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RO, BHRLEIEN 2 A L, HRIHH
HRHEANDICHPETE L L DODL AT 5, L
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eSSt S TR 247 ) 2o b AWM T 4 75
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Proteasome Inhibitors; TMC-95A and Salinosporamide A

HO, 2 i ~
A N ™ H.
Toda ., 25 e
HO. Hog N=""NH, 0=\ _Lo o —0
QL 2 Wt Wi i
N)\n’k/
H o ci
TMC-95A A O

R R R
=R Rngcoy, H
@(/H (10 mol%) ©\/:/§_H up to 85% Yield /
—_— _— 0
uene i
,’»&0 '.‘AO E/Z selectivity N
Bn

tol
100 °C, 6h up to 12.5/1
Bn

Ré0-
o RO Rh,(CO)y, R%
R?0,C, = 20 mol%) H
"os > ?—H “ort " ) R20,C_ )~
R0\ xylene
B _<\o

130°C R0~ N0
Bn
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Survey of Reaction Conditions

Ph,

Pl Catalyst (10 mol%) H
MeoZ Temp.(°C), Time (h) meo_{/
)
© Solvent N
1 Bn

Stereoselective!

Solvent Temp.(°C) Time (h) Yield(%)
5

Entry Catalyst

1 Ru3(CO)q2 MeCN  reflux <4

2 Ru3(C0O)4,/PCy; Toluene reflux 5 trace
3 Rh(PPh3);Cl  Toluene reflux 5 0

4 Pd(PPhj), Toluene reflux 5 0

5 Mo(CO)g Xylene 130 10 L]

6 Rhy(CO)q2 Xylene 130 24 44
7™ Rh,4(CO)q, Xylene 130 10 70

* 20 mol% of catalyst was used.

Application of va:ious substrates
R

1
Rhy(CO);; (20 mol%)  Bn-y & Noe
e A, )

- \ B
sl N, S e
Entry R! R? Yield (%)
1 MeO Ph 70
2 MeO n-Bu 74
3 MeO CH,0Bn 58
4 MeO CH,0TBS 50
5 H n-Bu 56
6 H Ph 72

Ar
Ar
pr-NH \\
Me

Troisi, L. et. al. Heterocycles, 2004, 63, 1027.

CO (20atm)/H, (20atm) A e An
Pd(OAc);/dppb Ar i \
AL ot A e
Toluene 120 °C, 48h PH /

22%

H

(o} PH o
33%

Application to Bi- and Tricyclic Compounds

hy(CO)sz
\ D\OJ://EU (20 mol%)
N-CHO Xylene
i 130°C, 2h
syn
Bu Rhy(CO);,
%,o .‘-‘% (20 mol%)
O\J\N,CHO Xylene
3 130 °C, 2h
Bn
anti
Rhy(CO);2
NBnCHO (20 mol%)
- -
Ph Xylene
130°C, 2h

Retrosynthetic Analysis of Salinosporamide A

Lactonization :
and HO=

Chlorination MeO,C

Salinosporamide A

Rhodi

Intramolecular o, M = oTe8 o
Hydroamidation ”H_( MeOzC%
NePE ——
I(VI) 4 BnO
e o
Meo,c —OBn

Me 2 L-Threonine

T‘CHD

Synthetic Root for Salinosporamide A (From L-Threonine) Synthetic Root for Salinosporamide A (From L-Serine)
OMe Li
1) SOCI,, MeOH, reflux OH OHC,_  pmB
2) 4-MeB-CgH,-COCI, CH,Cl, )\,H p-TsOH steps H N oB,
" Me” toluene, reflux N —_— OBn toluene
L-Threonine H _— L-Serine >
68% (2 steps) MeO,C O 74% 0 CoMe 28%
MeO
come oTBS
1) LDA, CICH,0Bn, Bno _ Rh, (CO)s2 (20 mol%) H
THF/HMPA, 78 °C PMB 1) HCO,H, Ac,0 PMB—N =\orgs Ylene, 130°C RO__{
2) NaCNBH3, AcOH, 40 °C HO HN opn  2)IBX,DMSO OXRO MeO,C: 0
o N _ = & 73% (2 stops) " quant. (R=C(OMe)Me,) N
/ 43% (2 steps) Me'  co,Me o P ';‘:Es 36% (R=H) 0™ pmB
[ =TES, 6% (R=TES
md  com CloMeiMe, ( )
OHC, _pmB MeO,C oTBS COzMe CO,M
OHC, _pmB Me N opn p Vi = Hyo oA oTBS
Me N OBn  -ceeeeeciiceeeeeciecceeeeeoee > HOS (.7 ) - s N-cho | or N « A
" W coMe BnO @\H - Bno N-cHo| * ¢
O co,Me CeCls, TBSO B~ + PMB o
CITi(0-i-Pr); OHC BnOH
Summary
Ré
R%O
530 - Rh,4(CO)4, (20 mol%) Rz%{n
R ?——_
e _(\” xylene, 130 °C R N0
Bi O Bn)
Resioselective |
Stereoselective!
oTBS
MeO,C Rhy (CO)42 (20 mol%) HO.
xylene, 130 °C
Bnd N oY Me0,C
PMB H OM
2,— e quant. Bno
Salinosporamide A
[FHE)S#%. FARLI-AFEKIZLY, 9 Salinosparamide ADLEMRZEBIET
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N HEAS

A IS R 72 R BRI S TB S
T TFRITE CHIEES |V NI SRR
W”W¢Zﬁﬁbtmmﬁ%& DEEOERIZH S
LTWLZEDPHEINTWDE, 209 b, s
WFELTOHOENTWD hE Y ik, PSR
IEL A LTWb b a v ¥y S/ kg A L CHikeA
B L7 ) TIHERT 5. HiFEIX, ARSI
FEBFR TR S #%%éﬂf“é%%ﬁﬁ& RTES
WO R 2 W ETIc L), barre L
A MR 2 (Xextracellular signal—regulated kinase
(ERK) ) YEAULRHESR B L OV v 87 ABHESR 12
VPRI EN DL Z L2 RWE L, 2O b, b
Y HPEIIIERKZ A L7288 5~ o8 B s

HTHDH I EDRBE SNz,

—7J7. ERKIC & V) 3538 S 12 Ml B N 1 Az 2 AR i
E, PRV EVICEDFRSNLEELZT TR M
TADEE OO EELEEHERL T, £

Wz, bar¥rRlEc X AERKY) YEREY 7V
DO TIICBWTHEMICHHER I NS ¥ V37 OFF
P T 5 2 LIRSS 2 BRro7 e %
HERIEE ST L ECEERERE LY D D,
COHMIZBWT, SHEGR L7727 3/ o 5532 K
FERSAR A B L7212 b o v ¥V ILE & AL
L. B L7200 2 i3 5 2 L0k » TS LA
WS, FEAER S ICHER S N7 3/ BRE LA
KATEY VNT RFEHR L, FORFEBLUEENZ
BRIKENC L VEH T2 2 L IIEEELERSD 5,
FEYEVIERE OEICL ) hr e ricky
BRATCET B 5 %7 OWEAL RO — A
LMD EEZOND, T, HIHY O EEREC
;bﬁ%ﬁﬁ@%wﬁﬁ%EWL\%ﬁmm%%ﬁ
HEBREITH) ZLICEV DY vz T LTH

i@ﬁ%ﬁ?%wﬁwwaﬁcﬁwtﬁ%&ﬂﬁ#“
LIWbEEZLND,

BREE

3P 1 = [ R 2 E}:?]f"éﬂii)‘ﬁi;3h‘tﬁb§“ FRIZBSBREELBEL, BAH
MBERREADHEEDERIZEHS L TING Z EAHE
N i& BEEFELTLHMONTING FAVESIE, PREBERIC
ELAHLTNS FOVELRBRREN L THEERELUS Y 7ISERT 5. MIEEE
o ERREIC ﬂL\i!ﬁ*’Eﬂllﬂﬁ%ﬁ‘ﬁﬁ3h'(l.\%:i=§kﬂw&"§ﬁﬁ¢*ﬂlﬁiﬁib\f iRt
l2EY, FOVEVIZLUBRS lated kinase (ERK)'J
/E&1tl@§¥b.{071/(7‘ﬁiﬂﬂ§¥f LYMHShBSLERVELE, COTED

5. FAVEUBMEICIEERKEN L3RS 0 BHARATHS S LATRME Tz,
—7. ERKIZK Y FESh HMRNFREESRE. FOCVEVICKYBRSNIRE
EFTh<, MROEREOHIFILtEELEMERLLTWS, TAHZ, tOVEY
RIS & BERKY VEHE S T FLOFHRISEVTRENICHREM SN2 V30 Ot
ERPT D LERNEMISH T 2ENN ORSTARELMRET 2 LTERLHRME S

Y3%,

COEMIZBVNT, CHRMLET7 S/ BERBEAREEREADFISERL%IC bo

YEVRBEEAFL, ARLEVAEERT S EISL>THONDMHYM D, HIRE
BEN HERENLT S/ BEMHRAALES VRO ERRL. TORFEBLUFERE
BRABIC L YHHTHLICFERLRBENHS, FOVEURLERLOLBIZLY
FOVEVIZEYBRATET 55 230 OPEILLHRBEO—SBIBASMNEDLEER

bhd. Fi, HMHMOAEREIC L Y RETEEOS VES ZER L, BNOLENEL
DHERRETILICEY DL VAT IS LTHREEFEEET 2LANORIRICET
HRAGHMRENGOhEEEA NS,

MEREGE

R
B M R AR (<1, BSRE ISR LI
HERAADNEEOBRIHS LTS LA Protease
HESNTLS, CO55, MEHRERFE L Activated
THEASR TS FAVE (thrombin) (£, M1 . receptor
BPICHFESTAHITOROVESOYMICEYE

MEh, RRMERISIK 5 LT Bprotease
activated receptor (PAR)Z 9t L TH#EHINE £ U
TUTIERT B, HETRA bOYA FEBL
LCNETOREND. FOVEVIZKYHER
ENZHHIEIZH L Tprotein kinase C (PKC). F
AYv¥%+—+, mitogen-activated protein kinases
(MAPKs)HSBE L TR EATHER TS,
Ff, IUOTUTIEEVTRAYEUHN
MAPKs% 4+ L TNOA RBs % (NOS)DRBEHSE
LR ZzHE T SEMRREOLMI-FS
LTWB I ERRESNATNDH, ChoDi
W&%F!;Bﬂbﬁ\LMa’Cb\kt\ £C 'USEH
RITHEWT, ~OVE
BT 5 EARAHMIZHT 5 ‘u‘ﬁn&’éﬁﬁi
FTHRLTHEETHDEHA, MBBEISHIFE
NTU BB TR S & AOFRE

Western Blotting

FEPLE L =415 Zlysis bufferl< & YER L 1=, & >/8y BE—%IZLTSDSIELF=, SDS-
PAGEIZ& Y & 2/80 538 L. PVDFIRICES LT, Stk RGBS 1=, ECLIZ&LY 5 2/80
FHRH LTz,

#i7ot. Cell death
EREMBMENE  Fith BE B2
FEMEATFAT s R BB
RBRAE
BRI RS DR Ot A B ma—
34BEOWistrR 5 v FTEFORRE S L. S m| f
F 300 umD KRR EREATRIFG S EER L, E | maan i
34°C, S%CORET. SAKBETHERAREL \ —> 2 W gns =
foo HMOMAIE, 0% Minimum Essential Medium, e . S m '
25% Hanks' Balanced Salt Solution, 25% 7% i & Vehicle 5 !
Lt » -
Striatum S m|
EYNE Cortex E .
RS- 11 BB E IR L 02 MR rombin, RN S Upropidum ool ol ol
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Fig. 1. Thrombin-induced cortical cell injury and striatal shrinkage. Scale bar, 1 mm. ## P < 0.01,
### P < 0.001 vs. vehicle (veh) at respective time points. * P < 0.05, *** P < 0.001 vs. 0 h of
respective treatment.
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Fig. 2. Confocal images of the cortical region of slice cultures exposed to vehicle (upper) and
thrombin (100 U/ml) (lower) for 72 h and immunostained for cell type-specific markers. Scale bar,
20 pm. Fig. 3. Thrombin-induced cell injury nuclear and is dependent on
new protein synthesis but not on caspase activity. # P < 0.05, ### P < 0.001 vs. vehicle, * P <
0.05,** P<0.01,*** P<0.001 vs. thrombin alone.
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Fig. 5. Involvement of nitric oxide production, oxidative stress and microglia activation in

Fig. 4. Involvement of protease ativity and protease atiated recepior (PAR)-| activaion in thrombin toxicity. ## P < 0.01, ### P < 0.001 vs. vehicle, *** P < 0.001 vs. thrombin alone.
“p<

thrombin cytotoxicity. ## P < 0.01, ### P < 0.001 vs. vehicle, * P < 0.03, ** P < 0.01,
0.001 vs. thrombin alone.
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Fig. 9. Persistent signaling is required for induction of cell death by thrombin. ### P < 0.001 vs.
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Fig. 8. Thrombin-induced phosphorylation of ERKs. Scale bar, 20 um. # P < 0.05, ## P < 0.01,
### P<0.001 vs. time 0, * P< 0.05 vs. thrombin alone.
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Summary

Neudesin expressed in adult mouse brain encodes a secreted signal with
neurotrophic activity in neurons (J Neurosci Res. 79:287, 2005). Most neurotrophic
factors are involved in neural cell proliferation and/or differentiation. However, the
role of Neudesin in neural development remains to be elucidated. Therefore, we
examined the expression of Neudesin in mouse embryonic cerebral cortex and
cultured mouse neural precursor cells and its roles in neural development. Neudesin
was expressed in the embryonic cerebral cortex early in development. Its expression
was mainly observed in the preplate where mostly post-mitotic neural cells existed.
Neudesin mRNA was expressed in the neural precursor cells before the appearance
of neurons. Therefore, roles of Neudesin in neural development were examined using
the precursor cells. Neudesin significantly promoted neuronal differentiation and
overrode the undifferentiated state of the neural precursor cells sustained by FGF2.
In contrast, it inhibited the differentiation of astrocytes. In addition, Neudesin
transiently promoted neural cell proliferation early in the process.
The effect on cell proliferation was distinct from that of FGF2, a selfrenewal-
promoting factor for neural precursor cells. The differentiation was mediated though
activation of the protein kinase A (PKA) and phosphatidylinositol-3 kinase (PI-3K)
pathways. In contrast, the proliferation was mediated through the mitogen-
activated protein kinase and PKA pathways. The expression profile and activity
indicate that Neudesin plays unique roles in neural development. The present
findings have revealed new potential roles of Neudesin in neural cell proliferation
and neuronal differentiation.
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Expression of Neudesin in mouse embryonic cerebral cortex and
Neural precursor cells.
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Neudesin induces neuronal differentiation related transcription
factors and growth factors.
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Effects of Neudesin on neuronal and astrocyte differentiation
in mouse neural precursor cells.
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Effects of Neudesin on neuronal differentiation inhibited by
FGF2 in mouse neural precursor cells.
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Effects of Neudesin on astrocyte differentiation induced by FBS
in mouse neural precursor cells.
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Effects of Neudesin on phosphorylation of ERK1/2, Akt and
CREB in mouse neural precursor cells.
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Effects of Neudesin on neural cell proliferation in mouse
Neural precursor cells.

Effects of inhibitors for PI-3K and PKA pathways on neuronal
Differentiation activity promoted by Neudesin in mouse
neural precursor cells.

Effects of inhibitors for MAPK, PKA and PI-3K pathways on
neural cell proliferation promoted by Neudesin
in mouse neural precursor cells.
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ZEPmEEsN-ZEnS, CPPEAIMH L 280 TIE
FEDOREHINB B 12 & A BEFROW RN E 2 b
B FIHGIAIL A2 OREE Y 87 BVP21C48 5 &
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ELTCTORMEPIfF NG, 2 TR, Hsp70% 5%
ETAHHIEEY 27 OB EHBICT Y AZB
L Hsp7TODRNENREIZ DWW TR L, BRI 5T &
LCICI Y AE N B &, ZORY ARIIETE D
VZHFHERC B3 ACDILD IG5k & VW2 & 2B &5 7
L7 —H. B ERGEICEFIRY ¥ 23 O
BTSN ERD Hsp?O%fﬂﬂﬁ‘% 7 7 F RS
B TRIERN 2 0EIES 2 T 2561213 TS
WER RGN Y 9 B ulF léE%T L7
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72HUEARTF FOT YN = A5 L8 LTOFHA
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Heat Shock Protein 70 (Hsp70) (&, BRI FREMEEHE
AT BHIEITMA, HspL T 24— N L THRIZRHAR (APC) %)
FIKMYRFENDE, SOHITIEFMRIERBEERMTF LT D LMD,
BABRBFTIT7HFELTERSNTLS (Fig1) . V2

—RAEREFCA T, AADSERRRTIFELNEESNZH,
EMRAICESESELRMASFET S D, ChbEF AT
BPLETHEBRENBEARTHLEEZLND, TOFODITIE,
ARSI D R Z AT SR HR S~ B L. APCIST YN —F
BIENBETHD,

BE.BATORBBEIREGIRINDH, BFHALRZHA)L
ABEDVP22E Y B E MBS B E RS RTFE -4/
BOBFENBRESNTEY, TORAICESHsp70-MRERTFEEE
RO TN — DA RS EZDND 349,

ZLTHRBRTIE, MIEEEBREEE T HRTFR -2/ O EDH

DN R TF LRI ﬁEﬁFﬁTé?ﬁiﬁ&A%lDﬁEih(hbhtL %, CHISIE
T HRBEHET B/ VB OBETFHEQERBS FEERBEICRSTHL(CLD
HEAMO AR RBOICEF>TE =, LHOLEAS, S5 OES FiL Al
REBIEAUEL =8, Wﬁﬂﬂ'\ﬁ)#hﬁ‘iﬁ 1< ﬁllﬂéhé — A IANAERORTF

HABRENABIT . BB TFH (cell-penetrating
peptide; CPP)&&W'&’L&&')IJ&?T CPP%@//W!‘\”JT‘/—A(J%A?' &
 CRSIEFIEMERAT /N~ THEEHBESh IS LA D, CPPERIALT
B FERORMIERER S SRELROTREMASEZI NS, FBMANLZD
BESUHVP22I= R EEH 5 —EOCPPTIE. #EEIMA b%’\ﬂ)ﬁﬁ‘iﬁiﬁ’)‘_k
RSN TEY, ChEFIALI-MEIRNS /5 -

Hsp70%FI FAL1-E% 7V F > DRIFICIE. ﬁiéhf HERTFEDT! JI\J /ZT
LELTORANEZLN, RRRTFEMEHsp70HE L EZ DRI T SRIFDNAL A
WTREZOANEDOFEEED TND, —F . EHINISFET SRR TFrEME
SHITBIEHTICENTENIE MROREHTEIGY . SLOMEIE DB A LIS
BHLDEEZDND, SILEHRDHEABZE TIL, Hsp70I=VP2285 5L\ E T DCPPER
DEREBLIBES/ORERFL. ChERBT 5T 5ASFDNAZBEICHER ST
‘5&&'( E“NTWHSDWA5J1\7EV>§EE& FHISBIEGHR —HspRk &5/ 80
IOV TRE T 5. VP22RTFRE
HL f BEISBNTAT7 TA—FOHMEEEBALI-OBIZ, Hsp7OREZ2/ OB D
R MAREAERRT AT FRTFFAUEAN BREARNROBAERH B,

BE | &R s BEEFIAL, BHEMRAIHA - RS 1-Hsp70D M 8% R U
RERRRFDE APCF1)/ 31— DRIBEHEIT DL TR LI,
(HARREE) Hsp-CPP-expressing plasmid DNA for induction of
ek TU. A—rukitid (SR SCER SR A tumor- specmc immune response

Intratumoral injection of Hsp- &
CPP-expressing plasmid DNA  : Hsp-CPP-expressing
(CPP; cell-penetrating peptide) :  plasmid DNA

@ Hsp receptor-
mediated
endocytosis

(@ Formation of
Hsp-antigen
peptide complex
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Construction of plasmid DNA encoding Hsp70
fusion proteins
Hsp70 cDNA Hsp70-VP22 cDNA Hsp70-AVP22 cDNA

PeDNA3.1 , peDNA3.1

vector vector

pHsp70 pHsp70-VP22 pHsp70-AVP22
Western blot analysis & & N
(anti-Hsp70 antibody) & & Q«n’” o
&
kDa & & &I
105 — [ Hsp70-vP22

75+ Hsp70-AVP22
|.p-—-'i“ it

Confocal microscopic images of transiently expressed
Hsp70 fusion proteins in B16-F10 melanoma cells

Anti-Hsp70 antibody
No treatment pHsp70 pHsp70-VP22  pHsp70-AVP22

Anti-VP22 antibody
Fig.1 Intracellular localization of Hsp70 fusion proteins in B16-F10. B16-F10 cells cultured on
coverslips were transfected with each pDNA, fixed, then permeabilized and stained with anti-

Hsp70 antibody (top) or anti-VP22 antibody (bottom), followed by detection with Alexa Fluor
594-cojugated goat anti-mouse IgG. Al images are of the same magnification.

Validation of cell-penetration of Hsp70 fusion
proteins using stable clones of B16-F10 cells

Hsp70 fusion
protain- Cell-penetration
expressing
B16-F10 (Intercellular transport)

(Anti-VP22 Ab)

Co-culture

GFP-
expressing
B16-F10

///— ® O]
@000

Confocal microscopic images of Hsp70 fusion protein-
and GFP-expressing B16-F10 cells

Parent
(B16-F10) pHsp70 pHSP70-VP22  pHsp70-AVP22

Anti-
VP22
Ab

Fig.2 Extracellular spreading of Hsp70 fusion proteins in B16-F10. B16-F10 cells were transfected
with pHsp70, pHsp70-VP22 or pHsp70-AVP22, washed, co-cultured with GFP-B16-F10 cells and
imaged by immunofluorescence microscopy for VP22 and GFP signals. Merged image of a GFP-
B16-F10 cell that has acquired Hsp70-AVP22 is shown in yellow.

[
Q
o

CTL generation by immunization with Hsp70 fusion
protein-expressing plasmid DNA into E.G7 tumor

E.G7 (OVA-EL4) EL4 B16-F10
70 70
A No treatment
60 60 @ Mock (pcDNA3.1) 60
o pHsp70
o 50 50| ©pHsp70-AVP22 50
2 ® OVA in CFA
£ 40 40 40
|4
30 sf [, 30
*20 20 - 20
10 10 % w0
. sy ==
100 50 25 125 100 50 25 125 100 50 25 125
€T ralio €T ralio €T ralio

* P<0.05 (vs no treatment, mock, pHsp70)
Fig.3 Tumor growth inhibitory effects by administration of plasmids. E.G7 was intradermally
inoculated in C57BL/6 mice. When tumor volumes reached >40 mm?, pHsp70, pHsp70- AVP22,
mock (100 pug/mouse) or OVA in CFA by intratumor injection by electroporation once a day for 4
days. Spleen cells were isolated and standard 'Cr release assay was performed. E.G7, EL4 and
B16-F10 were used as target cells

Production of anti-OVA IgG in serum of mice receiving
Hsp70 fusion protein-expressing plasmid DNA

12 4 No treatment

@ Mock (pcDNA3.1)
® pHsp70

o pHsp70-AVP22
® OVAI

n CFA

Absorbance (490nm)
o
>

12500 2500 500 100
Dilution fold
Fig.4 E.G7 tumor cells were intradermally inoculated in C57BL/6 mice. When tumor volumes
reached >40 mm?, pHsp70, pHsp70- AVP22, (100 mg/mouse) or mock by intratumor injection by
electroporation once a day for 4 days. 4 days after the last administration, the serum from mice
was collected. Anti-OVA IgG was measured by ELISA. The results are expressed as the mean +

Growth of E.G7 tumor after Survival rate of E.G7 tumor-
intratumoral injection of bearing mice after intratumoral
plasmid DNA in mice injection of plasmid DNA
12000

4 No treatment 00
@ Mock (pcDNA3. 1)
10000 o pHsp70

p
© pHsp70-AVP22

z s
E 8000 e
§ € 60
3 6000 5
5 < 40
5 s
g 4000 3
5
2

2000 20

3 0 s
0 3 6 9 12 15 18 0 10 20 30 40 50 60
Days after treatment Days after treatment

* P<0.05 (v5 no treatment, mack, pHsp70)
Fig.5 Tumor growth inhibitory effects by administration of plasmids. E.G7 was intradermally
inoculated in C57BL/6 mice. When tumor volumes reached >40 mm?, pHsp70, pHsp70-AVP22
(100 pg/mouse) or mock by intratumor injection by electroporation once a day for 5 days. Tumor
sizes and prolongation of survival time were measured every 2 days.

Results and Discussion

Hsp70-AVP22 D51 4:%: B16-F10#IR8 TR L 1=Hsp70Id. MK ICIE
[FEH— 2D F LI h, HspT70-AVP22(E MM A S~ DRBEMN BRI N
(Fig.1), F1=. Hsp70-AVP22 %33 B16-F10#if2% GFP & H B16-F10#ifa &
EE/LIETH, GFPIBHEMAICES L THHSp70-AVPR2 A R EN IS EMD
VP22 SERTFREMET HTLICLYEMITRREE f-Hsp70% MRS 1=
SR THILARENT= (Fig.2).

Hsp70-AVP22 53175 X S KDNA D B % 19 43 5 1< & % 555 55 25 00 52 :
PHsp70-AVP221% 53 Tld, E.G7IS Y &L\ CTLASE AL UITHiKE
EABHONI= (Fig.3, 4), 1=, RELEDFHFEISHEL T, pHsp70-AVP22
BE#CTEESEEOMHZLVICEFBROERLEHLN= (Fig.5). KL
ORI, MBS BT FFEMESE-Hsp70R T TS5 XIFDNAD E
BRJEICLY, EMRROBRARSTF RO MM A~BEESN, AEHRE
MEBINDENERSNT =,

Ffz, ELACH L THCTLERA RO SNz Em b, R DBLVOVART

FREFTEL ELALEGTITHET 2R OB RLBMAN “HEShHIE
HRMENTz,

Conclusions

Y\Y—IZEHLT=,

BREEE

EHIEARRENT,

1. VP22 EEEBRTFRERME LI<Hsp70Z H 1
FTHTFRAIFDNATZHMBICEATHLT, &
BN THRLI-Hsp7OME 2> /U E DEMHIN T

2. [REBRHsp7ODEHBNEEFHEAICKY, fE
BTEHIEN RSN, COTEMD. in
vivolZBWTHIEBBRTFRICK>TRMBAD
RRRTFREM@MNIHEL. RELEEFET
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VERBRE 2 I L C & 7228, FRICMle g8 AN
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RBRFALEEFHRN ESBERTENE  H#4 #—

HRESE RBAFRPRELHRT ERRERITLHT
g g e

RBRPRLGRERRY REFERELSE
in mA BE

‘ B P~ T F K (antimicrobial peptide)&I&[1,2] ‘

O crEETHRGENICHEE (880FEMELLL)

© 10-50%%EE2E

O ERELBKIEOISRE—EHEHOTRBMEHE
ZIBMEREICHACMEMERICEERAIERL, |
HMEOMIRBLZHRSE I THRERERE

o g . Fig.1 amphiphilic & helical
= structure of magainin 2
- - S
T £l gt
i 5
Pt T T LARENLE
e ] e Fig 2 selectivity of

% & antimicrobial peptides
S Reapboiputs Aol |deagbopats

[} Ctctentasi
[1] Zasloff, M. (2002) Nature., 415, 389-395.
[2] Brogden, KA. (2005) Nat Rev Microbiol, 3, 238-250.

REERTFEOBRA
ISR S B R PR, BHTEEO
IR L TP IR T B AT AERE, :> HBAEA DR
—HORTFR LA T HESC

IR, :> HIANS FEANY 58—

CD&SBRLDIEAEET /BT - Z RIBEDEV OBEFBALHNEZ> TV,

| magainin 2 (GIGKWLHSAKKFGKAFVGEIMNS) 7 Uiz [
Magainin 21$iE MR AR HEIAEAA I — BB FRA MR TEMAL ., K7 BRI
—ERTF AT (L (translocation)§ 5, K7 & ELI-AFNOFRHAHREAERDERTH
BEERLNTLNG, B B > ﬁ- & - T ETR

Fig.3 toroidal pore model [3]

-I buforin 2 (TRSSRAGLQFPVGRVHRLLRK) 7Y 7EFATIL |—

Buforin 21 [E&EL ST (THELHIMICAY, DNALKEE T DL TREERERELTL
BEEZBNTND,
[3]1 Matsuzaki, K. (1998) Biochim Biophys Acta., 1376, 391-400.

[B#-AiE]
MEERTFROEFEMK 7S/ BMBIREEERL. fEARMES
LT, FRREFCEIENS FHARIE—ELTHAT 5.

O O7I/BMBERICEIRRERTFEOEREHOHIEH

AREE o N YIRDET LRI FROBKEIZ a N vIRERRELT S
RIAFBEEBAT HE BUDENSDNAIZEAELT=, [4]

A~NYYHRDTFREIEH REEATFROERZNORIRIEC S Z B 8H — i
HEHLDTHIMEINEET ILEEMAL-RER, DNARERRICIYHAN FHO
HEESTS,

© ORHEMARTFFEAVHIBRRBAR2—0FH%

ETRONEHRETISRI4—DENET AL, RTFERBLEEDOH—THF
LEEALTHIBNABASN AN ESNRERL—Y —BMRE AL TRBRETS,
Flo  RYE—TANARTRBES T TIVERMT BT LITE>T, MIANBHEEBE
[ZHIETEENENERET B0

[4] Song, YM et al. (2005) Biochemistry., 44, 12094-12106.

| [7/BBRICLIREERTFFOERBNOHIHD] |

buforin 2070V BRET SV EAISERT HTLT. BMADNANSIEIZZEAL, 5]

A ~YYIRDTREH, REERTFFOERRIHORRIEICE X 2580 — M7
LD THANE S A Emagainin 20BKEIST AUV EREBATHETRIIT 5.

A9P, F5W magainin 2 (AP MG)Z B4 & Rk IZ & YIERL

| C 18 column, Flow
rate 1ml / min,
Gradient Rate:
75:25 (H,0
CH,CN) linear to

SFE2534.0
(§t32531.9)

[FomenssnmeTrrormenonm] |

"
L]
MG
i I
* -
=
AP
., B N -
P Fig. 8: Intracellular distribution of

60:40 over 30 min,
ABS at 220nm

Fig. 7: Membrane permeabilization
activity as estimated by the leakage
of the fluorescent dye calcein
entrapped within LUVs

NBD-labeled A9P MG as examined
by confocal laser microscopy.
NBD-A9P MG were incubated with
Chinese hamster ovary cells for 15
min at 37 °C.

Fig.4 amphiphilic a-helical
structure of ASP MG

Fig.6 ESI MS spectra
Fig.5 HPLC chart
[5] Kobayashi, S et al. (2005) Biochemistry., 39, 8648-8654.
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ERBRAENSDNANEL T B0 ESM—DNAKE S RER
ET VIR <translocation 28R

RIERELDONARIZEA LTRSS ETOERNROKRE,

[trmte~orrem anmar~ss—oms] |

Magainin 2& €7 JLIZHER LT bt
PEGEMIRTFRAETIVRICE oo
LT, translocation#E H &> )
Fig. 9: Amino acid sequence of PEG-E19Q-MG

(M.W. of PEG moiety is 5 kDa on average)

SO ETR O A, M A SR,
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Y AyB—h Z 5
WHREARIE—NHEDEEZDND, Fig. 10: PNA and DNA
taken from http://complex.upf.es/
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BROHDLVA Y FORFEEL LTLETHLEIER
e REFFED X912, EMIOEREZEL A RIS
BT ERRET AT, REEHEET A
HALEWE RN T eI G S EEZ b, FF
F) A Y RN EN TR WPARY 74 1 712
WDV FOFRIZHEN L, 612, FEHIN
721 7~ FIZPAR% A L - HJE R T RE 2L, B L OB
BWIL D5 AN = AL EFIHT L7200y — L& L
THRATE S &b, BRIEANDOWREM: 2R
LIENTELLEEZLND,

B, AR TR 2 F v 2 BB O 720
D7 k3 EEEELL, PFROE LRI OBA &
EDIIWebCTY AT LT =7 A4 7bT 5, INHD
a7 rvId, BRI AR o —
ADEM s %,
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FEBRFRLGEE AR E BRI 20 er il BHA
Wi

BRI R AR L R R T2 0 I B0 &y W]
SR KA A e REE i A S 2 I B0 T B%

b MRICBO TSRO K2z S 27 A b oy A ik,
FRAZ RIS CCEZ ZL 8% T & T, ity b7 — 7 OR§EE,
TSRO > 7 AERIE, MRS BB O EE MR & ikic s
WCIRIAWEEEZ > TV B B Z 5N TV 5, MK - IR M AR
Wk d 22D 777 —E¥o—MThs turere, 7AMaY
A S OZEGHEENCE G L T0WA T EARENTED ., HifzE=EIcB 0T
E PEYEVICES THEEEINS T A MY+ FOHMIfIN Ca™ 815
EIREZ LD RFRBERIC DOV TR L T 5,

bareryloty rryar7—vic k3 EME. TiHEEoHILE<
FE L TWVW3 G HEAEEHERSZ AR PAR (Protease-activated receptors) %
NMUTHE SN, vV T 077 —EN PAR ZEKICIENT 3 &,

#  Rounding
—wa Ll i T

v i ' L ——
1.0 W/ml Thrombin i::r\________

<3
L 10 minki o E-llil!l]‘
R yR B [ ."'"—“—____—f_
3n0-500 @A D - - PR
2 mM Ca
100 Ll ‘Thromisin
[
(]
B
T e
B -
5 -
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| -
3 ——
1

ZREN KORET X /DI, 24 L7z XTF RH PAR 274
RORIOFIIC) A RE UTHAT % T & TRAREEEILT 2, Z
DIz, WHKMIFFED R T F Rzl d 5 T & TH PAR ZAKDTEE
ftEnzcenb. TNEDORTF RiF, Y —)b & UTHIZRICHI
TNTHO, Fleo BRISHNOIHE L BRI N TS, L, Bl
FERVENTVEXTF R T, FEERIEIELREDBN 5 10 TH
BLRVAEV, ZTTHE. FI AL AT —DBEN S, XY
F REREIIC OV T CBRAETHE D DRI F RS A4 TV BHEL,
TA ROV A FOREZ b ERY v aT T — AR EOEIEE LT
ATV == RITHTE T, PAR7AZA L/ T Y RIZANRTF
REHHIBIFE « Bt % C 2B X Tz AWRIZ T T A MEAEN
U 7o AR AR RS IS M b2 A L 2 5 2 % & e, Bige S niz
AEEIVE M BRAE & N R BRI R S LT A2 A B R T Y A D2 A
b, B —)L & UC PAR ZAROMIZHEE 2 K E X, F iz,
EHEOERIGHNOIRENE ERD TN D EEZ BNS,

PAR receptors Thrombin- Receptor-activating
sensitive ? sequences (human)
PAR-1 [Yes SFLLRN
PAR-2 INo SLIGKV
PAR-3 [Yes TFRGAP
PAR-4 [Yes GYPGQV
e o
- i—|
pfwml §
» 1] Lt] L] '|III.II- -
# +mee=  PAR1 2 3 4
** 1160 M TFLLR-NH,

i.'f IE b | |

f i —
il |

T TRLAR,

T b

1321N1 astrocytoma @ thrombin (2 & %
TEREZAL & N Ca* k5

AFEICE D, 7AFRY A F—=I2B ) 5 thrombin 755 il i &)
FA4F I ALK, Mt 50 Ca® HAPLHMMBEAZ b 7250
Ca® itz /v L 72 Ca® BADFFTBIRICH 5 2 EWRB S N, S8
132IN1 fMilEdic 8 1) % PAR OG- % I L, JBREZELEZ R L T3 <
TFFHET IT=A b7y TR+ OFHIIREZFEET 25HETH 5,
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N AEAE
SaAFUSEKIETEFLAY) VREED D B A F W3 AR CTH B H T v 5 I v OHEIER
CF v ANVENET L HETH Y BT, R, EFMMLCE L, EICHEELLLI-AFAVTT 7 I

FHAIRER T 7 2 F )L 3 ) 12 & 2 BT (5% % TORBROMMIEA A B L, —J7, Zi o HMumiEm
HoTWb, =aF Y ZFRIEMA BT T 5 A TH EEMSET TR S LTI, WIS % Fok
HHELTBY, o722y METTHI0HEDO T A REfHFT0D, MAERESIEETH T 7 I v OfF
VT A= LHBFEL, EHIZRT Ty b EDOHA HPZEALT 5 2 Lid, ZOWRIEH OMERERFIIZEC
EORIL o TEMBRFEHREZAL VD, =aF ¥ BOTHIK T 2MENL VW L ICLBERTH L EE R
SHERIEPREMRERICBV T, BACHE R LOEE bNb. ERBEFEORIIIZT 70 7Y A F VIR
HAEBBREICECEDo TwA I EPMLE N TV MRZEBLRD & ) B R RS2 2 L%
2, FTHAM =2 — 1 VITREMIZEB L TV b« HThb, a TZHRIIBTHpHEALIZESZED B 5
THRERBRETENE L2)H Y FIEEPEAED W, TRTFNVT) L T I OREICEET
LENTW5b, RKFFEE, o TEEREENET LT LFERAEEENE LT, mAERERELEDE LTV, M
YRET T A AN TV LR V72 E FINBRBE R RE L Do T v 7 3 v OMRIER OFf
SAEFEIRIE L X o T BERINICRER T 5 R % MZMET 24T 0 TOMFEICL D o TZEEITHT 5
BV 52 L HEEICT 5, SHICKS IR L 0Ll TR TN BRI ORER OVERBE T O E 5]
WFEIC & o T, WWHBRB D5 o TZHE) T2 F . o TEEEREENST L LRIEICRLE 5.2 %
TRET bo LIz, WMEHOBIN I RE R A7) — = TR

INFETT IV HY AT TNVIIEHRESEEATa 7 DWEAZ D% . 7/ LRIEEIZB T 5815 ) — FME
SRR BRENICEH S, 7T va) YERIEE EYWOBHEDO b EZ LN,




TR 7EE BNHIARZFREEA V7T « TRES

|

7 LAEE a—2X
a7l =—dF

wFEt

ZaAFVURARET TN YRERD S BAX YT v 2V ENKT B -RETHY, HE

RIS S 2 hE) 77

VA A R OFPWEH ORI

SRR EEGEEW IR AR 0

i, AR, KRR T V3 ) VI K B BT AE R S TV B, ZaF URE

RITIIRER T2 T R A THMHELTHD,

HIBN TSN,
DAY FEENEAICHED 5N TS, ARFZEE,
1 A A L)Vl B R e W e
Bhid 2 L HIRICT %, & BICARZEIR L OHFMIE
BV A Y REGET B,

ES T VaReS

CcRNA {EAGHEHIE O G

T PHROZAF VRTEF V) VZER 0 THT L=y b (@ 7nAChR) ZI—FF575 A
3 F DNA 754 SP6 RNA KU A5 —HZ LT cRNA ZEH L7z ( mMESSAGE mMACHINE, Ambion,
TX, USA ) o {RIRIBKEEZ L 727”7 U 7Y A A L)L Xenopus laevis ( HERRAEVIEM ) OBFEAN X D GIELE
fiéthi L, 0.66 mg/ml 215 %F—+ ( Wako Pure Chemical Industries, Osaka, Japan ) 7% && R T
21°C. 6077, #eMmichiRy 5 L. SIRHINZ T 5 a2 k2 Uiz, &Rk L7z cRNA % Dummont 77OV
~VHH CEED 1 mm BLE ) €7z 5 RHINIC 1 ifad 72D 10 ng A LTz, =) > (10 U/ml)
W ARLTERAYY (10 pg/ml) . EIVE U (0.3 mg/ml) % Barth Z555 i (88 mM NaCl, 1
mM KCI, 0.41 mM CaCl,, 0.33 mM Ca(NO), 0.82 mM MgSO,, 2.4 mM NaHCOs, 7.5 mM Tris-HCI, pH 7.6 )
T2~ 4 Ak L. ACh 300 pM ORI UERHIATHER AR & AU O RS N % FEBINIIC il 2

fiote. M T CRNA O ETHR
M: RNA ladder
(9.49kb,  7.46kb,
4.40kb, 2.37kb,
1.35Kkb, 0.24kb ),
a 7: a 7nAChR

a T ZHERE

CIENEED Ca® ff7tE CI F v 3L DB < HINT Balium Frog Ringer 7Aifk (BaFR: 115
mM NaCl, 2 mM KCl, 2.5 mM BaCl,, 2 mM MgCl, 1 mM EGTA, 10 mM HEPES, pH 7.4) ZH\ i, Fic—
## Calcium Frog Ringer {A#% ( CaFR: 115 mM NaCl, 2 mM KCI, 2 mM CaCl,, 2 mM MgCl, 10 mM HEPES,
pH 7.4) ZFIMI LTz, SREHHRAZ F v > S— O i#E L, HHZFM LGRS ANz ﬁif"ﬁi’&m
3# 1.5 ml/min TR L7z, 68575 & OSSR ORI AR L3 A D Ot
YDA % T L TITo 7z ACh ORGE—EHIEDHEHRMBETH 2 1oth, 50 pl DI HETH
AL, FICFE TS D 5 ORI LTS %1T> 72, Whole-cell BARMOWIEI, BIEEALEE T
B#EE (0C-725C; Warner Instrument, Hamden, CT, USA ) ICHef & 117z 3 M KCl Z A L7z 2 AD H 5 A
T (810 1~2M Q) ZRIRPICRIA L, B2 — 80 mV ICEE L TIT> 7c,

%?:?% (2) WEIE CI 7~ v 3L DEOHERR

RO ACh I BEHUEFIC BT, HEHfRZ BaFR 109 % T & THRMED Ca™ {k1FHE CI F+
*/W)?f&’h‘&?b“(b‘éh‘h&ﬁ%Z) HIYT ramp i (250 ms, — 150 mV~50 mV ) 273 T IV-Curve Z &
oo HEHTHOA' CaFR OIFOMETERL - 21.1 £ 4.8 mV (n=5) THo 7, W% BaFR ICY)D A 5 &
RN - 2.8 £ 35 mV (n=5) ICZ{L L., S @ADL TS, Lichi>T CaFR TH5M 7z Cl
A A il BaFR TRIHAL TV LEZSNS,

in CaFR in BaFR
ACh ACh
e —_—
{ i
Lzoo nA
30s
M5k Xenopus oocyte e 20CIc B %
(CaFR) Ao A VRIS N) g
Na| 115 mM 10.4 mM 11.06 +60.7 mV
K| 2mM 108.6 mM 1/543  -100.9mV
Cr| 125mM  435mM 287 -26.6 mV
Cal' 2mM 12575 nM 15905 +1222mV
Md* 2 mM 0.5 mM 4 +17.5mV

*1: cited from W. M. Weber, Biochimica et Biophysica Acta 1421 (1999), 213-233

eV T2y FEFTE 10O T AV T 4 — 1L
PEEL, EHICBY Ty hEDOHBEDRICK> TEHERERZGL TS, =aF
VREKE TR ARERIC BN T, RASI R & OREAEISEEICES b o T B T e
PTEHHE = 2 — B VICFRINCHEH LTV S o 7 R ELRAZEN & LTz
SNETBVHY RET T
GAUEFIPAINIIEIC K 5 T, RIMICEER T % iR 2
&> T, WHORRA NS 0 7%

thy - FsT
Wree s
FIRREAR A AT IR
E O
SRR EARA SR EIT IR
R

A ARBERERAT =20 B
&T
AR
AL i

MR (1) 7EFLa) YERIGE

FTWECDICLE LERIEMFENS 7 2F)Va) >~ ((ACh, 300pM ) DG Rz L
oo WRRICHEAT 3ERE 10 pl 705 100 pl $TELE BT 30 pl FTRANR
SIS CTRISHEAIN L 7248, 30 pl A0S 100 pl TRAEFISIE—EDMHICHE B LS T
Hofc (n=2~9), LUFOHEETIE ACh DG5te LT 50 pl ZHRA L7 . C ACh O
WISEOWFEMLAF 2 MR Uz IRFEMERIHIIRD EC, fflE 163 + 30 pM THo7eo UF
DFHTIE ACh DYLEEF TR T 300 pM Z VTN B,

I i
. E :
w
L] L] 1
# #
an L3
ﬂl‘mﬂ‘#\“",\%\ B ah————
v (n=2~9) (n=4)

HiR (3) MY VB LIRE DR

PTK FL#HHETH % genistein Eii# 595 & Ta 7T ZRURDPFEANDIF VYA b— X
Z2fiEHE LT ACh IR SRS €5 C LA TN TV 5, 41l genistein 30 pM 5 73Tl

5 Lick T2 ACh OEFISEOIIA BN E Nz,
‘ l
% s ACh ACh ACh ACh  ACh
E L - = T genistein
. —
k]
L
600 nA
90's
T -ﬂ' ",..nll' = nb"(
iR (4) IR R AR ) 71“5 23 VD

ACh 300 pM DI K L. MRS TH % galantamine 1 pM Z[FIFHRG Lz 25
e & LT CaFR ZH W AIc BV TH, BaFR Z NI HELTE 30 % LA LD ACh
HHUSEORERM RS Nz,

ACh (300 iM)  ACh + galantamine (1 M) ACh
CaFR = _m==mcry e NS
| |40 nA
30s
ACh + galantamine ( 1 M)
BaFR ACh  ACh ACh
' | 1400 nA

30s

DLEDRERE D 777V A A T)VER R ER 72 v 7o B SRR 2 E
ZFIHLIca 7 @ﬁi%*@ﬁ’lk U7c ) 7Y FERSRICRBRAHl R AL T & o
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SRV DEET

Pex3p, Pex19p, PMPOD#4

(BEEMELHE) £k FE

MREEEFE BEEYESHE s ME B2
RocigiEts e ERERIMFHE Bus Il MX
N AERE
T =

MBI TER SN DEEA 8 287 BN, Z DR
FEdTREFT NI AT NEWEEINDL A = X L3 Ay
BB 2 RBHOBBETH S, Vvt F TV —24
&, WESHIRIFB O H 2 IS5 T AT VT AT T
HY ., FOWRET 3 ZellwegerfE Bl 7 S HEE IR
FHIERITIEFMONT WD, “VFF Y — 24
NDY X EEED D B WEES YT HIZOWw

TITHE Y T FVDBHH SN TV BH, By 7]
DEFEIZDWTIHIT L AERHTH 5,

NNVFFTY =LY 87 (PMP) ORIV F
TV = ANOEEICIE, V¥ T Y (BFRPex) ¥ v
INZBEHED D B, Pex19p & Pex3p & A5 L TW 5
Pex19pldPMPHH D ¥ ¥ R0 ¥ & 5 \WIdlik s v 1) 7
TH Y, Pex3pldPMP-Pex1pH S EDZHERTH S &
EZbNTwh, $hbb, PMPERILVE XLV — L4
TR 1 By o éﬂ%)‘f] A L IZIZPMP-Pex19p.
Pex19p-Pex3p D 5T Bk E 4% E % LT\ 5
bDEEZLND, LN o>T, INHDOFEMEHS

123572012, £F9PMP, Pex19p, Pex3pDiE#l s
YT EERWT, WHEDHED X 71 = X 5% BES
HZEDVULETH D,

(B 8]

Hisgld, ShETOMIET, b MPex3pDMIFLE %
IO RESEH, LOREE L. L2, E512,
Z 1% A TPex3pAiPex19p DN A il =43 S I8 | 2 A%
5352 2: %S 222 L7z, Pex19pldPMP & Pex3p &
THREAE T 2T TWE T EATREBEN TV DS
L2 L. & O %55 A IO X 5 &UPMP&
Pex3pZ NEIUIXT T AFEE DR E iTEH“C@% END
2 ClE, Pex19p & Z DAL RIEERMAEZ H VT

PMP. Pex3pZ MEHUUIAE 3 2 & 5 Ok & R O 8k
EWAND L2 L) ZFOMEEREX OB 2 HiE
To

(5 &l
[Pex19p_I- O Pex3piE & sHIK DRt ]

Z N F TlZPex3pldEPex19p DN A bl 245 0 FEIF L 2
BETHZEPPSNE R o TWVD, £ TE5IZFEM
TAE SIS OME 2179 o Pex19p DRI EZAR L
Pex3p & DG A REE D & HOGHI LR SPRE: (K
77 X IRBIENTE) 1k o THIAT 5,

[Pex19_FOPMPH: & HHIB O 5T ]

BIZTF LNV ORIZED S, Pex19p & PMP & D412
PEZZNETNOFEBIIEN SN THE DD, 20
EEOEEOFFMIIH S 2 127% o TW i v, REFFET

[IPMPE 7R 7 F BRI Gl 12 & - TR L
7= BAEFHOPMP % H\» TPex19p D ER K LA K & D

EERBEOME 2179 o T 72\ Pichia pastoris% i\ C
’Nfﬂ*ﬁ% L 7-PMP22% Hi\>C, Pex19p & D5 % 3
X5,

[HifF 2 h B RR]

Pex19p7°kk 4 72 PMPR°Pex3p & fi e d % A 1 = A L
DOFIIIPMPEG LR S 0T 5 T, BEETHA
EEZHN TV, Pexl9pDiE AT IIG U 72 iR
FvgirRe, Mo T7T =5 13ENE2HET L7200
FERENIERIC 2 2 b O L MR S L5 o REEFEEDIFEIL
D OREREILITHEEAYFEN T Ta— T2 E o

TH TRk g OSBRI OMHIMT 2 2 5 b D L)
a5,

A—RE& : TIANAADD—
RVAFLY—LES VRO BRRICEET S
Pex3p, Pex19p, PMPD#E S D@4

BEEVMERNE R RE

MRIEEE  EREERNEHEOEF PLAR
WEEMEZNHT  NEEE

B

NFFU—Ald, BECOKRCEHFRORB AL ICHE
THFNHARTTHY. TORBRER S Zellweger FEIREF/ZE
BEMRBESERIIILESMONTND, NIFF2V—
LANDYUNOEEEDS S, FANS NI EICDONTIEE
RETFIVBBBEINTNSH, BY VNRIBEDEEICDNT
BIEEAERBTHS,

RIVAF Y —ALES /X0 E(PMP)D#iXICIE, Peroxin
EHR(Pex)s /XU EED S B, Pex19p&Pex3ptHBEET S
EEDNTINS, Pex19p[IPMPERD Y + ROV RUEEF v
Y7 THY. Pex3pliPMP-Pex19piEEEDZERTHD LE
Z6NTWS, ThbBE. PMPHRIAF Y — ABEIRNICE
EEINDAHNZXAICIEPMP-Pex19p, Pex19p-Pex3pD ¥
PEBEBIEELRIELTVNDBDEEASND. ChHD
HMEBESMCTB/0HICIE. PMP, Pex19p, Pex3pDiEHl4
YIOBERVWT, HEOHEDANZXLEBBETHIEN
BETHD,
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Pex19plPex3p& PMP & THRAWHEHENHITNS S
B

EMRBEENTINA(1). —H. Pex3p, PMPAPex19pIft
RVAELY—A

ABTBRFANZAARBRBRASPHICAE > TWEND, AHRT
F. LTD2=z2fR0OBMELE.

1. Pex3p /5Pex19p(T#EET 5 A H Z X ADRA
2. PMPPex19pICiE&d % A h =X ADHEH

ATIE. 1.ICB L TPex3p& Pex19p DA E A DRI
BRERET 5.

(1) Shibata, H. et al. (2004) J. Biol. Chem. 279, 38486-38494

gy
ka0
PMP 123
@ L._ L (L]
e L]
()R YA~ 4 Pextoplcd B T TR
TPMPHSEREh ()ﬁ}; Pl s - g 370 | A
% v
(5) PMPOBTEILE Pex19p
PSHW . N e
(3) M EN SN
MR D%

Ex. :295 nm

M e M 73 aoll™\ 1 UM Pex3p(34-373) +

1 uM of
Pex3p(34-373)

i

x

o
Fluorescence

Pex3p & DA ICHS LA,

100
Shibata, H. et. al. (2004) J. Biol. Chem. 279, 38486-38494.

350 400 450
Em. wave length (nm )

No detergent DDM 0.05% (cmc=0.0087%)

( dodecyl-§-D-maltoside ) 0 M NaCl pH 7.5 0.5M NaClpH 7.5

500

Pex3p(34-373) + Pex19p Pex3p(34-373) + Pex19p

400 Pex3p(34-373) + Pex19p 400 Pex3p(34-373) + Pex19p § 400 g 400
2 e
e 3 Pex3p(34-373) 8 8
%300 8 300 g s00 %‘)’ 300
2 S 2
5 . s R
2200 Pex3p(34-373) g 200 2 200 Pex3p(34-373) 2 20 Pex3p(34-373)
@
100| 100 100 100]
o o 0 o
350 w0 750 3% 355 o 350 400 W50 350 %00 250
Em. wave length ( nm ) Em. wave length (nm ) Em. wave length (nm ) Em. wave length (nm )

ey

AR TIEPex3pDW104AZRIK(L, Pex19p L DEES
N IEB T EEBASMIC LA, £/, Pex3p&Pex19p
LDFEEITIE, Pex3pDOWI104DRAIHENBEE TS & H5RIE
anr.

AR THONLWI04AZRAK(IPex1Ip L DHEGHEE
Bz, Pex3pDETIVELTHIATES LEA OGNS,

wild W104F W104A W224A Sk, ChZERVZHEREMFRBRETI.
3 > 63 >
& & S 1. PMPHISIC 514 5Pex19p-Pex3pi Al Y
GST-Pex19p—| === e — ] = 2. RIAFY—ARBBEICRIT DPex19p-Pex3pita
DEbHY
His, -Pex3p—s| — == —
EZRFTHFETH D,
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RERFERRZ BIAGPR 12005/ LEEZ IR

(77 LAaIERSZAE) K R

MRIEEEA 7/ LAERENE M8 K ==
MRiEEGEHE EHREREEZHIE s b X

W HRRAE

GEHE LRI 724Kk (G-protein-coupled receptor;
GPCR) 3N IEH(SER BV TEELMARETTH
D, PR E ORR DGR, BRI LR RN ST
TH b, GPCRHIZIZY) FY FORD, Wb 5L F —
TrUREERAEEEN, A =T 7 VRBIERO )
Y NERER B L U BEAT 3O CHEETH 5, L5t
ETIE, T4 =7 7 Y ZEEDO—DTH - 72GPR120
DY Iy PN EGERIIETH 5 2 L 2] 5 H 12
L7z GPRI2VIIGEFFRMICHEILTBY ., ¥~V AH
kDR WHISTC-1IZ b F8H L T b, STC-1513
EEEERRIER e LR T F RRVE Y 2T 5 2
EAHRE SN TEB Y . BEHERRIAIERIBIC X % glucagons
like peptide-1 (GLP-1) ®43ih7s, GPR120% 4~ L T\
LI EPHENE o7z, HEEHELIZL D ED0HEIC
BWTSTC- 1 TOBRENRIIRRF L 27— X
P 25Gq-PLC-ERK#EH 2 At L T\ AH 2 L 27 L
720 L LGDIH, VA Y FEGPRI20 & OEFENYZAH
HAEHIZVEEE R T W WT &, 72, ZHREPTEE
L LT HGLP- 1053 E 5 F TORE D I ST
W\, GPRI20ZHERY & L 7-AIBEMFZEICIE, S0 7
¥R EZEIROMBNEM B £ OGLP-15 F TOIEHIZ
EARDEWNEECTH 5,

(B )

IR IEE % B ARGPRIZ20%15 12 & % GLP-145- At o 4
HKEMWPT L7290, VAV FeZHEROERN M
TER 2R 5 L EIEIC, S22 5 GLP-1D 5>
WETORBEHS DT A, THITXY . AIBEEN
5 F& L TOGPRI20D A HF 1 e HEpe 2 B e b D &
THEEHIT, BIEEICHK U OB R EREHE L 2
L& HIET,

(5 ]
YA K L RO T & YT 5 7

O, VAV N EZEROREEMX OB 2179 o Fall
BZHREEDT IV BECHIT 74 ¥ A ¥ M B XUk
BEOTFNVro ) Ay FEHBELERT 5 W REED S
W7 IR EIRL, BREGALZITH)ZETYA U
FEIWEDT IV BEFET 5. KIZ. GLP-1055W
B2 A 2 720, GPRI20Di&EALIZ & ) GLP-10
S ERERITSTC-IfileE ET Ve L, ¥ 7 FInE
TSI BB Y — L & 2T B KO8, AL
. T AN e AT T AV CGLP-140 A2 B
5525 T OREEZT, HREEREEZHL 20T
bo EHII) A Y NEFEG O L7z A shg AR & B
HRIGPRI2VZZARE DY 7 FIAGERO % . [FE
L7205 TR DWW CREINIC G5 2 & C. GPR120D
WAL & GLP-10 550 F TORME % HiEIZ§ 5,

[HifF S h 2 R ]
ZEALEAGPRIZ0ODEATIC L O . S2K-) 77~ R
DOHEIEN B MHELE EBEEHE213 T THh L, SHIC
ZOFERD S, GPRI20IZATT 5 VU A v FiEE O AN
WEETIVOMERATEE L 22 1) . ) & KO~
O ENWIEE NS, 512, GLP-143, il
BREOMATIC LD, # & % DIEMImER L ET %55
FHEPHSDII LD THA 9, ThiZL D, GPRI20D
PSB85 AEAIREED S S ICHfEE 22 0 . FEYH
B b, BELERIESNL Z LRI ND, 5
POGWENBCLP-1E, 1 ¥ A Y OFLER 5
VH TR IR LS5 2 A5, GLP-140, i
RO LV OB S MERE, B, EE
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TEMERBUC BT 2 1 & OF - THIE AR 2 W TAIERFEZ B L T
ZENETHD,

Chemical Biology W75 Cld/hy L& %~

AHY
RIS & 72 5 2 LR B OBRER ET L 5 D/ HEEIE, AR O 272
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Native Peptides and Its Corresponding Isosteres
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3 G —_— R! o . . . . .

o 9 R = H Diastereoselective Synthesis of (2-Flu 1k D de L

By NN A A
oo R e H H ¢ o FF
P
Native Peptide Native peptide (2)-Fluoroalkene ~ (2)-Fluoroalkene Rl /@\P{o . ® o~ X
Abraham, R. J. et. al. Tetrahedron 1986, 42,2101 d NHBoc o

L advantag
Stabmty toward Proteases
Resemblance to Native Peptide
WS NS U .
N PN N Electrostatic Nature
H)\Of o t ﬁwg Restriction Effects

(E)-Alkene Isosteres

advantage
Stability toward Proteases
Resemblance to Native Peptie
disadvantage
Electrostatic Nature
Restriction Effects

igs

— (E)-Alkene Dipeptide Isosteres

Synthetic Strategy toward (£)-Alkene Dipeptide Isosteres

R? COR R?
d R 1) MeSOzH R A
R\N\COZR R?Culn \W/_/ 1) [M=SO; /g RY\/\COZR
NHR ST HYH 2) RCuln NHR
(C.L+iype EADI R (C.0)type EADI

Oishi, S.; Niida, A.; Fujii, N.; ctal. Org. Letr. 2002,4, 1055,
and references cited therein.

Synthesis of Nal-Gly type (£)-Alkene Dipeptide Isosteres

o
cogme b_om ‘Hr
G Lic CNzPlOHDEUz COzEt
Ve g Kiowe " TCopore”

1

one
Acz0, pyridine, DMAP
NaBH,, CeCly P coget 22 Pyidine DUAR Ao
e T oo quant NHBoo
A 5

67%

Smiy+-BUOH Ncogt 1) Hydrolysis OO NcoH
86% OO NHBoc 2) Fmoc protection NHFmoc

7

6
Nal-Gly type EADI

Weight Antagonist

—— (Z)-Fluoroalkene Dipeptide Isosteres —

NHBoc
A

B
X = Chiral Auxiliary

3 Trapping the Dienolate F R
R, k. X | \with Etectrophiles =
—————p

Organocopper-Mediated|
Reduction
eductio N DN o
NHBoc  OM
dienolate intermediate

=Lior Cu

One-Pot Reaction

NHBoc O
L-Xaal-L-Xaa2 type FADIs
derivatives

Substrate Synthesis of One-Pot Reduction/Direct
Alkylatioin via Transmetalation

)\cno H, (0.4 MPa)
Fo F Fo F
8 MS 34, 0°C )\?< 10mol% PA(OH), /K?<
+ 'CO,Et 'COEt
RhCI(PPhs)s, Et;Zn 2 (Boc);0 2
Ph oo S oe a6% NHBoc
HZN/\/OME 58% 1"

o FoF 08
_1)DIBALH, T8 o~ %s Xe= om
2)15, LCl, (-Pr)NEL 7 N
89% NHBoc O
12
o
0 e L Wy o
HN n-Bulli, -78°C N. ] EtO.
e s uant Eto’ﬁ/\ﬂ/
)
14

Reactions of (9-Sultam Derivative by One-Pot

Reduction/Direct Alkylation via Transmetalation

1) Me,Culi-Lil-2LiBr
HMPA

2)
FF 3) PhaSnCl R
s HRX N Xs
NHBoc O NHBoc O
16
Table 1
Entry RX Product Yield (%)° %de
1 Mel Ala 91 80
2 BnBr Phe 9 %
3 Lo Nal 97 99
4 BICH,COEL Asp 9 %
5 Allyl Br Xaa® 99 97
6 B COMe Yaa® o4 99

2 Isolated yield. ® C-3 unit. © C-4 unit.
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Harmful effects
+ ONOO" production

Protective effects
« Vasodilation

+ Inhibition of platelet
« Inhibition of leukocyte adhesion + Leukocyte adhesion

 Increased vascular
permeability

+ Immune defense

- Reduced oxygen radical

Mechanism of hepatic ischemia/reperfusion injury

perusion

Endothelial dysfunction

o«

Kupffer cells Neutrophils. hepatocyte

NO delivery ROS

Cell death

Biological activity and therapeutic use of nitric oxide

NO

S-nitrosothiols (SNO)

* No oxidative stress +Vasodilatiol
- No vascular tolerance ~Inhibition ol platelel
+ Fast NO release from “Immune
S-nitrosothiols in vivo *Reduced oxygen radical
« Poor distribution to the target site *DNA damage

 Lipoperoxidation

et

Controlled delivery of NO
+ Control of the release rate of NO
- Targeted delivery of NO to the target site

et

Protection of ischemia/reperfusion injury

Design of novel NO donors with S-nitrosothiols

Bovine serum albumin (BSA):  S-nitrosothiol (SNO): poly SNO-BSA
Macromolecular carrier ource of N

+ - —> -

Mannose (Man):

col (P

- Increase in p\asma half-ife of - Targeted delivery of NO to liver
the conjugat nonparenchymal cells (Kupffer
- Control ofrlease ate of NO cells, sinusoidal endothelial cells

> o

Y 0-BSA (PP Man-poly SNO-BSA (MPSB)

Methods

Number of NO adducts on NO donors. The number of NO adducts on NO donors was.
determined by Saville assay. In brief, a solution of NO donors was mixed with 0.5 %
‘ammonium sulfamate in 0.4 M HCI (total volume of 80 u) for 1 min to remove existing NO,
and HNO, from the solution. Eighty | 0.4 M HCI solution containing 3 % sulfanilamide and
0.25 % HgCl, was added, followed by the addition of 80 I 0.1 % N-(1-naphthyl)
ethylenediamine dinydrochloride in 0.4 M HCI. To determine the number of S-nitrosothiol

was read at 540 nm. The number of NO adducts on NO donors was calculated according to a
standard curve prepared with 2.5-100 uM NaNO, (Fig.1).

I vitro production rate of NO oxidant from NO donors. DAF-FM, fluorescence probe of NO
oxidant, was dissolved in 0.1 M phosphate buffer solution containing 1 % bovine serum. Then,
NO donors were added 1o the solution at 37 °C in the dark. The excitation wavelength was 485
nm and the emission was monitored at 535 nim (Fig.2).

Determination of NO2- derived from NO donors in mice. Each NO donor was injected into the
tail vein of mice at a dose of 1.5 umol NO fkg. At appropriate times after injection, blood was
collected from the vena cava under ether anesthesia, and the mice were then killed. Plasma
was obtained from the blood by centrifugation. Plasma collected in a tube was centrituged for 5
min at 4 °C. The ulirafirate was immediately frozen in liquid nitrogen and stored at -30°C unti
an assay for the nitrte (NO, Jlevels, which was measured by an automated NO detector-HPLC
system(Fig.3).

Methods

‘Tissue Distribution Experiment. *'1In labeled BSA and PEG-poly SATA-BSA were neced nto
the tai vein of mice at a dose of 1 mg/kg. At appropriate times after injection, blood was

Cotectod o 1 vens cova under Sihe aneshecis, and e mice wers thon kiled. Prsra
was obtained from the blood by centrfugation. The liver, kidney, spleen, heart and lung were
removed, rinsed with saline, and weighed. Urine was also collected. The radioactivity in each
sample was counted using a well-type Nal-scintillation counter (ARC-500, Aloka, Tokyo, Japan)
(Fig.4).

Hepatic ischemialreperfusion Experiment. An incision was made in the abdomen, and the

hepatic ischemia. Then, blood was allowed to reflow through the liver (reperfusion). The
elevation of plasma glutamic pyruvic transaminase (GPT) and glutamic oxaloacetic
transaminase (GOT) levels were assay er 6hr of reperfusion, as i s

hepatocyte injury. Saline, SNAP, NO-BSA, PEG-poly SNO-BSA, and Man-poly SNO-BSA
(2umol NO/kg) were given via the tail vein just before reperfusion was initated (Fig.5).

Evaluation of NeutrophilInfiration. Liver tissues were excised after 6hr of reperfus
‘make the sections, and neutrophils in the liver section were stained using the AS-D
chloroacetate esterase technique. Neutrophils were identified by positive staining and

‘morphology and were counted in 25 high-power fields (HPF) (400) using a microscope. Only.

nto

tissue, those in large hepaic vessels such as venules were not(

Fig-1 Physicochemical characteristics of NO donors

Total
SNOBSA e s PEG or Man/BSA Molecular

(molimol) oy (moVma)  Weight

0.2 08 - 67,000
NO 0.3 10.3 36.6 250,000

Man-poly SNO 58 58 233 71,000
-BSA (MPSB)

7 cHao-r VOCCHQCHzCONHONHCOCHQCHQSW;
CHzr(‘%rHNoNHCOCHzCHZSWI
NH

Man-poly SNO
-BSA (MPSB)

Fig.2  NO release from NO donors in 0.1 M phosphate buffer
solution containing 1 % serum at 37 °C

2
£ 160
£s
3 NO-BSA
°5
55 Man-poly SNO-BSA
g5 120 (MPSB)
52
g SNAP
B
0 20 40 60
Time (min)
Man-poly SNO PE! SN
snap 0P NoBsa
Tie(h) 136 163 136

Fig.3 D i of plasma col 1 of NO2™ derived
from NO donors after intravenous injection in mice

s 3

§ 25 NO-BSA

]

E 2 =

8 15

s " "

L

§ 0.5

[ .
0 20 40 60

Time (min)

Each NO donor was injected into the tail vein of mice at a dose of 1.5 umol NOJkg,
The nitrite (NO;') levels were measured by an automated NO detector-HPLC system

Fig.4 Tissue distribution of 1"'In labeled PEG-poly SATA-BSA
Man-poly SATA-BSA after |ntravenous injection in mice

o 5 10 15 2 25

Tine )
Man-poly SATA-BSA (carrier part of MPSB)

200
T )

Protocol for in vivo hepatic ischemia/reperfusion
experiment in mice

Ischemia mm
15 min

0hr

Occlusion of the portal vein
and the hepatic artery

Administration of saline (control), " o
Removal of the clamp

Sampling of blood from vena cava and liver

Assay of plasma GPT, GOT, nitrite/nitrate

Fig.5 Effect of NO donors on plasma GPT and GOT levels
in mice after hepatic ischemia/reperfusion

6hr after reperfusion
[

Satne —
p————aees—
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*
ipse)

300 ] 50 100 150 200
GoT Ac\lvny (IU/L) GPT Activity (IU/L)

*,p < 0.05 : significantly different from grol
+,p<0.05; 1 1,p < 0.01 : significantly different from SNAP treated group.

Fig.6  Number of neutrophils in liver sections of mice
after hepatic ischemia/reperfusion

500 6hr after reperfusion
w
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Untreated ~ Saline ~ NO-BSA Man-poly
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*, P <0.05  significantly different from saline treated group.
11, P<0.01 : significantly different from NO-BSA treated group.
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Taxol (Paclitaxel)
Docetaxel

Li

THRIL L7z 2.5 4 EOLDA & K & 272204 =0 =
ATNVE ) T — b 1 OTHFEEHIZA I ¥ 2 OTHFE
T L72%-30C T 2L, Y7 =43 %
S S, RWT, 4 OTHFER % -78C T F L,

[EE T30 484 L 72, iR TE%’J& L“C 4 #HWA L66
%, syn . anti=96 . 4 & EERGICHTE Dsyn-5% 155 &
k#f%toégs\DM%OﬁﬁTf&ﬂ%ﬁ5k
syn . anti=98.5 . 1.5F CM L& ¥ LHFTE/
(Scheme 1), ¥ (Zsyn-51%, Nicolaou® (2 & % Taxol®
EEBOBIIHWOND T 7§ LT NEEWT L&
Do T b FEMIZRIRE 2 N2 CHEBN 2 A UK
& AR L 72w,

(B #]
f3IELTC2MDbDEHWTY ity v 74
SRR DR R CHATT 5 L HIfF CE 5720, Bk
% TaxolgF8ARC-13 DM & BB T 5 Z L AT RE L &
AbMb, Tx 7 EiE % Taxol -8R ER 1T
I EEHET S,
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oA PMP NH O
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THF

S78 (C,0.5h OH
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. T.E’SCI| MeMaB N HN 0 known route X‘N 0
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Synthesis of Taxol Side Chain Analogue
Using Consecutive Mannich-Oxidation Reaction
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P LDA H @ AcO O OH
o THF o e I 9
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E = =F| 20
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NH O 6H HO § OAc
- "0 NG UK Ph—<O
g —_—
PMP<\Li oLi 76%, 91% de U Taxol
—_— = -
PR N o ]
[0] PMP~
—, HL’r
dianion o
66% Ph
syn:anti 98.5:1:5 PR
syn >99% de OH C-13 side chaln

essential side chain for Taxol

precursor

LDA-Assisted Asymmetric Mannich-type Reaction
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A T
0 THF
—25°C.4h
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oLi o PMP\Li oL PMPLH O
LDA + % J —— A - N
o THF Ph' o Ph o™

-30°C, 4

L dianion

Optimization of Oxidizer

H ANES) I
= OMe =
ou /@ [¢) +02 Ph/\_)LO“
LDA + %O“ + PN »M» OH
-78°C 66%
—30 C 2h 05h syn:anti = 98.5:1.5
(syn >99% de)
% % N+ HMPA
™
F‘ N-s0,ph 0 0. 2
% 49°/ 6% 63%
) sym: ann 24:76 syn:anti = 81:19 syn:anti = 96:4 syn:anti = 92:8
Ojima, 1991
TIPSO Ph

0
) T™S. Sinti o HN
Y\ ,\)L
oL (- oY >

Ph Pn“ “otiPs
oTIPS 85%, 96% ee

PR 0"
OH
single isomer

CAN

_’\r HN
aq. CH;Cl

0°C,1h pp

88%

Synthesis of Side Chaln Precursor

) TSSC“ PMPM vortas: TMPoy—®
imidazole = leMgBr :/r
— P Y oV —_—
DMF 5 THF > “oTBS
,2h OTBS —10°C, 1h
quant 99%
TBAF o Bz, ©
— » HN — N
TH
., . ! S L
“otes 0°C; 15 min prS “oH pr®  “OTES
o

precursor of Taxol
[0]?°y = +178.6 (MeOH, ¢ 1.00) C-13 side chain
lit. []% = +182.0 (MeOH, c 1.04)
C.E. Song, Tetrahedron Asymmetry, 1998. 9, 983.
S-C. Kim, Bull. Korean Chem Soc. 2000, 21, 1047.
I. Ojima, Tetrahedron Lett. 1993, 34, 4149.

Oxidation of Various Substrates

One-pot Oxidation

£
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30C 05h OH
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syn:anti=90:10 syn:anti=96:4 syn:anti=96:4  synm:anti=98:2
Stepwise Oxidation
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0.5h R = Ph : 56%, syn:anti = 94 : 6

63%, 69% de (R = Ph)
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NH O
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N

; >_<:>.....

R =TMS : 68%, symanti=97 : 3
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Scheme 1. Asymmetric Conjugate Addtion to Various Enoate
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