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1. [BE& X7 BEOEEMEN

(1) 7EeFray) rZEEORERN (FE, =)
—aF TR FLaY) vk (nAChR) 13, FHER
BESIHAET A )T Y FRMBOA v F v 2V Th B,
2003 4E, T 2 — 7REESE W COREE 4 A TOREIERNT
M &N, THTK ) EE@EESO T I BRIHET SO
AR S T2 7 X/ BRI HIIE N B £ OSHIEA
T OBERIHIZIIE S R 2P LETH L5, Fa—
TR E VWG E, BWIEDL 25 4 A TOMITIIRR
THoHI0, SLICESWHEE T RE 2 " RICH
WL 2D, #2T, 22O0J7FEICE Y nAChR @ KT
Wb xR Az, 1 OHOFEE LT, 5L A
DELMBEORA N F 7T AfEH 5 Triton X100 % W T
nAChR % W t, TDAC 77 4 =5 1 — 75 7 4 CnAChR
EREHL 7, ZNICE D55 IED nAChR 235 5 7z
DT, BARIRE, Ny 77 =2 HWTYRY — LE~NOH
RERG - RTTAREGAL 2R ATDY, WTROSME T nAChR
FRIRECEMBRT A EIETE Loz, LL, V3
DARANWVERAT 75V (DMPA) &EFRAT7F V)
a1 (PC) ZRAELIZUEY —2FHWTHERZT-
THAEIZO M, nAChR & JEE —HEIE L OMAIEHAIARY
— 5D 5 N7z, DMPA IZHEREE DS (, HEiRT
FVIRIEE L THAET A0 PC EH—ITREY &bk
WEWIHEDNH LI LD, AHIE, BRTHAIRE S
L CHFETE ZMHEmBREDKRNWEIAT 75V VERIZEZ
THBROKF 21T FETH b, “FEHOSEE LTI,
RA MY FTAEDS nAChR 2 Wb T5 2 %L,
WCTHRLH] S 85 FihE e e L7z U F o — 7 IR
AR 728 & LHARMICFERRDOFINETIT o720 T 5,
BEBELVFEESZHEL, ChEBELLNY 77 —T
REIFA AL, BH~BCAMA v Fax—a L,
CRTAEREE LB EM ARG Lz, ZORR, 727
PGSR I BAB DA v Fa_R=2 3 VRIEL AN, 4~
FaN— 3 YAIZ, nAChR O ¥ — MIRIZIEA NS 7
HBMERE LA e Dol TOMEBITHEIEL TR W
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it B RBETHOEAICE CHEBL, #EBRAELE
BRBMELTHOWIEEICO W O0E L, 72, ZOMH
WO G Em#E 7 — ) TS5 2 LX) T & R
TLIEDNTE, LA2L, TOLH) BT — MIFEFIIR
TETHRABOA v FarR—2a It ELTLED
N oT, ARIIY - NEREBIRLDD, Y=k
FEIHARE LT 5720IZENO nAChR OFiEE% EF 5
BT A TFETH b,

(2) N7 FYTHEF M) Y LT ¥ R IVOBERNT (A
¥, B

RO BEHIIASEW I L 0, BHIRZSRICHERET 5
F X ANVNBI L & 75 = 2SIEHAL SN B Z LI & D mE
ENb, TR, MBSO L mEWEIC L 5
(LHESDVBAEFTICERINL, ORISR E V) BR
B IR WA O 5 b 2RIk, MR, % LTl
FUER L, MR S B OSRSEM B DSt S h, 2k
DML BRI E SN B, BEEZM Nat F ¥ 2L
(Nach) IBEBEMOZELZ R L TEMILINAE A+ F %
ANTH Y, EBMOFEMBEDOHRILZOF ¥ RV OB X |2
I2bDTHbH, #0728, Nach |THLOBAE, MHFEE,
BRI £ D% OREBEIZESES LTBY, ZoF v 4
WV OEF I A BBRBOBEREKNE 25, L7225 T, Nach
DF X ANVEHERA F VEBD AN AL 5F LT
BHOPIZT 5 L IIMRERE T AR L, BT 2580
MK IR IR & et &2 R7- 3, EEAEY O Nach 1
JERNE  DFEEMEEM T b M BB Z 2 A E KR
FUNRTETHDLI NS, XSS 247 OIE
HWIZHNEECTH o720 Lo ik, Bacillus halodurans 7 &0
BFERAEWIZBWT S BIERESM Nat 5% £ (NachBac)
DT B Z EDHHS 212 7% o720 NachBac 13 & ENEMAE
PHRBAF T RNVERKLTBY, HEEYD Nach
EWARTHIENEMCTH ) X SRS 2175 OI1E
LTWwWh, £Z°C, Z® NachBac DREEIENT 24T 9 72012
B ROMGE L AL OME EHG L., &RET ¥ 4
VIR D A D NachBac %, 121 His-tag @i d L < 1X
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GSTRIEY 37 HE LTRIBHE W THEHRL AL
Z %, 4F NachBac Tl His-tag Bl &, F ¥ fIVEIIO A
WZOWTIE GSTRE Y v N7 BIZB W TR S
720 SRIZ, T4 5 ® NachBac 2 bR T2 BEL, A4
2P O~ b 757 4 —I2T, BB TOSFROMN
AT o 7o ZOE, WINLWUEROGTEITHYT S
MBICEH SN, 202 05, FEH L 72 NachBac 137
W CTHEREz R LTS EELZ NS, B, 0
AR E AW TH B EETORE 21T o T b,

2. #BEARN R >IN B DGR

(1) 772 v oEmr (BH, TH, 58)

MREEWE 2L, FRENEE OMEAREE Y
VINTVEDHEL, INSOZEERKEE S v EIE, R
AN FTATOZHEEORIEALE & OEBRERBEICES L
TWwWbEEZLNTWA, 77 i nAChR OS5 ~
NTBELTRRASN, BEfilge ) v o7 MY A%
FAWZEEDRLRA N F 7 ABIZBIT 5 nAChR DR
REALE FOERBEREICE D> TV Z LD HESLTW
Lo TTVYDZRIGCHEEIRIZHITEN TR WS, H
BES I cDNA S ENE T I VBEREFN LD, WD
PO RAL VHEEEFRHOZEARREINTND, 7TV
DFOZHRDIRE - ERBHEL 5T LNV THL»ITT
L7DIIIETHEEDOMHASUETH LI e, 7T
YOREFRHFROMIL L, R - b r i, YL
IADT TV cDNA # IV TEEB LU O 3 »
ANT 7 MEERL, KBWEICBI2HERERAZEZ A,
EEELHL DAV ANT 7 PIIAREMR G E o TL
Fol, 20H B, ZTERICHET S rapsyn (1-344) 12
DWTHHL - BER L 2A, WBEY VX0 G 2187295,
Wbt o ngidBoncnivn, 37V Y OHCES
WL ENAHEBEEG 2203 AT 7 b rapsyn
(1-75) &, rapsyn (1-201) ([Z2WTlE, WEMEHESE L
THRBET A EDMRTE T, BEINS ZRHBEL, &
fbAZ ) == 7 %& A TS, 72, nAChR & DFEEIC
BEE L SN LM% & rapsyn (237-338) 13, LEFF
FUMEY VNTBEE LTRSS S Z I T EN
W e LTHAZ ENTEL, LAML, rapsyn (237-338)
1, HEERICBVL TR AT 2ENICH o720 D
K> 12& LT, nAChR &H5E T % coiled-coil FHIHDBHK
DS <, ZOEIBOBUKMEAMEAERIC & o TH T2 E
LTLE) &#2xo6Nb, 22T, ZOBKEMEENE%,
nAChR & rapsyn & DBEEERL RSB Z LI LD #d
L&) ez, L2L, 57 Y2 nAChR D 5205 5%
TLZy POWTNEMASEHEZ L T A0 ho Tnik
WV, FZT, YELIADnAChR ¥ 722 v +® ¢DNA
RHEEL, TNEFNATE (o, B, v, §) O TL1=v D
MFANES O > A T 7 FERER L, 2o 2 KRBR
THIE4, SDS-PAGE ETIIITHE—D/NY N b LT
TEXLILEMER LI, 51%, TIN5 L rapsyn (237-338)
OMEMEMEMRT AL LB, URE, 725 OICdRE&
ILEHALFETH 5,

(2) PSD-95 DR ANT GkIF, wlF, Rk, =i%)

DR A - ¥ F 7 AZIE NMDA Z345% shaker K K+
F X FIVEDERET LI EATREN, NS DERERIC
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ME5$55F0 12k L TPSD-95 MiEHZHED T 5,
PSD-95 OEHNINCIE, N EKimfll2: H)EIC 3 D PDZ N X
A4k, FRICHEC SH3-GK F XA Y DFEAES 5, il
W RGeS, PSD-95 ® PDZ K A £ Y IZIZZEMAR
AFVF X RNGEEDEY Yy EDIG ST, i —
B2 F A EEE (nNOS) % CaM @ X 9 2 Ml P a1k
STHEETAHIENREINT VD, TNLOMARS,
PSD-95 125 37 B LMl S T O 2 £ 3¢5,
By NI L TOBELRFFONTTHEEEZLN
TWb, BEIZ, PSD-95 DK A4 ¥ O ffiikix, 22
N X WA SRR NMR I X W ENTE 2, LA L
PSD-95 IC L A BMERA XV F v ANVDRA N F T A
B BT 2 ERERE, By v Xy B LIS T & O
AL DICT A0, BRAAVEYT Y FED
FEERRA S SR R EERT CIEA TS Th B, £2T
PSD-95 53 T &K DM &L 5 TFHICBIT 5% FA A ¥ DR
AL, PSD-95 & AHHEAEH T 5505F & OGS OfEH D 72
W, FT LX)V TORERNTAVLIETHL EEZ T, T
FTIZY Y A PSD-95 D cDNA 2T, &EBIU3D
® PDZ 8i% (PSD-95 (1-402)) @, KGHEIZBI 5 KE
FHRZESL L, TNENTH—F 7 F L LR
BT EIHI L7z, E512PSD-95 (1-402) 122DV TIE=
RICAEMEGRH Z LT L, KB (SPring-8)
WCTTF— S EZ4T) FTETH Do SHRITEEDOY R &
iz, ZRITCRESRLICB I 2 &t o#Elb & 7 — 5 O
iDL, &K PSD-95 ORI oW, KIRE T WM
WEH BN TR 21T, $72, &K PSD-95 252
OPDAY T H A= a3y BEAIE, BFHMNES
574 =2k BIENT L HHETERTTHEEDHE KA D,
INHOREEIZ, BIZHRESIN TS 420 X A ik
DTV TAYTEFHIIEICEY, 1205 T4k LT
DHEXIETHFETH b,

3. E£H<ILFY— LOMMBEFRIEN

(1) PSD-95 L HVEY 1) v OMENEHE (fEk, &I,
i)

WY F 7 ANRIET B PSD-95 1&, NMDA Z&4ER v
TR VEESTF LS L, NMDA S8 E M5 7 F
IMEEDRIGIZ R D L EZ BN TWAH, NMDA ZARE
PEALIZ & o THIBLAICHE A L 72 Ca?t 1, CaM &fEA L,
Ca®t /CaM K70 7 1 ¥ F F—EOFEWALSL, nNOS
DIEHALITRE SN D SRR LIEN > 7 F MEER % flfE 3
5o CNFTIZ, FEHMT T RE VHLEHM (BIAcore3000)
ZH\WT, PSD-95 & CaM 7% Ca?t IREERIICHES T2 2 &,
PSD-95 ® CaM #&1213 SH3-GK KA A Y HEETH 5
ZEEHLNIZLIZ, LA L, PSD-95 & CaM DOfE & B
i, D MAGUK 77 3V —% Y87 BB L AKEL
WA, ZORRREE O IEE ICRHEECTH 72, 22
T, INFTHVTW/APSD-95DI VA NT 27 b5, N
FANAAIMENT VS Stag #H Y Brvza >y 2 527 &
EFRWTHERET- 72, ZOE, DRioa A N7 7 b
RN, 810 BRI & e o7z 72, PSD-95 &+~
P —F v FICEE L7z CaM DFEE7S, PSD-95 & [AIRIC
WML 7z CaM 12 & o> THEMKRAICER S iz, 5612,
EBEOT Y bu— )& LTHER L7245 T-8 L EEEEDS CaM
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LT\ 5 K& trypsin inhibitor I¥, PSD-95 & CaM Dk
GIEEER RITE ol BLEIZX Y, PSD-95 &
CaM DOYFBRAFEE Z I CEE T & 720 $72, PDZ KX A

BT A Y 2 (APC, CRIPT, Kvl.4, NR2B)
D CHuG9FEHIZ X 5 PSD-95 & CaM DiES~DEE %,
S-tag DHRWVHT LW PSD-95 I A b T 7 b EHWTIRE L
720 FDFER, 400 pM CRIPT X 7F K & 800 uM NR2B X
7F R, PSD-95 & CaM OAHAAEH Z/RTKE (o9
75 L) EEALEEDY, 100~800 M KV1.4 XR7F K&
100~400 uM APC X7 F Fig, >3 75 LIC8E% KT
S olze FULREERMT O RD S, 400 uM CRIPT %
7F Fi, PSD-95 & CaM D& Eﬂll@é%iﬂéﬁé &
Ao Tz, BAE, 800 uM NR2B X7 F FIZ & BB 2
A Th L, ULEoHEEIE, MAPLIA © SH3- GK Fx A
NOFEEDHS, PDZ FAAL Y IHEET 55 2378 C KX
TFFFIZEhEmENns auxﬁ&it HLTWb, 77,
PDZ FA A UEES 7L OFEAIZ X ) PSD-95 O
:Jwﬂ[:t SH3-GK FX* 1 V& 57 Y7 & PSD-95
L DFEE TR RAT T REMEAVRIE Sz,

(2) NMDA Z84K> 7 1) > 712B1F 5 PSD-95 D% E
(f&@7k, FH, =i

NMDA 581K % 3 5% < OfFEHIIE > 7 F W niEic
NMDA S24kD B35 /37 B TdH 5 PSD-95 75@5’51@“6
EEZONTWEDY, ZOFFEMIZBHL MR o TRy,
PSD-95 7%, nNOS %, A/%1 /ﬁ’*“mf/ﬁjz MERE - 2L
FHOMEEHREE Y oL aTrIE NS, —E
ft#E#% (NO) Eitﬁﬂﬁ%?ﬁ_x/w D ;iby\'fkb #HH
L, PSD-95 mwi*‘/ﬁ“%)wii%c:iswé&%u IOoWTHR
FLTWh, PSD-95 DIEFER FANL 72012, FFEDF V3
7 BOFB WIS 5 2 LA FEZ short mterferlng RNA
(siRNA) %72 PSD-95 / v 7 ¥ Y IZEL Y HLA TW
%, COST MLz BT, PSD-95 O IRHIZEI % i L 72
SIRNA % BB A Lz, A% 2~3 HH
TlE, WIEM PSD-95 OZE LT/ v 7 ¥ VRFRITERD
SN o727%, 4 HHTIX, WEY PSD-95 DA T
EACHIHIENG Z L R L7z, WS T B IfiFLE
Mifs % 72 RNAD (RNA T OFEEBRTI, ZEWEib
5 R EOWANL, siRNAEA3ZHEHITIZEOSNT
Wb, I PSD-95 2 PSD IZRET BES v X7 B IS
R EsNDL 2T, RBREmINEL Rb 072 EEZ BN
bo $72PSD-95 A/ vy ¥y ENLMEOSL L, B
RIGED 21 VR WL LTV DI 21T, PSD-95 %%
MR B MBI E & > 7 B OMREICEE S L T A W EE I &R
L T\Wb, 4%, PSD-95 /J v 7 ¥k A4 Vigsk
EOMEEWS L, FRICED S \?ODI_JE%ﬁ’) ¥
ETHbD, 72 PSD-95 D NO FELEIZ BBE T RRET
A 72912, COST7 #ifET, NO mﬁmﬁﬁf BETH 72 NO
K38 /REE Diaminorhodamine-4M (DAR-4M) %W,
MR D NO e & A7z, MR T, BIERED
055y 7ORPBHT LT TEEERLTCLTIS 2
72, DAR-4M T3, Fli#EEO NO AT KR T 5 2 &8
TEhholz, 2T NO RIBFRREIZOWTOMRE
BHDOTWE, 72, TNV T FIMEBZEICEDL L F N

Hix, 2O HBPSDICRAEL TS, TNH T VN
BDORTEIHTT 5 PSD-95 / v 7 ¥y v OB HE$ 5
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HYT, nNOS, GKAP, F-actin, CRIPT %Dkt
SMRMRHE 2 A L7,
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The aim of our research is to elucidate the transmem-
brane signaling system, by the structural analysis of the
complex (bio-multisome) between membrane protein and
its associated protein in nerve cells. The structure of
ion channels and receptors has been elucidated by cryo-
electron microscopy. The crystallization of soluble pro-
teins is investigated to reveal their atomic structure by
X-ray crystallography. Then, the confocal laser-scanning
microscopy is introduced for the study of intracelluler lo-
calization and physiological function of the bio-multisome.
These experimental attempts coupled with the structural
studies will provide critical insights into the dynamic struc-
ture and function of the bio-multisome in living cells.

1. Structure analysis of membrane proteins

(1) Nicotinic acetylcholine receptor

The nicotinic acetylcholine receptor (nAChR) is a
ligand-gated ion channel at the neuromuscular junction.
The nAChR was purified using Triton X100 and the TDAC
affinity column chromatography from postsynaptic mem-
branes of Torpedo rays. The purified nAChR failed to be
reconstituted into liposomal membranes, however it was
proved that nAChR had an affinity with the membranes in-
cluding dimyristoyl phosphatidic acid. The 2-dimensional
(2-D) crystallization of nAChR was also tried by rearrang-
ing the receptors in postsynaptic membranes. As a result,
small 2-D crystals like sheets were found in the rearranged
postsynaptic membranes. The images of the small sheets
presented some diffraction spots at low resolution by the
calculation of Fourier transform.

(2) Voltage-gated sodium channel

A Dbacterial small ion channel, the Bacillus halodu-
rans voltage-gated sodium-selective channel (NachBac)
has been also studying the 3-D crystallization for the struc-
ture analysis. The His-tagged full length and the GST-
tagged channel region of NachBac were expressed in E. coli
and purified by an affinity column and a size-extinction col-
umn chromatography. The purified NachBac was proved
to be a tetramer formation.

2. Structural study of soluble proteins associ-
ated with membrane proteins

(1) Rapsyn

Rapsyn, myristoylated peripheral protein, plays critical
role in the clustering of nAChR and in the organization of
the postsynaptic density (PSD) cytoskeletal complex at
the neuromuscular junction. To understand the structure
and function, we have investigated large-scale expression
and purification of rapsyn as a necessary step for the crys-
tal structure analysis. Rapsyn cDNA isolated from Tor-
pedo ray was expressed in E. coli. Both rapsyn (1-75) and
rapsyn (1-201) were purified from soluble fraction and used
for crystallization screening. Rapsyn (1-344) was purified
from inclusion body, but the amount of purified protein is
still not enough to be used in crystallization screening. The
most important part, nAChR associated domain of rapsyn
(rapsyn (237-338)) was expressed as ubiquitin fusion pro-
tein. To avoid the aggregation during the purification, the
rapsyn (237-338) seems to be purified with the cytoplasmic
loop of the nAChR subunits expressed in E. coli.
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(2) PSD-95

A scaffold protein (MW:95k) at PSD, PSD-95, com-
posed of three PDZ domains and a SH3-GK domain. It
plays important roles in regulating assembly and function
of protein networks involved in PSD. Although the struc-
tural features of each domain have been revealed by X-ray
crystallography and NMR, it is still necessary to analyze
the whole spatial arrangement consisted of all four do-
mains, which is essential to understand the molecular scaf-
folding mechanism of PSD-95. In addition to the expres-
sion in E. coli and the purification of mouse PSD-95, we
have recently succeeded in crystallization of its N-terminal
segment (PSD-95 (1-402)). We are also trying to deter-
mine the 3-D structure of the full-length of PSD-95 by
single particle analysis.

3. Biochemical and cytochemical study of bio-
multisome

(1) Interaction between PSD-95 and calmodulin

We have been evaluating the possible involvement of
PSD-95 as a modulator of signal transduction via NMDA
receptors. We focus on the interaction of PSD-95 and
calmodulin (CaM), which is activated by the increment of
intracellular Ca®" concentration following the activation of
NMDA receptors. We have been investigating the charac-
teristics of interaction between PSD-95 and CaM by using
surface plasmon resonance spectroscopy (BIAcore 3000).
In the present term, we prepared a shorter gene construct
of PSD-95, in which S-tag was deleted from the previous
PSD-95 construct. We have revealed that PSD-95 specifi-
cally binds to CaM via SH3-GK domain, also showed that
the synthetic C-terminal peptides of proteins, CRIPT and
NR2B, which interact with PDZ2 or PDZ3 domain of PSD-
95, facilitated the interaction between PSD-95 and CaM,
but not the synthetic C-terminal peptides of APC and
Kv1.4. These results suggest the possibility that the con-
formational change of PSD-95 by the binding of proteins
to PDZ2 and/or PDZ3 domain would affect the interaction
between PSD-95 and CaM.

(2) A role of PSD-95 in NMDA receptor signaling

We also planned to examine the role of PSD-95 on other
event via NMDA receptors; nitrogen monoxide (NO) syn-
thesis and the change of synaptic morphology. RNA in-
terference (RNAi) would be a useful tool to study these
biological involvements of PSD-95. In the last term, we
have succeeded to reduce the expression of PSD-95 in the
hippocampal neurons with the synthetic short interfering
RNA (siRNA) specific for PSD-95. We are going to inves-
tigate the establishment of RNAi of PSD-95 and the mea-
surement of NO production with Diaminorhodamine-4M in
the primary cultured neuron by a confocal laser-scanning
microscopy.
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