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Figure 1 Schematic Model of Rice Dwarf Virus Structure.

Rice dwarf virus (RDV) consists of two concentric layers of proteins
that encapsidate 12 segments of double-stranded (ds)RNAs as genome.
The core particle is composed of P1, a putative RNA polymerase; P5, a
putative guanylyltransferase; and P7, a nonspecific nucleic acid binding
protein. The core is encapsidated with a thin layer of P3 core capsid
proteins. The outer layer of the virus is composed of mainly P8 proteins,
with a small number of P2 proteins, which are required for vector
transmission.
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Figure 2 Electron Density Map of a Region Around P8.
The contour of electron density are drawn at 1.0 times rms of the
electron density.
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Figure 3 Structure of RDV.

(a) Ca-trace of the core structure. The icosahedrally independent
molecules P3A and P3B are colored in light blue and pink,
respectively.

(b) Ca-trace of the outer shell of RDV. The icosahedral asymmetric unit
contains 13 copies of P8 proteins, designated P, Q, R, S, and T and
colred in red, orange, green yellow, and blue, respectively.

(c) Cross-section of an RDV particle shown as a CPK model. A short
fragment inside the core, distributed around the icosahedral 5-fold
axis, was identified as a fragment of P7 protein (shown in green).
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Figure 4 Structure of the Core Capsid Protein, P3.

(a) Ribbon drawing of the P3A subunit views from the outside of the
core particle. The polypeptide figure is colored from blue (amino
terminus) to red (carboxyl terminus) via cyan, green, and yellow.

(b) Ribbon drawing of the P3B subunit views from the outside of the
core particle.
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Figure 5 Structure of the Outer Capsid Protein, P8.

(a) Ribbon drawing of the monomer structure of outer capsid protein
P8. The polypeptide figure is colored from blue (amino terminus)
to red (carboxyl terminus) via cyan, green, and yellow.

(b) Trimer structure of P8, as observed from the outside of the viral
particle. Individual subunits are colored red, yellow, and blue,
respectively.
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Figure 6

Pair of icosahedrally independent P3 molecules, which shows the tightest
interaction between the neighboring P3 subunits. The P3A subunit is
shown in a molecular surface model and the P3B subunit is shown in a
green tube model.

TA A= a3 VDEXZP3 X878 (P3A & P3B) B
FELTWS, ThHDP3A & P3B X287 EE, MUT
W50, EINCIENE b Bixo B2 LTW5, Nk
LTor3 22 EEOMHENEHZ Rz, Fig. 6 1R
9 P3A-P3B D2 AN E - L LEWHEEMZ LTz,
DT EKRITIE, P3B 70T DNAEIHD 50 5% & D
A P3A Lo MHESEHI L, ZhIC K-> T P3A ICHIEZ
b2 E U S, HIRMEZ BT 2 DI L7 iidzED
HLUTWBETHAHOMC -7z, Lhd, NREDODT
10 WEDHTFO N Rz 7ay 7L, 2O EM
HRUVRTF RLANNVTREL R U R 8T EN 2 DD
HHEREEDEONTEES>TWVWE T LR LTED,
COHEMNE, T a—XY M EHWEERICK D LRI T
W53 (7, Fiz, ToOmEICHEELTWS 8ikid, Fitk
NI FEATIC X D BIIIE N TV 5 (8], RDV D NG,
TDOPIDIENH 'K TV =RV D1E=X &L
TV, IE= T EAROFMEZ RO TREGSERE T % &
EZTWV5,

4-3. Ng s N7 BROHEE(ER
P8 X 2NV EId5RIE % 3 BIAZ B L, & 5IC =&k

Figure 7 Interaction in the Outer Capsid among the P8 trimers.

(a) Surface electrostatic potentials on a P8 trimer, as viwed from a P8
trimer-P8 trimer interface. Positive charged region are colored in
blue, and negative charge regions are colored in red.

(b) Schematic representation of side-by-side interactions among P8
trimers. Positively charged patches (shown in blue) and negatively
charged patches (shown in red) make electrostatic pairs of the P8-P8
interface.
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Figure 8 Interactions between the Core and the Outer Shell.

(a) Electrostatic potentials on the surface of the core at the icosahedral
3-fold axis, as views from the interface between the core and the
outer shell.

(b) Electrostatic potentials on a P8 trimer as viewed from the interface
between the core and the outer shell. Positively charged patches on
the P8 trimer are clustered at positions that correspond to negatively
charged patches on the core surface at the icosahedral 3-fold axis.

(c) Schematic representation of the interaction between the inner shell
and a P8 trimer at an icosahedral 3-fold axis. Positively charged
patches on the P8 trimer (shown in blue) correspond to negatively
charged regions on the surface of the core (shown in red) at the
icosahedral 3-fold axis.
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Figure 9. Proposed Hierarchy for the Assembly of RDV.

(e)

On the basis of the strength of interactions between the various subunits, we propose the following sequence of events. (a) Insertion of the
amino-terminal arm of P3B into P3A initiates the assembly of a P3 dimer. (b) This P3A-P3B dimer acts as a unit piece in the jigsaw puzzle. (c-d) A
pentameric structure of dimers of P3 protein forms around an icosahedral 5-fold axis, and then this pentameric structure assembles to form the core
structure of the RDV particle. (e) The trimeric structure of P8 proteins acts as a unit piece of the assemblies and these trimers attach to the icosahedral
three-fold axis at the T-site first. Orientation of the T-trimer on the surface of the core at the icosahedral 3-fold axis is defined by electrostatic
complementarities. (f-h) R-, Q-, and S-trimers attach to the core surface and, at the final stage of viral assembly, (i) P-trimers attach at the icosahedral

5-fold axes to form the complete virus particle.

AT =Y EZROIARIZNEE T NRRAL THATES LE
ZH6N %, P3 X8 EOIENF  mIKRI OB TN TD
FEEZ, 3EflE D &5 EEE D ICB N TIZIERCTH
DT, 2@ODEEETIVAEZLNSH, 5EEHON
FRRIFOPNCIZ PT 2 287 BB EANAEL P3
EHEEALTEY, ZOMAEMRICKD 5EEIEDHO T
DOEEMMEETZEDEEZS5NS (Fig. 9 (a-c)o P
WEMERRE N T (Fig. 9 (d), Bxd WAL & RE T HS
HG LT3 T-trimer D EFEMEERIC K O 3 [\l EICKE
L (X9 (), T=13 L D FOHAMDREE NS, LT,
P8 X 2874 3 wIAE L OMAIEHIC K D BED R-trimer
MES L (Fig. 9 (), IEX Q, S, & L T P-trimer HEA L,
2EHDF Y T FEPRERICHEREI NS (Fig. 9 (g-i)o

P8 X >/ H 3 BkIE, 53E D OWNRRL TRz R
LESELTWBDTIEARL, P3O 3 [IfIE Y O—fEir &k
ISR L THRALTED (Ttrimer), ZFNLIYLO Ps-
=8IKIE, BYNCHE U7 Tuimer & ZHUCk < P8- =&
e OREELOREIC K D ZOMBEPIESNTHALT
W5, TDOXIIT 00 DRV INTENS IR EM RSy
TR, BEEICHESEZRERET 2 Lic ko fthohidaL
TIEBICRI T ZIERR T 5 T EWHkZ EEZ BNS,

TANWZANTLKBENTEEHDO 2 VR 7B T,
RIS K> THERE LADN D EREBO) FEEHRETE
Y B 7dicid, FENGOECHEFERZES £33 L,
2RE LTIRNTDEC BN TLE R EERZED
RNV TRL, WITHNC X > TEmWARZEL %5



oI iicksd, Dk, HKRNHOEWIRHENE
Rafiviah s, EEAHE RGN BV CIERERN A
MEERZ > Tk UTLREREAREIEOH LT
ZDTH 9,

5. #bYic

ARIFZEE, 10 FELLEOEWEAZDTF 2R TH B W,
ZORINE, BHHERA A= T L= DFIHE L
IKWEEZ NI A RZHE T A IV ADRIERD T — ZUEE
ZITo T BRAC 5 L B LTz, 2O/, %
D% EREEE T HICkE AL, KED SRITEICE
BETRTDAT Y FITBOTOIERDRERICHENR LT X
2o Sk, & DITHMER Y A IV AR ) FEATRORS
G, KORBERLIEIN T T AT NS,

HE

AW, KIORFERAEMT - AR R80T, B
YIRS KB, T EBSER A v R —-
KA, Ay > XA HFFEAT « Holland Cheng 181
EHE L=k b, SlhiE=s, eib—as, i
B (BOK - EEWD, MEARES CEVERPD, HEZ, Hig
FEtfE (R p2if) # e ORFpIZEE UTirbnEx Lz,
SRl ORBERHTIE, BEHEZFIH U zEmasE 7 — 2Nk
T UIKIEARA[RET LI, E—LoA VORMICHz>TH
{HEGIC 7% o 72 Photon Factory DRI EEER, 12 (E
ABF R JERBIZEED, $aRSFBIFE (B BoRBhBERD)
WSS L ET, Fie, ZUNTEOBERT V¥V
OFPFEIE, KA NEEME L G dORBEED, HRERH
B K idroTniizEf Lz,

AWFZEIE, BHEAFZEMEIE:, 21 4 COE 7 n 5T L,
228273000 7Y 27 b, ARBHEEOMBNICEKD
HEDHENF LTz,

5| AR

[1] A. Nakagawa, N. Miyazaki, J. Taka, H. Naitow, A. Ogawa,
Z. Fujimoto, H. Mizuno, T. Hgashi, Y. Watanabe, T. Omura,
R. H. Cheng and T. Tsukihara, Structure 11, 1227 (2003).

[2] J. M. Grims, J. N. Burroughs, P. Gouet, J. M. Diprose, R.
Malby, S. Zientara, P. P. Mertens and D. 1. Stuart, Nature
395, 470 (1998).

[3] K. M. Reinisch, M. L. Nibert and S. C. Harrison, Nature
404, 960 (2000).

[4] H. Mizuno, H. Kano, T. Omura, M. Koizumi, M. Kondoh
and T. Tsukihara, J. Mol. Biol. 219, 665 (1991).

[5] H. Naitow, Y. Morimoto, H. Mizuno, H. Kano, T. Omura,
M. Koizumi and T. Tsukihara Acta Cryst., D55, 77 (1999).

[6] K. Hagiwara, T. Higashi, K. Namba. T. Uehara-Ichiki and T.
Omura, J. Gen. Virol. 84, 981 (2003).

[7] K. Hagiwara, T. Higashi, N. Miyazaki, H. Naitow, R. H.
Cheng, A. Nakagawa, H. Mizuno, T. Tsukihara and T.
Omura, J. Virol. 78, 3145 (2004).

FOLDIFZED 5

[8] S. Ueda, C. Masuta and 1. Uyeda, J. Gen. Virol. 78,
3135(1997).

[9]1 Y. Zhu, A. M. Hemmings, K. Iwasaki, Y. Fujiyoshi, B.
Zhong, J. Yan, M. Isogai and T. Omura, J. Virol. 71, 8899
(1997).

[10] Wu, B., Hammar, L., et al. : Virology 271, 18-25, 2000.

(2004 4 10 A 8 HIFERZAT)

EE@/N

I #h NAKAGAWA Atsushi

KRR BAEMIEHT %

T 565-0871 KRB E L T 3-2

TEL & FAX: 06-6879-4313

e-mail: atsushi @protein.osaka-u.ac.jp

W& JEE = 1986 4 KPR K22 K22 B B T ST R JRed Ky Oy Rk
PR LR AGR, 1986 4 Ik )L F — YRR A S
R ERGERE BN T, 1989 422 ENTS (221 CRRR
KD, 1994-1995 4 H AR 221l I Bll 2= KF o OB W 9 5%
& U T E MRC 70 FAEYIAR NS 80 TR HE S,
1995 LB KA RART IR SRRl A S Bh B,
1999 4 KBRS 88 FVEL RIS E R fi 8 A R o A i o 2 >
2—BEER, 2002 KR EAEMZEINE 7 07 4
2 ARRBIEE v A —WEdR (IR B), 2003 K
FRACEEAEWNLNE 7a 54 2 7 ARaisat v x
—HdZ, 2002 XKD Z 873000 Y 7 b AR
fR 7T s o L (- witR) 1R

RIEDWTE - T A IV AZ bR & § % LR THEEERD X
RS MG ART, K - fREROMSE T 0T A I T X

W% /A& NAITOW Hisashi

HYEEWEAT BB B LAG  AEYSATIE R

JAEWIER

T 679-5148  SEEEL(e AT = H HMTEHS 1-1-1

TEL: 0791-58-2839 [N 3278

FAX: 0791-58-2834

e-mail: naitow @spring8.or.jp

W& 1997 4 3 H KBRZERZEBE BZE W Ie Rl 70 124 5
W LRI 7 (Bt (BE22)), 1997 4F 4 HRBK
Pt AE < ELWFFLHT COE RERIWTZE B, 1999 4F 4 J The
Scripps Research Institute (Research Associate), 2001 4 4 A
TR A R SEE B IR se T (28 ED, 2001 4F 12
HE AN ISR E DT 7S L BB FE =, 2004 42 10 H
BOR:T): S

RO DML T A X Zfi T A VA, BERED LA 7 A I)VAD
X Kt R AT



