a%‘l!jc-y-jc-;ll ;?é__.—cﬁﬁnﬂ n EH-EPERICES<HARIEMEE SR -

= FR18FE MABIRFRUEBI=-VF7T17THES




» Contents

HW\ED
7095 L=
BRSHRTOY I FRRE

=0 f#m RXTF REEERE U R iisiiHEzl o
Boc-L-ValineE&8+ S )7 = RE /KRR
HAO XINYU.”Z 55w 1, (1) iR 7 U— b0 YONRAT

WL RS B B VR PetasisR i OMZE & 412
ME BTS04 RBYVINOBEISEEEDRAICHIIZ
HR f— REMATF REARBORE(RICET AHR R

£ &RE b bPHEYVINOBEDER{EZ B8 Ui

; Development of in silico ligand screening ap
Tekafumi Hara,~ coupled receptors (GPCRs) based on chemic

S a7 Z0F ZBERICHT 2EY7IVAOA RO:
sax 3 2O RZUHESERRMEBRIEERZAV
- B RS Y IICLZEO M= VRSO TH
FEE T EERREROT+A MM ZY I ZBRE LIRS

Hajime Yamauchi,” The role of zebrafish Fgf21 in primitive
Ll E83.Fef 1 SDBRFEZRLIC BT 1B DEEEA
alg B /AREAMIEXCST S ES FECEREARFOC
BAYER RREHECPG DNADMIERNS —7'T 4 VI (LR
R REBEN—FUYVUREEETSIANTY - )LOMHER
a8 BIE DFAA-—IVIEZERVEIRE LTS - D8
SH EFE DNAICKDREILEZEHBORFR

d—2%
B o=A\r70Y—
W/ LRE
WO7—XRIT/ZUR




BHHIKRERBBAN V7T 47
[Edh - (ERIERICED<HSRIEMAEERN
MEMETO0I o b Tl 8FE MRHECH>T

BHHIRFGEBREA =TT 77TATILELTFRITEEICHRKIREN T2 EB 2 WA -AREZEE. i
REDR/EE T 2RIFEHE C21HICCOETR Y T L [ 7/ LRFOFAYIEHRARE - AR ATEH] (CE->TE
BHEDONAF AL TAIT 1 VABEEERMEL. HRUEDEDP EAMODBERANERES D22 L& BIEICHE
f TREBAFAEREZMERNC SV TEE., BTSN TE L,

THRAIBEEICIE. HEVXATLOREDCEL S F. EEMNAEI TV ELT2OOFEEBEED (2K
T10RE D e-learning M 2FRFE L 7=, BRI NWA-KFRT / LEEH) X1 7 L EFEICRES WM KE
BRNAAA L TART 1« VT RABRICHTEA>2—%y MFEB X7 L (WebCT) NigESsh, N1F1 >
TARIT 4 7 RIKHT 2HEMAVEREHET S AT LEHET 2ERN TE £,

HBIVEDDEELATOT T LORETH 3 AZREDMEMR I — X Tld. SEE 274D BAINMER
EDICEDFL S, BEZERICSLIEEDRER. BMEMEICE > THREOERIAWCEIF TE 3174 &%
WU, ZORRIG [/ LAIEI—X] 54, [FIpnas40Y—0—2] 9tk (77—~ /37
20— 3 THo 120, RHEOEL ZBRBIEEHE . MARHEMI G55 CFME. & EBRNEHADPE
BCEAEZEREELL,

MERALZ T TIERLS, DEEER S 2—2 0y THRBTE 2, BHLEIC 1 REEADEIZSBDK
FRREH . DERNTHREDDALICED -2 EBAMEN TRERNLEHRETSH - 7=,

AERRESZZ. AFEREDOMEME I - AMRBESORRARTERELLBDT. F—LNR=JI2L3
PRAEHET. MERRZLCARLASICET TSI EZ2EMNET S, AZICHESI N EMEARIE. BIL
MEMEOHEEEEE L, SKERES . MET—<OILE. FREAEORE. EREEOBEMEIC. A
- &L TOMENGIIBICEDICIEEDS & T, ERNICEY HALAREBOEE LR E L > TV D,
BRZMNDEL S TIREIERESBVT L EHIC. KEREIRY ALK AZE-TLL MBI L EME
T3,

RBAFRFREARERE

B iF




TS5 LOBE =5 c7m5)

KFARFRELAERCE T 22BN HERERBE A= T7717 [HEd - (ERERCEAD (RMERAIEMREEER] 70
Sl (BERBIEICIIH U 2RISR E DER EHET 5720, W OPDH-LWHBEREERE L. Th5DRRICD
2 EHAAT B,

WebCT e-learning ¥ X5 LDEESERH 1—,__,M,,_h__,___,,____,a.-q
FRICHEVTHEE (8R) . AUF1TLICEVTE

ARER, WP ER AL Fe T LI

AR 5N TWVB D, E=EHICEVTHRET-T Frbw=s] [FocAnkbr] Mav-pen| (2urkea) Soame]  (3=awis] [D-Aees)
. RROBEIC & - THESRELEE. HETE m ————
SAMEICEHET B, %7, BEUEARZDBICH W g i
KHLCDHS 1 TTIHDbIBLDTHEN, Zh s yairaas ...:...:_"_‘“__ -
THROTICT —H14TELTREFELTELCZ &I il TS R nee L,
SHAEREROBSICETERET ST L AR enrgasiziarns i
X 5 (SHEREDIC AT R AKZRRE 1 & (3 52 B4 RVARE Db BETATRRTER SaxvATS
RAL g DRIKCTH. BET —H 1 7 Lelearning> A7 L I e A oz
mlIE B3 % EARIBERR TH A D, 2u-d: A aacy- AR Tl
175 LTlE. 74U AIZEH U TRIZES N /ze-learning iz D
L\ CHBWebCTY AT LERHWT, BEDSFLES i e T e 4
£R54 RESHBESARICE YL O— FLTEH 'f""*’*""'"" :
BRI IRR U 2 SRREICH T B LR — MEHA TE & B 1

(BH1~3), ALRT LOBEBHIRDBEY) TH B,
SR —RICBE T NN S K, 254 KEAOE  [ERGEEEEEET am——

SMEOMGEFESERER LA VED, BHEED [y

Zatik L7z ChICE-T. Y—NDETHERL 7, EFTTR T I‘:::L':\
KA hXZ 1 REPDFIRICT BICH V) . B R .- Suasaetvantsian an
SOBAE P TARET . ERRE TOERIDH % - -
Al % » H‘\ %Eﬁ@%f‘ﬁ*&&{%%ﬁ l/ ng T-I:ﬂv a1 T:l:r-:::n-- LT PEEESTTTT N RFETY P T TSy
LI EFEEE LD 5B S5PDFR—J %> THEED g i
ZIBETDEIIC Lo SNIIBRBER LY ST — A —
DEBRECEN L THY . BEORBIKET 52 S e
SEB L TRMI KD ONB EELDN B, —
IEWebCTIC B TR 51 K E & %188 L 7-FE artaareres) e
DY) TH 3, amvma
fizeRl (BLFiE) 2
LIEREEAT SR
v N7 — U BB IR Frre e ——
\"fZI"f >77]'77_'f 725H:3£J et ﬂ "*'-‘ Wwﬂimvnammlwuun’ﬁﬂ
—HNTAT 1> TEE NG EAECa Fr 2 LESRIMRRILS r
7 ,r‘/72'.77_-,r 7}%@ q.' g Prt LB TEAR 5 00a THE
| CElzm m
28 (I137) | e
e = - 5
e Y
o Ibl_:"ﬁu..,l mg.:.,; m‘;.u o
BN RiE NI E Fl. =aF RERHE
SMAMLTHRT 17 R i T | Dameuas | Sedecm
A A>T AT TR sanwiamm | eonevom | MTTHEC g
FEFTE AffaERLE Rl *E ARl aRfERI
TOANNAY RATEC BEENI FELET E R
amms - —— <
e - ln;_'l'__l’l




TR 8FE BNHDIAFREET A=

2. WBEMRREA VTS DESE
FRICBIZIOBRKRTIEEFIATIM4 FEAWDS Z ENIE
ERICARY)  RETRARIZ—FRIZEVWTHBOH 5 L IFA0
HEEODRBEBEBEEAVWTHEENICENAZTILAT—KRZ
B—EBRTDIEDN RN E > TE S, £ BEETFT—
AR —ZDEFPHREOEFLICHF > T, RNEEDOEFL
PBEEL>TE,
RTATZLTRINSDEKRICICA D 2. ROBEH
BIRIBA > T7SDBMHEET o/, ThBIEIREED S5KFR
EBLUHEMICE > THHEBEICEDh TV,

(1) ZEHB/—b/xvar (A4)
AKTOTSLIZTIBAED/ — Xy #EAL, ERE
AGPICTEA LAE30END/NY O LT, IEZEDLRE
OPACIRK (58&) LU—BELEL/YVIY (308)
ELTEMBLE, BLHELIE IS 5BET. BEHH
DVIEREESIZBAICHEH T > 2 —ICTITo TV
%, 7=, MEOPACHEA Tld. ChemDraw Ultra T{t##&
EREEHT I, SHOBBET —4N—IX G EEXE
ERTF—EN—XPERIKRETE S,

(2) DSPEBER YOY 17 &
3EDKR—2JIDSPEBER IO 1 72E3ADL —
Y—FRA 2 e8BEHICTELELTWS, IEZEDEL
HUNYILEHAEDETHE LI F—OHAES. B4
=, PEERBELETEREIA TV,

(3) KEARZEZ—-T1) > (F5)

BO¥|Z7IW A S —HIRINTEEZRIXEZ—T1) L 2 5HEF
ICKB L7, BRODFSERICEVTAEREENEAL
TWd, R2E2—D—WEIERBEEDRMERR I — AHE
(CHBE L 7o

(4) gEBT v b (K6)
BECHROBFLREFERARSLU 71— KT —
TDERZEZENE L THEZTERBE NP SO T 1 L HEHTA
BEZICLA—L4BSLVTILIAATHEE ZHREIRE
oy PEHBHEICTELHLTWS,

(5) MEIRLANEX MK
BA4 DR (IEE. YILF AT« 7HRE. mitiR1
&, FEALAR 2 BE) (CEIRLANZ 7 —2 3> 2B L,
U/ —bXvaALEHEBEDE THRITER G ETA
Pa—3y bPERAB LD ICBEREEEML -

[T Eee T o P DT
¥

Il e e

movas

e L T S LT
g 7 EAFCRETicEEROn e

(6) BERBT 1 TH—/ PR
HERR £ FHRCHRIT 5T 2 D% — /N EBEL L, ¢ R Sure,

PN PR PR L PR T TR . A

-WebCTHE7—H1 7T &FE - BERE. LA— S g
fit. BAEEE =6

CHBERX AL N ET—HATTB1 ST A

L —IN,

- SHOBEA Iy bY—/N RIS AETAY
1 > AlHE,




3. AR LURARBERDXNE

ATOT S LTR, KFEDY / LAEICH T 5 BREH
T B8, 21#ICCOES / LRZF EDRMEICLY . [F/ L
BIE74—5L) #FMBLIE, 720 ATOTTLTERL
f:%ﬂéﬁﬂ%‘i:—z@&%ﬁﬁ%%mﬁ%ﬂCOE’f/Aﬂi&@
BTEERICT % (@7 ~10), RERERCHVTE, &
FRECH L CEHEEES L.

RERRS VIRI 9L

BHN:Z00THE1H288 (A)~308 (K]
il MEATETE ZWEM (SEES—L - WAsR=L)

enomics

(7 p]
O
gﬁ
c £
QO

A=
5o
.

FELE T FRETERR

1028~
101

11:00-12:00

168:10-16:60

16:50-17:00

17:20- 19:00
1

I‘ #!

4 —F— 4

‘E¢’ﬂﬂ NE EE

F Sl B
av-ENE BE

IF¥FTaA



TR 8FE BNHDIAFREET A=

10

ZhesN7O7 5 LIERDEY TH B,

M T/ LEEI—F L F—77./0I—2006
2006F 9 A19H (K) W#EMUH—F/N—7
FET/LBIET T L
g 21HE COETH Y T L
[/ LBZOMAYERER - MZHLATI
BHHZ2RFEBEAN =T T147
[4£4 - ERIBERICED  BARIEMREER ]
10 : 00 Opening Remark
HO BA (F/LBEI+—5L KF)
10:15 RE i GRAPAEREIIFRHESAMERE 49
[N F A XA =27 T0— T ORI EERANDISH
(ZR 352 ]
11 100 Dr. Anton Simeonov (Chief, NIH Chemical Genomics Center)
[NIH Chemical Genomics Center : Opening a New
Door to Discovery |
12:00 Z>F 3 >+t3F— (Dr Victor Sementchenko * Affymetrix)
[Tiling Arrays : Applications and Data Analysis |
12140 SFHHEMEN
WERSERT AMEHAIEEE J4 741 T XMEM
BEiR %
13:10 BR7—XR%E¥
14130 42 B REXBCEREFTIAVAFOY-FEE H7)
[BRINDTFALEMIC LB X I hnN140T—]

15:10 Kl R (RBARAZREFRERCHEHMAES
B FRIRARIN & > 2 — R TR T IV — TBIEUR - 7
s B
[ INTBOMEIRME ZDEE]

16110 IRE 18R (KBEARFAN—XTF1 Tt 48— REHR)
[/ L RX NG J LBEOBIZERFZ |

16 : 50 Closing Remark
AR T (RBRFAZREEMER  H0F)

(2) ARERRY >R L
(BHHEZXFEHEA =77« TREMEI - IRRBESR
HEF : 20075 1 A29H (R)~30A ()
=15 RRAFEFH SWSEFRHRA IV - ILKRE—IL)
January 29
9 1 00~12: 00 Postersession (Student)
13 : 00~13 : 10 Opening remark
13 :10~14 : 00 Hiroaki Mitsuya, M.D.,Ph.D.
(Kumamoto University)
[Development of therapeutics for AIDS: Structure-based
molecular targeting |
14 1 00~14 : 40 Kazuya Kikuchi, Ph.D.
(Osaka University)
[ Design, synthesis and biological application of chemical
probes which convert biological signals to chemical output |
15:00~15:40 Ho Jeong Kwon, Ph.D.
(Yonsei University)
[ Chemical genomics toward angiogenesis |
16 : 00~16 : 40 Sunghoon Kim, Ph.D.
(Seoul National University)
[ Chemical modulation of essential enzymes in their intra- and
intermolecular space |
16 1 40~17 : 20 Kimito Funatsu, Ph.D.
(University of Tokyo)
[ Chemoinformatics for prediction and design |
January 30
9 1 00~11:30 Oral presentation (P.D.)
12 1 30~17 : 00 Oral presentation (Student)
17 1 00~17 : 10 Closing remark

4. REREDHAREA >V 5—>2 2w TDEN
ARTOTFTLICHENTIE, KFERFEEMNRIC L THER
DHERER (128—-2297) ZBEL L, MERBEIC
£B3T7LTVE. RANDEES JTEER X —H — KM
RADHBN BT, BET6 BOKREREN KEDRIE - £4&
BEMROBBEARER L 20 ZhZhICT I ANIRECHIE
HERRLY ., KFERENEHSEHERL -BFFEIEIRETH
PomRR17BICETHAEZN. ZhZFhICEVEHIRE S -
TERTEELHBRY TE. MRICHTIEFN—2 3205
BICDOhEP-7ERbh 3,
3BDFENZLU BB EBETIH. COHEHEYT
122 =22y TITHBAVWELEVWEDERH S S PKFHRE
FRICBEZER L LTV, £425%, HEERICSVTHE
BAa—2 y THLRE> TV ZEERHFLLL,

(40E(CHE< )



—VUOMNAZSSIHIINY

> & - (ERERICED < BISREAREER

NTF R2BBLEUT

F AR I Bl DR FEM FT

(ERERNEYSH) EH B

MR e84 RRERIESHE s BH EF
FRis8iHEhE 7/ LAEHS T I KX H=

N HEAS

(ML S - BRY)

GPRSAIZ Y 7/ L fEAT 2 5 58 L S 7 7Inl i s Y
DGPCRTH V). ZOWNFEW) 77> FIdiEF e F Ofsik
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Hb, TOXRTF R, & MNEEBIHIEIE TKiSS-1
DEIETEW TH D Z & D Skisspeptin & 54 S N7z,
PLRT. kisspeptintd fi#47EGPROAGSH B e iEAliwix U
B, kA B ESIOEBIE L ARNICHEST 5 2 L AF
IREMNTze S 61T, EE, BMAGPRAIZT T= A k28
EHT5ZLI2X) TF FhREVEOWAVEYD
B A S b 2 & GPROADHERE K IE AR B
THEOFERIZZ 2 2 ErE shiz, fEo T,
kisspeptin/GPR54-% 3B i B M) e USRS BE M L o>
MEICBWTIEFITB N ZAIEENTH L, 4
&, GPRAAZ BN &3 2 FEUL LA OB % & HIE
ELTRGT 7 I=A NORIBEIFEIZET L7,

Vai. 05 —ERs & L CTkisspeptin® #1015 d &
GPRO4KE &8N, % A 3 S kisspeptin-10% ZfE 5% &
9 Zkisspeptin D3 TALAIZE & 47 5 720 SCRkIEER & 2%
12 CARumNICRW-amide5tg & Bl L, AX—H—%

AL ONEm B R AL H T 2R T T R

ke Ly M4 GF RO AR, IR 2 AT o 724G
B kisspeptin (4 1#5857.5) & [AZDGPRM T IT=
A Mtz LA 6 RIgIiRgrb ez~ s~
7' F FFERFM052a ([/992.2) B X U'FMO053a (A
852.0) % Rt L7z, FMO052a & FMO053ad i _E Al
Iy RTF FRFIONKIG AT 5 T ¥ IVEED
DO AEPIEEIENDTROONE Z b, NEK
W7 VXTI MERICEEEZGAT0LLEE
Abib, Fald, EiGTEHHGPRM T 7= b DR

iy
Kisspeptin

M.W. 5857.5

NH,

Basic RW-amide
Group Motif

FEeHME LT, IhE 258t al & § 2 s
HE (SAR) WAtV EHICHR L -—HEDLE
Poizxh L CE s iR (QSAR) #F7E% A
5 Z & TRETI R 2479 2 L2 L7

(5 &

TRTONRY F T F FFEARIIRInk-amideld g %
MW7k OFmocEMHEREIC L VHFHEL, €20
GPR547 T= 2 MEMITZ AR AT HES 2 Mg
AT T BAF VRED LA R EGEE L L CHlE T
A Flipr assayi: i & W 3§ %, &LEW oML
., 7oA 7L — MO EEZRE L. kisspeptin-
10 DHIEMEEQ (=EC50(compound)/EC50
(kisspeptin-10)) & L THEHT %, QSARMFAT (X E 1%
DAL/ 8T A — % — & FIH L 72Classical QSAREAT 12
Iz . 3D-CoMFA#: % W 72 = RIGH 2 IRAT D479 o

[(HiF 2 h B2 R R]

FTRTHOXRY F RTF FFERITRInk-amidets i =
MW7k OFmocEMAHGREIC L VHFHEL, €0
GPR5AT7 T = A MEHEIFZ AR HIATHES 2 M
BN T LA F PREO PR AT L L THllET
A Flipr assayi: i & W 3§ %, &1LAW oML
., 7oA 7L — MO EEERE L, kisspeptin-
10 D EEMEQ (=EC50 (compound)/EC50
(kisspeptin-10)) & L THEHT %, QSARMFAT (X E 1%
DAL 85 A — % — & FIH L 7zClassical QSAREAT 12
iz . 3D-CoMFA#: % W 72 = RICHI R IRAT D479 o

o
=0
\ 7/

FM052a M.W. 992.2

D

Kisspeptin-10 M.W. 1302.5

HN 0
) NH,

FM053a M.W. 852.0
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1 (Cheri?c%ls erology)
Structure-Activity Relationship Study on GPR54 Agonist
as Novel Anti-Metastatic Agent

Kenji Tomita (Bioorganic Medicinal Chemistry)

Nobutaka Fujii (B|oo anic Medicinal Chemistry)
Gozoh Tsujimoto (Genomic Drug Discovery)

SAR and QSAR study on 4-substituents of the N-
Structure-activity relationship study on kisspeptins was terminal acyl group in pentapeptide GPR54 agonists
36

conducted, affording a novel pentapeptide GPR54 agonist

which showed more potent agonistic activity than kisspeptin-10. Structures, bioactivities, and chemical parameters for classical QSAR
H analysis of 4-substituted b yl group: der
Kisspeptin R
M.W. 5857.5
Phe-Gly-Leu-Arg-Trp-NH,
H-Tyre Asn“i-Trp‘"-Asn“3-St—:r"g-PheSf‘-Gly5‘-LeufiZ-Argf‘C*-Phes‘-N“I:I'2 Fe)
Kisspeptin-10 M.W. 1302.5 (EC;, = 0.56-1.1 nM) 5 S
. served Calculated
Peptide R ECs (NM)a @eb Fo  Eg g HogQ
F. Kisspeptin-10 0.56-1.1 1.0
_ _ _ _ _ N,N-bis(2-picolyl)
Q(Phe Gly—Leu—Arg-Trp-NH, 22 aminomethyl 33 3.1
o 23 guanidinomethyl 1.4 16
36 M.W. 798.9 (ECq, = 0.69 nM) 29 HNCH,- 31 34 004 —121° —-0531 —0636
30 H,N- 1.6 29 008 -0.61 -0462 -0.368
31 HOCH,- 3.0 47 0.03 —-121 -0.672 —0.647
: 32 MeO- 1.2 1.6 029 -055 -0.204 -0.109
IntrOducuon 33 H- 0.99 16 0 0 -0.204 -0.232
GPR54 is a member of Gg-protein coupled receptor family. Its endogenous 34 O,N- 1.0 15 065 —177' -0.176 -0.155
ligand is a RF-amide peptide called kisspeptin-54 which is a fragment of the 35 cl- 1.3 1.3 042 -097 -0114 -0.118
protein encoded by KiSS-/ gene. This ligand/receptor pair was initially found to 36 E 069 063 045 —046 0201 0.105
attenuate the invasion and migration 'of cancer _cells: Recent investigations TValucs wore calculated based on Flipr assay. * O values arc caleulated as O =
revealed that they were involved in a variety of physiological processes, including ECsg(compound)/ECs(kisspeptin-10)  Electronic parameter. “ Steric parameter. ® Es value of
the release of sexual hormones such as gonadotropins. On the other hand, loss of HOCH,- was used for QSAR analysis. ' The average Es value of O,N- (- 1.01 and - 2.52).
GPR54 function leads hypogonadotropic hypogonadism in mice and humans,
suggesting that GPR54/metastin system is also involved in the onset of puberty. Classical QSAR analysis.
._/zllthf_%gh thelrfphy51o};)_glcaGll)r§l§Z have b_e::r; de:scrlbe_:dt, t}tlereéir:: fevl\-/{ reports on —logQ = 1.13(x0.39)F + 0. 37(i0 17)Es — 0.23(+0.16)
identifying of specific agonists/antagonists to date. Herein, we n=8.s=0.089, =092, ¢ = 0.8 (eq. 1)

demonstrate the development of novel GPR54 agonists by structure-activity
relationship (SAR) study on kisspeptins.

Several invertebrate neuropeptides also possess agonistic activity for GPR54.
Some of the peptide sequences and their ECsg values determined by Clements et al
and Muir et al. are shown in below table. The sequences of these peptides are
similar to that of the kisspeptin C-terminal region.

n: numbcr of compounds s: standard deviation r: correlation coefficient
g: leave-one-out cross-validated correlation coefficient
The values on parentheses are 95% confidence intervals.

3D-CoMFA. analysis

EC,, values of | invertebrate peptides for human GPR54.
Peptide Sequence ECs, (uM)2 ECs, (WM)°

Antho-RW amide I PEGLRW-NH, 1.5+0.2 1.862
NF1 H-NRNFLRF-NH, 80:073)( 4
Trp’-NF1 H-NRNFLRW-NH, X 75| 2. 1 + 0 3
Gly?, Trp?-NF1 H-NRNGLRW-NH,
Kisspeptin-54 « + + DLPNYNWNSFGLRF-NH, 0.00120
Kisspeptin-10 H-YNWNSFGLRF-NH, 0.00050

Abbreviations: pE = pyroglutamic acid.
aClements, M. K. et al. Biochem. Biophys. Res. Commun.2001, 284, 1189.
b Muir, A. L. et al. J. Biol. Chem.2001,276, 2896

Downsizing study of klsspeptm -10

Ala and D-amino acid peptin-10 by lacZ reporter gene assay.
Ala-scanning p-Amino acid scanning
soo0o a0000
2
@
. | o
Rl I I
8 o | o000 ] -logQ = [CoMFA field term] — 0.463 (eq-2)
| I | 1 IIII n=25, s=0.060, r = 0.95, m =6, (q2 = 0.45, S, = 0.21)
£ w0 I I I I I I i 0000 I I I I (Sterlc: 52. 0%, Electrostatlc 48.0%)
S
* olm I u | L] olmm I I BB B.m Contour diagrams of CoMFA steric and electrostatic fields drawn with N-terminal 4-fluorobenzoyl-
@1 2 3 4 5 6 7 8 9 =) () 11 12 13 13, 18, 1 1& Phe. Red: Electronegative groups are favored; Blue: Electropositive groups are favored; Green: Bulky
control e wal” e sfg FZ“ Gj:‘ LZZ RE“ Fz control e le W" ! SPEe Gs‘ L¢ groups are favored; Yellow: Bulky groups are disfavored.
Alis s gl e o glo gr pb2 plo ga VNS “Dé%k“nﬁzoﬁﬂné“
Bioactivities of shortened kisspeptin derivatives by lacZ reporter gene assay. Conclusion
(l)Throuﬁh the downsizing study on kisspeptin-10, a series of N-terminally
acylated pentapeptide analogués were identified as small-molecule GPR54
100000 agonists.
- G (2)It was demonstrated by the classical QSAR analysis on a series of 4-
Peptide Sequence § substituted benzoyl pentapeptide analogues that the inductively negative and
21 BisPy desN-Lys Phe Gly Leu Arg Trp NH, E sterically small substituents could be preferred at the 4-position of N-terminal
22 BisPy Amb Phe Gly Leu Arg Trp NH, § benzoyl group.
23 Gmb  Phe Gly Leu Arg Trp NH, § (3) 4-Fluorobenzoyl analogue 36 was identified as a most potent GPR54 agonist
24 desN-Arg Phe Gly Leu Arg Trp NH, § reported so far.
25 Ac  Arg  Phe Gly Leu Arg Trp NH, & .. |
26 Ac Arg  D-Phe Pro Leu Arg Trp NH, Acknowledgements
27 Ac Arg Phe D-Ala Leu Arg Trp NH, Lac-Z reporter assay
28 Ac Arg Phe D-Pro Leu Arg Trp NH, Prof. Stephen C. Peiper, Dr. Zixuan Wang, Dr. Jean-Marc Navenot (Medical College of Georgia)
Abbreviations: BisPy = bis(2-picolyl); Ac = acetyl: desN-Lys = 6- Flipr assay
acid; Amb = 4 )benzoic acid; Gmb = 4- ; ;
(guanidinomethyl)benzoic acid: desN-Arg = 5-guanidinopentanoic acid 212223 24 25 26 27 28 4 Takeda Pharmaceutical Company Limited.
OSAR analysis
Dr. Miki Akamatsu (Kyoto University)
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Figure 1 Chiral Phosphine Ligand 1 and 2
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Amidomonophosphane Ligand-Rh(l) Complex- /e
Catalyzed Asymmetric Addition of Arylboroxines
to N-phosphinoyl Aldimines
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NHBoc
Rh(acac)(CzHs)z
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SyPPh2 © 6.0 mol % N-PPh2
H
™S n-PrOH, 60 C,35h ™S

~—3 oh 74%, 81% ee
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reflux, 15h . - i
Synthetic Medicinal Chemistry
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Catalytic Asymmetric Awlation of Imines
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N-Phosphinoylimines in place of N-Tosylimines
)\/k PPh, ¢
— 3.3 mol % O
Ts cCl. Y

©\/\ . © Rh(acac)(CZH,,)z |

3.0 mol % N

s LN C(H

™S

B n-PrOH, 60 °C, 3 h
99%, 94% ee

Smi,
—_— e
HMPATTHF (R Z

reflux, 6 h O/\NHZ

98% yield
66% ee

PPh,

Kuriyama, M. et al. J. Am. Chem. Soc. 2004, 126, 8128-8129.

Preparation of N-Phosphinoylimine
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Amidomonophosphane-Rhodium(l)-Catalyzed Asymmetric
Arylation of Imine
Ligand Ph

T 6.6 mol %
Rh(acac)(CoHa),
6.0 mol %

Q
PPh, >
/©/\ PrOH
60°C, 3-24h

75%, 44% ee 91%, 69% ee 23%, 18% ee

Catalytic Asymmetric Arylation of N-Phosphinoylimine

Screening of P-Substituents
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OH,
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5
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Steric Effect on Enantioselectivity . . .
Enantioenrichment by Recrystallization
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Q 6.0 mol % a9 1
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oh —»  %9%ee
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T Q Q Y
NP2 - PR N-PPhe 93%, 66% ee
H H H
Ph
95% cy Ph 91% cy Ph 7% cy
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Hydrolysis to Amine, Bifonazole Precursor Summary
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Botta, M. et al. J. Org. Chem. 2000, 65, 4736-4739.
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Scheme 3. Petasis Boronic Acid-Mannich Reaction
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Enantioselective Petasis Reaction of Quinolines Catalyzed Malti-

Functional Thiourea

Organic Chemistry D2 Yousuke Yamaoka

1,2,3,4-tetrahydro Quinoline Derivatives in Natural Alkaloids

Examples of Enantioselective Addition to Quinoline Derivatives

R
—\’( CICOMe
ligand B (1 S
7 toluene, 70 °C NT R N N N\)
\
RO - Me, Bu CoMe COMe
N '""/\/NTN X 30-90% yield
H 30-79% ee
NH
N N Alexakis, A. et al. Tetrahedron. 2004, 60, 8221-8231
° Wartinelline R = 2 \/Y\r'
o Martinellic acid R=H  NH
€I HN” “NHPh SN P(O)Ary
2furoyl chioride ©\/j
o catalyst A (9 mol%) o Op
cr “COH E:( /j * TMSCN G T toluene N PZan
" N () ~"o OO
40°C W P(O)Ar,
1-689,560 Ar=otol
91% yield, 85% ee A = o
R = -CH,: Galipinine Shibasaki, M. et al. J. Am. Chem. Soc. 2001, 123, 6801-6808.
Example of Petasis Reaction 4 Effect of Chloroformate as Activator 5
RISt R R? CICO,R
i
R B s " J\,R3 m . XB(OH): umlysunumu%)
I 3 7 CH,Cly, 1 day
2
Ri-g < up to>89% de ta e
OH
Petasis, N. A. et al. J. Am. Chem. Soc. 1997, 119, 445,
Petasis, N. A. et al. J. Am. Chem. Soc. 1998, 120, 11798,
R\ R R N X-BOH), H
T - C : T Ao
N entry R T(C) Product yield (%) oo (%) cotalystA
R0 1 Bt 78 3a 45 31
2 P T8 3b 29 9
3 Bn 8 3¢ 0 19
4 ph T8 3d 68 64
5 Ph 65 3d 70 92
6 Ph 60 3d 87 80 1 NoDeteston
N
COzPh
Investigation of Additives 7 Scope and Limitation of Various Boronic acids 8
CICO,Ph Mo ICO,Ph
eq
Me. N XB(OH)2 warysm(mmul%) X B(OH), catalysiA('\(ﬂrr\n:%)
o+ additive (1eq) + R
N 7 o Gty ©5°C CH;CI;—NaHCO;aQ
te o) 1 day 2b-e (2¢q) g8
entry  additive (1eq) yield (%) ee (%)
1 none 70 86 x~-BOH: N-BOM:
2 Lici 57 79
3 OAc P 79 MeO'
4 LiBF, 65 75 65% yield 70% yield
5 AgOTE none - 94% o 97% o0
6 AcOH 44 55
7 CF3CH,0H 7 46
8 EtsN 73 32 - B(OH): NBOH: ~BOH:
9 NaHCO, 75 84
10 H,0 (0.4mi) 32 95 Wy FsC cf
o sined 23% yield 23% yield
1% 00 98% co
Totalsynthesis of natual akaloids and 10 ) "

ination of Absolute Configuration

PdIC
MeOH

50% yield, 82% ee.

H>C>

{(R)-Galipinine) 65% yield, 83% ee

Lit.(91%ee) [u]o™T =+26.4 (c = 1.00, CHCly)
oursample  [a]p? = +24.8 (c = 0.82, CHCI;)
Rueping, M. et . Angew. Chem. nt. E4. 2006, 45, 3683
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B(OH), (Nourea catalys(
.01, NaHCOsm

p

up to 98% ee

thiourea catalyst

Thiourea

E(O)IEOEI
= e N0

86% yield
93% ee

ic Reactions Catalyzed by

Am. Chem. Soc. 2003, 125, 12672
Am. Chem. Soc. 2005, 127, 119.

X=B,Si
Optimization of Thiourea Catalyst
> urea catalyst (10 mol%)
©:j B0, e NP
N CHCly, -65°C Coph
ta 2a(2eq) & I
CFy GFs CFy
i J@ Q Q4
FiC N)LN.- FsC N N F\C N
H OH N, H H N
B c )
59% yield, 4% ee 70% yield, 92% ee
CFs CF3
i Jo W
FiC NJLN"Q FoC NJLN“'Q
H H N N HOH_N
® o S’
HO. o
47% yield, 27% ee 33% yield, 0% ee 86% yield, 30% ee
Scope and Limitation of Various Quinoline Derivatives 9

!
CICOPh 2eq) R
RY L X-BOH): catalyst A (10 mol%)
+
N CH;ClyNaHCOsaq
£ 2a (2eq) -65°C, 1day
N N N
70% yield 6% yield 61% yiold
7% oo

3
N

50% yield
96% ee.

R
S

53% yiold
96% oo
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Binding Mechanisms between Amyloid B -protein with
Lipid Bilayers

Analytical chemistry, D1 Keisuke lkeda

the binding of A8 with charged m
of AB. At low pH (< ),

Alzheimer's disease (AD)
» Progressive neurodegenerative disease

» Neurofibrillary tangles and senile
plaques
Senile plaques

Amyloid B -proteins (AfB)
» 40-42 residue proteins
» Main components of senile plaques

» The aggregation of A8 is a key step of the

pathology of AD. L

Amyloid fibril

AB
DAEFRHDSGY'? EVHHQKLVFF2® AEDVGSNKGA® IIGLMVGGVV# IA

Interactions between amyloidgenic proteins and lipid

membranes
Protein or peptide
Disease Membrane system
. Synuc PAIPC, PG/PC, PSIPC, PGIPE vesicles
Parkinson's disease @-Synuclein Planar PCIPS b\ e s
PC, PA, PS, Pl v
Alzheimer's disease AB peptide
Type Il diabetes Islet amyloid polypeptide
Alzheimer's disease Tau PS vesicles
Spongiform encephalopathies  Prion protein PG, PC, PC/Chol/SM vesicles
Familial polyneuropathy, Transthyretin PCIPS, PCIPG vesicles

systemicamyloidosis

Kinnunen P.K.J. (2006) Chemistry and Physics of Lipids
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Acceleration of the A8 aggregation by
the GM1 ganglioside cluster

AB
(soluble)

binding Amyloid fibril
B NAAZ

> (seed)

GM1-bound A8 was found in AD patients.
(Yanagisawa, K. et al. (1995) Nat. Med.)

No GM1 cluster GM1 cluster
Chol poor Chol rich

‘ Ecm echolos(aml (Chol) a Sphingomyelin (SM)

This study

Driving force of the binding of A+ 8 with lipid bilayers

Model membranes (liposomes) and Dye-labeled A 8

Diethylaminocoumarine-labeled A 8 (DAC-AB)

- 200
Increase in fluorescence intensity ?'5‘7 /\ pembrane
£ \
R=(F=F.)/ g1
: DAC fluorescence without liposomes 2 5 \
F: DAC fluorescence with liposomes = Free \\

R o< Fraction of bound A 8 440

Rinax = (Froax = Fo) / Fo = 12~14 5

480 520 560 600
wave engh (nm)

The effect of pH (1)

GM1 ganglioside DAC-AS(1-40)

NeuAc
i i

Gal-GalNAc-Gal-Glo-Ceramide 8

negatively charged (1) 6] gm‘/‘?wchol
Phosphatidylglycerol (PG

phatidylglycerol (PG) o4l Pe

negatively charged (1)
1,2-dioleoyl-3-trimethylammonium 24
pro DOTAP)

positively charged (+1) o= i e

[DAC-AB]0.5 uM 3456 7 8 9101
pH

The effect of pH (2)
Gouy-Chapman theory

[NaCi] = 150 mM

O\ N Fepnang const.
S - rom:

[ ®,=148 mv
(Hirsch-Lemer D (2005) BBA)
pH(surface) = pH(bulk) + 2.40

y=—71mV
44(sur1ace) = pH(bulk) - 1.15

Lipid / Protein = 50 potential (®(x) o N
150 mM NaCl
. [Bottzmann equation: C,(surface) = C,(bulk) exp(-ze @ /kT) |
6 7
The effect of pH (3)
The effect of ionic strength
PG DOTAP GM1/SM/Chol

Surface potential (® ) -71mV 148 mV -12mv
pH(surface)  pH(bulk) —1.15 pH(bulk) + 2.40 pH(bulk) — 0.18

rusigh of hies

DAC-A B -(1-40), GM1/SM/Chol(1/1/1)

12 Binding
affinity  [9.004039 659349
s (105M1)
o -
E;:‘;";fy 00293 00254
4 o 76, 37°C oy | 00019 00048
R 12903 13602

max

0 100 200 300 400 500
GM?1 / Protein

E . . -
4 L P _, L 4 Electrostatic interactions are not important for
the binding with GM1 at neutral pH.
9
The effect of sugar chains (1) .
The effect of sugar chains (2)
Number of  Gparge
Sugar residues NeuAc
GM1 5 -1 Gal-GalNAc-Gal-Glo-Ceramide
Ceramide 4 Pullulan
Lactosylceramide (LC) 2 0 Gal-Glc-Ceramide [DAC-AB] 0.5 uM f Hy oHoH CHioH \
Ceramide 3 [NaCl] 150 mM @ ﬁén 2R
Phosphatidylinositol (PI) 1 -1 ) \l 1 1.° 14 "7;
14 x
12 GM1/SM/Chol 1 / \
10 @nny on
8 A .
e [DAC-AB10.5 4M R \:5 2
0 2000 4000 6000 8000 10000 wd m
[NaCi] 150 mM sugar/protein
pH74
2 Pl |37 ) N
P A B-(1-40) does not bind to polysaccharides.
0 200 400 600 800 10001200
Glycolipid/Protein 10 11
The effect of C-terminus of A8 Summary
GM1/SM/Chol (1/1/1) LUV > Our fluorescence study firstly revealed the pH dependence of the
binding of A8 with charged membranes in whole pH range.
G > AB binds to well-clustered and highly glycosylated lipids even at
12 ‘ AB-(1-28) neutral pH
10 Sinding > AB-(1-40) and A8 -(1-42) have similar binding parameters with
8 affinty | 861+ 364 1115235 00184 £ 0.0007 GM1-containing membranes, although A 8 -(1-28) has low binding
o (10 M) affinity.
E;’;‘::fy 0.031 % 0.036 % 0,031 +
(motimop) | 9% o0z o008 High pH Neutral pH Low pH
e Fro | mess  moz1  aemaa /Lf> — /ul\— .
| + — N =
400 800 1200 Rum | 144203 113201 16 + x
GM1 / Protein Assumed b h same as thatof AR (1-40) e
DAGABI0E *Calculated usig F e, J yerogen
M So! bonds and/or
hy
[NaCl] 150 mM eraction
pH7.4
< 12 13
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DTWVD, TNOEDIRHIZE L TR 7F K&
AR E OMEAERICE T A RSV EAT R TH 5
2 0bod, ITEAEHLDIIR > TV,

INFTICBAFZEEIZT 7Y B Y AH TV L b Hiff
ENHURER 7 F Fmagainin 2 (GIGKWLHSAKKEF-
GKAFVGEIMNS) OVERBEREZ . VR Y — L% HWT
S HI2 LT & 72, Magainin 21358 ISR 2 ¥ &
RATE—RE B THEAERRT 2 L. NEWO
MILEEDLZETHEHEEL B L TR EEZ LN
5o ZOXRT %l UIgE Oflip-flophSe &, R 7 At
\ZIE—E R 7 F RHPWFEAL (translocation) § 5,

[B Y]
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N = IZEDS AR TENLEIC R D720, A
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MELEH OfFFE, @Magainin 2% H W 72/l P A N
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THEKRRT 2R L, NEWOGH ., BRE Oflip-

flop. “X7'F FDtranslocationZ 5| &#E 29 2
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T EEIcH HIRE. SA T 7 FFI
) IEIRICKE ST Sannexin VEHWT, J§Y
Olipflopx T %0 R7F FIZHET NV 58 A
352 LT, R7F FDtranslocation & fHEE % 17
Io T2, NWEWOG., IEE Oflipflop, 7T F
Otranslocation® B v 7)) v 7w e E L — 5 —FE
76 R S AT B A I

@ RTFFEBEEDI—-THTR2EBALT
magainin 225N ~N&hEE X < translocation L, /1 —
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Ot L <. MgEESE LX) ThL,
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il &9 I2translocationd 5 Z EASHHE I N T W5,
RT M NI EEICE L TARBETH S &) |
&L REABAEE LV T, magainin 20 B/KE 12
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L. #F B WtranslocationS i S5 0> &) iR
T 5o FAILFIZ, B2 EL S 9 1T translocationd %
PUF M~ 7 F Fbuforin 200 71 1) V&% 75 =~
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Z L 2 #is L7z [Kobayashi, S et al. (2000) Biochem-
istry, 39, 86481,
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Chemical Biology
Elucidation of the action ism of antimi i i
ion of antimi i with bi ical membranes

Analytical chemistry D2 Yuichi Imura

Abstract:
Antimicrobial peptides have been isolated from plants, insects, animals including
human, and considered to play an important role in innate immunity of their host
species. Most of the peptides take the amphipathic secondary structure, and interact
with bacterial cell membrane directly to kill bacteria. The peptides are promising
candidates of novel therapeutic agents against drug resistant bacteria because of
broad antimicrobial spectra.

The action mechanism of the peptides have been studied mainly using liposomes.
We have demonstrated that an antimicrobial peptide magainin 2 forms toroidal pores
and induces lipid flip-flop in liposomes. However, the interaction of the peptide with
biological membranes is still unknown. In this study, we studied the interaction of the
peptide with the membranes of Bacillus megaterium and Chinese Hamster Ovary
(CHO)cells.

Magainin 2 formed pores also in biological membranes. The sizes of pore formed by
the peptide is significantly different between the bacteria and the mammalian cell.
Magainin 2 induced lipid flip-flop in biological membranes.
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What are ant robial peptides? Magainin 2

@ isolated from plants, insects, animals including human (~ 880)

@ play an important role in innate immunity. magainin 2 w-helical structure

® take amphiphilic structures and interact directly with membranes (African clawed frog, Xenopus laevis) I
GIGKWLHSAKKFGKAFVGEIMNS " °

Electrostatic

hydrophobic %

|

|

I interaction hydrophebié random coil

| interaction <%

I [eEex: (o] Nexe i

| B ATt ) o et Eﬁf@ﬁ PR o TEERIRT)

outer leafle

| LOONKE LLIdEILL Foerene bebatycs > BRI > Lk
© hydrophilic amino acids | Host cell membrane Bacterial cell membrane
e oo vescomn” % | 1 e
Fig.1 amphiphilic @ helical : 0 crotesterol Fig.3: Toroidal pore model of magainin 2 (liposomal study)

structure of magainin 2 Fig.2 membrane selectivity of antimicrobial peptides

F influx

activity (B. megaterium
Merge

B.megaterium or CHO cells

6 Medium is replaced by buffer
containing 2 iM
before
apply
"
6 s Fig.5: Calcein influx
r (B. megaterium)
Peptide is applied locally. 1 min red: TAMRA-
[P] =10 M (F5W-magainin 9.8 uM, TAMRA-F5W-magainin 0.2 uM ) e F5W-magainth

Carboxy tetramethyl-thodamine

N terminus of the peptide is labeled. @ Cailcein molecules are influxed into cytosol via pores formed by magainin 2

Pore size estimation (B. IE' ilizing activity (CHO cells )
1 min Merge

4.4 kDa
FITC-
dextran

1 min

Fig.6: FITC dextrans
influx
(B. megaterium)

20 kDa red: TAMRA-
FITC- .
dextran Fig.7: Calcein influx (CHO cells)

red: TAMRA-F5W-magainin

@ calcein molecules also influxed into CHO cells

@ Larger molecules did not enter the cell. The size of pores is estimated as 2-3 nm,
@ membrane budding was observed

concomitant with the results of our liposomal study.

Pore size estimation (CHO cells flip-flop experiments using Annexin V
TAMRA |
@ Annexin V (M.W.=35 kDa) is a
member of the family of calcium | peptide is applied
and phospholipid binding proteins. | jocall. [P] =10 M

@ The molecule detects
phosphatidylserine (PS) exposed
to outer leaflet during apoptosis

15 min

3 times wash to

|
|
|
|
|
@ almost same pattem |
| doctease pore sizo
|
|
|
|
|
|

@ very huge pore size!!

Resuspended \
@ pores open after 15 with FITC- N\
mZ‘ljse Igfs 140:Dz merge min incubation Fig.9: Annexin bindind to planar membrane annexin V
+ Alexa Floor 647 ) formed by phospholipids containing buffer.
Fig.8: Calcein & IgG influx JBC 256 (1990), 4923-4928
IE' Summary

TAMRA-F5W-magainin
® Magainin 2 formed pores in the biological membranes.

@ The size of pore observed in the bacterial membrane was 2-3 nm,
concomitant with the results of our liposomal study.

@ The sizes of pore formed by the peptide is significantly different between
Fig.9: Lipid flip-flop induced by the bacteria and the mammalian cell.
magainin 2 (CHO cells)

® Magainin 2 induced PS flip-flop in the biological membrane.

Alexa flour 647 merge

Carbonic anhydrase
(M.W.%30 kDa) @ magainin 2 induced PS flip-flop in the cell membrane




—VUOMNAZSSIHIINY

E bPHESY VIO B DfG&R(EZBia UTci3

(BEEmEeH) EE K=

MREEEFE BEEYESHE s ME B2
MRiEEGEHE EHREREEZHIE s b X

N HEAS

[B= - Ba)

PHES X7 BI1X, ATPIKRG R AV F—%2FIH L T,
% Mk O Y & AN L PR T 5ABC T v AR —
¥ —Tdhb, PHESY 87 HIZ, 6 NEE@EHRE 1 >0
ATPAEA AL SRR & LA SR BAL A, Linker region
EHALT2O08 VY FLILED > IETHhir ETFHEINTY
b (K1)s PHES U7 O bERTXE ML, T
ERHIL, MEoR2 R4 PR 2T 5 720, Sl
2RI MEEEZ 52 TLE) 2 ETH D, EoT, PHEY >~
N B O ARSI T X UL, ) — MEaw ok
e EE AR E Big L7228 7 2 EE G OSSR & <
BHTEAbDEEZONL, L, TNFTPHEY
78 O XSRS IE A b Tui vy,

BT, ST TICNFaay ()L 2 —BEMEZEEA
VT, B FPHEY N BOREFEB—RERZ M L
TWwh, LrL, INFE THEDFETPHESY v X7 EOk
fLZ2AT > THRMWRE LR IIEO N TR, 2ol
X, PHESY 7 B OMERAL I S5 720121E, HiLw
7T O—=FPPETHALEILEZRL TS,

PHESY VX7 EOREMLE R S 57201213, WiEE R
FELE L ENEETH L, FEid, PHEY VX7 EORH
*TUTFT—E¥A ey =L LTI b, B
T TS I EDPHERINT VA, ZOFHFEL, P
5 NI ORI REEDOREE L e H 2 &R RIE LT
W5, PHEY X OMERED 70T E T 2 OfEEOA
REBMDZHET AULESHLEEZONDL, T2, P
F ORI B MR LA SEDL I LI X AEEOEELS
FT&D, 22T, AKFETIERERALICIANT TP Y v 8
B DMERE DAL Ry O & . A DRI & 5wt
SMOBHEEITH) L ZHWET D,

i
e

'{ (ff!:'“tooH

(5 &)
1. B OARRE 255 OFFE
¥ N7 WEDALE Ry T T 7 — Ik
LR T VI EPASNT WS, #2 T, i
DT AT T — XX BBRENMKSHREIT ) EHIT, 4
IEFEM ONKIEFIFNT 2179 S L&D, ST
WIE R FIET %,
2. HWHEOKEEIZ L 2 RESEM DR
PHEY V8 R BB L S B EEERET L0,
KA 220 I v AETE T CTHUEMIK % %47 9 o SDS-PAGE
&) Sl L, PHESY X B AR b EEfb s
HHVH Y REWHT 5,
3. ATPaselilitHilliE 12 & A FE S LICA R 2 28 DR
PHESY VX7 H O EICT S 5381, PHESY o8
BT AT LIV EEIICHE G THEEZD
N5, 22T, ATPaselfiE X HIET 5 2 L1 X D LIC
B B ERT Do

[HAfF s h 2R R]

PHES oS0 HHY, £ X ) \THEE D5 3 O —
P 2 T o TV NEHLNIZENTE LT, 2OEEED
5 WA O R STV B o XMk ab i & AT
LI AN IR ECFGTDLEERLNDH, 2O
fh R ILOWEE S 2 H5RTZNTER SN TR WORBIRTDH
Bo AWK, PHEY ¥ X7 B OREROR EE RS )
BOTHY, FHLBIIO—Bhe b tE26NM5%,

Studies toward crystallization of
human P-glycoprotein

Department of Structural Biology

Linker mqu Tomomi Sato
ATPHETL
Abstract P-glycoprotein
(MDR1 : Multi-drug resistance 1)
P-glycoprotein (MDR1) is a 170 kDa plasma membrane protein that
exports wide variety of y from cells. For
the structural study, we i large scale ion and

of human MDR1 using Sf+ insect cells. For crystallization, stabilization
of MDR1 is important. In order to identify unstable region of MDR1 and
to search ligands which stabilize MDR1, | carried out limited proteolysis
experiments.

The N-terminal amino acid of the
indicated that MDR1 was initially cleaved at its central Linker region.
Vanadate trapping stabilized purified MDR1. Surprisingly, the digestion
increased specific activities of MDR1. K, values for smaller drugs tend
to be decreased by the digestion. These results suggest that the Linker
region could contribute to effective transport of larger drugs.

membrane

cytosol

NBD:Nucleotide
Binding Domain

Linker region
COOH

A4y 3
OJ\'%J\ B T -z_
oY ™ o
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Prablem in purification of MDR1

Limited proteolysis of MDR1
&
R P
OIS o
& & Q‘s'&ie When MDR1 was expressed & §4§é‘_0§
FLELESSE . &S faWawn
& ,}‘2 & @Q & without protease inhibitors, the s C\Q ":\%q R s suas
& < S & degradated MDR was observed. (kpa) M & & O & l H E [
§ NS b
(kDa) (kDa) 250 — - .-I,— el
150 — @ ".—-cm-
150 - - - MOR! Linker region
100 S s MDR1
75 9 S Degradated
50 50 = MDR1 647 - EIDALE®S2 | MSSNDSRSSL®? | IRKR
V8 protease chymotrypsin
g STRRSVRGSQAQDR®™ | KLSTKEALDE - 690
Trypsin
|— - 25 ——-
Trypsin cleavage site
Shanthy L. Nuti et al. (2002) J. Biol. Chem.
CBB staining silver staining
Effect of ligands on tryptic digestion Gel filtration analysis of tryptic digest
° - " ¥ ———" trypein : WR1 = 1 : 50 15 > T T T T
2 =% 5 B peMATE W K — tryptic digest
£ oo . e s -
g [TEpr - 37C. 30 min R MDRA
ATPase reaction
5 10 MDR1 Superdex200 10/300 GL. 7
* H - Size exclusion column
£ - Column volume: 24 mL
—> ADP+Pi H -
g
£5
Na,vo,
ADP
Vanadate trapping T
o— {“O' 0
[~ ! . . . .
i O Transition state 0 5 1 15 20 % 30
Vanadate trapping H/ analog Elution volume (mL)
ATPase assay Digestion increased verapamil stimulated
i ATPase activity
proteoliposome ATPase Reaction
Reaction Buffer:
40 mM Tris-Cl pH 7.4, trypsin
! 0.1 mM EGTA,2 mM DTT chymotrypsin
liposome 37°C, 30min

100 -200 ng

reconstitution | ? f =
LN, i

g Transport substrate

L]

V8 protease

Relative ATPase activity

control
\
5mM \ .
purified MDR1 ATP ADP *’ verapamil
100 -200 ng Proteolytic digestion (min)
Determination by
molybdenum blue method
Kinetic analysis of native MDR1 Kinetic analysis of tryptic digest and native
¥ - MDR1
T —  —  — s | T L TR T YT T
M » = Non-competitive inhibition » I a -l""\-\. .
I TGS )T ) I (R | ol B o w LY ]
= L TR v " tryptic digest ¢ \
= | ] =gl "
E
§ ' - . E 2l ¥,
1 wl 4
- o Micheals-Menten equation . -1 é ¥ - 'i
» 4 =
| e B)[s] i =
Kn+[5] i native MDR1 _isr
1 . i .
| 1 | B * Tl i Loy
oD 1] 5003 000D L 1 w ol e L]
8 (veenparni M) 5 {vpmparad M)
Kinetic parameters of tryptic Conclusions
digest and native MDR1
1. The Linker region was most susceptible region to
(o) Ko B PRTASET) v, protease digestion.
No Drug 02 . 16 - I, B I, -
Mo 23 oo e oo o 2. Vanadate trapping stabilized purified MDR1.
verapasi 27 s 00 45 N 440
niardipine w2 09 04 261 18198 a9
digoxin 2 s 1350 1380 2 55 1 . L . .
vinblastine s s [ERNT [RE 1Y 808 3. Digestion increased specific activity of MDR1.
calcein-AM 00 3 47 48 @s s 996
salnomyein 29 o 43 i1 0 s i
[T cugs which digestion decreased is K., values 4. The Linker region could contribute to effective

[ : drugs which digestion unaffected its K,, values

transport of larger drugs.
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Development of in silico ligand screening approach of G protein
coupled receptors (GPCRs) based on chemical genomic information,

g
i
L

(Genomic Drug Discovery Science D1) Takafumi Hara

MEESERE 7/ LAEREST B &
MEEEHNE REEFHERRST bz HBF

N HEAS

oA x==

[Introduction]

G protein coupled receptors (GPCRs), which play an
important biological role, are valuable molecular targets
for drug discovery. Based on the genomic information,
we have been working on the various functional analy-
ses of GPCRs and exploring new ligands. In the early
stage of ligand screening, a large number of candidate
compounds must be examined. In order to reduce the
high-cost problem, we have developed a novel approach
for in silico ligand screening. Previous prediction meth-
ods utilized only chemical information of the ligand. Our
method improves the performance and reliability of in
silico screening by processing not only chemical infor-
mation of the ligands but also amino acid sequence in-
formation of the target receptor. In this study, we pre-
dicted the ligands for ?2 adrenergic receptor using this
method, and verified the performance of this algorithm
by ligand binding assay experiments. This algorithm was
proven to be effective for exploring new ligand of GPCRs.

[Method]

For the validation of ligand prediction, we applied this
algorithm to the B, adrenergic receptor, which has com-
paratively a lot of reports for already known ligands,
and explored the new ligand. We used Support Vector

a)

100 =
80 =

60 =

[1251]CYP bound (%)

40 =

20 =

log[concentration(M)]

[1251]CYP bound (%)

Machine (SVM) algorithm to predict chemical-protein
interactions. Ligand-receptor information was collected
from public available database such as GLIDA and
IUPHR Receptor database. To examine the affinity of
the candidate compounds predicted from the algorithm,
competitive ligand binding assay was done. Membrane
preparation from B, adrenergic receptor expressed in
HEK293 cells was assayed using [***I]-cyanopindolol. The
compounds of the highest scoring subset (best 50) were
verified. As a control, the lowest scoring subset (worst
50) was also verified.

[Result]

In the highest scoring subset (best 50), 21 compounds
were examined. As a result, 17 compounds had the bind-
ing affinity. The hit rate was 80.9%. Then in the lowest
scoring subset (worst 50), 9 compounds were examined.
7 compounds didn't have the binding affinity. The hit
rate was 22.2%. All compounds that we examined had
no previous reports as 3, adrenergic receptor ligand. As
a conclusion, the ligand prediction algorithm that we
developed is available and efficient for exploration of
GPCR ligand. Further investigation is required, but this
algorithm is useful for the drug discovery for unknown
ligand-receptor interaction.

b)

100

80 —

40

20 =

1 1 1 1 1 1
-7 -6 -5 -4 -3 -2
log[concentration(M)]

Fig. 1. The results of binding assay in SVM scoring subset best 50 (a) and worst 50 (b).
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Development of in silico ligand screening approach of
G protein coupled receptors (GPCRs) based on chemical genomic information.

Kyoto university Graduate School of Pharmaceutical Sciences
Genomic Drug Discovery Science

OTakafumi Hara
[Introduction] Concept

G protein coupled receptors (GPCRS), which play an important biological role, are valuable molecular targets for drug
discovery. Based on the genomic information, we have been working on the various functional analyses of GPCRs and
exploring new ligands. In the carly stage of ligand screening, a large number of candidate compounds must be examined. In . homical i .
order to reduce the high-cost problem, we have developed a novel approach for in silico ligand screening. Previous prediction Integration of chemical information and
methods utlized only chemical information of the ligand. Our method improves the performance and reliability of in silico GPCR sequence information
screening by processing not only chemical information of the ligands but also amino acid sequence information of the target
receptor. In this study, we predicted the ligands for f, adrenergic receptor using this method, and verified the performance of Chemical information GPCR sequence nformation
this algorithm by ligand binding assay experiments. This algorithm was proven to be effective for exploring new ligand of
GPCRs.

[Method]
For the validation of ligand prediction, we applied this algorithm to the B, adrenergic receptor, which has comparatively a lot
of reports for already known ligands, and explure(l the new ligand. We used Support Vector Machine (SVM) algorithm to X ﬂ»

predict chemical-p Li ion was collected from public available database such as

GLIDA and TUPHR Receptor database. To examine the affinity of the candidate compounds predicted from the algorithm, ]
competitive ligand binding assay was done. Membrane preparation from f, adrenergic receptor expressed in HEK293 cells
was assayed using [**I]-cyanopindolol. The compounds of the highest scoring subset (best 50) were verified. As a control,
the lowest scoring subset (worst 50) was also verified.

I Amino acid homology I
TG e ROy
I pattern I
e

[Result] —= =
In the highest scoring subset (best 50), 21 compounds were examined. As a result, 17 compounds had the binding affinity. [F— =
The hit rate was 80.9%. Then in the lowest scoring subset (worst 50), 9 compounds were examined. 7 compounds didn't have o e o
the binding affinity. The hit rate was 22.2%. All compounds that we cxamined had no previous reports as B, adrenergic IS —
receptor ligand. As a conclusion, the ligand prediction algorithm that we developed is available and efficient for exploration L i
of GPCR ligand. Further investigation is required, but this algorithm is useful for the drug discovery for unknown ligand- 1 q el —_—— .
receptor interaction. .

Introduction Machine learning
G protein coupled receptor as the therapeutic target Result

| Chemical simitarity |

* G protein coupled receptors (GPCRs)form a Top30 compounds Listo s rediction

large protein family that plays an important role
in many physiological processes. Today, more
than 50% of drug targets are based on GPCRs.

o

* In human, close to 400 non-olfactory GPCRs

have been determined.However, the
endogenous ligand still remain unknown for
about 150 GPCRs.

*

Identification of GPCR-ligand interaction is
impotant for the pharmaceutical development.

Fig. The structure ofrhodopsm.

In o ligand prediction
Traditional approach

© known 2 ligand
® binding
® not binding

not available

Based on the chemical information of the compounds
—  diffiucult to find the new structure. . . . .
Validation by binding assay
Based on the docking simulation using structure
—  difficult to analysis about 3D-structure since the less information of X-ray Table. Assay result of top 50 compounds

structure analysis of GPCR
« verified compounds by experiments. 21

hit compounds 1
New approach + Revealed to be known  ligand

In addition to the chemical information, we use the GPCR sequence information. b Hteraturepeeach "
It is possible to predict the new compounds that have new structure. Lot eiloble comonds L

" ol
Fig. Competitive ligand binding assay was
done. Membrane preparation from B,

Motivation adrenergic receptor expressed in HEK293

cells was assayed using ['*I]-cyanopindolol.

Development of new in silico ligand
screening approach for GPCR.

We identified 17 new /2 adrenoceptor ligands

with this algorithm

GPCR _ GLDA  Lignd . .

——_ inercion - - Comparison of traditional
sequence [F P Structural - )
information information @proach and new gpproach

T e T
GPCR-Ligand Databasc (GLIDA)
focused on the interaction information
between GPCRs and their ligands.
(httpy/gdds pharm kyoto-u.ac.jp:8081 fglida)

Method

The score based on new approach

Prediction of B, adrenergic receptor ligand

with new approach "
JJ; - - e
ADRB2 Seaquence + 843 The Seore basa onchemialinformation
Ligands Fig. Comparison of traditional approach Fig. The compounds of new structure.

and new approac}

Conclusion

= In this study, we have developed GPCR-ligand
interaction screening approach including GPCR
sequence information.
*Binding assay

Validation | ‘Literature research = We predicted and identified B, adrenoceptor ligands

about known that have new structure with binding assay.
information
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Francesco Zorzato and Hiroshi Takeshima
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We have identified a novel

I Scie Kyoto Uni

Abstract

mass of ~60 kDa and is composed of an ER-luminal domain rich in acidic

lum (ER)-resid

a single trar

ity, Kyoto 606-8501, Japan.

protein, named “calumin”, expressed in various tissues. This protein has a molecular

Biochemical experiments d that the al lu
embryonic fibroblasts derived from i it mice i
Ca?* contents in i stores and store: Ca?* entry. M

by ER stress.

from the ER, which is closely associated with cell-fate decision.

Introduction

Ca?* handling

in the endoplasmic reticulum (ER)

is constituted of three major aspects:
1. Ca?* uptake
2. Ca?* storage
3. Ca? release.

Ca?* depletion in intracellular stores

Store-Operated Ca2* Entry (SOCE)
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In a survey of novel proteins involved in ER Ca2+ handling,
we identified a novel Ca?* binding ER transmembrane protein,

named calumin.

Results

Fig. 1. Identification of calumin. (A) Structural feature of calumin. Proposed domain
structures of calumin are schematically illustrated. SP, signal peptide; lum, ER-

luminal domain; TM, an

coil.
analysis of calumin in mouse tissues. (D)
mouse cerebellum.

(B) Northern blot analysis of calumin in mouse tissues.

(E) Indirect immunofluorescence analysis of calumin.

5 cyt, domain; cc, coiled-
(C) Western blot
Subcellular localization of calumin in the

(F)

Topology analysis of calumin carrying FLAG tag at its N- or C-terminus.
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Fig. 2. Ca?* -binding activity of calumin.
(A) Production of GST fusion proteins
carrying the luminal domain of calu
(GST-lum) and the cytoplasmic domain
(GST-cyt). (B) Stains All-staining of GST-
calumin fusion proteins. (C) 45Ca2*
overlay assay of fusion protein carrying
the ER-luminal domain. (D) 45Ca?*
microdialysis of fusion protein carrying
the ER-luminal domain. Data represent
mean * SEM (n = 6).

Discussion

Calumin-knockout MEFs seem to retain
normal death-associated pathways for
UPR and caspase activation under ER
stress conditions.

Therefore, the decreased resistance
against ER stress in the calumin-
knockout MEFs may imply defective
pro-survival signals.

In calumin-knockout MEFs
attenuated SOCE

poor NFAT activation

deficient survival
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and a large cytoplasmic domain.

al domain is capable of binding Ca?* with a high capacity and a moderate affinity. In
1g embryonic and neonatal lethality, fluorometric Ca?* imaging detected insufficient
, the mutant fibroblasts were highly sensitive to cell death induced
These observations suggest that calumin plays an essential role in ER Ca?* handling and is also implicated in signaling

Fig. 3. Impaired Ca?* signaling in
calumin-knockout MEFs. (A) Weak Ca?*
responses of calumin-knockout MEFs to
cyclopiazonic acid (CPA). Fura 2-
measurements were performed with
MEFs derived from six embryos of each
genotype (~50 cells per embryo), and
normalized traces are shown. (B) Normal
resting Ca?* levels of calumin-knockout
MEFs in 2mM Ca?* and nominally Ca2*-
free bathing solutions. (C) Reduced
CPA-induced Ca?* release in calumin-
knockout MEFs. (D) Weak SOCE in
calumin-knockout MEFs.  *P<0.05 in
Student’s t-test. Values represent mean
+ SEM. (E) Immunoblot analysis of
major Ca?* store-related proteins in
MEFs. WT, wild type; KO, calumin
knockout.

Fig. 4. Enhanced vulnerability of
calumin-knockout MEFs to ER stress.
MEFs were cultured for 24 hr with (A),

igargin (TG); (B), (TM);
(C), staurosporine (STS); or (D), tumor
necrosis factor (TNF-a) plus
cycloheximide (10 mg/ml) at the

of cells positive for annexin V were flow
cytometrically determined in tripli
Data represent mean & SEM. Statistical
i between lumil

(KO) and wild-type (WT) MEFs are
marked with asterisks (*P<0.05 and
**P<0.01 in Student’s t-test).
Representative data from at least three
independent experiments are shown.

Fig. 5. Apparent normal caspase
activation in  TG-treated  calumin-
knockout MEFs. MEFs were treated with
TG (1 pM) for the times indicated and
lysed for the following analyses. (A)
Detection of BiP and CHOP induction by
immunoblotting. Actin was blotted as a
loading control. (B) Detection of cleaved
caspases by immunoblotting.
Representative data from at least three
independent experiments are shown and
no signifi i were
between calumin-knockout (KO)
wild-type (WT) MEFs.

and

Conclusion

Calumin is a novel Ca?*-binding transmembrane protein on the endoplasmic

reticulum.
Our observations with calumin-knockout MEFs suggest that calumin may play a role
in ER Ca?* ing and is also i i in si ing from the ER, which is closely
associated with cell-fate decision.
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Effects of several drugs of abuse on serotonergic neurons in rat
organotypic mesencephalic slice culture including the raphe nuclei
Yuichi Suzuki, Megumi Higuchi, Takayuki Nakagawa, Shuji Kaneko

Department of Molecular Pharmacology, Graduate School of Pharmaceutical Sciences, Kyoto University
Research director Prof. Gisyo Honda Pharmacognosy

Introduction MDMA 15 METH . 02 5.MeO-DIPT
3,4-Methylenedioxymethamphetamine (MDMA) and methamphetamine
(METH) are popular drugs of abuse and chronic use of them leads to long-
lasting psychological dependence. Although many studies for drug
dependence and addiction have focused on the mesocorticolimbic
dopaminergic system, recent several reports suggest the involvement of the
serotonergic (5-HTergic) system, which projects from the raphe nuclei. METH
mainly affects the dopaminergic system and has potent neurotoxic effects, but

‘Serotonin / basal 5-HIAA
& 5

s o o o
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also binds to serotonin transporter (SERT) and induces 5-HTergic N e N
neurotoxicity. On the other hand, MDMA mainly binds to SERT and induces . _ MEMA G0 ME™ SHODPT G
rapid 5-HT release, 5-HT depletion and decrease in SERT expression. 5- Fig.4 Slices were exposed to MDMA, METH and 5-MeO-DIPT (0.1-1000

. N 5 N uM) for 30 min, and the 5-HT level was measured. **p<0.01, ***p<0.001
Methoxy-N,N-diisopropyltryptamine ~ (5-MeO-DiPT, Foxy) is a new v.s. PBS-exposed group. n=4-6

hallucinogenic "designer drug" and seems to have strong 5-HTergic
neurotoxicity, though little is known about the mechanisms. In this study, we

(A) 1007 MDMA 10,07 METH 10.07 5-MeO-DIPT
constructed rat organotypic mesencephalic slice culture including the 5- P
HTergic raphe nuclei, and examined the acute and chronic effects of these 3 s 751 751
drugs of abuse, MDMA, METH and 5-MeO-DiPT, on 5-HT release and 5- i
HTergic neurotoxicity. Y ] T
Methods E) 25 2.59 2.51
Slice culture preparation Mesencephalic slice including raphe nuclei was prepared from postnatal ool ool ool =
day 2-3 SD rats at a thickness of 350 um, and placed at air-medium interface on Millicell-CM BS 01 1 10 100 1000 BS 01 1 10 100 1000 TPEs 04 1 10 10 10w
semiporous membranes. Slices were maintained in a humidified atmosphere of 5% CO, and 95% air VOMA () METH (i) SHeODIPT ()
at 37°C. Drugtreatments were carried out on about 12-14 days. (Fig.1B) (B) MDMA METH 5.MeO-DIPT
Immunohistochemistry Sheep anti-tryptophan hydroxylase (TPH) antibody was used for the first 15 15 15
antibodies, which were visualized by ABC-DAB method or fluorescence-labeled second antibodies.
Measurement of 5-HT release and tissue content For measurement of 5-HT release, the cultured 3
medium was substituted with Krebs ringer buffer (KRB) including drugs. After 30 min, the buffer was E; 1 o 1
collected from each well and then, 5-HT and 5-HIAA level in the buffer were analyzed by HPLC. For g2
measurement of 5-HT tissue content, after the treatment with drugs for 48 hr, the slices were 3 s 5 59 .
collected, and homogenized. Then, homogenates were centrifuged at 15000 rpm at 4°C for 15 min, H =
and 5-HT level in the supernatants was analyzed by HPLC.
Binding assay with [*H]citalopram After the treatment with drugs for 48 hr, the slices were 0785 ST T T 00w OB5s 01 1 10 100 1000 0P8BS 01 1 10 100 1000
collected and homogenized. Then, homogenates were centrifuged at 15000 rpm at 4°C for 15 min, @ MONA G0 METH ) SMODIPT (M)
and precipitates were resuspended. The samples were incubated with 4 nM [*H]citalopram at 25 “C Fig.5 Slices were exposed to MDMA, METH and 5-MeO-DiPT (0.1-
for 60 min and filtered through GF/C filter. Radioactivity was counted by liquid scintillation counter. 1000 uM) for 48hr. (A) The intracellular 5-HT tissue contents were
measured. n=4-5. (B) To determine SERT expression in the slices,
Fl : W [*H]citalopram binding assay was performed. *p<0.05, *p<0.01,
A) s 1 b il il il - T i ***p<0.001 v.s. PBS-exposed group. n=3-8
e . IX
* (MDMA, ecstacy) (METH) (S-MeO-DnPT, foxy) i (A) (B) g °*

030 MDMA Challenge (7d)

025
Willicell culture plate insert

= 020

Brain slice 1 015

(B) Neonatal rat (2-3 days) 010
005

000

g > T - :j; z;:ﬂ::‘;:w ]
PBs 10 100 1000
N ledium b 025 M)
i . Membrane (pore ceod um) o - MOMA (i
Fig.1 (A) The chemical structures of MDMA METH and 5-MeO-DiPT 015 F 020 METH Challenge (7d)
(B) Scheme for the preparation of rat organotypic slice cultures. o0 :;
o0s. or

090776 1d 6a 1d 64 1d 64 19 64 1d 6d 14 6d 0107
(A). .

raphe nuclei  Brain slice (350 um)

Serotonin / basal 5-HIAA

Serotonin / basal 5-HIAA

otonin / basal 5-HIAA

3 ool
MDMA (M) METH (M) @ PBS. 10 100 1000

T wem awm
Fig.6 (A) Slices were exposed to MDMA and METH (10, 100, 1000 uM) or PBS for
6 days and the 5-HT levels at 1st and 6th day of the treatment were measured. (B)
On the 7th day, following challenge by MDMA or METH (10 uM) for 30 min, the 5-
HT level was measured in both repeated MDMA or METH-exposed and repeated
PBS-exposed slices. n=2-4

Fig.2 Immunohistochemistry for TPH

in the mesencephalic slice culture. Summary
1. We constructed rat organotypic mesencephalic slice culture
) ® - including the raphe nuclei, which had abundant 5-HTergic neurons
100 . 0.100 and functional SERT.

2. Acute treatment with MDMA and METH induced 5-HT release,

s oore while 5-MeO-DiPT had no effect.
0.050 3. Chronic treatment with 5-MeO-DiPT induced prominent
5-HTergic neurotoxicity, while MDMA and METH had less effect.
28 0.0 4. Chronic treatment with MDMA and METH augmented their

Serotonin / basal 5-HIAA

. —/ = 5-HT-releasing effect, i.e. 5-HTergic sensitization.
: Citatopram (1o M) PBs Citalopram (10 M)
T sronT@om high K- H
Fig.3 (A) Slices were exposed to 5,7-DHT, a selective 5-HTergic neurotoxin, Conclusion ) . ) ) .
with or without citalopram, an SSRI, for 48hr and the intracellular 5-HT level was The mesencephalic slice culture including the 5-HTergic raphe
measured. (B)The slice cultures were exposed to 100 mM high K* KRB with or nuclei is useful to examine the roles of 5_HTergic system in drug

without citalopram for 30 min, and the 5-HT level in the buffer was measured.

1< 0,05, *p<0.01 n-2-5 dependence and addiction on drugs of abuse in vitro.
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Pharmacogenomics course

Development of pharmacological drug database
aimed at textmining of adverse effects

Abstract

Natural Language Processing is a useful tool for transforming
natural texts into machine-readable forms. An NLP system
specialized for the analysis of medical documents will help to
extract the ‘evidence’ of proper drug usage or to find
unexpected adverse effects from exploding amounts of
therapeutic records. However, the success of pharmaceutical
NLP system requires a well-constructed, semantic lexicon
that describes the interactions among drugs, diseases and
biomolecules. Although previous efforts have established
various lexicons and thesauri for chemicals (PubChem),
diseases (MeSH, MedDRA and ICD-10), and biological
molecules (Gene Ontology and MeSH) individually, there are
few knowledge-bases linking these lexicons by molecular
pharmacological points of view. Therefore, as the first step
toward the establishment of medical NLP system, | have
developed a pharmacological database linking medical
agents to their target molecules with optimal descriptors.

J @ ATC classification

(..
Literature l

EC number

(RefSeq ID)

MeSH descriptor

RefSeq ID

Fig.1 Overview and components of YAKURI database. English
names of medical drugs were extracted mainly from Life Science
Dictionary (LSD). The drugs were pharmacologically and structurally
categolized according to the WHO Anatomical Therapeutic Chemical
(ATC) Classification with some original sub-categorization for

Etsuko Ito DC1

Department of Molecular Pharmacology
Graduate School of Pharmaceutical Sciences
Kyoto University

Research directors

Department of Molecular Pharmacology
Professor Shuji KANEKO

Department of Clinical Pharmacy
Associate Professor Yoshitaka YANO

B HMefHanigned W MetHeouuigned B oncler

] 1,000 2000 3.000
MNumber of ATC drugs

Fig.2 Number of drugs assigned to their targets with MeSH
descriptors. As of the end of 2006, | have assigned 2,369 drugs to
the target biomolecules expressed by MeSH descripors, RefSeq
and/or EC number. The resting 1,254 drugs were not assigned to
any known categories.

4,000

@ PefSeq ID (R)
@ EC ramber (E)
@ RsE

@ MeSH ooy

Fig. 3 Evaluation of
YAKURI database. In 2,332
13 drugs assigned to MeSH
descriptors, 2,007 drugs
can be also linked to
RefSeq. In addition, 56
drugs also have
corresponding EC numbers,
and 177 drugs have both
links.

RefSag 1D
EC nusmber

R+E 1 L]
MaSH only 5

discriminating different targets. Each category of drug was manually
assigned to a single or few biomolecules of the primary target proteins and
genes using MeSH descripors, RefSeq and/or EC number.

§ TAKURI+LSD @ LSD @ undefined

Fig. 4 Correlation between
YAKURI database and active
ingredients listed in JAPIC
pharmaceutical encyclopedia.
YAKURI database can provide
the target information in 62% of
1,800 JAPIC drugs. The
remaining 18% will be covered
by incorporating LSD terms at
the next step.

In future

b

- YAKURI database
LSD project

Literature
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Clinical report
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The role of zebrafish Fgf21 in primitive hematopoiesis
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[Introduction]

Fibroblast growth factors (Fgfs) function as key se-
creted signaling molecules in many developmental
events. The vertebrate Fgf family is large comprising
22 members. We identified mouse Fgf2/ that was ex-
pressed in the liver. However, the roles of Fgf21 remain
to be elucidated.

The zebrafish animal model offers a unique opportu-
nity to discover and study novel genes required for the
control of normal vertebrate developmental events. To
examine the roles of Fgf21 in developmental events, we
identified zebrafish Fgf21 and inhibited Fgf21 signaling

in zebrafish embryos.

[Method]

Using BLAST to search for zebrafish genomic DNA
sequences with the amino-acid sequence of human
FGF21, zebrafish Fgf21 genomic DNA was identified. To
examine the expression of Fgf2/ and marker genes for
blood cells, whole-mount in situ hybridization using a
digoxigenin-labelled antisense probe was performed. To
inhibit Fgf21 function in zebrafish embryos, Fgf21
antisense morpholino oligonucleotide (MO) was injected
into two-cell embryos. Proliferating cells were examined
by immunohistochemistry using an anti-phosphohistone
H3 antibody. Apoptotic cells were examined by TUNEL

assay.

[Result]

Zebrafish Fgf21 was expressed in the notochord adja-
cent to the intermediate cell mass where primitive he-
matopoiesis occurred. In addition, Fgf21 knockdown
zebrafish embryos lacked erythroid and myeloid cells but
not lymphoid cells and blood vessels. The loss of eryth-
roid cells was definitely rescued by injection of Fgf21
RNA. The embryos treated with SU5402, an Fgf recep-
tor inhibitor also had much fewer erythroid cells. These
results indicate that the Fgf21 MO specifically inhibited
the functions of Fgf21, and that Fgf21 is required for
erythropoiesis.

Distinct types of blood cells are derived from hemato-
poietic stem cells as a result of a highly conserved gene
program. The knockdown embryos had hemangioblasts
and hematopoietic stem cells. However, the knockdown
embryos had much fewer myeloid and erythroid progeni-
tor cells. However, Fgf21 had no significant effect on
cell proliferation and apoptosis.

In conclusion, Fgf21 is a newly identified regulator
essential for determination of myelo-erythroid progeni-
tor cell fate. The present finding for the first time indi-
cate that Fgf signaling functions in developmental he-
matopoietic events, and provide new insight into verte-

brate hematopoiesis.

[Reference]
Yamauchi, H., Hotta, Y., Konishi, M., Miyake, A.,
Kawahara, A., Itoh, N. EMBO Rep. 2006, 7, 649-654



The role of zebrafish Fgf21 in primitive hematopoiesis

Department of Genetic Biochemistry, Kyoto University Graduate School of Pharmaceutical Sciences

Summary

oo hord sdjscont 0 e

= bomukopoios conamod
il aesd eyeiond el but
s s Hympheosd celh. Thi kacchdows ety bad
herangblasts snd bermatoposctic siem cells. Howoven, e

trid e erythrokd
effect om cell
-

o pcwly ihentifsd relaior cvsemtial for
vt progoson ool (e, The proses
P [ Drree e (a1 sipmasd g Fonscism i
vevisl Frrepmacia copsh ol prim e rem e e
ighrrir bt

The eapriaion pattern of FgiT/
during schralivh cmbryssic dovelepmen)

I'he expression patierns of marker genes
for bl cells im Fgi! MO embrios

a wih Pemmo wt g i-ﬂ

= uw s (T g ST e

L

Intre=duction

Fibroblast press b Gctors | gl lmmcre s by srorcied npmaimg
kol in maey devebopmsental rvents. The vericbrate Ff il
Bpr T ey g e find e S
enpressed in e Bver, Howrver, the robes of Fipl| romiin o e
ebm b

Tor enrane the pobes
sebeniiny P

T e T —

Th cxpression pancrns & Ferll asd patal
&1 Lransyerse sectiom

_|-¢-"-'_:n pincheed

P
ar
L~ 4
=

P

1 frvpi el romn, we s ol

D2 Hajime Yamauchi
Ph.D. Nobuyuki Itoh
MDD, Tadafumi Tochikura

The rabe #f Fgf21 in prisitive bematepsicsis

The £Mests of FE2 1 sa blosd circulaliss

O A

M P e e L e

A i g 3 - -
et v g« P Smem e - X
i | b Y -

The expression paiterss of marker genes
for blood cells in Fgrdl MO embryos

The clfect of FgE1 on apopiosis

L1
s s

=

The elfects of Feidl MO0 s ihe exprosben
af marker genes for biood cells

.

iio
1

g il
288 2
— ' -‘”’6‘.
——— =
iy ~ —-
i k. b
- D . =
o
e —




> & - (ERERICED < BISREAREER

g
i
L

RIS\,

Fef 1 9DIRERICH 1T D1 ENDEEEH

N HEAS

(&EFEZHEH) Py ZH

MREETA BEFEFIF R £ FBE E1T
MREERHE HPTFMENZIE s ES T2

(- ANELD)!

Fgf (Fibroblast Growth Factor, #5355 K
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Fgf19 is Required for Cell Survival and Axial Patterning
in the Prospective Neural Retina

Department of genetic biochemistry D2 Yoshiaki Nakayama
Reseach directors: Ph.D. Nobuyuki ltoh
Ph.D. Yoshihiko Watanabe

Abstract

Fibroblast growth factors (Fgfs) functon as key secreted signaling molecules in many physiclogical events. W previously identified
zebrafish Fgl18 and reported its roles in brain development. Allhough Fgf19 is expected to parlicipate in eye development 1o, the roles
remained to be elucidated, W investigated the spaticlemporal expression patiern of Fgff9, Fgf19was expressed in the retina and lens

in the early formation pericd. We analyzed the FgfT4 function by knoching down it

Fgifi§ knockdown embrycs exhibited a significant

refuction in the sire of the retina and the lens, and morphalogical abnormalites in the eye. To determine if the inhibition of Fgf18 functons
affected cell proliferation and cell death in the reina and the lens, we detected dividing celis and apoplotic cells, The ratio of dividing cells

was not affected, but the ratio of apoptotic cells was increased. These results indicate that Fgf1 is required for cell survival in the aye
Furthermore, we investigated whathar Fgff$ is required for retinal patierning along the anericr-posterior and dorsal-ventral axss. In Fgifid
knockdown embryos, the nasally expressed gene afnaSs was repressed, the lemporally expressed aphadb was nasally expanded slightly

In addition, the genes expressed in the oplic stalk (the proximal region of oplic vesicle) wene expanded, These resulls suggest that Fgf13
is involved in retinal axial patteming during early eye developmant
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AMY-1 is localized on the trans-Golgi network in association with
brefeldin A-inhibited guanine nucleotide-exchange factors for ARFs
_} Ray Ishizaki,'* Hye-Won Shin,' Sanae M. M. Iguchi-Ariga,* Hiroyoshi Ariga
Hiroaki Kato, ' and Kazuhisa Nakayama'

IGraduate School of Pharmaceutical Sciences, Kyoto University; and Graduate School
of Pharmaceutical Sciences and *Graduate School of Agriculture, Hokkaido University

| Abstract
5 ; A . . n
waes Identified as a | 1-kDa prosein thas ims 3 AMY-1 coimmunoprecipitates BIG] and BIGZ
e activity, Moseover, AMY-1 binds o " _ A i
Wl S-AKAFLS, | F— — —

MFARLAG - % - & - ok - B - '

Y- BT LA - — - - e
g mewly prepared pibody. MMoneov i e, - -
, brefeldin A (BEA -ind g ) e facioes (GEFs) for - L -
1 from CHO e .uuu-‘ Amalysis " r : i _IF

menis revealed that AMY-1 binds the AKAP
 BIG2 o t (TGN
W of 2, but no of B -':--'\'-\. used eod
€ enous AMY-1 tothe nucleus. Overexpression of BIGE and AKAP9S, |I||I|.||.'_'
AKAP, caused concemtration of AMY:]1 on the TGN and in the muckus,
respectively. These results indicate tha its in ticm with B
k of AMY:l o the TGN, where it may modilase

activity of BIG2E

ine ﬁ:l.ln-m:a.'

z Imtroduction Qi i 6
AMY-1 - .H'i s AMY'-1 colocalizes with BIGI and BIG2
" ki el ALAR J Bk " " ) )
AKAPE (4 ymass prcharing T JRAB SAFY
I e : i .. .“I.I."“" . -. .-
%)
R | . jzns
'f,'i | o < - I ol | )
- g -~ 3 ]
3
o g AMY-1 is associnted with the TGN by interacting
with BIG2Z but not with BIGI
T Depletion of BIGH or BEG2 by BMNAG
-
1 AMY-1 interacts with BIG2 and BIG] through RITBD
3 f fom 11 . frer
- | ] .
3 A | L) 9

Summary

» AMY-1 bocalizes on the trans-Golgi TGN, (3)
« AMY-] mieracts with BRG2 and BIGL. (4,5)
= AMY -1 i3 azsociated with the TGN through
Ll intcracting wilh BHET but not with BIGL. (6,8)
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Chemical biology
Immunostimulatory CpG DNA delivery system

for inhibition of peritoneal dissemination
OYukari Kuramoto', Makiya Nishikawa?, Shigeru Kawakami', Fumiyoshi Yamashita', Hideo Saji®, and Mitsuru Hashida'
Department of 'Drug Delivery Research, 2Biopharmaceutics and Drug Metabolism, 3Patho-Functional Bioanalysis

Graduate School of Pharmaceutical Sciences, Kyoto University, Japan

Abstract Fig.1 Production of TNF-a in serum by intravenous injec Enhancement of uptake of cationic liposomes into cells
CpG DNA/non-viral vectors complex by mannosylation

Single-stranded oligonucleotides containing CpG dinucleotides (CG DNA) are recognized by Tollike:

receptor (TLR)-9 on antigen presenting cells (APCs), o stimulate Th-1 type immune responses. Therefore, CpG

—— Inravenous administration +
DNA have been used as therapautic agent in cancer. For the effetive use of CpG DNA, follwing matters
pouic 29 Pe o CoG ONApopiex. 1600
shouid be considered; ) avoiding enzymatic degradation, i) enhancing celllar uptake, and ii) improving the s .
production of Th-1 type cytoines. To contrl these pracedures, CpG DNA delivery system s nceded to eNaked G DNA + CpG DNAlipoplex ey
evelop Non-ral vectors such as cationi fposomes and catioic poymars have boen extensively amployed as _ 1200 - o6
£ e
avahite for lasmid DNA in gene thorapy trials, bocauss they protect plasmid DNA from degradation, enfianco £ X e
? N " 'Y < 2 ~+~ Naked CpG DNA oo ossorns
is calluar uptake, and greatly improve its ransgene expression activiy. I is aiso wel known that mannose €
receptos are expressed exclusively on APCs; therefore, introduction of mannose residues o cationic ljposome L o Targeting of crugs
formulations could provids an sffective targetng systam for CpG DNA. 3 o PS—
oo s ool elose 8 1), 265294 2002
Here, we prepared CpG DNAIcalionic iposomes complexes in terns of immunostimulatory effects, Colectoncibiood
from tai ven W Yooprao ot

and apply the system o peitoneal dissemination therapy. We also developed mannosylated cationic liposomes
(Man-iposomes) for effective targeting of CpG DNA to APCs, and production of Th-1 type cytokines by

Joumal of Controlled Release 114 (2, 183-201 (2006)
e Targeting of gene

admiisiraion of CpG DNAManiposamo complox (ChG DNAan-ipoplos) wero examined in vio. CpG o S Kavakam o a, Gona Thor. 76 262.20 2000
DNAVGationic liposome complex (CpG DNAMIpoplex) showed more potent immune activation than CpG ohr . ohr TGS, o Tt
DNAJcationic polymer complex, which is prepared by linear polyethylenimine (Fig. 1). Intraperitoneal + p < 0.05; Significantly different from CpG DNA-polyplex i.v.group 318 (2), 828-834 (2006)

admiisraion of CpG DNAIipoplex nibied i proferation of tumor clis in prioneal aviy, and proonged

survivel time of perioneal dssemination model mice (Fig 2-). CpG DNAMan-lpoplex showed signifcanty Fig.5 Production of TNF-a from peritoneal macrophages
Higher immune activation than oG DNAYipoplex (Fig 56). These resuls ndicated tht pcsome-based CpG Fig.2 ion of th-1 type ines in peri wash by CpG DNA/Man-lipoplex

DNA delivery system is promising for cancer immunotherapy. b;

traperitoneal injection of CpG DNA/lipoplex

Yy
otme o Tdays o Catecton of
+ - peritoneal macrophages 80

Materials and Methods meapertonea Intraperitoneal Collection of Measure the s
inoculation of adminitiation of _ pertoneal wash Iclrase sty "
convert 1o cel .
oligonucieotide ca;“ss BL6Luc oG DNApopiex 5 — - 1 Man-lipoplex
) by Operon, SRnobpiex ve— L L
‘ " 250 720 G DNAMantipopiex | & 40
The sequence for CpG DNA was 5'-TCGACG GACG" ‘GACGTTTT-3 and for control DNA, 5'- 400 * 4 CpG DNAJlipoplex 2w
TGCAGCTTTTGAGCTTTTGAGCTTTT-3' were used. - 1 Control DNAVlipoplex 5 H
Preparation of Lipoplex and polyplex 2 < change the medium 20
osylated by mixing of DOTMA, 2 150 2 o
cholasterdl, and Man-CA-cholesterol at a molar ratio o 1:1:0 and 1:0.5:0.5, respectively. Linear = ~
polyethyleneimine (PEI) (25KDa) was used for cationic polymer. i - o
£ 100 el s5hr Collection of PO CpG PS CpG
Lipoplex was formed by adding an equal volume of CpG DNA to cationic liposomes at a mixing ratio (-/+) of culture supematant
1.0:2.3 and stored at 37 “C for 30 min. Polyplex was forned by adding an equal volume of CpG DNA 1p<005; from
linear PEI at a mixing ratio (NIP) of 20 and stored at room temperature for 30 min. 50
Production of n serum of CpG DNA o . . o
&h 12h 18h Fig.6 Production of Th-1 type cytokines in serum
Femste R ice woro varcusly siitored 3 DNA. G DAl 000 DNATpopies, o0 by intravenous injection of CpG DNA/Man-lipoplex
vein. Serum were collected and serum TNF-xIL-12, IFN-; concentrations were determined by ELISA. (Fig
16)
(bl expressing reportr protein Fig.3 Antitumor effect of intraperitoneal injection of onr e i, | 3500 TV .
CpG DNAVli in model eCoGonamaniopl | 3000 | Manlpoplex
Murine 6 tumor cells and with .
plasmid DNA g the control mediate A0 " Bare-lipoplex
o u o oblan 816 BL6lLuc and coonzB Lu, respecivel.
Production of ines in peritoneal cavity by i inistration of CpG DNA 108
Malo C57BLI6 mice were intraperitoneally injected B16-BL6/Luc cals (5.0<10%cels). Then, saline, CpG 2 T
DNAipopiex. control DNAipoplex were administered iniraperitonally (10 g DNA). At specifc ime poins 3
e smiisiraton,pentonoa wash was colected b njecton of 3 m P no perancal cavy. The oves S etos T o
of TNF-a and IL-12 (p70) in the peritoneal wash were determined by ELISA. (Fig. 2) 3
g
»G ODN following 2 1
1104
ale CSTBLI miceand male COF micewer naperionealy feied B16818 L el (5.0 10cels) o
colon26/Luc (1.0+10°calls), respecively. Then, saline, CpG DNA, CpG DNAfipoplex, and o
O\Aiopteswte irapertoncl admisteed (10,19 DNA) A’ spalfc tme pors ahr smitaton T anr PO CpG PS CpG
ertoned wash s coleced by neion of 3l PBS o peroneal cavy, The velsof F- nd 12 110° CoG
(p70) in the peritoneal wash were determined by ELISA. Seven days after the inoculation, g Saline
were excised and the effect of CpG DNA-ipoplex was evaluated by msasunng e lcierase sch\my ma 3) @ o e DNAVlipoplex 3000 1L-12p70 PNy
5 > +
e survval of e cols F.4) < \@é,o o@@@@ o{a 700
S 2500 800|
£p<0.01; Significanty different from saiine .p. group 2000 500
Resent prtonel marcphages werscollcod i o partonealcaiy of amals G mico i cecdd _ ~
PBS. Cells were plated n ihe oG E1500 £ 400)
ONABpoloxor GG DNAan gl woro ot 0 5! o P MEM Thacas ware inubaog i O 2 2 300
e
supernatants were collected for ELISA 1o detemine TNF-. 'r‘g 5) 1000 . 200
500 I 100
N 0 N.D.
Establishment of delivery system for inmunostimulatory CpG DNA Fig.4 Prolongation of survival rates by CpG DNA/lipoplex s 2 L & @ @
in peritoneal dissemination model ch\z & ot “#zé s 8
— K\ \\ "\ A
Cos DA Stabilization of DNA o o
P B +p <0.05; Significantly different from bare-lipoplex group
*Phosphorothioate
uptike
Transfection of DNA into cells Saiine
3 60  Naked CpG DNA Summery
al vector <  CpG DNAVlipoplex
Dendriti colls macrophages g
Monocytes \cationic i E 40t
Cationic liposome s ®Formation of cationic liposome complex with CpG DNA (CpG
TNF-a, IL12 . z
cationic lipids s af DNA/lipoplex) enhanced immunostimulatory effect, and
activaterrelease
. cationic polymer intraperitoneal administration of CpG DNA/lipoplex was able to
~cationic polymer
0 n P . i
Natural Ker colls ~polyethyleneimine (PEI) 0 10 2 30 40 50 60 70 80 Days inhibit peritoneal dissemination.
~poly-L-lysine(PLL)
~chitosan Intraperitoneal administration - KUramoto etal. ®Targeting of CpG DNA to the APCs by mannosylated liposome
IFNy lipoplex Journal of Controlled Release, 115(2):226-33,2006 . o
of CpG DNAVlipople @ induced more effective immunostimulation i vivo.
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Novel neuroprotective mechanisms of pramipexole, an anti-Parkinson
drug, against glutamate-induced neurotoxicity

Yasuhiko Izumi

Department of Pharmacology, Graduate School of Pharmaceutical Sciences, Kyoto University

Abstract

Glutamate, one of the excitatory neurotransmitters, contributes to

neuronal degeneration associated with Parkinson’s disease. Several

studies have demonstrated that pramipexole, a D,-type dopamine

agonls( exerts protective actions. In this study, we \nves(\gated the
ive effect of i against

A Sham + Pramipexole (1 mM)

Glu (100 uM)
¥

neurolox\clty A 24-hr glutamate exposure in rat
cultures selechvely induced dopaminergic neuronal death. Treatment
with attenuated glutamate-induced r The
selective dopaminergic cell death caused by glutamate was also
prevented by a-methyl-p-tyrosine, a tyrosine hydroxylase inhibitor.
Pramipexole as well as a-methyl-p-tyrosine decreased intracellular
dopamine content. These results suggest that pramipexole, at least

in part, protects against glutamate toxicity by depletion of
intracellular dopamine.
Introduction

an aminobenzothi i ine D,/D,

receptor agonist, has been used to treat both early and advanced
Parkinson disease (Fig. 1).

Human clinical trials demonstrated that a reduction in striatal
dopaminergic nerve terminals was significantly lower in patients
treated with pramipexole when compared with those treated with
levodopa. Although it is suggested that pramipexole can abrogate
the progression of neurodegeneration, the precise mechanism
remains unknown.

Because induced is to be
involved in the continued degeneration of dopaminergic neurons,
we investigated the effect of pramipexole against neurotoxicity
caused by exposure of rat mesencephalic cultures to glutamate.

H
oo
Hy|

Fig. 1 Structure of pramipexole.

Experimental procedures

Primary mesencephalic cultures
The ventral mesencephalon was dissected from rat embryos and
dissociated. Cells were plated at a density of 1.3 x 10° cells/cm? and
maintained in Eagle’s MEM containing fetal calf or horse serum.
Evaluation of neurotoxicity
Cultured cells were exposed to drugs for 24 hr at 9 days in vitro and
incubated in drug-free medium for a further 48 hr. Cultures were
processed for tyrosine hydroxylase (TH) and microtubule
associated protein (MAP)-2 immunocytochemistry. TH- and MAP-2-
immunoreactive cells were identified as viable dopaminergic and
n i neurons, ively.

of ine content
Dopamine content was measured using high performance liquid
chromatography. Treated cells were sonicated in extraction buffer
and aliquots were analyzed with electrochemical detection at an
oxidative potential of +750 mV.
Western blotting
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Fig. 3 A: Photographs showing protective effect of pramipexole on
dopaminergic neurons against glutamate neurotoxicity. Bar = 200 um. B-C:
Protective effect of on glutamate

Glutamate (100 M)
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Fig. 7 Reduction of dopamine content by pramipexole is irrelevant to
dopamine D,-like receptor activation. (A) Effects of dopamine receptor
agonists on dopamine content. Dopamine receptor agonists (100 uM) were
added to culture medium for 24 hr. (B) Effect of domperidone on reduction of
dopamine content by pramipexole. Domperidone (1 uM) was concomitantly
applied with pramipexole (100 wM) for 24 hr. ### P < 0.001 vs. control. NS;
not significant.

y i
dependent (B) and enhanced by pre-incubation (C). Cultures were exposed to
glutamate for 24 hr with or without pramipexole as indicated period. ### p <
0.001 vs. sham treatment. ** p < 0.01, *** p < 0.001 vs. glutamate alone.

24 hr

>

Viability of dopaminergic neurons

24 hr

Viability of dopaminergic neurons
(% of Sham)

0
% 0,%% oS Sham  Pramipexole (1 mM)
% %,%/y % Domperidone (10 uM)
,,* «7;’&0 Glutamate (100 uM)

Glutamate (wo M)
Siated

Fig. 4 is irrelevant to
dopamine D,-like receptor activation. (A) Effects of dopamine agonists on
glutamate neurotoxicity. Dopamine agonists (100 pM) were applied for 24 hr
before and 24 hr during glutamate exposure. (B) Effect of domperidone, a
dopamine D, receptor anta; on of

Domperidone (10 uM) was applied with (1 mM).
#i## p < 0.001 vs. sham treatment. ** p < 0.01, *** p < 0.001 vs. glutamate alone.

nist.

Table 1 Comparison of binding affinity of dopamine agonists to dopamine
receptor subtypes.

Cells were harvested in lysis buffer. The lysate was
SDS-PAGE and to a PVDF Thy
was incubated with antibodies and detected by an ECL detection
system.

Measurement of TH activity

TH activity was determined by measuring the amount of L-DOPA
accumulated in the presence of carbidopa, an inhibitor of aromatic
L-amino acid decarboxylase.

Fig. 2 Dopaminergic neurons (DA) are more vulnerable than non-
dopaminergic neurons (non-DA) to chronic glutamate (Glu)-induced toxicity.
(A-F) of i (A-C)

Ki (nM) D, D, Dy D,
by ipine*  >1000 33 50 18
Pramipexole ©  >1000 6.9 0.9 15
7-OH-DPAT®*  >1000 10 02 135
SKF-38393 ° 68  >1000 >1000 >1000
“Ki values are taken from Piercey et al. (1996)

® Ki values are taken from Kraxner et al. (2000)

5
)
IS
=)

N
3
N
3

of vesicular uptake AFWZO 24 hr B ”
Cultures were incubated with digitonin to selectively permeabilize 3 I 2
the plasma membrane. Uptake was started by adding Mg-ATP and 5100 3
50 nM [°H ivity was measured by scintil 5 ;
counting. = 80 3
ESR spectrometry of radical o # £
Dopamine-semiquinone radical was formed from dopamine (10 mM) H { g
by horseradish peroxidase and detected by electron spin resonance S 40 #%m S
(ESR). £ j;
g 20 i 3 20
& £ 8
° n -
DA non-DA Control 0.1 1 0 Sham
A . Dopaminergic neurons a-MT (mM) __ o-MT (mM
£ G Non-dopaminergic neurons Glutamate (100 M)
s 12 Fig. 5 Endogenous dopamine is involved in glutamate-induced neurotoxicity.
» % (A) Effect of a-MT on dopamine content. Cultures were treated with a-
! 5 methyl-p-tyrosine (a-MT; a tyrosine hydroxylase inhibitor) for 24 hr. (B)
SpB 5 Effect of o-MT on glutamate neurotoxicity. «-MT was applied for 24 hr
= L M = before and 24 hr during glutamate exposure. # p <0.05, ## p < 0.01, ### p <
=4 .| 0.001 vs. sham-treatment. ** p < 0.01, *** p < 0.001 vs. glutamate alone.
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and non-dopaminergic (D-F) neurons. (G) Neurotoxicity induced by
glutamate in mesencephalic cultures. Cultures were exposed to 30-1000 uM
glutamate for 24 hr. Bar =200 pm. ### p < 0.001 vs. sham-treatment.

ontrol_1__10 10071000 Control 24/48 0/24 0/48 (hr)
Pramipexole (uM) Pramipexole (1 mM)
Fig. 6 Effect of pramipexole on dopamine content. (A) Concentration-
dependent effect of pramipexole on dopamine content. Cultures were treated
with various concentrations of pramipexole (1-1000 uM) for 24 hr. (B)
Reversibility of reduction in dopamine content by pramipexole. Cultures were
incubated with pramipexole (1 mM) for the indicated period. ### p < 0.001, vs.
control. ** p < 0.01. NS; not significant.

A B 350 P 07_2\12
Pramipexole 3 Z100l T
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Fig. 8 Effects of pramipexole on dopamine symhcsls and storage. (A)
Representative blots of total and phosphorylated TH and glyceraldehyde-3-
phosphate ~ dehydrogenase (GAPDH). Cultures were  treated  with
pramipexole (100 uM and 1 mM) for 24 hr. (B) Effect of pramipexole on
TH activity. Cultures were incubated for 24 hr with pramipexole (1 mM) or
-MT (1 mM). (C) Effect of pramipexole on vesicular monoamine transport
(VMAT). Digitonin-permeabilized cells were incubated with pramipexole
(100-1000 uM) in the presence of [*H]dopamine for 30 min. ['H]Dopamine
uptake into permeabilized cells was determined by scintillation counting. # P
<0.05, ## P <0.01 vs. control.
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Fig. 9 Effect of on dopamine (DA radical formation.
(A) Representative ESR spectra of DA-semiquinone spin adduct. DA was
incubated for 2.5 min in the presence or abscncc of pramipexole. (B)
Ce of D. activity of
pramipexole. Signal intensity was presented as percentage of the second peak
for DA-semiquinone radical spin adduct of DA alone. # P <0.05, ### P < 0.001
vs. control.

Summary

* Pramipexole prevented glutamate neurotoxicity
independently of dopamine receptor stimulation.
Depletion of intracellular dopamine provided protection
against glutamate neurotoxicity.

Pramipexole decreased intracellular
independently of dopamine receptor stimulation.
Pramipexole did not depress dopamine synthesis, but
interfered with dopamine storage.

dopamine

* Pramipexole inhibited dopamine-semiquinone radical
formation.
These results suggest that pramlpexale protects
against toxicity by of intr
dopamine.
R
A, NMDA receptor

Dopaminergic neuron

o Pramipexole 5
il —hj
0

‘ 3 —»***—»

Dopanmine-
semiquinone radical
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9mTc-anti-LOX-1 Antibody for Evaluating
the Vulnerability of Atherosclerotic Lesions;
Comparative Studies with *™Tc-Annexin A5

Patho-Functional Bioanalysis
D3 Seigo Ishino

Background-1

The ture of ic plaques and
the subsequent 'ormatlon of thrombi are currently recognized as the
primary ial and cerebral i
Therefore, the dolsctlun of vulnerable plaques is clinically important.

9mTc-Annexin AS binding

Intima

Medi
Adventitia:

=

Thrombi

Apoptotic cell
=== : Annexin A5
: phosphatidylserine

. <(aoptosis
Vulnerable’

Atherosclerotic Plague

Apoptosis is commonly observed in advanced atherosclerotic lesions
and contributes to plaque vulnerability. At the last COE annual meeting,
we reported a famous apoptosis imaging tracer, ®"Tc-annexin A5, should
be an attractive tracer for imaging vulnerable atherosclerotic lesions.

Background-2

Lectin-like oxidized LDL receplor =1 (LOX- 1)

The implication in the prog 5
- superoxide formation,
- adhesion molecules expression induction,
- foam cell transformation,
- apoptosis induction,
- MMPs expression induction.
LOX-1 plays multiphasic roles
in the ion of ic lesions.

¥

+ LOX-1 could be a potential target of a radiotracer for evaluating
the vulnerability of atherosclerotic lesions.

- We designed and prepared a LOX-1 imaging tracer, ®"Tc-anti-
LOX-1 monoclonal IgG (**"Tc-anti-LOX-1 mAb)

Purpose

To evaluate the usefulness of %™ Tc-anti-LOX-1 mAb
as an atherosclerosis imaging tracer,
in comparison with 9mTc-annexin A5.

We investigated...
(1) Accumulation of these tracers in the atherosclerotic
aorta,
(2) Distribution of these tracers based on the different
stages of atherosclerotic lesions.

using a rabblt model of spontaneous atherosclerosis
heritable
hyperllpldemlc rabbits; WHHLMI rabbits)

which was relevant to human atherosclerosis.

Methods-1

1. Animal Model
WHHLMI and control rabbits (n24/group) were used.

2. Preparation of #"Tc-anti-LOX-1 mAb
Anti-LOX-1 mAb was derivatized with HYNIC for
9mTc labeling.
(Radiochemical yield; > 35 %)
(Radiochemical purity; > 95 %)

3. Preparation of %™Tc-annexin A5
HYNIC derivatized annexin A5 was labeled with **mTc
using an annexin kit .
(Radiochemical yield; > 80 %)
(Radiochemical purity; > 98 %)

Methods-2

4. Ex Vivo Biodistribution Study
After the injection of ¥™Tc-anti-LOX-1 mAb or
9mTc-annexin A5, the radioactivity in tissues was
determined by ex vivo tissue counting methods
at 24 or 3 hours, respectively.

5. Autoradiography (ARG)
ARG was performed to determine the regional
radioactivity accumulation in the aorta sections.

6. Histological Studies
Azan-MaIIory and HE staining, and
staining for p
(RAM-11) and smooth muscle cells (1A4) were
performed to determine histological characteristics
using serial aorta sections.

Distribution of Each Radiotracer Accumulation

in Aortic Segments Acending:
e 7 0 Total ¥ ch Aorta
.g 6 B Acending-Arch Heart
5 1 oracic L rnoract
39 Abdominal oracic
igs ominal Thora
324
I%3
82, Abdominal
3% e
51
o
0
Control WHHLMI  Control WHHLMI WHHLMI Rabbits
%mTc-anti-LOX-1 mAb  %9mT¢ in A5

In the case of ®Tc-annexin A5 study, the aorta accumulation ratio of
WHHLMI rabbits to control rabbits was 5.

On the other hand, the ratio was 10 in ¥"Tc-anti-LOX-1 mAb study.

In WHHLMI rabbits aorta, ®"Tc-anti-LOX-1 mAb accumulation was 5-times
higher than that of ®Tc-annexin AS.

Distribution of Each Radiotracer
in the Aorta Sections of WHHLMI Rabbits

9nTc-anti-LOX-1 mAb
Aza HE

9nTc-annexin A5

?H\? low

WHHLMI rabbits aortas.

[ « Both tracers were accumulated in the thick intimal region in the J

« The di was

Classification of Atherosclerotic Lesions

Atherosclerotic lesions in WHHLMI rabbits were ed
into 4 categories based on the AHA classification scheme:

[N] Neointimal lesion (AHA Type I-Iil
Thickening of intima consisted of mainly smooth muscle cells and
few macrophages; early lesion

Atheromatous lesion (Type IV)
Thin fibrous connective tissue and a dense accumulation of
extracellular lipid and foam cells;

[F] Fibroatheromatous lesion (Type Va,Vb)
Lipid cores, separated by thick layers of fibromuscular connective
tissue; relatively stable fo rupture

Collagen-rich lesion (Type Vc)

Predominantly collagenous component contained smooth muscle
cells; stable lesion

« Atherosclerotic lesions were classified into the four types of
lesions based on Azan-Mallory and HE staining.
+ The radioactivity within each region of interest (ROI) was measured

Radiotracer Accumulation / Vulnerability Index
in Each Atherosclerotic Lesions 20

6
< 1
§ =
ETS 1 25
SE N Neointimal lesion
ZE A' Atheromatous lesion
4 i 420
23 N F Fibroatheromatous lesion .
gg 3 C: Collagen-rich lesion 5
S P<0.0001, %P< 0005, P <0.01
gu2 ‘ 1.0
£ :
LR = 05
4 1
0 0
NAFC NAFC N AFC
#nTc-anti-LOX-1 mAb_*"Tc-annexin A5 |
AF [ Macrophages + Extracellar Ipid deposts
AlC 26 18 Gollagen fbers + Smooth muscle cals

« The highest accumulations of ®"Tc-anti-LOX-1 mAb and
mTc-annexin A5, and vulnerability index were observed in the
atheromatous lesion, namely vulnerable-like lesion.
« 9¥mTc-anti-LOX-1 mAb showed the higher accumulation ratio of

Correlation between Tracer Accumulation and
Vulnerability Index in Atherosclerotic Lesions

15
R=067 .. R=0.34, P<0.0001
P<0.0001 -

nTc-annexin AS
(<102, %IDxBWImm?)

SnTe.anti-LOX-1 mAb
(x107, %IDxBWImm?)

4 2 o 1 2
Vulnerability Index Vulnerabilty Index

Neointimal lesion « Atheromatous lesion
*Fibroatheromatous lesion 4 Collagen-rich lesion

« The regional distributions of *™Tc-anti-LOX-1 mAb / ®"Tc-annexin A5
were significantly correlated with vulnerability index.

+ The correlation of #"Tc-anti-LOX-1 mAb was better than that of
%mTc-annexin A5.

by ARG,
1 other lesions, than *"Tc-annexin A!
Summary
In comparison with ¥™Tc-annexin A5,
(the characteristics of ®"Tc-anti-LOX-1 mAb were... ACKnOWIedgment

+ 5-times higher ion into the

aorta segments,

1.5-times higher atheromatous-to-other lesions
accumulation ratio, namely more specific accumulation
into vulnerable lesions,

better correlation of regional accumulation with
vulnerab index.

99mTc-anti-LOX-1 mAb should be a potential tracer for
predicting lesions prone to rupture and monitoring the effects
of timely in patients with ather 3

We would like to thank...
Theseus Imaging Corporation for providing annexin kit,
Dr. Kume (Kyoto Univ.) for providing LOX-1-mAb,

Dr. Shiomi (Kobe Univ.) for providing WHHLMI rabbits.
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REWBRIETANVANY & —TdH DT T A3 FDNA

(pDNA) (&, Zatk - EEEOBE 5 B TIRE
REHT L ECTHERRR =12 b0 L fifish
TWwb, LAL%A S, pDNAIZIEHE HEDNAIZ4;
#9723 A F VAL CpG FiEH (CpG EF—7) HEEAF
L, I~ ru 77— (M) BRI IZToll-
like receptor-9 (TLR9) % 4L CfabafEm & L CRdak s
NDHZET, FIEMET A b A VREELR EORIENE
ERIEE FR S 2 2 EPME SN TWD, UIFEET
2N F T2, CpGEF — 7 A%\ pDNAZ ¥ 7 A IZH
WRAVFS-9 % & & DRERST 7 IR Ml 2 & oo ALk
WERE L, MR RIESETA M A VLRV ERATS
ZEEWE L. CpGEF— 7 DR IA R VT T v
fali (CT) DNAOFRG-TIESSREMT A b 1 > DfEk
ER0 5N, CpGEF — 7 % 783k¥ HTLRIZDNAIC
XY B RIFIDEICB WV TEEREEZH) & ATRE
SMize —H. 7 A0S il - B LEEM %
AV 7-pDNADELY sAA B L OV s, ekt
HeRE 2B 2 MR BV TIE, pDNAMMTIZCpGE
F =TI HPMFIET HIZD DS FTRIEMWT A P A VB8
FEAEHEESNZVE W) BRIEVE S % L
72 LLGDS, T4 )Ry — L4 EDEESIK

(lipoplex) & L7854 121&. pDNAZIFTZ LCT
DNAIZX LT SEEY A M A U hNERESIh L L

LSNP0l E5I12, TOWHMEALIZ. lipoplex %
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L7285 L REREIEREM @ (2N L 72355 Cld, pDNAIZ
T B BENRKELCERL S TVE I ENFL 2L
holee TO—HE L TEEM & ZDMOMO M
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%o HIRMNFES- L 72pDNAIE B 12 JFFH < olied . 2 457
52 Eh5. BRSO E I3 FKupffer iz <
PRIEM & DU EE L FE X bbb, £ 2 TARIZE
Tld, EEMO A T~y ADOW, FFE,. B
MO & & Ol & bt - 5558 L. &Ml ODNAIZH
T 5 RIRIRE & RIEMET A N I A VA RIS
45, 72, lipoplex Tl3CpGE T — 7 12 IR 211 72 )
JEASFRD &7z 2 L6 TLROFEMATY 2 M AL
DN E R NS, £ZTILRY v 777 M &
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Materials and methods in vivo study

DNA
CpG DNA
pCMV-Luc : 119 CpGs/ kbp
pGZB-dLuc : 63 CpGs/ kbp [+“—0 hr Intravenous injection
Non-CpG DNA
PCMV-Luc : Cp
Calf thymus (CT) DNA : vertebrate DNA

..» 1.5hr Collection of
DNA lipoplex formation blood and organs
Cationic liposome: DOTMA/chol liposome :
(DIC)

TNF-a level in mouse serum after intravenous injection
of naked DNA and DNA lipoplex

Naked DNA DNA lipoplex
(25 pg or 250 pg DNA/mouse) (25 ug DNA/mouse)
800 * mi
_ 700 Cho et s 53 ooy
E 600 Nom.GhG DNAQ) . Methyiated pONA
g2 500
3 400
w
z 300
g
200
100 N.D. N.D. N.D. N.D.
S 2
S & &
Q"Q $ o ooé o*’o b°&°
o & R <
FFF
F €
o3

“p<0.05 N.D. : Not detected

Isolation procedures of primary cultured cells

Injection of PBS into peritoneal §
cavity and recovery Peritoneal M@

Adhesion to dish Splenic M@

Spleen [ ACeSlon O TN T
—[c perfusion |+{ C }— Hepatic NPC
Liver (containing Kupffer cells)

Kidney

G\cmerulus

@—i— Mesangial cells

Day 0 Day 6

Materials and methods in vitro study

DNA Isolation
CpG DNA
PCMV-Luc: 119 CpGs/ kbp 5, Primary cultured cells -+
Non-CpG DNA
Calf thymus (CT) DNA
Cationic liposome 0 hr[Nl:Ee%lg%fA ]
DOTMA/cholesterol liposome DNA lipoplex
+-> 2 hr Removal of
Cells lipoplex
Primary cultured cells
Resident peritoneal macrophages (M)
Splenic Md
Hepatic non-parenchymal cells (NPC) > 8 hr Collectlun of
Mesangial cells upernatant

TNF-a secretion from primary cultured cells
induced by naked DNA

TLR9 expression in various cells
(x10%)

mRNA(Real-time PCR) Protein (Western blotting)
140+ . ((:;éﬁvl_)LN/)k 10000, @ Peritoneal Md
P uc @ Splenic M®
1207 [ Non-CeG DNA v 3 Hepatic NPC
1004 (CTDNA) ‘g 1000 @ Marker
s -
= (100 ug/ml DNA) =5
£ s0- ze
B &3 100 1200 OB®
£ % 22 %
g SE "
= 40 T~ 10
© | ~—120KDa
20
; N.D.
0+ \‘\& & ?O ¥
“e’%\ \e{\\o 2 @’60 I ’
IS X
ei‘\o‘\ ?e«\\ R Y\e}? & 5ug 50ug
N.D. : Not detected N.D. : Not detected
Correlation between TLR9 mRNA expression TNF-o secretion from primary cultured cells
and TNF-o, secretion induced by naked CpG DNA induced by DNA lipoplex
in primary cultured cells DOTMA/cholesterol LipofectAMINE (LA) plus
140
200 CpG DNA 600
120 et
500
160 Non-CpG DNA
g 100 Splenic Ma - (CT DNA) 100
2 sof £ 12 (10 ug/mi DNA)
3 3 300
4 604 ]
= E 200
40 Hepatic NPC
40 100
204
Mesangial cells Per\(orﬁa\ Mo 0 - 0
T O T J & C N &
1 10 100 1000 10000 N o 2 W e
..@x\e Q\z‘\ & g @@ e
Relative mRNA levels (TLR9/GAPDH) (x104) ot T e \‘@6"’ & X
ND. : Not detected <

Cytokine release induced by DNA complexed with
various cationic liposomes from peritoneal macrophages

600

. CpG DNA
(PCMV-Luc)

. Non-CpG DNA

400 (CT DNA)

(5 ug/ml DNA)

200

TNF-« (pg/ml)

\}9\“5 @ Pld\O\ \/\;15‘QQ

'
W 00(

N.D. : Not detected

Conclusions

*Intravenous injection of either naked DNA or DNA lipoplex
into mice induced TNF- « production dependently on the
amount of CpG motifs.

- Splenic macrophages and hepatic non-parenchymal cells
released TNF-« stimulated with naked CpG DNA.

-Peritoneal resident macrophages showed abnormal
response to naked DNA and DNA lipoplex.
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