARRRSHESE S (B ILS #RNath) 26 0N
7 7 A4 V=R EHFTREEDZ  OREFTEE O i
B, B O - BIFEOBRESADETIOFETSH ),
AT 2 B L CEHRL T,
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SER245EE  Excellent Stone Award#SE L T

20124E11H 7 H2*5 9 HIZ 2
FCHERBRRR MY ¥ —T
B S 72554981 7' F N &S
RIIBWTHAFOAEEROES
22TV E T LETE
HEoibetls, $9¥20h%
BRED LTESHFLR L LT E
To B 1EFEAETHDTRTF BAx ==
FRIFEICSI L 72BIcEFH
BHRERBEOEKRDP R CTHRINE 2 S EEFERL
T, RLWVORHOEAEICT bzl ) ENEH X
F L. IS 4FERLL, FEOIBIIZETES
WA CTREDTF v ATLAD, HTOEERE D
% 7> 727 9> CExcellent Stone Award %50 ¥ L7z
L, FEEBOBEEIECHLPEL LT ET, BET
IFEIRCTEZTWE LD, BROEEE G 2 Tw/
RELRRLEFRICR DT RnE AR 72
MR, REHFELVOHORELRERR), B LB
EHEANOBHORFL T2 F Lz, #1
TlE, TEHONSIZR Y F L7-5%KHEE [Synthesis
of an Artificial gp41-C34 Trimer as an HIV-1 Fusion
Inhibitor] IZDWTHHIZTHMEE TV T3,

Human Immunodeficiency Virus type 1 (HIV-1) %
v N ORERTERELREE % £/ 9 CD4R A2




L, EALZTIERITIZAS ADEREY 1V A
T9 o HIV-IRERENTHH0ENB|E 124, i
FISE S N7-PL HIV-1ZE o i 5 B o 34 2 &4
THEG$ 5 ZHI0FHEEE: (HAART) 2SR % RIFC
WEST, —FT, AV INVI o HFIAL VAR EDT A
WA EZERRY, RIEEHMRT 7 F ST
BN EV ) ODBURTY . 4, EHEETIIME—HR
A, FPEBIOULT 7)) A % & TR E
DHEMOMEIZH Y, BE TFHB L OHRET L7290
DIARXT 7 FUVRBIIEBTHY T3,

BHAEF TICHS N2 E N TWAHIV-1D4E EHIE~
ORABEZUTIZRLET, 9, HIV-4 S
%2 B gpl201d fid LM b > 85— 75tk CDA L
G L7BRICHE 2 CCR5/CXCRY L& L ¥,
INSDREAI L o THIV-14ME Y > /37 H gpdl D
SRR E LD S, gpdl ON K AE AR
izl &) 4, 0, gpdldON Kig~Y v
7 A3 (NHR) O & E=®mAEKECHKImPMAY v
7 A4Hi% (CHR) OARE=ZRMENAT O 68K (6
helical bundle, 6HB) % 7T/ 3 % Z & THIV-1£CD 4
PP & O CIEREASEZ Y, BT L9
(M1)s £oC, 6HBIEH ZHET UL, HEA B &
UHIV-10RA#HETE S LE2 51T T,

WFFe R TIlE 2N E TIZ, NHRO AR % R
B ERR T B2 HRIC X - C6HB L 2 HET % 720,
NHR X7 F FN36% SARDEMAY) > h—% A
FTHC T > 7L — b BICHEB S MESF
N36 trimer mimic® & ICHKI L TH Y 3., N36
trimer# < 7 A2 L THE S 172 HT N36 trimer $T
1KiZ, PUETH HN36 trimer? 374K & % Fr B A1 ZR
%L, PUN36 trimer HL1A& 1ZN36 monomer# 3% L C
5 5 17250 N36 monomer Pk &£ 1 & 4 f5E v HfIE
HERLE L7220, DT O E % B L 729t
BT RES A TH D I ERREIN-Z EhD,
N36 trimer & [Al £ (ZCHR FH 3R~ 7"F FC34% C s 3 Frlk
T 7L — b EICERE X ¢7/2C34 trimerld, FTUETH
% C34 trimer® ARG 1% % FRak 3 A hAIPUK & 55
LTI rEEZF L7,

T, RTF FOKEET EDO7Z212C3AD T 3
J BRECH O C Kt 1ZArg & GluD#E LECY) (RE) 5 %
BAL, CRMZFA AT NVLLZZRTF FC3H4
monomer-thioesterx &R, L ¥ L 72 (X2a), F 7z,
Iy - VRTFFELTCKEEETF AT ATV

native formation |C | adsorption | | anchoring

CR5/
CD4 CXCR4

A

b L7 F FC34 monomerd & L ¥ L7z (K
2b)o CHUNRTF FEIARFENDLIENTEL L
W72 Cs T » L — M REFTL T Lzo K
RN LSS0 3ROEMR) v —0F
#% 2 1ZPEG% B>, C34 monomer-thioester & @ St
HELTY) v —DORmICCysEAaSEE L, &k
|2, C34 monomer-thioester % C;#t #it 7 > 7L — b
t native chemical ligation!Z & - CTHics L, C34 trimer
mimicz &KL F L7z (K2c)s

C34 trimer® & U°C34 monomer#% ~ 7 A 2% T #%
SLTESNMEZHYy, FTIEELISAZEICLD
PR EE SN E) 2 aTINE Lz, ZOHRE,
C34 trimer$ & U'monomer® &% 5 128\ T b PulkiE
ExfERTHIENTEE LA, KIZ, C34 trimer®
SIARKE R % AR T A TUALDSHIE S T 5 > % ELISA
HBAIZEVRARTE L, Z0fE, P C34 trimer LK
1%, PT C34 monomer Uik & £~ TC34 trimeriZ &t L
TBEBEATEEEZAE LT L, &5, A
SNTPUERDHIV-10E A % [HE T % 5 &9 2% 5Fll
T A0, [MiF % AW TNLA-SKRICR§ 212 ABHE
&1 2 p24 ELISAIC & 0 52 L 7245 %, C34 trimerB
& U°C34 monomer % %89% L THH Nz M IE, Wi
NLFFICHELBAREEEEE T2 2 EHL 2
ERNDF LY, Lo T, C34 trimeriEN36 trimer & [7]
FRICHLUE O ARG & & FE R A IS FRFR T 4 P RIPLR O RF
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IARXTTFrmbIEEENEDLY) 325 20034F
(2 2Kk E FDA7Enfuvirtide/T20 (Trimeris, Roche) @
FHEZARRL-ZEI2LY, HIV-IEEEB L'
A ZBZ T AEEE L L TERAHERER
SN TwF 3, EnfuvirtideixCHRE R X7 F FThH
D, NHRECHRO &£ &2 L 26HBIE . # HE L F
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FN36L ST 5 2 & AKX MG i & AT 20 /R &
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monomer & H. B L T10045 & v 85 2 7 L HIV-105 14
R LFE L7 IC%=13nM)%, {EMEA10065 b ) L
L7ZERICOWTIEBEHEZIToTB ) £ 975,

(a) (b)

o o o
w-{_C34-REREREG [|'s~"0~ 1,y { C34-REREREG [|'or

(c)

SH

ey oy o
! g
o
~to /7 g 3
e ~ +  #n-{ C34-REREREG [} s~ o
~ d
;%8
hnd

C;-symmetric template C34 monomer-thioester

o SHM
4~ C34-REREREG g'%“vv"’\/#%/ﬁ noy
o

1.5 M thiophenol, 45 mM TCEPHCI e Ao/
#n{_ C34-REREREG [}~ ¥ X
o s o

0.1 M sodium phosphate buffer o °
(6 M urea, 2 mM EDTA, pH 8.5)

uuff
w{_C34-REREREG [}~ -=n

C34 trimer mimic (trimer)

2 C34T7F FEFAROREE B & U0°C34 trimerd A 1%
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