MBS EYEMEHET IV —T

SR Structural Biology Research Group

REMEE

" M

SHIRO, Yoshitsugu

HEEYFE, BAREST, Thbby VSV H - BilfRd 5 W IEFN S OO &R &
ISR, EGBSOAMATER - MHLE) ETARETH L, HEOHFHAHP T~
Yoa— 8 —Fl, &SRS R, EETHIRE 2 EOBRBICX Y, MR shiesy v
N7 B OBIIRIER 2 CE 2y DT EBRFREOTIEES V87 B3 S ) 1CRIET, izl
YRV = LIRE SN DL 5T-2 100 H 2B 2 5B KBS THEARe, BEKPSI, u 7T,
F b 70 LR LB EOABMI RO CEREREESG S V2 oSS MRESNS &)
IZhoTEl, &5, BTSWHRED Y v BEORED KL hoTE, INLD Y
YOSy EREE L, EWFEO MR S TR - SRR EREENHOE S S b IEE ICEE R HEE R
LCT&7, —7J7, {4, B hEX AR ZIZLDELT, £ DT 1 IVA, Bkl Bd, #il
Y, BEUWEEOHYBA AT ARSI IRESN, ENLT ) AFERICT— FENLH
%8 YN E O R E RIS I L, 7 AR ERL LD LT «
Rk 7 LFE b SO BEEH TIERISED b N T b, HiEEs: L s r ) o8
2, WROAEYRZOIEBEL D 2 THR EBROMIRICN 725 L EZ Sb,, BIHERENZE
FrOEY R 5 WFEE & 1 FRESSINT 5 [HRGHETE | M AW #mise] &, KIS
SPring-8 DHAftEE LYY — 4 5 1 ~ (BL44B2, BL45XU) %5 NG s / A ¥ — 454
> (BL26B1 & B2) #A#IFH LT, MEROMEEYFIFIEIMAZ, EHEEE - REMER
ENDILH BB ICANT:, RO EEYFIFE~NORRZETAZ L2 HNE LTnE, &

512,

B R B & O &t > & — DIIRE &L OFE < Dy 2737 BT O L[5 2

BLTC, BHOEGRHEOERIZRVIZHFTFTHIEHHIBL TV A,

rzels @ =8, B8, BE, H, B Al <!

Wil %2, R S, SR Y (EEPRERE A BT SEE) | Al
H, BR, WF, WA, AR, w&E *S, fkil *5, 43F %1
Bl 1, SR YO, ZH ¢ (ATHERE AL E) =
K, B, AE, G, FrE Y OBRE Y, HZAE M (2
REYRES THERAWIESE) ; W, Fll, AR, %, HE
*5UREH U, H *S, 4 %5, 5 *1, Jeyakanthan*!, i
& *2, ORME *, A R, G T, IR (MR R E A
ZFgEEE) ; K1, Vassylyev, #rifE, BOAR, IBMH, JRIE *4,
2 *5, L *°, Perederina™ (ML 5T A=W F#05E
) Mgy, ER, NRE, dEE T, GREL Y (RESEMRAT R
fLRrgEF—2) 5 51 (WFgeEal s =) ; Ik *2 GRS
WABEAENZEF — L)

1. N R—T"y MESBEITFEMOREICET 2%
INA 2N — T NEERITIC BT A E NNy o8
2ETHDH GPCR 3 STy /82 B OISH - FEEO MK
AEATWIERO RGR 12Nz, BER: - BRiviile =i 72 k&
BHRAOKF b ITo720 T T TITHERALREATT & B 5
CETHMOB Y S BEERTEL LR, v
DWPNIDWTEDREREIT L i b a L7z, $72, L) Ek
DY v 7 GRS 21T 729, WEEETER
D& AH MEM 7 &5 L\ WETEEISH O 7290 O A REL & 4%
A7 ATRIIEREE X HER (5~ 248) T > 12 %
FEORESHNREZRTIEDNS, CrKa i (A=2204)
FRRERERSSEXBEFATAZLICLDavEIN

1084

VE NSO RFERE 7 — & S UAER 255 2 L8
T&%, AHEOTALEFH LT v N B %E2 3 V%
b3 BEMN % %L, SAD FETOMMPENTE
% Z L%/ L72, Green fluorescent protein (GFP) (243
ENBHENSY 87 Y 30 MO G E A, 13D X
A AT 2T L 72 &LV B-can fifiE
THoT2h, &5 v 37 B S E DR s 2 Ak
L7c#68 v BOSIE (HtofFE, o, &
FINRL &) OB ol R ZX5E L
72 X BIRINA R Z NV (bioXAS) (2l L7-HlE >~ A
TAEEO—-BL LT, BHhty IS, TrVal—
=L TA VEFBLELDAHELZRZNOICHD 2 FI2
BFE LT, WLy o8y o SV, HERemT, RO
MR OMEEETR, ¥ XV BB EDXIBE
BERRG L2, #EITHNBHRBMRANIRA ST L o3
FFFICE DS AR IV A VT 74 v ¥ —IF, fekodit
FEFFEDOBERICED W TR LS N2 RAte Ry FTh
BU5, NYFr 7ROy TERSIEE @ TE 2 E
HTHL00%EL LTORBIIESL Lo izizd, KA
EroHEAEETBHLENTER S 7,

2. 1BES /I AMInE LN BEERRTICE T 3R
WA VHIZFES N, EHROIAL 2 4 FEARTHEHAR
b3 s04 3 M) = r By 12-KEERRRL/15-7 + 70 A
BTV UETEEREIIVF Y =7y MNERA VX
& v & OFERVE ARG TR L # O EE A2 3

PR 16 MR



L LT BEATA -9 —D12THiAtTII %
BT HAT 4TI VIKIREEE O SE % 110 THEH
U770 WELEEEL, BUGEDO ANV Y AR THIL O Y L5
HRE LTEH baR= v oS R L7, REE
X, T7F 2745 A2 8 ETOFARD Y ONE L FEE
WZOWT—HOH LWHIRE M2, 2 T A MNERME%
P L 72 s I c L o T, T F YT 4T X
FETrOR=ZY CIE GERMELIZELRDY) MEBLASY
YRWIEER LTWE ZEDyolze 72, BT
ELE & X BARHERITIEIC L o T, MO Ky oFEERSDS,
HIVT T LFERICL 5 TT 49X MEFRICHK 10 A )
T LR S NIz, 7 T A FETHMED S8 /- AHTER,
X A kA S B IREE R RE LT 7 F U EE
RO ZRILETHESA G TNET 7 F Y HERD
EHAE AT LTCT 2 F B B A RS 7z,
CORFERMNS, T2 F o TFORYF T AL OKkLE
M E L S EHEEH IO WTDS L DIRSG2EL 2 &
NCTE, SREBERBEFOT 7 F VBB R flioCZ
NOFDIRFEER AT > T <o ROV Ky 237 i
AR LolA DZEFRAR RA3L O ST 217> 720 UK
5 T EDREEDERITEZ 5 LolA OfEEZEL IR &
BICLTTICRONT VDI ENFWHENE B o7, HNLE
WMCBWTEEHOEFICLELRFAT 745 — ¥ SwE O
T AT B X ORRERIAT 217 - 720 BETEW B SwrE
&, REESE SwE ISR TH %Y Rk o 72MURHEE &5
WEREE RS RS TV A I E DS N oTz, 472
Rk FOaF 7 v R IREER O SEE T 21T\,
9471@$k£RM’§%#%6 EERWE L, IR
PEEAL RS (LB 2R FR AT E S, RER)v—LD
MEERICHEL TWDE I EPGholz, NAREER JFH 1
FERRNEBERE CHLE FHRA Y F—=LT I 2, 3V F
2 — X OREIEE BT O G & IS Rk
ERE L, Kot eRiE L7z, e MERY A FroEr o
RS S AT IO L 72, ZEH (Pseudomonas
aeruginosa) R OEEAE G —FEL 48 52 TCEE R O il I
oW A 7 VBT B ER G ﬁf¢ﬁ%%“ﬁttoit
6 A FRREEDONIIT T — & & 5 2 5 Wik A 172 B
HHHR 3-FFH M) Ty bea-D-7 v Y F‘ (30M) = H
W, B/ =R VLT b7 0 AR OK
1872, B LR THREMEEIRFINTEY, B0
WS ORIFT— % % R LEDEEE, 1.65A 5k
DT —F LI L7z BmEELKE (H20,) 12X 5 EH
Re Wi BE DK EEAL G % flifi 4 5 Bacillus subtilis FHE Tk
7UAP%0@%%M>®Em%mDﬂ&%U b
# (CO) FEAMOKEE %1570 X H/NMIEEL (SAXS)
2 &) BB Thermotoga maritima H1SRD B4 1HH
EL%(EZ%//#% PHK ELARY AL FalL —
% — RR) OEHiHEE, & 512 HK/RR EAERO X ik
BN S 4.8 A BT HEEZE. X 77— VH¥ Cro
5 2378 (X Cro) OVAREEICITVEEINS T I/ FREL
Fla 7 ) Fi%at L, £KIC NMR I XD, FOui
EERRE Lz, BRBHRoRN &5, R KET54
YOS B OREERIT R AT, s OERE ORI % H
Bl 77 /7)) VR (ppGpp) & HICHEG % R
LTWBRTTH5S, KEBWHFR DksA ¥ ¥ /X7 Ok

PRTRIT 28 47 4R

RN 24TV, EEHIME X 1 = X L O ZRAn Tz, Ok
F, DksA DI A )V INIA NV FAAL VA RNA KR AT —
£ (RNAP) OEBEAILIZBEAL, KN XA ¥ OUiIC
LB 3 % Asp FIEDS, ppGpp (A LT3 Mg*t &%
&L T, ppGpp-RNAP &2 ZELERETVAE Z LS
i TR E T, T Sulfolobus tokodaii B R D¥LE.
TSR FRE S » 732 8 ST1889 DHEEEMNT 21T o720 D
FEAR, SM%giﬂwwyzn7 A THHIZHEDLT, ¥
xw74bf GELZZE®RTHY, 2612, H5FNA

élom/x»74b% VT 5 REE Lg%
LTz HEES ABDNILFER T IESY v 87 Ela5T
EA%<MM>®ﬁm%%%ﬁ%é%’nﬂﬁﬁmﬁéf

WIZ, MEICS AR, PSII ORFBHE EEMMLEZITZ D
Rl x 32 7o FORER, R 35A ZREL LTz
ViR % 32A FTIARTAZ LTI L7z, FHI2ED
WHHEALS, = M) IEEWIIKREMSML THIBT 5 7 3
FEAEKRTAEEE =ML R ¥ —FlZonT, 20D
HET a7 EEERE L OBEAREREL, KiHELE
O I FE % W o EIRE ST IR I K D BRBR L 720 A AR
HoR ™7 AV ADIZE T, BYIClE5§4 P2y V82 g
et T (EROMEMTIZIE P2 ¥ VX7 BIdE
FNTVARW) IZDWTHREE 8 A ORI 217\, P2
ORI BIIET ABTHRELZDNOTHAET S 2 LK
L7ze 7V VHBRAIIOWTIE, 7YYy OB REES
BEMIEST 2 P ¥ v /87 Ok SREERAT IS T T
L7z,

BB, 2 Va7 )Y —F - TV A b, ¥
i%ﬁnﬁ,“@%iﬁﬁ B, *5 &R AR R
* MR, TR

In structural biology, many physiological actions can
be understood on the basis of molecular structures of
bio-macromolecules such as proteins and nucleic acids
that are related to the actions. A large number of
crystallographic structures of proteins including super-
biomolecules with MW > 1,000kDa (i.e., ribosome) and
many membrane-bound proteins (i.e., PSII, cytochrome ¢
oxidase, rhodopsin) have been reported. Many structures
with an atomic resolution have been also available. The
structural biology has provided useful and valuable infor-
mation to the medical and pharmaceutical application as
well as biological studies. On the other hand, “structural
genomics” is now promoted in many synchrotrone facilities
world-wide. In the structural genomics, protein structures
based on genome sequences from diverse species will be
systematically determined. Both structural biology and
structural genomics provide molecular bases of biological
studies. Five institute laboratories and one division partic-
ipate the “RIKEN Structural Biology Research” project.
The aim of this project is to examine structures of many
proteins using the dedicated RIKEN Structural Biology
Beam Lines (BL44B2, BL45XU, BL26B1 & B2) of SPring-
8, and to develop a new field of the structural biology that
could be applied to medical and environmental problems.
Through a lot of collaborations, the Structural Biology
Group of RIKEN Harima Institute largely contributes to
the life science of all RIKEN.
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1. Technical development for high throughput
structural determination

Membrane proteins including GPCRs as one of the ma-
jor difficult targets in High-throughput protein crystallog-
raphy were tried their over-production by yeast and in-
sect cells as well as E. coli. Several were successfully pro-
duced and purified, and were characterized and crystal-
lized. Computer environments for novel possible accurate
protein crystallographic analysis including MEM methods
were prepared. lodine offers sufficient anomalous scatter-
ing effect against X-rays of longer wavelengths. We have
developed a novel method to label protein crystals with
iodine atoms by means of vapor-diffusion, which is effec-
tive for phase determination by the SAD method. New
chromo/fluoro-proteins (GFP-like proteins) cloned from
anthozoa species were purified and the 13 crystal structures
were subsequently determined in order to discuss interac-
tions between the chromophore and amino acid residues,
which are effective in determination of fluorescent colors.
Systems for X-ray absorption spectroscopy of bio-related
samples (bioXAS) has been developed at SPring-8 undu-
lator beamline to obtain data with higher S/N ratio for
ultra-diluted samples such as membrane proteins. The
Functional Analysis Group of the Large Scale Protein Pro-
duction Team in the Highthroughput Factory was reor-
ganized to assist researchers of the Harima Institute in
protein characterization. This year, more than 700 pro-
tein samples have been characterized by protein sequencer,
mass spectrometer, PAGE, HPLC, fluorescence spectrom-
eter and others. We completed Crystal Finder (CF), a
high-throughput crystallization robot by the hanging-drop
vapor diffusion method, in collaboration with the Ishikawa-
jima Inspection & Instrumentation Company (IIC).

2. Structural determination of proteins in struc-
tural genomics

LTB4 12-HD/PGR, an essential multi-eicosanoids in-
activating enzyme was determined as the comlex struc-
ture with a common drug, indomethacin. The first crystal
structure of sphingomyelinase was determined and eluci-
dated the mechanism of the action. Troponin is the cal-
cium receptor protein that plays key roles in the calcium
regulation of muscle contraction. After our elucidation of
crystal structure of troponin (2003), we have now stud-
ied where and in which conformations troponin resides on
the actin filament. The neutron scattering in combination
with the contrast variation methods have indicated that
troponin C is in an extended dampbell shape. The neu-
tron scattering as well as the X-ray fiber diffraction have
elucidated that the core domain of troponin shift by 10 A
towards the filamentous axis upon Ca2* binding. We have
also obtained the atomic model of polymerized actin, by
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employing X-ray fiber diffraction, cryo-EM in combination
with advanced refinement algorithm for fitting the atomic
coordinates of a monomeric actin molecule to the 3D den-
sity map. Based on the atomic model, some testable hy-
potheses have been proposed about the nature of the intra-
as well as inter-monomer side chain interactions within
the polymerized actin. The beam-line BL45XU-SAXS,
a small angle scattering beam-line of high brilliance and
high accuracy, has been continuously employed for study-
ing protein folding processes and protein complex forma-
tions. The crystal structure of a free form of the mutant
of the lipoprotein carrier LolA showed structural changes
which are expected to occur upon binding of the lipopro-
tein. The crystal structure of a stationary-phase survival
protein SurE was determined and its phosphatase activ-
ity was assayed. The crystal structure of the polyhydrox-
yalkanoate depolymerase type II revealed the evolution-
ary relationship with the type I enzyme. On the basis of
the crystal structure of the heme-containing dioxygenases,
that catalyze the first and rate-limiting step in the main
pathway of human tryptophan catabolism, we proposed a
possible mechanism of the catalytic reaction. The high
resolution crystallographic analysis of ferric cytoglobin in
orthorhombic crystal lattice revealed the additional helix,
composed of twenty residues in the N-terminal extra re-
gion. We have obtained single crystals of bacterial nitric
oxide reductase from denitrifying bacterium Pseudomonas
aeruginosa, which diffracted X-ray at 6 A resolution. Cy-
tochrome c oxidase crystals diffracting X-rays at 1.65 A res-
olution was obtained using 3-oxatridecyl-a-D-mannoside
as a detergent. We determined structure of the ferrous-
CO-bound form of peroxygenase cytochrome P450 from
Bacillus subtilis (P450BS() as an analog of oxygenated in-
termediate. Using small angle X-ray scattering technique,
we obtained the solution structures of histidine kinase and
its response regulator in two-component regulatory system
from hyperthermophile, Thermotoga maritima. We also
obtained the crystal structure of their complex at 4.8 A
resolution. Solution structure of an artificial protein com-
putationally designed to fold into the bacteriophage ACro
structure was determined by NMR, spectroscopy, that is
comparable to the X-ray structure of natural ACro with
r.m.s. deviation 2.1 A. In order to elucidate the mechanism
of transcription and translation, crystal structures of E.
coli transcription factor DksA, and transcription factor-like
protein ST1889 have been analyzed. Structural biology re-
searches were continued on the Photosystem II membrane
protein supra-complex, a photoreactive hydration enzyme:
Nitrile Hydratase, the whole particle of Rice Dwarf Virus,
and the glycin cleavage system of Themus thermophilus
HBS.
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