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Transferred Cross-Saturation Method under Magic Angle Spinning
for Structural Analysis of Protein — Protein Interaction
at the Solid — Liquid Interface
Shou Toyonaga', Masanori Osawa', Mariko Yokogawa' & Ichio Shimada'?
" Grad. Sch. Pharm. Sci., The Univ. of Tokyo, > BIRC, AIST

Bead-linked proteoliposomes (BPLs), where membrane proteins are stabilized in the lipid
bilayers at high concentration, can be used as the cross-saturation (CS) donor in the
transferred cross-saturation (TCS) analyses. However, solid beads disturb the local magnetic
homogeneity, causing the signal broadening of the CS-acceptor. Furthermore, the decreased
mobility of the bead-linked protein enhances the dipolar-dipolar (DD) interactions, which
might preclude the precise identification of the binding interface by TCS. In order to
overcome these problems, we applied magic angle spinning (MAS) to TCS, where a
bead-linked protein and its binding protein in solution were used as the CS-donor and
acceptor, respectively. MAS-TCS successfully identified the interacting residues at the solid
— liquid interface. The effect of MAS rate on the TCS results will be discussed.
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T ORISR U, SRS O AR —PE & f#H L DD M EVER 2385595 2 &0
HONTWDH= Yy 7 AElEE (MAS) OBEHICK Y . AT M & EsfEie « mRE
b9 % & RIRFS, O ZEEAFN O Ml X 2 Bfi 72
AR OREN ISR & BRI, i 71U e

Z ZTARFZETIL, MAS & Rzl T E— X 2 "
EE(L L7 R B &R R BE ORI (B )2
BT D EAE AT &2 ATHE & 95 NMR FiE A N9
5 LA ANE L ARBFIRIEOBRE R L O TCS 12
%45 MAS OB E DA %1772 - 7= (Fig. 1) Fig. 1 MAS(Z)&E&U MAS

[ 5 MiRi 4018 pM)Fs L A IR O kg R TICE T HEMAEBOR
B 73 & 725 CTUN 5 yeast ubiquitin (Ub : 8.6 kDa) & XE(A)
yeast ubiquitin hydrolase 1(YUH1 : 26 kDa)DAHAAEH & % VT,

(1) B ik - B EORE

B ELER E L THARF T AF L (CM) FiCTEfisn-ZAHs ) he—X
EHOW,E—=XIZT I AN L THEAERA 872 YUHL © UbfS A IETEZ Mt L7-,
(2) MAS (2 X 2 BRREE - B fEae L DR

B — RIRAERE D Ub D 'H-"N HSQC A2 kL% MAS i - 0 FH R B0 L
Ub I o "H-""N HSQC A7 L& DHBHZ L v | B - HSfREE A 20 L7,
(3) BEOEEEEIZIIT D TCS EROFE RO LKL

2 mM #J— 2H,"SN #3% Ub ¥ (50 mM NaCl, 50 mM NaPi, pH5.0, 80% D,0) 2T
YUHI [EE b B — X & Pk L, NMR GBS L7z, 25°C I3\ CTREBD AR I
T TCS FERAEATRW, MERA T LT,

(Rl 1) 284 CM U B E—XIZEEL L7z YUHL @ 90%2L EiX Ub A
EHEERFLTWVWAZEEZRHALNE LT,

(2) MAS DERIZ LY, E—XBERBIORRE - HfFEN SEmE L,

B — XJRLE T TO Ub @ 'H-"N HSQC %<7 hLO#RIEIZ, MASIZ XY 1/512%
UL L MEL TV UbD Y ZF L ZIRIFT N THREL TBIRIT S 2 L ITRII LT,
(3) MAS & T D TCS ERIZEBWT, Ub ® YUHI A& REZPHRICRETE -,

7.0 kHz 35 J OV 14.5 kHz @ MAS [EIHEEFE 23T TCS (MAS-TCS) FEEr#17-7-
L2 A, LHIT UL Lo YUH #EG S A 2@l S iz, 7.0 kHz TIERES
R 72T TR FOREEIC L ZZE BB SN2 80 b, L0 EHED MAS
IZX Y DD FHAEAERRIGI SN D 2 & B3R STz,

[Z£] AW THE LR RIZ. MAS 1T XV JRFTHE O RE—MERRE S h
HEEDBIZ BE—A~DEEICEI Y ITE L7 DD AHAEANEE SN2 L &2~ L
TW%, BPLITIEEHE 2 SiRE CLEICIEE “HEHEPICFES LI LN TED
7o, AEIFEFE L7 MAS-TCS iEZEM T2 Z L2k 0, IBE _HEEFTOREHED
EE - W RRE 72 BAERRAT S IR & Te o T,

0=547 (Magic angle)
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New NMR Difference Spectroscopy
Jun Uzawa'*, Yumiko Kubota®, Hiroshi Hori’, Hiroko Seki* and Kiminori Ushida'
'RIKEN, Advanced Research Institute, *Institute of Microbial Chemistry, Tokyo,
*Dept. Life Science, Tamagawa University, ‘Chemical Analysis Center, Chiba University

Abstract

Difference spectroscopy is a powerful method for the selective observation of small
changes against dominant but unchanging background. In this presentation, we will cover
some difference spectroscopy technique, such as 'H {31P selective} difference, DPFGSE-
SPT-difference, DPFGSE-NOE/ROE-SPT-difference spectroscopy methods.

For Q-mucin, we applied 'H {31P sel.} diff. technique , and obtained the information of
coupling constants implying the AEP substituted GalNAc at 2 or 3 positions. Also, we applied
DPFGSE-ROE-SPT-diff. technique to analyze a branched mannopentose as model of high
mannose type N-glycan.

i

HEIEMNT O T T 2 X AREPTEE ., BEEONTEE. NMR EEOESIIARE L
WHLORH D, ZNHEEET S &, fEdh7e D Spring8 & & e X B AL EIT. Ee
SITEEHTE 72D . NMR OHFEILIZINOIZEEE > THi-> TRTEBY . @il dEE
EHMNMENE S THROES B2 T 5, —FH T, fdbnsmlEEe b o, Bk R g
72 H DT, AEENECIINE CTHIRR O S O T HREMT M LIPS Tnas b g
%\, NMR IIMUIZ R TR E W O B FEIC TE DR A > T D, AT K
JVINEL TR O A o TR A IREE 72 & DI OV TIE—RIEDEARY MVIERE L D
b TE A, 2RI NMR ORETEEZFED Tz, —RTlEI ., E R
DG E =/ TN EICERERND EWVWI AU v 3B D,

LA, BEEHES KL OWE X v X DRI R A b7 ) AR Z B2 CHEMAZH L
TWnb, &V DT, U UBORE LIERESEHITAEMBIFRICLEETH LM, D
A7 AE ST I XN EE D > TV D, B HIE< B2 Bl L7z A F 2 (Q-mucin)
DIEEMIEZ 1T > T\ D, Q-mucin (X 8HDT I V6% 77 F K (-Val-Val-
Glu-Thr-Thr-Ala-Ala-Pro-) 3 5+l % > 7 MTE# 72 > THER S e B X w7 B Th
%o Z DT F REHO Thr IZfES L7z GalNAc @ 6 /i7.{Z Amino- Ethyl-Phosphonate(AEP)
DFEAE L TOWDILEMN L SAFHET D Z ERbnol, 2
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KERTIE, P FTH YTV T EANLT FLER Selective Population Transfer
(SPT) & ZE LT, NA N LADT—<D—D>Th HPEHR L ONTHEX >R
BF OGNS TE S L9 REIECO VW TE EDTZDOTHET H, ZAXT b
JWIEIZIZAE ATAYIZ Bloch-Siegert &7 b ( BS &7 k) 28H 0 . Ziuddie b H| Al {E D
Bo 72 HH BOZEART SVEDME R 205 F 1258, P & B+ 2855 138 H
WHMNELES DTBS V7 ML | SPT TIHBLIIIFICT v 7V 7% LTy
DO TRHEIZ B0,

AFERTIE, RO U UEEFES LM X O Q-mucin 72 5 NS T AR T X A
HOEARR 72~ 2 AV THEEHNZ, 26 DISHBNZ SV TR %,

TEREEBE

1 BS 7 b

NMR O3 #IZE TS5BS 7 MEI Tt ThHh bbb, ¥
A = vp-vo= K/vip-vo [1]

ZZT, AIX BS 7 FOJEBEEL. v 1 X EIIBIC XA B LWERE vo 134 Y ¥
TV IEE B E, KX E BRI T(yBo/21)* /2, Vi 1 B ILIE O RS T H
%o [11C X, BEEREDEEN TOWAIE BS &7 M/NEL 220 | BETREE N
INSTEBS 7 MIhE< b, wTif{T? STD (Saturation Transfer Difference)
ECIIRHNEEZ T v ~T ¢ v 78 E LTBS 7 &l T\ b,

2 3P Fhy TV FEAR ha A —

LfEl, PP BRIRCT Ay SV T LTA TV F RS ET T 7L
AR MVEDEELEDZEIZEY | HHIZERY AT AXRT MG Y UERE
DGR LTy DI % Fe BN 2 Tk E Bt Uiz, PP OF oy 7V v 7%
A7 MVTIHRIRR ER B R E BN TWS O TBS 7 MIRBEIZZ S0,

i

(1) i ﬁ]' Ill |
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Fig. 1 'H {'P sel.} diff. spectra of Q-mucin in D,0. (1) Original 1D (pre-saturation for HDO).
(2) *'P irradiation at 22.1ppm. (3) *'P irradiation at 21.7ppm.
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FTHIRDO Y VBALHEC OV TR ATV, Zva—2 1Y vl e ) Vg, v
J—A6 U VERIZOWTiXa & BIZOWTHEBNZT By TV 7 LTefii7m hrd
PR A R A TERERD D Z N TE T,

Q-mucin [ZOWTHIE L7255 B 4 Fig.1 1273, *'P @ 22.1ppm 1 Q-mucin ® x5y
THY . H D 4.0ppm i% GalNAc D 6 it # F L2 . 3.15ppm & 2.0ppm L AEP D A F
L Thb, P D21 7ppm LFEA LTS 'H @ 44ppm (37527 MDY 7 | &
INB = INBRERENLIL 6 (LT, WA RO7'm F L trans fEA L TV AALE
IZ AEP DA L TWAD TRV EEZ TN D,

3 DPFGSE _SPT FEAJFOAIE —

SPT {EICIE, AV URERICEV BH LT 1RO — 7 2T 572D DS T —
DIEFIZH S BIRMENBWZ L L BS V7 RN WO FIEEZEF->T0 D, ¥
2004 FFITHEFEK STz SPT 35 P 2RI, AV UG THR LEEKO Y — 7 &I
FUTEEZELZFAEL, MHEILZFRGFTT D2 EICED 2 MFRERE L2 B
HDHZENTEE, BHICHH L — 27 I AT 258813 E2ET 5,

4 DPFGSE NOE/ROE_SPT ZEA~J/hRAIE —

—¥ LD DPFGSE-NOE/ROE {£IL —RIIL D4 H TH/NE 72 NOE/ROE % #% Z
ENTE DD THREMITOSBHE TEE L TWVD, ZOBERE I SICRESEDHMNT,
NOEROE IZ LW HHT& 755 % SPTIZEYD ., ZNEAEVUREA LIEMTIIEZ DV
—lr U AEER LT, Zi% Cellobiose-80Ac % 512 Fig.2 TailH 3 5,

1-4 FEEOFETIT I AR L & ZITFE LIZHEFO 44412 NOE 28 (1) O X
IR BND, ZORE4L% SPT BBET 5L (2) OEHITAV VA LIHETD
3frL 54712 SPTEHDR 65, 3 Tib~7 Diff-SPT 72 A7 MIETIE (3)
WZRT L1, SPT OAEERSHETE D, 14 5E51EDD Tl 1350 T
L e FEROB 2 FTHED D Z LN TE D, 2 ORIEEIX NOE/ROE 5 52385 T
LB ER> THEGAICOLHBITE S, iz, 7T AT X AP O AT 2 %
9% mannose 5 DA U FTHED 1-6 #5E L7252 BT 25 6 (O BCEFRENTIC MR
& #H % ROE-SPT A7 MU LY, XV EMICRDL ZENTE T,
721U, A UREATERD K E ALY 7 FONTEE L T DA TSR I IR EED L 5 |

H

AcO
AcO, H

Structure of Cellobiose-80OAc

—174—



{4) I'J J I'JLII Ili‘] .rﬂ II|III I|I‘ |I,I| 3 |Ib |l[ j .lj-l ¥

)] I1-1-]-.1 IILII.‘l ilII-I
SN} [

2 !

- A st b
|I

113 { I'| THIL i‘ | "'I|

WWWW "h"\"' | I.M'p.‘.«dnﬁnﬁ WWW L-N.J rmr,

| TR
1 1 1 1 ) ! 1 1 1 1 1
5.3 R 4. . 4 r, A

Fig. 2 NOE, NOE-SPT-diff, Diff-SPT spectra of Cellobiose-OAc in CDCl;.
(1) NOE irr. at 4.50ppm. (2) NOE-SPT-diff ; NOE irr. at 4.50ppm and SPT irr. at 3.75 and
3.78ppm. (3) Dift-SPT spectra ; SPT irr. at 3.75 and 3.78ppm. (4) Original 1D.

T 2T

1 'H {'P selective} 7527 MAETIEL Y VRS AT O #Z2 " RICIEICHERT
MR T LNz, HEEERSHET D Z EICE D AT FZ—uhn  fbEy 7
MERY TR, BEE DRERTRLD T » 7V U TR FEOND E WO FIERH 5,
ZHUZ LT, R 2 1BV TURBAFTEE TH o T2 HEDOE IOV THRLZ 157,

2 AFEERD DPFGSE_SPT AANIMUVIEIL, A7V F U RJEEEE R T 5D Th<|
HINARDOE—7Z2 L TEE LD HF AL, AHEILE Cyclope ZUZL T, fERDIZIT 244
DRESE TR E TET,

3 COSY/TOCSY 1% % NOE/ROE |ZJEB L C. L 0§22 5 A 15 5 7o ORIEE
B & CTE 72 @7, #IZ NOE/ROE {§ 5% COSY/TOCSY ([ZEBIT 5 Z &1
NOE/ROE MBI 71 k7360 COSY/TOCSY 15508 EFIEICHR < H 2 7= FE Y
TIE72\, Alal, NOE/ROE 1§75 % SPTIZJER 35 Z & T, FHM OB AW %
BHMERE LTRE Lz,
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A novel epitope-mapping method by NMR

OYumiko Mizukoshi'*?, Aya Abe" %, Koh Takeuchi?, Ichio Shimada®*, Hideo Takahashi**

! Japan Biological Informatics Consortium (JBIC), Tokyo, Japan. ° Biomedicinal
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and Technology (AIST), Tokyo, Japan. ° Graduate School of Pharmaceutical Sciences,
The University of Tokyo, Tokyo, Japan. *Department of Supramolecular Biology,
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NMR spectroscopy has become an indispensable tool in chemical biology, drug discovery,
and structural genomics. To date, a broad range of experiments is available to screen for or
to analyze protein-ligand interactions. Among them, the saturation transfer difference (STD)
experiment is most widely used for the investigation of protein—ligand interactions.
However, there exists a potential problem of STD method that the longitudinal relaxation of
ligand protons severely interferes with the derived epitope mapping. In this paper, we
propose an alternative and simple approach for epitope mapping, which utilizes the difference
between the longitudinal relaxation rates of ligand protons with and without irradiation of
target protein protons. We applied this method to some ligand/protein interactions and
obtained qualitatively consistent results with the estimated proton density around each ligand
proton.

RNMRIEZIZ BN T, Uy FREBET YA AT 2 K 5 »idEma 152 Fik &
LTCiE. 2 E TSTD (saturation transfer difference) {EZTEMA L7-. BE CEEOE
WL E h—TRHTENREIN TS, LNL2RNG, EWo1+0 X ) RSO ERE
KEFORDTFTIEEOT v N o HOHHRFRERE (T) OEDPRESEELHEZ DT
D, GEONTET =X DOEEMENRKDOND Z & BREM S 40T X 72(J. Magn. Reson, 2003,
163,270-276.),

A
non-
irradiation

irradiation

T1 relaxation

----- intramolecular

cross-relaxation cross-relaxation

Intermolecular
cross-relaxation

Figurel. A schematic representation of longitudinal relaxation of ligand proton (I) in the bound state.

Epitope mapping, STD, longitudinal relaxation rates
OZAFZL WARI, b HX, 2iFH2b 25, LELE Wbk, 2l O
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Fig. | [T TRT LT, FUoRTEERKN L2 LICL2fafoE2x, VAT
YRoTa vk EOT e N OO L > TEDDLE LI, YT R
DETa FUOTICHEEIND O, TINENETNO T o b TRR S L&
STDDEEMENE L Hiebivd, ZOT\OFEZPERT L2 LN TENIE, HED
BWZE N7y BT NAREE R . U T RA— ZRIFEBAFE (I I ATRE 2R [
BFONDLZ &b EBZLND, KIFY Ty K7 e F o IOfEFEREZ X TERS
L.

dl

7; =-R,I. —ES:%S: —EX:GIXXZ
LD, Ly S XX, TRENELS (D H Y RO 7 e ho) X (BERg 4 X
JEDT T k) OVHLORBEEMEE L T-ROZBLTH D, Z 2T, dljdt 3L
OEFY 720 O L, AUFIH LT v b CIAKRORGER, 25XV H2 RO
DT\ kL DRZFERRORRTN, FEIFENTAER) & 2 X7 L Doy 1T 7R OFR TN
LD bDTHD, Zr " VEORNKE « FERHFEOMEFEE DL, AL DHIH
DIy FEOREEMDOFENEL 72D, 70 b EAEOTOREBITPERRTE 5,
COFFICESE, BEOV N R 2RI RN =T~ v VT AT
-7,
FER) & 73 7 ' EMAPK p38a., 38 L NE DS+ U 47> KSB203580 (MAPK BHE#1)
(Fig. 2a) Z W B h—T'~ v B 7V DORERZFig. 2b 1T LTz, FERGTIRE & U
IRE D MERE AR FE D 221X H1, H4/5, H6IZ b~ TH2, H3, Me C/NE 0o 72, Z DOFER D&Y
PEFHRD 728, SB203580 & MAPK p38 DA AR DXk st flt T FEFE(PDB code: 2ewa)
ZH &, ST e b EERED6R Y D LD/ 23 E Li-, Z X113
Ty RINZ R EINOZT DR RO L e+ 5 L MFFS v D, Fig 2¢liR
TERIZ, TNENDT v b inE X T BN ST DR RO D KN, NMR
ICEDFH o b=~ o B I L AERPOEONTE D E R —FH LTV,

0.6 0.020
a M b c
§£05 0.016
2 2 §
£.04 =
3 3 @ 2x0.012
=
g3 =
HN SN = 0.008
4 )= o2 N
7 6 o1 0.004
Ny 4 5 [I
1 6 F o0 0.000
H2

H1 H3 H4/5 H6 Me H1  H2 H3 H4/5 H6 Me

Figure 2. a; p38 MAPK inhibitor SB203580, b;the experimental result of a novel epitope mapping,
c;predicted proton density around inhibitor proton (<10 A) from PDB code: 2ewa.

HE, EERORERIRNT S, HLL 4,5, 6055 _ODBEFRITEE R, v h DBRIE
IZAY H2,30HFFRIZAR v MY OFHEICFELTWD I EBRHALMNE ST
W5, RIFFECRIR LI- FEIC L > TERMEICEN-= Y h—T~ v B A RIS
Rol-Z & T, MEARICEERERLLY LV IEMEOOEIEIZRD A Z ENTE 5 &Mt
b,
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Paramagnetic lanthanide probe as a tool for drug discovery
o Tomohide Saio', Kenji Ogura®, Yoshihiro Kobashigawa?, Masashi Yokochi’
and Fuyuhiko Inagaki’

!Graduate School of Life Science, Hokkaido University, and
*Faculty of Advanced Life Science, Hokkaido University

We are developing an NMR ligand screening method, which can rapidly determine the
structure of the ligand-protein complex as well as identify the ligand from the compound
library. This method exploits the paramagnetic lanthanide probe. The paramagnetic lanthanide
ion is attached to the target protein via the two-point anchored lanthanide-binding peptide tag.
By observing the paramagnetic effects from the '"H NMR spectrum of the ligand, the ligand
that binds to the target protein can be identified. Furthermore, the structure of the
ligand-protein complex can be determined by the quantitative analysis of the paramagnetic
effects. This method is demonstrated using the Grb2 SH2 domain and its inhibitors, as an

example.

U] EHRRTF1ED—DTH % FBDD (Fragment Based Drug Discovery) (&, i
HI/NEZRAEEY (5T A2 M) IERHT2A7 ) -2 JIc K> THEBTEEDH 5 7
TFTAY MR L, TNS 2 (V320 £REGIEE (Ju—127) 95
CETEDmiERtEM 20 s FETH S, NMR & FBDD HIIDT 5 7 X >
NAZV)—==V T THWENEZ EHZ WA, NMR ZHWWA 7Y —= 2 FFEIC
E, Z2NTEMO NMR 5528580V Y RAIOESZEHIT5E DD
2HEND B, 2NV EBEZEBIT 256, H-"N HSQC AT MUk EzHnT
U RREICSED 2 8T EESOE T MBEIZRHES 5, COFEIGY AV
R ORGEEAIICEE T 2 ARSI Z IS TE % L WO RSN D 5208, — 75 TLIER
AR U Te 2 VR VRN L S BEETH % T L %0 NMR JIlERHD BV T2 dIc X
=T MEMENE WS REETFIET B0 UH Y RR—ZADFETIE, FICVHY

key words: HWMEZ VX =R, SR RMRGR T, VY RAIY—=2T
oXWE LBUT, BIH WAL, TELMD XLUA, Kb &L,
WiENE S0
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R H 1 20T NMR J{I7E 2 £k & § 2 T D RIS A)V— T b THBM, 287
HISHT BAEEENLDE 2R 2 ODNETH D VS KMt H 5, TITHRIE,

WIS 2= R a—JWzcH L. Z)b—7"y D E

. DU AYER-ZY

I B ORGSR BUF AT RER A 7 ) — =V T FEDORFICEF L,

(5254 -

L L BITHEE ARG Z HEICTET 2 RDEK S5 7ENMR A7) —=

7z (Fig. 1)0 OWREVISTBICT VR
ZREEGXY (LBT) ZEAL, V%
ZRAFVEREET D, XINTHD
NMR {55 M5 pseudo-contact shift (PCS)
ZEAIL, WERT VIV ERET S,
O EYERI WSR2 N7 B INA .
NMR A7 MV RIS 5, @TF %
ZRAF U ZIMA, NMR AT L7z
59 %, @EAXRT ML (@-Q) B
5Ty MEAEYIHRD NMR (55
EHHT 5, coLE, ERFSORESE
fEfT3 %5 & Ty MeaYZEREE L,
FEDEESDEY¥T T hEMS PCS O
EZ15%, GPCS ICHEIDVWTRYyFV

JRIEEITS T T by MESY-Z >
INTEDOEEURESEZRET %o

EERDIARENMANTH S Grb2
SH2 RX A > & ZDHE
FHEOMGEZ1To5 720 £9 Grb2 IZ LBT
BEALTCT VR RAF U 2EEL,
Grb2 @ PCS IZHDWTHULRT >V IV
EHGE LTze S Tm™, To¥ D 2 DS
VEZRAF U EHVCTHEAID PCS
ZEE 39 HES L. 2N S DV TS
FHREZITo T2e ZOREHR. NOE IZHDW
THEEE UTz8EG (1XON.pdb) & [FlkR
@*E/D\{ZM%JE%HK (Fig. 2), HTEX., K
DRBOAT V==V 7malUlzR &
LT, &Kot RNMeEYz v
fEMT 217> T %,

FEETIVE L,

(A)

FR] A RBHEHMES 2= F 7 a—T7%ZGHL., by MeaYzREd %

VIFHERERL
(D Ay-tensor determination

Aty
} Bk
- . & ay FCS
B + diamagnetic Ln™ f
@ + paramagnetic Ln* target protein

(2! Ligand mixture + protein (apo)
| + “
& 0 A

il
/l‘ |‘|I H e
y H MME

i + Lanthanide ion
Tl
——

(3 Ligand mixture + protein (Ln)
@) Difference spectrum
(B} Identification & docking

'PCSa &
Il
PCS

Fig. 1 Schematic overview of the
lanthanide probe-based ligand screening
method

- 1.>'C'I.".Il*-|.|;:u:l|::|l\'“"H ot

Fig. 2 Structure of Grb2 SHZ2-inhibitor
complex, determined based on PCS (A),
and NOE (B).
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BC-direct detection of protein using 950 MHz NMR

OKyoko Furuita', Takahisa Tkegami', Toshimichi Fujiwara' and Chojiro Kojima'*
!Insititute for Protein Research, Osaka University, Osaka, Japan., ’Graduate School of
Biological Sciences, Nara Institute of Science and Technology, Nara, Japan.

BC-direct detection NMR experiments are now becoming routinely available for protein
researches in solution, thanks to increased sensitivity of NMR due to developments of
high-field magnets and cryogenic probes. Here, we measured various '*C-detected 2D NMR
spectra using 950 MHz NMR. A high-quality "“C-detected 2D NMR spectrum was
successfully measured in about five minutes with a I mM protein sample. Comparison of the
measured C-detected 2D NMR spectra showed that long 7 and short 7> period
characteristic of high magnetic field clearly affect qualities of spectra.

EEYN

B E A L-CRKIR 7 1 — 7 7 P K 2 IRIENMREE & O B AT & v Xy
HOPCKESENENBRENR LD LR S5ob 5, KEHONMREIE TIE, "HER
ZOREORSHOESEEIEE LTHOYLNS, LALAENL, 'HECERELZ b
TeH T Dy EOE SILRIFFICEA E UAEMA R T 2720, Mo raE0 % 30 E
R, WHMEREE X LTI, HEREIIINEE L 22 5, PORERIEIZ'H
BN R RIZBNT, Z RV BOEREFLTZODHE R FEERVED,
ARBFFECIE, PORE SN O EZAMEE MG 5720, 950 MHzIEB @B IENMR %
B AW CEREPCRE BB Rt A7 MLERE L, T 6 OREZ g L7z,
[5i%]

T _TCOWREIE KR 7 1 —7 %1 272 AVANCEIL 950 MHz NMR#: & (Bruker)
ZHW, 303 KTITo 72, Yo 7 icidl mM PCUNER Sk B F o 2 -, 7L %
7'v 77 NIBrukerf2HED L O E W=, 7S/ A4 X (SN) FelX, TOPSPIN 2.1
(BrukenZ fHNT 7m0 7 LIeKART MAnG, BHEELT- 2 50— 7 2580,
FNZENDS/NEEZTOPSPINDOSINO 2~ > RIZL VRO, ZNOHDFEHE LD LT
RAE LTz, A7 RV OS/NEED Hefg |2 W72 E 1, FEF R4 (7272 L. in-phase
antiphase (IPAP) %, L < (Zspin-state-selective excitation (S’E) virtual decoupling % & # ¢l &
\ZB4 L CiZ2. double IPAP (DIPAP) virtual decouplingZ & ¢ el EIZBI L Cixl) . »v
A0 R URERIE 1 B TIT o 72, 7V AR D I LIRFRE O SN~ DB Z G~ 25 728
@ W E 1X . IPAP virtual decoupling % 7 %¢ Single Quantum Constant Time
evolution(SQCT)-CACO /L A 5% vy, FEBIE TIT o7, 2 TOREIZHBNT
L= N— A DEITH— LT,

RS, Wik, PC EBEE

OS5V ZxHIZ. WIRAR oS, SLbb tLAab, ZLE Hbrd
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Table 1. S/N ratios of various Table 2. S/N ratios of Lo

3C-detected spectra. spectra measured  with " !

different repetition delays. | "

CAGO seguence S/M © ?
M@ 180 repetition delay,._ S/M NEinict | 8
TR A leo
SOCT 130 1 sec. a1 ‘ e
SQCT-IPAP 14.3 3sec. 16.0 SRR 0 S 0 SR VORI
SHCT-SE 16.8 Bsee. 20.4 T aepm ™ |
SO0 nequence......... Figure 1. '®C-direct detected
A
:QGT 12 SQCT-CACO spectrum with [IPAP
QACT-DIPAF &8
CON virtual decoupling of 1 mM ubiquitin
SEQUENCE
MG 49 mleasured in at?out 5 min.utes.. 1D
SQCT 44 slice corresponding dotted line in the
MO-IPAR 50 spectrum is shown at the bottom of
SCT-IRAP 5.0 the spectrum.
[t & B

DO EAEBI AT MILOREZFAR D720, CACORY| (EHBLH: C', M
#H: C*) OMultiple Quantum (MQ)-CACO., SQCT-CACO with or without IPAP or S°E
virtual decoupling, COCARS! (EHEIM: Ca. MEEEIM: C ) OSQCT-COCA with
or without DIPAP virtual decoupling, CON-RAI (EEEIMN: C | MEHN: N) O
MQ-CON with or without IPAP virtual decoupling, SQCT-CON with or without IPAP virtual
decoupling A =7 "V ZRIE LT-, ZiHDS/NILZTable 112779, CONAY kLT
C-CRRARRZ RV LD IEERS > T, Zhiut, Uendl5 Hz, e, 1355 Hz
THHZ L. ROPNEDO y ERPCE L 0 /SN &6, CONRINTC-CARHR
L0 HEALBEIO D OIFRINEWNBEEE 2 5, CACOKLTCONARSITIL,
virtual decouplingZ FV % Z & TSNS | L7z, IPAPL V| S’E& % J773S/NE
DR, ZHIESEO T NERERZ L7 L E 255, COCARYITIL, EHE
Ml (C*) ICCKRPCPD2oDBEDH v TV U T ORBNTSHZ, virtual
decoupling(ZDIPAPVEZ WD BN B 503, T a W A~7 Fuid, Hnian
HO XY HSNLEEME T LT =, Ziud., DIPAPIERNEMETH S Z & L. acquisition
F TIZIEH DCTSQ-COCA/ /L 2 RHNZ 453 DIFRIBM SN TWD Z &G LT
WHEEZBND, HELTZART MLD 5 b, HlHRE O B 72> 72CTSQ-CACO
with IPAP virtual decoupling 2 -X7 MLV OFEREEZ 1 & LTHIE L&A, BLE
5 TR AT MUnfg b iuie (Figure 1),

RIZ7 VL A I UIF O SN He~DE A G LT, 1. 3R OSRIZERE LIlE
LT EZ A, LAY IR UK O AN S/N e fa) E23 L 5 4172 (Table 2)

950 MHz NMREE CHIE L 72 B R PCREEBEBLI A~ 7 b VIR, BRI TIC
BUIAEWT, LENWT, DEERHLMICEHA T\, 07D, /EROPCE
TESNVAZRFNTIEEEHCIC E DREE LA DAY » RBRENLENRRWEBZ B
Too & 2T, Bx TGS TICBIT DEMAFREICE U7 @ b m g b & "TEelI
T OB CKE BN SV A RBNERRE P THDH, BERTIE, ZOHM L ARSI
DFff & & 2 R THEA~DIEHIZONTH 5720,
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Correlation analysis of the microbiota responsible for a variety of biomass
characters

O Tatsuki Ogural,Yasuhiro Date'?, Jun Kikuchi'*>*

'Grad. Sch. NanoBio., Yokohama City Univ., ’RIKEN PSC, 3Grad. Sch. Bioagri., Nagoya
Univ., “RIKEN BMEP.

Understanding degradation process of lignocelluloses based on their chemical compositions
and structures in soil microbial ecosystems could be contributed for effective use of plant
biomass and searching useful bacteria and degradation enzymes. We are attempting an
elucidation of the microbial activity of biomass degradation process in soil ecosystems by
using the meta correlation analysis based on various factors such as soil types, microbial
community, and structures of lignocelluloses. In this study, we focused on analysis of biomass
degradation activity in rice paddy soil from rice straw samples pretreated different
higher-order structure of lignocelluloses. Obtained time-course NMR data were calculated as
principal component analysis for monitoring the metabolic dynamics of microbial ecosystems
in soil during its biomass degradation process.
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. - . Fig.1 Illustration of our meta correlation analysis system
BE L THREERSNTEY, between biomass characters and their degrading

V7 ea—2ADREEFHIC  microbiota.
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[51E] AWFZE TII BRI S OEE T IS < KA AR DA A~ 257
fREEZ A ST D720, NA A< AR E LTA XY T 28R L, %9 —
EHOWTHBIE LTz, FDNT A A~ Z|RIE, A— b IR —L IV E 2N
TR Z S Z L2k 0 A A~ ADONRREEN B DY TV ERE L,
INOHLxZ/KAEHE L BITIRE DEERE1T O 2 & T KAHBAERRIZB T 53
A A~ AR Rl LTz, Yo7 ) o E, BRI BTV, BRI LU
WL O B KO ORGEY) O e RN L 2 NMR R 45 1AL R A I RAT F 14
Z AW TEHII L 72,

o 12da o 16day
CTEIeETS 2@ /fli 2@ /0
KHEHEBEYFEIZL - T 534‘133;\'1 day 5 ;l{*diy
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=19 p \ 9d
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-7 n < PC1(95.2%)
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NAF < AR LT ERFZ 'H chemical shift (ppm)

[ZBWTIE, B, et Fig.2, PCA of ID-NMR data matrices for degradations of rice
FASPCIJIIC, MARAFPC2 I s lomass. (2 Sone plo f bl iling e, 0 Londng,
WCRELFELTWE, —HF, of (d).
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BEMEMFIE CER SNz B #HICET 2R L ORENKND LWL T 5D,

(& Cik]

1) Dorrepaal et al. (2009) Nature 460, 616-619; Taylor et al. (2010) Nature 464, 1178-1181.

2) BN, FEB DL R, 43, 144-155 (2008). HHIIED, KFHAT T~ ZDTE/1E
Wi F 77, Sci&Tech. (HAR  (in press).

—183—



P7

The Orange Domain of Basic-Helix-Loop-Helix Transcription Factor
SHARP?2 binds to class B E-box sequence

OMohammed S. Mustak', Riyo Yoshikawa', Kazuya Takahashi', Ojeiru F.

Ezomol, Yuta Nakamural, Kazuya Yamadaz, Shunsuke Meshitsuka'
y

!Institute of Regenerative Medicine and Biofunction, Graduate School of Medical
Science, Tottori University, 86 Nishi-machi, Yonago 683-8503, Japan.
’Department of Health and Nutritional Science, Faculty of Human Health Science,
Matsumoto University, 2095-1 Niimura, Matsumoto, Nagano 390-1295 Japan

The basic helix-loop-helix (bHLH) proteins that belong to a super-family
of DNA binding transcription factors play an important role in development and
differentiation of the eukaryotic cells. The SHARP2 belong to the bHLH superfamily
of proteins and consists of 411 amino acids with bHLH motif (residues 53-109 amino
acids) in the N terminal region, an orange domain (residues 140-184 amino acids) in
the central region and a proline rich domain (residues 310-385 amino acids) in the C-
terminal region. The E-box sequence (5°-CANNTG-3") has been identified in promoter
and enhancer elements of a number of cell type-specific genes and controls the
transcription of these genes in important developmental processes. The basic region,
HLH domain and C-terminal of bHLH proteins are known for their DNA binding,
dimerization and repression function respectively. However, the function of Orange
domain is still unclear. Therefore, the present study was aimed to explore function and
structure of the Orange domain of SHARP2. Interestingly, the present NMR, Surface
Plasmon Resonance and Gel shift assay results showed that the Orange domain has
ability to interact with E-box DNA.

The Orange domain of SHARP2 have sub-cloned into pGEX-2T vector
and expressed in BL21 (DE3) bacterial system. The purified proteins were subjected to
the NMR spectroscopy and measured the "N HSQC to study the binding site of the
Orange domain to E-box. The NMR measurements were performed on varion Unity
Inova (500 MHz) spectrometer equipped with a triple resonance probe and z-axis
pulsed. The side chain and backbone 'H-""N, "N, "*Ca/p resonances were assigned
using a combination of HSQC, TOCSY-""N HSQC, HNCACB, CBCA(CO)NH and
HNCA, HN (CO)CA experiments.

Orange domain, bHLH transcription factor, E-box binding
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To examine the binding site of Orange/E-box DNA sequences, the N HSQC
spectrum of BCBN- Orange domain with and without E-box DNA sequences were
measured. The spectra of "N-HSQC of Orange domain were compared with E-box
orange domain spectra. The few signals appeared and also the enhancement of the peak
intensity of ""N-HSQC spectrum of C'°N-Orange domain was observed in the
presence of E-box DNA (Figure 1). This result indicates that the structure of Orange
domain is affected by the binding of E-box DNA and showed the amino acid residues
interacting with DNA. The heteronuclear 3D triple resonance NMR experiments were
done with "C'°N double-labeled protein to determine the assignments of backbone
resonance. The backbone signals C,,Cg, N and NH of 45 amino acid residues of Orange
domain were assigned sequentially using a combination of connection of HNCACB and
CBCACONH spectra. The overlaid "N-HSQC spectrum of Orange domain with E-box
DNA and Orange clearly showed the differences in chemical shift are seen particularly
in five amino acids (F3, E22, D26, L32 and V40). This suggests that these residues play
important roles in the interaction between Orange domain and E-box DNA. We also
observed that orange domain attain stable structure with E-box DNA compared to its
native form. Our present results suggest that Sharp2-Orange domain might function as

DNA recognition domain in monomeric form and mediate the transcriptional activities.
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Fig 1. Conformational effects of E-box DNA binding. (A) "H-'""N HSQC spectra of the Orange domain alone and
(B) 'H-"N HSQC spectra of the *C'*N Orange/E-box DNA (0.8mM) complex at 500 MHz. Conditions: 0.35mM
>N Orange in 66mM phosphate buffer (pH7.0), 50 mM KCI, 10mM DTT at 250C. ni =512, nt=32.
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Classification of anti-prion compounds

based on the binding properties of prion proteins

OYuji O. Kamatari', Yosuke Hayanol, Kei-ichi Yamaguchi', Junji Hosokawa-Muto', and
Kazuo Kuwata'

! Center for Emerging Infectious Diseases, Gifu Univ..

To date, a variety of anti-prion compounds have been reported that are effective in ex vivo
and in vivo experiments. However, the molecular mechanisms of most of these compounds
are unknown. To understand those mechanisms, we have classified representative anti-prion
compounds into several classes according to their binding properties for PrP¢. Surface
plasmon resonance and NMR spectroscopy were used to determine the binding affinities and
the binding sites of the compounds, respectively. Generally, compounds were classified into
one of three classes. Compounds in the first class, including GN8 and GJP49, bound to the
native structure and acted as ‘medicinal chaperones’ to stabilize the native conformation and
prohibit its pathogenic conversion. The second class of compounds, including Congo red,
directly bound to PrP® and promoted aggregation of the protein, which prevents further
conformational change of prion. The third class of compounds did not bind to PrP but may
interact with PrP*° or other relevant proteins. The proposed categorization of diverse
anti-prion compounds would be useful for understanding the mechanisms of anti-prion
compounds as well as facilitating further anti-prion drug discovery.
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“medicinal chaperones” EBEATUWND, —-DHIE. Congo red’p FDILEM%EE
TALAEHET, B RAEE S LEEZ S SRR 22 &k v, BEiE
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GN8, GJP49, EGCG,
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Quinacrine, Imatinib

Thompson02, etc.

S
Target 1 Target 2 Target 4 P

9 Target 6 a\
Reducting PrPC__ Stabilizing PrP® Prps:._ Preventing PrP® Brocking Prse 3 .
(f_ﬁ axpression gtructur[o_ conversion neurotoxicity <y
e—E)—E — 00 — =
- ] = o | S -
PrP ( ™ ) 7

Target 3
Reducing PrP®

\ Prps
Target 7

Enhancing Prp=¢
clearance

Fig. 1. Working mechanism of anti-prion compounds
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Fig. 2. A model of inhibitory mechanism of anti-prion compounds GN8 derivatives.
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NMR Study of Musashil in Complex with Target RNA: The Role of
Aromatic Stacking for Specific RNA Recognition

OTakako Ohyamal, Takashi Nagata2, Takao Imai3, Hideyuki Okano® , Toshio Yamazakil,
Masato Katahira®*

'SSBC, RIKEN

’Grad. Sch. Nanobiosci., Yokohama City Univ.

IKeio Univ. Sch. Med.

Inst. Adv. Energy, Kyoto Univ.

Musashil(Msil) is strongly expressed in neural stem cells (NSCs) and is concerned to
controlling of self renewal and differentiation of the NSCs. Msil has two RNA Binding
domains (RBD). These two RBDs are prohibiting a translation of Numb protein by binding
to 3’-UTR of the numb mRNA, then “turn-off” the Notch signaling, which promotes
differentiation of NSCs. To search the target sequences of each individual RBD of Msil, we
prepared systematically fragmented RNAs of numb mRNA 3'-UTR, and performed titration
experiment. We identified target sequences of each RBD. Also we determined the
RBDI1-r(GUAGU) complex structure by NMR. The complex is stabilized by pi-stacking
interactions involving case that two phenylalanine rings sandwich an adenosine ring, and
some specific hydrogen bondings between protein and RNA.

Musashil % > /X7 B (Msil)IF A Musashi! e
BB < FEH L, ARa RN O [ O A T R
b ofIZEEDbo TS, v T X R iy
Msil &, 3620220575 RNA BEES 2 GAUAGU oe1es
RN REANZ 220 RNA fEE& R target RNA  (UAGGUAGUAGUUUUA)

Imai, T. et al., Mol. Cell. Biol., 21, 3888 (2001)

A4 L (RBD)ZH>(Fig. 1), SELEX 1%
T RER) RNA BB OPRER /N D . ¥ 7 A Figure 1 Schematic drawing of Msil and
target RNA sequence.

Musashi, RNA, C— “N- filter
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Msil (X, (G/A)UnAGU (n =1 to I)EFNIHEEGT 5 Z & 23 HE STV 5 (Imai ef al.),
~ 7 A numb mRNA 3’ UTR (2%, UAGGUAGUAGUUUUA E2HINFAE L, Z DERLLH
~ A Msil OFERJELEE Z BTV 5D, Fraxld, 2@ 15mer O RNA % R
6mer RNA (Z#7 /it L RBD1, RBD2 ZALZFVHIM N 2 A N2 2405 D 6merRNA % Ik
3% NMR i EFERE2IT > 72, £ DfER. r(GUAGU) (numb5)7> RBD1 O =2t 4
ABFNTH D Z ENbhoT-, 2 T, numb5 & RBD1 & DA KD T ARKE SR %
NMR % HWTIT o 7o, 15 B IV SEARRES % Fig. 2A 127737, RBD1 1% Gual, Ura2, Ade3,
Guad D 4 SDOH LA FFRIZFETR L TWDH Z ERbhoTe,

Gual (% Ser28 /D Trp29 DA > R—/VERIZA X vF¥ 7 L, X 5T Trp29 DX
KHRIZ> & Lys88 OIS Gual D7V L BRIZI D < #1E 3% & #1172 (Fig. 2B), Gual N7
25 Trp29 S NH IZHEUT L, KFERE A 2T ATHE 72 FERE & A EEIC 72 5, numbS OUSIN
WA Trp29 85 HN 2MERES 7 b &7k L7z 2 & 13, Gual N7-Trp29 HN [ Dk &
BB Z HEF L T 5D, Ade3 1% Phe23 & Phe96 IZH v FA v F ENT-HEENE LN
72(Fig. 2C), Phe96 T4 HN & Ade3 N1 | A G FAKFBE AW REARMEICHY . £
72, Phe96 84 HN 28 numb5 ORI EWVRE RS S 7 MaR Lo Z &b,
Phe96 E8H HN & Ade3 N1 KT DR INTWD Z R END, 20D,
2 O® Phe DI Z V> FA v F T D56 IT~ 7 A Msil @ RBD1 OFRHKIT
RETHDEEZDTEA D, Guad IX Phe65 DRUBUEREAX XU T L, &5
(2. Lys21 ORISEREGD T X 7 Fi7)S Guad O4, & 5 VWNENT T D < #EE 5 b L7z (Fig.
2C),

EIEONTNIIEEE D, Z XY E R E RS E O AEER E LT,
Arg61 ISR D 77 =3 7 FHS Ade3 & 5\ T Guad DV R # & E B AR AL/EH AT
RERIEECH D Z ERNbhoT,

W, Msil OFERIE numb DS B EEDHE S TEB Y . AR, Msil 2ER
&9 % RNA 580k T DMt 2 B0 5 L CEHBERARLL D THA D,

Figure 2 NMR structure of Msil RBD1-numb5 complex. NMR 20 structure ensemble of Msil
RBDI - numb5 complex, A. Close-up view of Gual-Trp29 purine - indole stacking and Gual-Lys88
interaction, i. Close-up view of Ura2-Ade3-Gua4 and RBD1 binding interface, ii.
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Structure and function relationships of rice protein RSOsPR10, which
is specifically induced in roots by drought, salt and jasmonic acid
ORintaro Suzuki, Zui Fujimoto, Wataru Tsuchiya, and Toshimasa Yamazaki
National Institute of Agrobiological Sciences, Tsukuba, Japan.

Root Specific Oryza sativa Pathogenesis Related 10 (RSOsPR10) is a rice protein
which is induced specifically in roots by salt and drought stress. mRNA of
RSOsPR10 accumulated upon drought, NaCl, and jasmonic acid, but not by
abscisic acid or salicylic acid. We determined the 3D structure of RSOsPR10
both in solution and crystal. The structure of RSOsPR10 resembled other PR10
family proteins and consisted a long C-terminal « -helix surrounded by a
seven-stranded antiparallel B -sheet and two N-terminal short « -helices
between B 1 and B 2 strands. A large hydrophobic pocket was found in the
center of the protein. The binding assay against several plant hormones and
anti-auxins are also examined.

[ ]

Root Specific Oryza sativa Pathogenesis-Related 10 (RSOsPR10)i&, # 4§, A K
LA WEBIRFE DB I A AMBREERANCRIL T4 N IETHB[1], RSOsPR10 D
mRNA (F# /%, NaCl, V¥ ATV (JA) WHIZE>TEFEINDI N, T TV I Vg
(ABA), VVFINRIZES>TUIBEINT VY AT VEEY 7 F IARER I Lo THIIX
NdL#z25N%,RSOSPR10 Zi@EFE XD LI1Z&D A R TIXFZIRMIHPEDS, 23Tl
HE M & 7R SR < 2% ZE DSV TN B 728D AR AT HEAEY DB FEAD IS
R IN TS, UL, REVSTEDBEHEIL DN >TORND, Fixldk RSOsPR10 DE&RE
fREAD 728D NEARKE G &V AT REE B BED IR 21T 577,

(%]

RSOsPR10 i#fzxF% pET-16b IZFAGAAZ R Z— L B R F BT D NSRS — B
IOERMEEZ 72, TNE KIGFERE Rosetta 2(DE3)IZE B lix#e - FEHL . AR Ni 7
TA=TA—VOINT T 74— IZEDRERL, 27 %YW - BRE DB IV A% Tk 3
& U7z NMR #ll%€ 1% Bruker DMX750 T 30°C.50 mM Vg M) AFEE, pHG. 1
00 mM NaCl, 5 mM DTT D5 THiorz, 7 — R 70 A ALY 7 N RS KOk
%£121% NMRPipe. Sparky3 & Cyana2.1% i\ 7z, £7-. RSOsPR10 OV H vV RES
RO X Kkt G R AT 211572,

A3 Y AT VR AN AT

OFTFTEVALAD, SLHEET W, DHbPDd, PEIILLEX
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[

RSOsPR10 &, C KD a SNV T AL ZNEDL T KD B ANT Y RMGRL AT
BI—b. BLY N RiiDEHW—"2D al, a2A\)v7 ZNSRBERIRZ L INIETHY ., 57
Fr o KR ERBUKME R Y "R o Tz, ZOSTARKE S IZ BRI E SR & X T DAl
D PR10 X2/ 80 E ISHBU TNz, 2, 260D PR10 22 /37 E D NARKE & 13T 4F
e XN ABA ZEABEFELILTNB[2], /272U PR10 773)—& ABA ZBMAEDTI)
BRI D FEIME X 20~30%& KW,

RSOSPR10 &Y ¥ ATV Y 7 FIVRIEREEIZ KO B HII I TOB 03, [F R
WIRIVEY VAV RETDAHEMED B DL E X RN EY BLOPA—F T L DES
RERE NMR (&7, VAV RIBERE LU TIE JALABA, Y XLV (GAS) A—F TV
(IAA) . F 72V ViR (NAA) ., 2,4-D %\ 2, UH Y RIERIO TN &% PN-HSQC AR
IRV DALEY T2, JA, ABA, NAA, 2,4-D THEZEIZ R 5N, 0 FNEO K E LR
YNMIFEETRIENRIBINZ, — . GA3 TIEHOTIRZIULLELNT IAA TIHIZ
IEZALL R A—F VUM Z RO NAA X 2,4-DIZFE AT 2IZE0 0057 TAA D
FEAUANZ LIZHRENDS, TOEFRRERIISBOEETHD,

RSOsPR10 BfA T, ""N-HSQC ARZMNUZHWT F23 BED 7 FIVhS 2 D
XN=D I & DALY T RBAEDBEE TH o7 4 FOILEWTIX. F23 OV 7 FI)VE
WARIZBIIDYAF—E =210 35 1 OFZ BRI N F23 1k a1 NI A BIZH
DRIV RDEIZAE T D, GA3 BEIUIAA TIX. F23 OV F7FIVIZBIRE[ERRIZ 2 DR,
5377, BLEDFERIZ JA, ABA.NAA, 2,4-D OFEEIZED . F23 DIV TH A= avHidE
EINDZEERIBLTND,

X512, FxlE JA & RSOSPR10 D& SRDIEEZ BHOANI T 272102, X Kk S i G i
Wraf7\u, 1.6 A DD REED AR &G 2155 Z 8T E -, 2IRORE X REREE S SO
D PR10 AV N\ VB LIFIFRBETH o7 HARITFE G U2 JA TR Y hOJE T F23 55
LU TEY, NMR IZEDFEGIRBROFE R E — U7,

ABA ZHEA-ABA HEKDIAREE TR ABA IS a1 NI AL IO, Ry
RO A CHEIZEE AL TS, L2235 T, RSOsPR10 & ABA SZ Ak I3 kE Atk R H
BBIENHHLMNIZES-, ABA & RSOsPR10 DEESKRDEEIXIASHTIFAOA F23
DEFMNS.JA EFRFRIZ ABA £FE2RTYRDRIHEEG T 2EDEEZILNDS,

[

INFETITRRA YR D PR10 7ZANESEIZDWTYRAZL 7 —E1EME, 1 Mo
ZURT IV IATOAREIZUDE T B LBV RIZKT 25 GTEME, ZRANHEBERTE
MERENHEINTEY, EBFEREL UTEHIE TR AN AR HISNTWS[3], —H
D PR10 IZDWTIIHEYI HRIVEY ¥ 7 FIVEEICBE 53 2 AT HEME SRS T 203, JA,
ABA M HAEHT2 PR10 OHIIAIRE A HIHTTH S, RSOSPR10 IFMRD JA LU
ABA VT FIVGEIZE W TEHEERGE 2 R TS A EEN S W EE 25N,

(51 >Crik]

1. Hashimoto, M. et al. Plant Cell Physiol. 45, 550-559 (2004).

2. Miyazono, K. et al. Nature 462, 609-614 (2009).

3. Liu, J.-J. & Ekramoddoullah, A.K.M. Physiol. Mol. Plant Pathol. 68, 3-13 (2006).
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Structural basis for the effect of glycosylation on cis/frans isomerization of
prolines in IgA1-hinge peptide
(OKazuhiko Yamasaki', Yoshiki Narimatsu’, Sanae Furukawa’, Hisayuki Morii',
Hisashi Narimatsu®, and Tomomi Kubota®
'Biomed. Res. Inst., *Res. Cen. Med. Glycosci., AIST, Tsukuba, Japan

Human immunoglobulin A1 (IgA1) possesses a hinge region, connecting the Fab and Fc
domains, mostly composed of Ser, Thr, and Pro (VPSTPPTPSPSTPPTPSPS; hinge peptide).
Five of the Ser/Thr residues in this region are known to be naturally o-glycosylated. Here we
investigated the structural changes in the hinge peptide upon o-glycosylation by
N-acetylgalactosamine (GalNAc), especially focusing on the cis/trans isomerization of Pro
residues. Cis/trans ratios of the Pro residues at the C-terminal side of the glycosylated
Ser/Thr were reduced from 9~13% to 2~3% by enzymatic glycosylation, as observed in 'H-""C
HSQC spectra. Thermodynamic parameters indicated that this decrease is enthalpy-driven.
Consistently, hydrogen bonds between the amide group of GaINAc and carbonyl oxygen of the

peptide backbone were formed in the trans conformers, as revealed by further NMR analyses.

[B] % 2RI EA~OFEFEM N OV TR, & OMSRE~D R L 13 BRI, i
SNOFBITEMEEBEZ ONB L TH D, EBRIZ, X G ISV T, fnshn
ToHESH 2 BEEYI L T DR L EIT ) 2 eI TH D, AR THEG LT 560
a7 Al (IgAl) 45F® Fab BE N Fe D2 DD KA A &0/ < PHE
BEAZIE A 20 FEE D Ser, Thr, Pro THE SN DKM 72 X7 F NEd ¥

(VPSTPPTPSPSTPPTPSPS : b o X7 F R) 23FELE L, Ser 35 & O Thr (ZHESH (GalNAc
MBI B L EEREGT D) BMEINEND (Figure 1), ABFZETIE, ANTEBMEH

RS, BB, ey

ORFEZIENTOI. RV ESLLE, S22 Rx, bHVOIWPE,
B ESVEL, IFlEbAHh
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BNEEZHND I OFEEITE D ¢,
T, WSO X A REEE N B vt

PI"OZ

BINE D IETA, ORI sers
FHZLEAME L, BT Pro 7 il R
O cisfirans BRELICER Li-fighi e To0 ] / Pk
1To7-, ZOMEIX Fab & Fc ® K £ i Pr:os
N S - A . Ser9 <
AA L HOR T END, RHICEH e Pro10
Hid 2R 1T R A A o B oo [ : Sui£—
. T T RO K E 5 Prota
REBEAD EELLRD, Fo i
% Pro16
Ser17
[J7E] FEfEa S L<Iid 5. 8, 10, : Pro18
13, 16 FHO Pro MM A ZNZR o

BC,SN #5372 [gAl B v PO TF
K% Fmoc {512 K 5 EFHE B TRl
L7z, FEESRBEESR pp-GalNAc-T2 b
L < & pp-GalNAc-T10 T X Y
GalNAc DOfFINZATVN, WiAH HPLC
WX OPEXTTF 2R L -,
DMX-500 (Bruker) D¥EiE % U,
NOESY. TOCSY. ROESY %@ 'H-NMR %22~ /L= 'H-C HSQC. "*C-filtered ROESY
D FFERE AT FVIIE 24T - 72, 278K~323K D TllliE L7z "H-"C HSQC =<7
NV BT cis/trans YR A AT U=, IREERAFIEIZ DU T van't Hoff fi#HT 2170y, HLFED
BACICEET RN R T A — 2 ZRE LT, & 5I2, BEKFEZHRIERL CNS &
TESLRREERTRIC L0 . KRBEREBTERIC DWW T O 217 > 7=,

Figure 1: Domains in IgAl molecule.
The hinge region connecting the Fab and
Fc domains is mostly composed of Ser,
Thr, and Pro. Arrows indicate the

naturally occurring o-glycosylation sites.

Uit - B22] PC,UNIE# & 1T - 72 Profé i 2 F o b v P~ 7 F F'H-"C HSQCIZH
VW, major= 7 4~ — &minor= 7 4~ —Z 8152 L7z (Figure 2), TOCSYX°ROESY
AT FVOIRHTIZ LY | B Ztrans™ | #%F Zcis™ L JRJE L, HSQCY 1n A B'— 7 it
G W DIFELRZER LT, 8 (GalNAc) OFNAITo72L 2 A, FITHE
BN S 2 7L O CR IR BT 2 Proll B8\ T cis®l trans™ O 2R 739~13%
MH23%~ERETWA L, 1o T, FHEENRE S EEBEZIT D2 NP LN
7¢ 7= (Figure 2, Table 1) .

Z DR OIR AR DIRNT N BT )FHI R T A — 2 R LR, Al 3L
X2zt T D FEHMA M ORE (AAG) IZB W TIX, = XL E—0D% 5 (AAH)
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a cis s trans
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R

(o)
b | GaINAc-egcosyIatlon at Ser/Thr |
{
Pro 5 S5 o L 25
.Y cis I 2 cis |
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trans I e
- - 30
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- —_— " e
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Figure 2: (a) Cis/trans isomerization regarding the Thr/Ser-Pro peptide bond. (b) 'H-"C
HSQC spectra for IgAl hinge peptide containing a [°C, "N]Pro residue, with (right) or
without (left) enzymatic o-glycosylation on Ser/Thr residues. The glycosylation significantly

shifts the equilibrium, reducing the cis conformers.

Table 1: Cis/trans ratio for Pro residues in IgA1 hinge peptides and relevant thermodynamic
parameters. HP and glyco-HP stand for hinge peptides without and with
GalNAc-glycosylation, respectively. Signs for the thermodynamic parameters are defined for
the trans to cis transition. Ser/Thr residues at the N-terminal sides of Pro5, Pro8, Pro10, and

Pro16 are glycosylated in glyco-HP.

Pro5 Pro8 Proi10 Pro13 Pro16

HP 0.126 0.092 0.088 0.115 0.095

ratio glyco-HP 0.022 0.027 0.015 0.051 0.033
fold decrease 5.7 3.5 6.0 2.3 2.9

AG HP 4.9 5.9 5.9 5.3 5.8
(kdmol™) glyco-HP 9.7 9.8 10.4 7.7 9.1
AAG 4.8 3.9 4.5 24 3.3

AH HP 2.3 7.3 4.5 3.1 6.3
(kdmol™) glyco-HP 16.7 22.2 18.8 10.8 18.9
AAH 14.5 14.9 14.3 7.7 12.5

AS HP -0.009 0.006 -0.004 -0.007 0.003
(kdmol™) glyco-HP 0.027 0.046 0.031 0.013 0.037
AAS 0.036 0.041 0.036 0.02 0.034
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FRFZTEDREVDIZH L, =2 b E—D%FE (-TAAS) IZWFF5TE D /hEn
L T RDOLHEHMINC L DRIE XV E—RE T D Z & H3VH o7z (Table 1)
TR, rrans®a s T = —ZB W T OB IRRFRE DR S DH 2 & THIT
&5, EBRIC, ERSZMERETT2L 2 A, trans™ = 7 < —DGalNAcThr OFE 7
X REL DO AZHGHE FE 53 HBE D GaINAcCbenzylGalNAcIZ FE A~ T1R0F2 I L, KFERE
BB RE NIz, EHIZ, FERTF R (transl) ONOEIZ IS AR EMNT 21T
o7& 24, GalNAC-Thrf BT BV TGalNACH T X REEE T F REHDO U VAR =1
MR OBITKFRBEDIERIND 52 Enran/e (Figure 3),

Figure 3: A hydrogen bond
between GalNAc amide proton
and peptide backbone oxygen of a
GalNAc-Thr residue observed for
the trans conformer, as revealed
by the NMR structure analysis.
This restricts i angle and causes
steric hindrance in the presumable

cis conformer.

Z OKRFERESIE, GalNAc-The DT F REHO Y 2 FEFEET D, TORE, H
W cisTINT T2 LBRONLIREEE N A U D 2 &M, BT MRITIC L > TH L MR- 72,
TR, transHIZB N TORZ DKREREADTERSIND, D, trans™ % FxH)
CRENE T, cisBlZ2D X T ERER-TNDHEEZLND,

AWFETIE, IgAlE > T F RIZBWT, FEEAMAINC LD . ProfR ik Dcis/trans B
PEALEE AR E < transBUZY 7 FTHZ L2 OLMNC LI, ZHIC kD, ESHEED
NY =y a URBEFICWOTDE LD, S6IC, KE/AFRKIZELD .,
GalNAc-ThrDOyfi HHfilRZ 1T 5, T H OFER, HEHN EHMEEDO AREZS L,
OWTIEFab R A A L Fe R A A OMRIEICET2HBE SO T LI2L0 ., 4
T ORKEE~EEE RITT LM TE D,

(2% k]
Narimatsu, Y., Kubota, T., Furukawa, S., Morii, H., Narimatsu, H., and Yamasaki, K. (2010) J.
Am. Chem. Soc. 132, 5548-5549. “Effect of glycosylation on cis/trans isomerization of

prolines in IgA1-hinge peptide”
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'The Scripps Research Institute
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Mapping the Interactions of the Intrinsically Disordered p53
Transactivation Subdomains with the TAZ2 Domain of CBP by NMR
OMunehito Arai'?, Josephine C. Ferreon', H. Jane Dyson', and Peter E. Wright'
"Dept of Molecular Biology, The Scripps Research Institute, La Jolla, CA, USA.

’Dept of Life Sciences, Grad. Sch. Art. Sci., University of Tokyo, Tokyo, Japan.

Using NMR chemical shift perturbations we show that the isolated AD1 and AD2 binding
motifs, derived from the intrinsically disordered N-terminal transactivation domain of the
tumor suppressor p53, both interact with the TAZ2 domain of the transcriptional coactivator
CBP at two binding sites. Unexpectedly, the site of binding of AD2 on the hydrophobic
surface of TAZ2 overlaps with the binding site for AD1, but AD2 binds TAZ2 more tightly.
The results highlight the complexity of interactions between intrinsically disordered proteins
and their targets. Furthermore, the association rate of AD2 to TAZ?2 is estimated to be greater
than 3 x 10'° M s, approaching the diffusion-controlled limit and indicating that intrinsic
disorder plus complementary electrostatics can significantly accelerate protein binding
interactions.

JEHI Fps3 LA E L 7 AR b — L XFFEAHIE L TR, & LADOSTH#EM &
FEEI TV D, pS3DERBIEME L B A A & (NSRRI D 6158 J5) 1T RIREMEFEIR TH 1 |
B TIIFEDOMEZTER L TV, ZOHITIE 2 2OTEMHL R A A > (AD1&
AD2) WEELTEY, 2NLREREa T 7 F_X—2CBPOTAZ2 K A A % L fHHAE
AT 252 &2k -oT, pS3idiEfbasnsd Z Enmon s (OCHkl-3) . L,
pS3 L TAZ2 & OFEAEH ORI AR CTH - 7=, &2 TARIFETIE, TAZ2 LD X
DA PS3DADIFB L VAD2EMHAEHT 200 EZHLNCTHZ L2 HE LT,
NMR{EEE (b7 MEENE) ICX D5 EREITo 7,

TAZ2% N7~V L, p53 AD1 &b & 6@ L T & kIt H-"N HSQC A<
MDA ZRE LT fb S, fast exchange CE— 7 L@ 3> 7 b LT < AR 03Bl
ENdz, L LE—27 7 MIERO TR, R TH -7z, FrRZE - fifE CfE
Britof s, WAL 2 DOFETHDETANZE THDLZ ENbnote, £ T,
2#4Fﬁé%7w®ﬁm%ﬁﬁ@74/74/ﬁ-fmﬁ?A%EWLT%ﬁbk
fES. TAZ2 EIZIZ 2 DOADIKEAEIAFIE L, fREEERIXZNZEN24 M & 164
UM T D Z ENbholz, [AERIC. TAZ2~Dp53 AD2iEFEBR) S, TAZ2 L2
2 DDOAD2FEAEENFAE L, fRBEERIZZNZN320ME 10 UM ThH D Z EDVURE
Nic, B REZ LT, ADIEAD2REAEMLIEFRICY A FThole, ZOZ &1, K
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RAEMEAENEG T H2HEEROEESZERLTWVD,

194 MEBETVOLBEITIT, BAERE XD bid TN RREEER Z KD 5
ZEIREETH D, L, Bixey R al—yarEiTolER, 294 MEAT
TIOVOEEIZIEL, 10 nM FEE DO/ S 2R fifHEEE CTdh - T NMRHEE SEBR Tfast
exchange Z/RL 9252 &, BEO WEMBDO T 1 v T 4 TG EREIRIRBEER &
RKOONDZENHLMNI R 5T, LIz - T, L DTAZ2-AD2JE A OB ERIT
FEHTEHETH D,

AAWZ &2, TAZ2-AD2BAHAAEAICB W TIE, fBEEEB2 0M &V ) 5RVFES
THDHIZHBED BT, fastexchangell LD E—7 7 "Bl SN, BEDOT I =2
L—3 3 b, TAZ2-AD24E S A3 fast exchange (272 % 72 8 DS I X fRBEEE ko>
1000s' THhoto, O END, FEABEIT kn>3x10" M s & 720 | drlts
RAUCITVME & RFES N7z, ZOfEIL, ZNE TICHLNTWAREAEED - bk
HWTH D, TAZIHIADER ZFFODIIR L, p53 AD2II-8DEMZ > TR, I
FICIRWNVHBEH AR L > T, MO THWVIESGRSNEREN-EEZ NS, &
D X ONZFEHWFEE UL, RIREME L EOFEDO—D20h L7y,

2 JEBEN

1. Lee, C.W,, Ferreon, J.C., Ferreon, A.C.M., Arai, M., & Wright, P.E. (2010) Graded
enhancement of p53 binding to CBP by multisite phosphorylation. Proc. Natl. Acad. Sci.
U.S.A. in press.

2. Ferreon, J.C., Lee, C.W., Arai, M., Martinez-Yamout, M.A., Dyson, H.J. & Wright, P.E.
(2009) Cooperative regulation of pS3 by modulation of ternary complex formation with
CBP/p300 and HDM2. Proc. Natl. Acad. Sci. U.S.A. 106(16): 6591-6596.

3. Lee, C.W., Arai, M., Martinez-Yamout, M.A., Dyson, H.J. & Wright, P.E. (2009) Mapping
the interactions of the p53 transactivation domain with the KIX domain of CBP.
Biochemistry 48(10): 2115-2124.

KRN 37 8, NRIEETE, 527 7 FN—H

ObobniehReE, CrEsbuvisbzhBA, LzWATLWEA, —Tzc—56WnE
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Elucidation of the transport mechanism of the major facilitator superfamily
transporter LacY

ODaisuke Furukawal, Chie Yoshiural, Asako Machiyamal, Yuichi Minatol, Takumi Uedal,
and Ichio Shimada'>

'Grad. Sch. of Pharm. Sci., the Univ. of Tokyo

’BIRC, AIST

The major facilitator superfamily (MFS) transporters transport their ligands by
alternatively assuming their inward-facing and outward-facing conformations. However, the
structure of the outward-facing MFS transporters has not been solved, because of their
instability. The outward-facing conformation of lactose permerase (LacY), which belongs to
MFS, is stabilized by its binding with Enzyme IIA®° (EIIA). Here, we show that the
LacY-binding site on EIIA is the hydrophobic cavity that involves His90, by transferred
cross-saturation experiment using LacY reconstituted in rHDL. The loop that connects the
N- and C- terminal domains of LacY are also hydrophobic, thus EIIA may bind to this loop
and fix the outward-facing conformation of LacY.

[ B B ] Major facilitator Lac n - -
superfamily (WFS) 1E, 12 & L< 1% S | \3_5/ T
L HOBEE~ Y 7 2 efio s L Siges — [ S
Ty AK— s —RETH Y ETos T AL 4
EWTE OIS D TE A4 5 | T e e
MES 1%, U 7> RREGEALASMASN 2 L Ty . o
TR L AP kR o N | fig 1 Schematic diagram
" maere _ facing ) of the interaction between
LT N FEWETDHEER e L VN EIIA and LacY.

HNTW5D, Lol fifastz muiz Y g
MFS [ERZEE CTb 0 | 2 ORERE LA Y

TN, BEEEOZ IR TH D, 77 h—R&HHikTDH WS ThD
Lactose permease (LacY) IZ. #IfukZ mWRBET, B HE Enzyme ITAYC (EITA)

LEEEREEK TS (Fig. 1), L7238 -> T, LacY TiE. EIIA & OfEAIC XLV, Hika

KT v AR—H2—, EEHAE. transferred cross—saturation

OSLMPIENTIF, LLI2bbx, EbREHIZ, ARRLPOI NE, 92 7E7<
I, LELVWHE
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I EWTAREEN L EIL S D EB X2 T2, £ 2 TARMIE TlE, LacY & EITA OfEAEE
REMHATHZ LITLD . MFS OlEfELZHO T2 2B E LT,

[ 51:] KEGHE K LacY &, KAFEIC CREFRB L, By 2t L7z ¢, 2%DDM
THAE U CLCRECAM U7z His # 7 & W OB L 72 BB L7z LacY & £ coli
polar lipid & MSP1E3 % FV T, rHDL ~Fff§ak L7z (LacY-rHDL), Native-PAGE 35 X
O His—tag Hii % V7= western blotting {2 X ¥ | LacY 23 rHDL \CFASRL S =2
EIYMERRTZ N T &Y o FTHD 4-nitrophenyl-a-D-galactopyranoside
(NPG) & OFES ZEFALE LIZBEo, dtssE 02 k% AV, A% L7 LacY-rHDL
DY T REEETEEEZ T~ T,

KIGEHK ETIA &2, KIBEICTRERB L, BT URL&WA T L FNAIET T
L HANWTRRI L7, ITC ZHW T, #5472 EITA & LacY-rHDL & Ofi#fff & ¥z 5
L7z, 612, EITA @ LacY fA R ZFRIET 572912, EITA & LacY-rHDL Df# D
transferred cross—saturation (TCS) ZEERZ1T-7-,

[FE R L OB L] RBSLMS rHDL AR D 5%
Al U7l 5 BT 1 L OBEHA & | 4. 5 nmol
@ LacY-rHDL 234G 5417z, FHH L7z LacY-rHDL %
native—PAGE 3 X U\ western blotting {2 X U i L S .
TR, 220 iDL LASEORBIELFFD, LacY & 7 5/ R
Gy FRER Sz, LEER->T, LacY 28 rHDL ¥
WIZHAAENTZZ EnmEniz, £/, NPG &£ D
A ZBHATHE L BICH R E R EH L= T,
FHEL L7~ LacY-THDL 1X U v REEETEMZ R FE L C
Wb ZErEnT (Fig. 2),

Intensity
i

i J:'\vI'Vav“éIJé'ngtﬁ}(’nmjw

Fig. 2 Ligand binding activity of
LacY-rHDL.

ITC EBRIZ L V. LacY-rHDL & EITA OFEAITLED
WeEADMBL < v, W OfFBEE £ 170 oM TH D
ZEMRENT,

TCS S8R Z4T - 7oA W, F41, F77, F88, H90 72 &,
BRKMEIZ B T0 HOO UTAEIE AL B 95 . AR

Solid and dashed lines show the
emission spectra of  the
fluorescence ligand NPG before
and after adding the competitive
ligand (TDG), respectively.

fe 3 D IR CA B R R Y B S, LacY FEE I TH D Z LRSI (Fig.
3)oLacY O N R¥iii & CREGDM N A A ] & D7 </V— 71T b BUKMEFIEZE ToiH

PFET D 2
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B BIIA 1. 2O RAA VN —FLEATHZ EI2LY ., LacY

AR E OREEICLERT D
DTV EE 2 7=, BUE,
72 EEEIRW) TCS B L)
PRE FEBRIZ XL B, LacY MOk
AL DFRIE Z RS TN D,

Fig. 3 Determination of the
LacY-binding site on EIIA by TCS.
The residues with intensity ratio >
0.2 and >0.15 are shown in black
and gray, respectively.
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Structural Mechanism for the Affinity Regulation of Cytoplasmic Dynein
OOsamu Takarada', Noritaka Nishida', Ryo Umemoto', Masahide Kikkawa®, Ichio
Shimada'*

'Grad. Sch. Pharm. Sci., The Univ. of Tokyo, Tokyo, Japan. *Grad. Sch. Med., The Univ. of
Tokyo, Tokyo, Japan. *BIRC, AIST

Cytoplasmic dynein is a motor protein that uses ATP to power the movement toward the
minus end of microtubules (MTs). It has been considered that the microtubule-binding
domain (MTBD) of dynein changes its affinity for MT by altering the association mode of the
neighboring coiled-coil helices. However, the structural mechanism of the affinity regulation
of MTBD remains elusive. Here, we analyzed conformational changes of MTBD, using
mutants where disulfide bonds introduced in MTBD are utilized for locking the association
mode of the coiled-coil. We made two mutants, termed MTBD-High and MTBD-Low, which
showed high and low the affinity for MT, respectively. We examined the difference in the
conformation and identified the MT-binding site of MTBD-High and MTBD-Low by NMR.
Based on these results, the mechanism for the affinity regulation of the MTBD is discussed.

Y- BHiY]
ﬁ@ 55 A = AFATPINK G iR D = v — 2 FH U CRUNE b 2 R sl o + i
5 HULMATT B D — Iz Ao CiEEh T 2 — 4 — X LRI ETH D, MES A =
/@ﬁmﬁﬁA%f4/mmmi@$ﬁ®ﬂ4wh:4w%% L TATPase K A A
v EHEFEENTE Y, ATPOREG I L OVEEE & ) L CMTBDORU INE BT (b
5 LT, BUNE Lo ZnER N ER S NS, ZIVE TORIEN D, MTBDOS/IN
BERFMEIZ AN FaAf VO EREBOEIIZE > THIE SN D EE 2 b T
L AL B DRSO aA v RaAf L% G TeMIBD%A SRS (Seryl tRNA Synthetase)
DaAf ) Raf VBITEET 5 2 & T, MTBDO MU NG BLFnYE % & Bk 3 X OMK B
PEIRREICHIEI CTE 2 Z EAVRESNTEY | F (KB FPEIRAE %2 [ B3~ 2 SRSFELAMTBD
@%%%%ﬁ%%#&kofwéLﬁ>\mﬁﬁﬁﬁ EDOREEITWELEARHTH Y,
aA )L RaA LEBEOSAIREEDZED ED X 5 eSS b AMTBDIZEEE T 5 DT
AR NGV KHF'Ci AL R aA VEHIIS-SHE G 2 B A U TRIFEZ
A U 7=MTBDZAERL L. Z 16 OIS ZNRIEZ W CTHT 25 Z £ 12X 0 . MTBDD
BRI SIEAE 2 R 5 2 E 2 BN E LT,

ME 7 A =2, BUFRTERIE, TCSFEBR

Olirbl2 BSy, IZLE OVED, 2ObE VixH, Tohdb £I0T,
LEZ Wbk
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AFFZE CIIFERE R SRAIE X A =2 @ MIBD & AV RaAf Liio—H% &t 137
FRFEO IR (MTBD137) & KIGE I X 0 588 LAFHTIC V72, SRS A MTBD Ok i i
5B \Z, MTBD137 D = A )b K =2 A VR Tt 3~ 5 BUK MR FERHT Cys R 2 E A
LB BR A ERERL U=, a1 L RaA LR S-S #EATERIE SDS-PAGE (2 &V
B LTz, 155N ZRROMUNE SR ML, B D AR L= NVE ek 28R &
DR L7z, MR IC X DHGEMT Cik, ZEHREEIC L0 FHEMFE 21TV, AR
R T 'H-"NHSQC A7 "V Z4T 7=, Fi=, KFERIKROM/INEFE S ENALE
WRFZESR N BA%E L 72 a8 A 2 A0 AN (TCS) 5 & IV THRMT L 7=,

[#E 5 & 5 42]

AL RaA VEEENZS-SHE A DD RS S AL7ZMTBDZ BLAR DO/ NE & D iFntE
ZMIE L= & 2 A, MTBDI3T & [RIFREE O W BRI (Kd=10 uM) 2 /R4 Rk & . B
PEN K E IR T L7z Kd>100 uM) ZBEAENE Sz, 2 O & FAK A MTBD-High,
MTBD-Low & FECR,  LI& OfiFFTIZ V7= (Fig. 1(a)),

F PR A RN (TCS) 52 W T, BEBREBOBNERAERmEZFE LT, £D
FEE . MTBDEZAERLT 260D~V v 7 Z (HI~H6) D H b, HUIXW T DL IR THES R
e LM &, H3IFMTBD-High Co A S & L TRt 7z (Fig. 1(b, ¢)). &K
{ZMTBD-High & MTBD-Low[#] O SEARAE 1 D& 2 'H-"N HSQCDKFs 7 F I3\ T
M Uiz, TORR, S-SHEAEZEA LA /L KaAf L (CCL, CC2)mBED IR 5
T MTBDERIZ by 7 FENEN ST, FRCTCSERR CHUNE & O EAER T
HTENRENTHLEHBICERT 5 &, WFICHET A2 Rm Th HHUIKRE (kg
7 R EZRTERAPBIHI S (Fig. 1(d),

LEDFERNG, 240 RaAg VEHOSEIRBOZRIT K - TMTBDOHI ORE 2L,
MIHE S, BEEDIZH BB NEREEmEZ R T 5 2 & T, RBAMERIE) b &
BUFPERIRRBICRBAT T 2R R ST, BIAE, L0 SRR 22 00 NE BUFN R i B A 4 7
BH-4 % 7= 812, MTBD-High & MTBD-Low® SEARKE & E I TR TH 5,

@ HS . H3 (b) B ]
HZ '

(k=]

Irkansity ratia
=]

“El}iiifﬂlﬁ—ﬁhhé”ﬂ“

(© — —
03
o
Fig. 1 NMR analysis of the MTBD constructs ¥
with high and low affinity for MT o7 - - L
(a) A ribbon diagram of the model structure of %

MTBD137 based on the crystal structure of the 0.5 AIIYE ";L: L LI il ||I il
mouse SRS-MTBD. The position of S-S bonds —E T L e Ty S N
|

of MTBD-Low and MTBD-High are indicated. (@
(b, ¢) Plots of signal intensity ratio of TCS 14 |
experiments (b) MTBD-High and (c) ﬂﬂ

MTBD-Low. (d) A plot of the chemical shift =g [
difference (A) between MTBD-High and Low. | |

A=(SH+(3N/6.5)")"? R e
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P15 In-cell NMR3:% BV = MR I<H+5 7057 12G B1E
A DB RIEEREHT

OAERE el i IR, why #0F, =5 1B,
Peter Giintert?, HJIl BZ3, Jhik [l
QEFECREE-FE T, 2Frankfurt X, SR KP%: T)

Structure determination of protein G B1 domain in living cells by in-cell
NMR spectroscopy

OTomomi Hanashimal, Junpei Hamatsul, Teppei Ikeyal, Masaki Mishimal, Peter Gﬁntertz,
Masahiro Shirakawa® and Yutaka Ito'
('Dept. of Chem., Tokyo Metropolitan Univ.,  Inst. of Biophysical Chemistry and Center for
Biomolecular Magnetic Resonance, J. W. Goethe-Univ. Frankfurt, 3Dept. of Eng., Univ. of
Kyoto)

Recent developments in NMR hardware and methodology have enabled the measurement
of high-resolution heteronuclear multi-dimensional NMR spectra of macromolecules in living
cells (in-cell NMR). With this method, we recently reported the world’s first 3D protein
structure calculated exclusively on the basis of information obtained in living cells.

In this presentation, as an another demonstration of our strategy for protein structural
analyses in vivo, we report in-cell NMR studies of Streptococcus protein G B1 domain (GB1)
overexpressed in E. coli cells. While backbone resonances were completely assigned,
side-chain assignment suffers from low sensitivity of triple-resonance NMR spectra, thus
requires additional experiments, which presumably due to lower expression level of GBI in E.
coli. Methyl-selectively protonated samples as well as '*C/'°N-labelled samples were used for
the collection of NOE-derived distance restraints. Structure calculations are in progress.

(%]

RN O R FVE O ELH A T30 A% @ oy fifie CIE S 528D AT6E7R in-cell NMR
EVOFENER SN TS, D72L7oBIFREI in-cell NMR Z HWTAMARNEHE D
RO @R ERIT 2R A, RIBE N CTREI Y72 & E 2 E Thermus
thermophilus HBS8 i k& B & TTHA1718(66 a.a.) @ & 4y fif RE A & % 15 7=
[Sakakibara et al. Nature (2009) and Ikeya et al. Nat. Protoc. (2010)]. AH#FFE Tl
OIZLI=bOFIEOWRARDIGBIE LT, Streptococcus protein G B1 KA (57 a.a., LA
T GB1 &8 22— v i EE L in-cell NMR (2 XA & ST 2 38 A 7.

F—U—FK: In-cell NMR, R2FfEZKITCNMR, LIRS

OlF7eLE b, ITFED LA, WITFR ToW, ALE FIF,
N—To— EPATc—L, Lbnb FEUA, W) s
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[E8, RBIOASHOEE]

GB1 OKIGEWNKEHH 2% AW Gl EZRRL, HEEIT-7-. il
TTHA1718 AR NFEIOFEHE N FVE IR E (3-4 mM EHEE) Lk L T GB1 O3 E
BT D7, HIRRNFUEIOFREME NE B EREIL 1 mM % FlESEHESND.

FH KOS, NMR 27 F LDl g D=8, 13C/BN ) — Kk U= M N EEHZ S
T, TTHA1718 OFEE[RIERD 9 flid 3 AL 3 kot NMR HIEZIEME Y 7V 71k
ZRWTITW, 2D I R hae— i T 52810k > TA I ML RS-, &2 ThE
7Ol ER5E T LD (Figure 1), (TTHA1718 LEE~TERWVE FE R DR
R 2 D03 IS 7V OfENT XN EECh o7, BIFESHIZEINO 3 B 3 kot
NMR JIE LffHT 21T > THY, AREZRIRDZE DM 7L DIfE%E BEL T,

NOE Hi kD HHEEFHOUNEIZOWTIE, £ 13C/1BN ARG EHZ W T 3D
13C or 15N-separated NOESY A~V NVDOREEIT-T=. F7=, Ala/lle/Leu/Val 5% 5D
AFVILIRINGY TH/8C iz T =Ml Nal el 2L, 3D 13C/13C-separated
HMQC-NOE-HMQC AT NVEHIE ST HIET, ATV HR 0 E B & o 5411
BEHIT->72. 3D NOESY AXZMLOREDRRICY, I 7V 7iEE2 AT 52
LIZE o T, B CRE - 3 fRRE LD BRI AT VOB B L7z, BIfE NOE &
DOFFFTZHED TEY, R TITFEMRmREEREEZRETHTETHS. 1 mM % FE
DI RE TOREERRAT AN AT HEL 72 AUIE, in-cell NMR OJi& H#PH OYE K S HiIFF T& 5.

A iy D )
L f53 3 e O—o2 E LE I7 LA M9 G107
10 & E “‘ol \ fe'~ce9 T T 10T o
@ o . i
Cit” o le 1 P 5 s [ w = | NACE
) o_4 =& nf
~0 j . ¥5.Cb . _
‘n@ - - - o 1t :
4 T4G 28 ] I px i R R - B A T
J‘b- n-srgw ] B b [
E ] - = = = A [ £ 2
gl'/l = ’ ] E- 10 1 1L i ]
:z g- - -Lﬁ_w La - W Ca
£, AT - i
i - . i d
1z~ L] — L
[w= 48
kLA_Ca
X La_Ca
100 - N T [ W [ =
a5 1 r":a i s 5

-‘I-.Ifnnm]

Figure 1
a. 2D 'H-"N HSQC spectrum of the *C/"*N-labelled GBI in living E.coli cells. Cross
peaks are labelled with their corresponding backbone assignments.
b. Overlaid "HY-C cross-sections of the 3D HNCA and CBCA(CO)NH spectra
corresponding to the BN frequencies of residues from Leu6 to Glyl0. Sequential
connectivities are represented by lines. Intraresidue correlations (HNCA) are indicated with
boxes.
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Direct Determination of the Insulin-Insulin Receptor Interface Using
Transferred Cross-Saturation Experiments

OTakefumi Nakamura"*°, Hideo Takahashi’, Mitsuo Takahashi', Nobuhisa Shimba"*?,
Ei-ichiro Suzuki®?, Ichio Shimada®*

"The Institute of Life Sci., Ajinomoto Co. Inc., ’JBIC, *BIRC, AIST, *Grad. Sch. of Pharm. Sci.,
the Univ. of Tokyo

Insulin initiates metabolic control by binding to the insulin receptor (IR) on target cells.
Kinetic and mutational analyses have revealed two binding sites on the insulin molecule and
the residues that compose them. However, direct determination of the insulin-IR interface is
required to distinguish those residues that contribute to receptor binding from those required
for structural stability. Here, we successfully characterized one binding site using the NMR
transferred cross-saturation (TCS) method, which can directly determine the binding interface
of a large protein-protein complex. The results showed that this binding site contained three
residues that have not been identified previously by mutational analyses. Based on the
structure of the contact site, we also identified a molecule that can displace insulin from the
IR.

A VAN R IEDA L 305 DOBEEMN S 72 5T F RRLE L TH Y | B, ¥
VX7 IEEORBHIE S LT 5, A AU VTl Z2HE LI ZERANER L
U CHEIRIZARAF S 28, P CIdHERE L CEOREEZRELT 5, —H, 1 VA
U AR (IR) ILMIBAAMIAEAET 5 135 kDad o 824 & I E @A 2 5095 kDad
BER2AN G720 . afIZA VAV UBEAET D EMEEbESI SR L, B
NOFa v dF—BHElnEHE T2 2 L2k 0 v 7 I niEzflthd 5,

A LAY U EIRE O AERZ, PEIRFIRFRIEAI O L LT, 2 E TITEN
KR RO BRSPS HE T, BREMTIE R Sl k> TSRS N C& 72, T ORISR, 4
VAV ATIRICHES LTI EZ L2 AT D 2 &0, A VAU 2o DfEEHIC
KO TIREMAEEHT DL ZERHLMNLERSTWVD, LML, £ AT U OFEEFRIL
RIR & DA EAEAERIC OV TIZ, WS ONDOEENEE SN TIEWS oD, K2
\ZE ORI STy,

A A v LIRE O AR 2 NEIZ L CWDEKE LT, A 2 Y 3Bk
WD a7 26T HHRMEOERIR Y X7 ETHD Z & IREE R REMEDRE & o8
JETHVA LAY EDEAFERPELN TV RN & RRERBEFHND, A
T, T OEZ Wik T 5729, IEFFk % M BFE L 72 NMRESHE A8 2 A3 fnik (TCS)
W EZHWSZLic Lz, TCSTIX, U Ty ROF~ AN 2T 5 720 D%
N B BRALHERM 2 B AT D ULEN RN D BRI EGTARIEO %
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FETDHZENARETH D, 7o, MEEIREBIZHL ) W Rofohziiti+ o2 &
No, LETH ST ESEICHBEL, EEEREELIMNELRY, TCSOZNHD
FRIZ, AR Y U EIREDH AR ZMNTT 2101308 L ERGETH D Wi 5,

Forxld A A) o —IROMANERA ZTCSIC T D I2H 720 . 9w iEtkoiRE

IR L7-, T72bb, A VRV ATOWTIIAEMIEMEZRE T 5 2 L3R SN T
WAHRIRMEA 20 o @ L LCHlRIL ., IRICOWTIEA v A Y v & OMAENERNE
AR LIFZERI%ECTHDH T ENAMLNTWAFeX A5 (IRFe) @ M L7, WKIC
TCSIZOWTIIMRIEE Z @D 5720, I A FLEF LI ERE S 0EEL
n—7 L LTHRIETSH5E @Y Z0M Lz, WiEta o 2 ) IIA LB A A DY
TH0ERIEN B2 D08, ZOFIEICE O TR KITERIEIZ OV COMANEATE® 2 JE
THZENTE D, EROME., AIAMEA AU D55 LN IRFe & O EA/EH IR
HLTWAHZERHBMNERoT-, o, 2095 bLd3FkE (TyrAl4, LeuB6, IBI W
ValB18) IX, ZNFE TIZIREMANEMAT A Z ENHOLNTWRWEETHD Z & HH
Hnkipoiz,

RIZ, TCSIZ TR BT IE D 5 b | SEfRREE EOAEBRZ b & 12358 (LeuAl3,
TyrAl4, BLDLewBl7) 27 7 —~a 747 L L TRELT —FX—AMBE{T-T=
L2 A KIB00EE AL EME B DICE -T2, D9 bLOSIFIEDLEWIZHOWNT A
VAU DIRFelZRIT A EEZ Y v FL— a VITEREIC L VM L2 & 2 A,
A LAY U EIRFe & O AR ZAET 2ILEWEHFH Z LN TE T2,

E =9GN

(1) Nakanishi, T. et al. J. Mol. Biol.2002, 318, 245-249.
(2) Olsen, H.B. et al. Biochemistry 1996, 35, 8836-8845.
(3) Bass, J. et al. J. Biol. Chem. 1996, 271, 19367-19375.
(4) Takahashi, H. et al. J. Biomol. NMR 2006, 34, 167-177.
(5) Nakamura, T. et al. J. Med. Chem 2010, 53 1917-1922.

MAEEH, 2R, 12D v

OZpmte s 7215, T20E L OTE, 2200030 A28, LAUE OLDE,
T9E VWb AH LEE Wb

Figure 1. The side chains with
intensity loss in the TCS experiments
are shown in red and the other are
shown in gray. Underlines represent
the three residues that have not been
identified previously by mutational
analyses.
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Structural analysis of stomagen: a positive regulator of stomatal density
OMakoto Takeuchi', Shigeo S. Sugano®, Shimada Tomoo®, Ikuko Hara-Nishimura®, Masashi
Mori’, !, Shin-ya Ohki', *

! Japan Advanced Institute of Science and Technology, Ishikawa, Japan.

’Graduate School of Science, Kyoto University, Kyoto, Japan.

Reserch Institute for Bioresources and Biotechnology, Ishikawa Prefectural University,
Ishikawa, Japan.

Japan Science and Technology Agency-SENTAN.

Stomata are small pores on the surfaces of leaves and stalks in plants. They exchange gases,
such as water vapor and CO,, in and out of plants for photosynthesis. No positive regulator of
stomatal development had been reported, although several negative regulators are already
known. Recent studies have identified a first positive regulator, stomagen (1, 2). Stomagen
is a 45-residue peptide containing six Cys residues. To study structure-function relationship
of stomagen, we tried NMR experiments. For the NMR study, stable-isotope labeled
samples were prepared by using plant cells with inducible virus vector system. In this
presentation, we will report the structure of stomagen and discuss the functional mechanism.

[FFaa]

T DRI HA R DT DITKERSC Bk EZ B TEHX 2T 5/ NS RILTH
%o ZOKILOEITN 2 E OBRER SN ER O I ER O PEAE T 5 A RE I
Lo THHE STV D, KILOEKEAICHE T2 (= o 3) KR35 Em 5T
W, EORESHRFIZRWEARHTH - 72, I ik, [ILOBE L EICHET %
NRTF FRWOTHRAENTZ, ZO_XTF RiL 6 DD Cys g Teat 45 7 3/ Wpikkk
Moy AVl EIn ), FERHIC, A h~Y 20RO 3
MDY AT 4 REEGOMAEENRE SN (2), 2D X 5 ITKILOEOHIEEHE D
DLV TOMEIL, £EEE-721E00 ThH D,

BxlZZ DX M~V o OEE-HEREMEEZ MR THET 5 Z i Lzh, BEfFo
KIGHESCEERF DI BLR CTIEIRAEI ZERICE o 7o, £ 2C, Fox MBS L f:
B L T A NARY B —% VT RBEREL S R T A &> TRERNIRE#R S
TmA R~ PR L NMR I L DA SRR 2 A T,

structural analysis, differentiation of stomata, plant cell

OlFr>bFEZ L, ¥AOLITE, LELEELE, TLHWZ, bVEIL, B
BELAX
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[5E5]

AV a— RLTWALEBEFEZMBALTE b~ REV A 7 T4V AHK
DTA AR Z—% BN iR (BY-2) ICH W A E /7= (1, 3), ZEE RN AR
PR A S oI RE  CREB I A2 B S B 2%, AL VIR L o TA P~V 2
ZRBGHFE L7 (1), FE%3H BHOMIaZ R L&A TR FETA h~vY o v
BRERL., 7. SHARLEA MY 2o DU 74— TF v 7 LR A 4T 7=
(D)o T HDH 2 TV % W CTISLARHEE AT I LB 22 B FNR T — & & HtfS L7, NMR
B EZ 1XBruker AVANVE II1 800% AW 7=, &b iL7=T — &% Z NMRPipe CHLEL L |
NMRView] CHEHT L7z, LA EFHREIZIXXplor-NIH (ver. 2.21) ZfEHH L7z,

[FER - %]

BIUZR LI L DA b= = VBRI "N-HSQCA XY b v & B 2 7o, 87 F
NOIFIEOFERZ S EIZCSTZFIH L QRIS Z THILIZE 2 A, 2ROBA KT K
WD ENRHEE STz, NOET—2 MDD ZNH2ROBA KT Ky — REZR L
TWDZEIRENTZ, o, BEENOEFEBR ORI L | NRI I IZEEMED K X
WEIRMFET 2 2 & b LR o7, BUIE, SLEHEEDORELEIT> T\ D, K
AL —TIINRREIE OFEM EAERBF OET V25K T D,

(&% k]

1) Sugano, S. S., Shimada, T., Imai, Y., Okawa, K., Tamai, A., Mori, M. and Hara-Nishimura,
I. (2010) Nature 463, 241-244.

2) Kondo, T., Kajita, R., Miyazaki, A., Hokoyama, M., Nakamura-Miura, T., Mizuno, S.,
Masuda, Y., Irie, K., Tanaka, Y., Takada, S., Kakimoto, T. and Sakagami, Y. (2010) Plant
Cell Physiol. 51, 1-8

3) Dohi, K., Nishikori, M., Tamai, A., Ishiwaka, M., Meshi, T. and Mori, M. (2006) Arch.
Virol. 151, 1075-1084.

4) Ohki, S., Dohi, K., Tamai, A., Takeuchi, M. and Mori, M. (2008) J. Biomol. NMR 42,
271-2717.

L

(1

B
i - .

130 @ i 5
H g

Fig. 1. 'H-'N HSQC spectrum of STOMAGEN at 25°C.
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Enhancement of thermostability and control of redox activity of cytochrome ¢
through stabilization of its hydrophobic core
(OHulin Tai, Kiyofumi Irie, Shigenori Nagatomo, and Yasuhiko Yamamoto
Dept. of Chem., Univ. of Tsukuba

Thermophile H. thermophilus cytochrome c¢ss; (HT) and mesophile P. aeruginosa cytochrome css;
(PA) are small monoheme-containing electron transfer proteins, which exhibit high sequence identity
(56 %) to each other, and their main-chain folding is almost identical. But HT is much more stable
than PA. A detailed comparison of the protein interior between them highlighted sizable differences
in packing among amino acid side chains, and site-directed mutants of PA, for which amino acid
substitutions were selected with reference to corresponding residues in HT, exhibited thermostabilities
between those of the two proteins. We extended our efforts to stabilize the heme pocket of HT by an
amino acid substitution, V28I, in order to design and prepare proteins even more thermostable than HT.
The study demonstrated that Ile improved the hydrophobic packing of heme pocket by the additional
methyl group, leading to the enhancement of the thermostability of HT.

(B - BRI 4B (Hydrogenobacter thermophilus) >t 7 7 2 css, (HT) DZENE
W (T 13, BB &38RI CFNFN 109.8, 129.7°C Th b, —JI7. HT OFRFEZ 2%
VETHDHNNRE  (Pseudomonas aeruginosa) > N7 1 I essy (PA) O Tyld, FREALOLE
HT XV 28 °C LRV, FLILE, WEO7 I BEESIOEWZHEE L, PA O 2 /% HT
TORET DT I BRICER LTz —1HEO N TEBROWTE A28 LT, X 2\ O ENE
SEHIRE L MR TTEA (B THEREREOMIA 21T T2, ABgE TR, ZhEToRF
GEDDELITFUCIESE, ~NEEIIIHD e

DI F L T EVEICTH 2 LT, BRI A
HT L0 BRI o ORI
2o HT O X SYbEHRETIC £ 0 P, ~20055 G
DOBUKME 2 7 OHULNIAFET 5 Va8 OJEFIZIE,
HPOR & 72 28BN FAET D Z L vREn b He “
ZeMmB (Fig 1), ZOZERAMED THukME= Y s AR
AT IUL, # LT BEOBGEMETE ST o Axal Met} ¢
WKL EHEESND, £2C, Va8 Zlle £7-= WA i

5 L L7 TS (V281 VOSL) B, Vol e eV of T o )

BT IED Ty R En \ AT TR AMNT L7, and the heme, together with Fe-coordinated His and
Met, is drown as a stick model. The void space is

(R - =] schematically illustrated as a gray ellipse.
T/ BEBENIVNVBEDBRREEICRIZTE

FR(LR HT, V281 S UOV28L @ 'HNMR A~ L% Fig. 2 (RS, A A F /LR OMild
NA-Met lISH7 1 b oo 7 VN EREES 7 ML D REL LTRSS, b oy
T I IAIAS L OSSO b A BT 5, V28I, V28L 134 s B4R HT
EHPL L2 NMR A7 MLZERLIZZ &S, 7 2/ BRERI I~ LT EO ARSI

F—U— R B NMR, ¥ Y a b e, BBEITTENM]
OV 2V A, WO 2 T XSH 2 LITon, b é 70z

Void_s.p*aphe_ =

2

.

S S
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& A EEE RIES 0N P HER SV, M O OIRBERAFIEORHT NG . B e
BT V28I D T 1TFEIL 1132, 129.9°C TH D LR BTz (Table 1), ZD K 512 V28I
VIR VT2 RN B T 5 2 EREH BT/ Y | BT 10 BV ETED R A LR
B OFHEN LN LTz, - C, e fIEHD CsHs I3~ DITEEOZERR 2 ) 5 D) 2 K &
ITHY., PHEBYEKEaTNEEESNT-EEZ NS, —J5, V28L Tid, WL
BB LRI BED Tyl T FNEI106.6. 1244°C Th b LRD B, Mg OEZEEMEITIE
WA T L7 $E-> T, LeuHlBEHD 2 oD CsH; :@g—\? Heme methyl . _::.»2 Axial Met
A DIEEORBICSE L TRE T E D720, wR 1%, ”m, i Iw‘w g O
BV 7 MHICRREN SN EEZ D o

™" G
¢o; co;

L%, B HT, V281 J 1) V28L @ 'H NMR s Iﬁ' Vst

A~ N V% Fig, 3 (07, IR RERI I, o
Val28 LR L, A 17 78 B UER KRS | l 1 M v28L
/E‘\%ﬂ:zﬁi LTw ZD TI'p54 15\”@%:0) NSH \‘\/7\‘_)—/1/ . 1¢hemical shift (ppm) -

DI EATER Y, Val28 LD NARHEEZE  Fig. 2 'H NVR spectra of the oxidized HT, V281, and V28L.
{LDFERE L LTHWS Z N TE 5, Tp54  The heme methyl and axial Met59 side chain proton signals are
O NH & 7M. Vas8L OF 2 J [l resolved in downfield and upfield shifted regions, respectively.

& N ~ —

\‘E§ "EJEB 37, - —L‘
Kvizens B/E':Efifjf TRNDITRS ET > Table1 Denaturation temperatures (Tm) and redox potentials
V28L T3 mtisss s 7 M ER LTz, (E,)of HT V28], and V28L.

V28L D7 X BEEHLZ X D @G 7 Ry 7,2 (0) E,b
HiX, Tps4 &~A 17 71 B UROKERES oxidized AT, | reduced AT, (mv)
N Ipol=bEZbNDHZ B, Leuld HT 1098 — 1297 — 245
NLITFEDOZER A2 MO D OIZITNARIIZK v28l 1132 +34 1299 +02 199
TTEDZ LARENT, V28L 1066 -3.2 1244 52 19

~ S/. o _ . . aQObserved atpH7.0. Emors£0.5°C.
TI/BEBEBRMNI NG DEEIZRITTEE s 0bsenedat25°C, pH60. Ermors£2mV.

V28I & V28L D Enld, YA 27 U v 7 AL
B A NI R ENEI 199,196 mV
T LRD L, WH L HEAM (245 mV)
KV EnIHEF L7z (Table 1), V281IZH1T 5
En OIR T, BRI 2 T 5 2
LITE Y B L BRI D L 27
NEL o TZLITERIT S EEABND

(Table 1), —J5, V28L T, EMA LY '
BEICRE LS, MR L8R OTx oy | i
X —FENNEL o2 Z LITEINT S & © cromn oo 5
ExbiD (Tablel), E>T, Val28 DL Fig. 3 ™H NMR spectra of reduced HT (botiom). Portions,
DB T OLEME DL, KEAEFfIC 126 - 102 ppm of 'H NMR spectra of reduced HT, V281, and
BT 52 EIDINC T oTe, o Ml st one rd o ki
[&aR] Val28 FLADBUKIEA TIZRBIT DI/ F o 72 LV EICT 5 8T, ALY
BZEMEDENY LR BERABS D 2 LITE Lis, F72, Val28 OBk T D%
FEMET, BAT DT X BRIBHOY A ZNEAFT 2 2 & JOF 23 BOBEEENE L HRE
TR S5 Z L0 B 2NT IR o T,

W75

\>M§§

References: [1] H. Tai ef al., Biochemistry, 49, 42-48 (2010); S. Mikami et al., Biochemistry, 48, 8062-8069
(2009); S. J. Takayama et al., J. Biol. Inorg. Chem., 14, 821-828 (2009). [2] C. Travaglini-Allocatelli ef al.,
J. Biol. Chem., 280, 25729-25734 (2005).
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NMR structure of the C-terminal domain of an R-type lectin from
earthworm in the lactose-binding state

OHikaru Hemmi', Atsushi Kuno?, Sachiko Unno?, and Jun Hirabayashi2

National Food Research Institute, National Agricultural and Food Research Organization
(NARO), Tsukuba, Japan.

Research Center for Medical Glycoscience, National Institute of Advanced Industrial
Science and Technology (AIST), Tsukuba, Japan.

The C-terminal domain of an R-type 29-kDa lectin (EW29Ch) from the earthworm Lumbricus
terrestris has two sugar-binding sites (o and y). Our recent paperl showed that the Kd value of
the o sugar-binding site were approximated to 0.01-0.07mM for lactose, whereas that of the y
sugar-binding site was 2.66mM for lactose. Although the crystal structure of the complex
between EW29Ch and lactose was reported, it is still unclear why the o sugar-binding site
binds to lactose more strongly. In the present study, the high-resolution NMR structure of
EW29Ch in the lactose-binding state was characterized by a B-trefoil fold as expected from
the crystal structure of lactose-liganded EW29Ch. The NMR relaxation experiments for the
backbone of EW29Ch in the sugar-free state and in the lactose-binding state showed that the
differences between the two states were particularly observed for the o sugar-binding site.

DTENP2HITOI I AWK L 7 F (EW29) 1. 2 7% 7 2/ BEECHIDE—D 2
DD RAAL B IBHIZ, £OT 2/ BESIFIC “Gly-X-X-X-GIn-X-Trp” &
ST —IEERFFO, TOETF—THEEIT. IhETEL OREERY Lo E
THAINTEY, RtypeL 7 F o 77 IV —% LTS, BT, 2OV F
CORHEE LT, Rtype b 7 F o7 7 RV —IZBTHMO X T LY B— K Z X
BN RAA RIS — D DOPEREGENL LTI 7202 E DD HRD R A A 2 ClidRIn
BREEETEMEZ R 20 B X DTV DAY, EW29IZH WV CCRG K A A > Bl
(EW29Ch) T H EW29IZ LE R T0fSE FREE ARV G Tld o 2 D3R IMEREEETE E A2 FF> 2 &
DHIHILTWD, F£7o, HITEW29 Ch& bE & OFE S EE DRI S 4L, 53 72> D
PERE AL (o fEBIAL L v AL NEET D Z ENbhoT23, &bz, Fix
13T, EW29Ch & &kl & DR BRSO T, NMRIE E EBR 2 T 247
VN, a fEBEIDS v R AL S THRIL00fE m W RS A REA b O Z L AE Lz,

Vo Fr, BE OMAEN

O~AHOMNDL, <OHDOL, YADIHLT, OLIEZRLLEWA
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A, FexiE, PNPCTAUUKEW29Ch, T KT 7 h—2=1 /8 Dkl &
L. 0.7-ImMODOEE & L7-, Brukerft:8Avance600MHz % fV T, 25C CNMRHIE
Z1To7-, NOEIZ X 2 BEHEfE . —mAtE#R, S OIOKFE/BEHERIC LV EERRZ
1Tolzt%, BAMMFAAIEN (RDC) #MA T, LVE#ERT 7 h—AfEAIREEIC
B DG A BT L2, & 51T, P"NT ~ULIKEW29Ch K (NN T ~UL{KEW29Ch
SHT_NAET 7 h—=2=1 /8 D&%MEEZ AT, PN EfEfm (R, Ry, KO
{'H}-"N'NOE) OHIEZITV, HHERIEL 7 7 h— X L OFEAIRBICE T 540 FNE
BEDIENT 21T > 72D T, ZORERIZHO W THET 5,

(s & % 42]

ArlEl, T, XERAS S ARAT TR & O A IRIRATICRB W T, 2 DOBERH G (o
Ly) TOREEDHABERIZOWTIZEAER CHAEEHAZRT Z ERHE ST
BB 5 NMRIFEEERICE O T a fEAENLD v FEAELIZ T 7 h—R(C
X L CTRI00fE @ WA REE RO Z 0D, afGTLD T 7 b—A L OMAEIEM %
FANCHAT T 5720, FETLET 7 b —212% L TRC, PN T ~UL{KEW29Ch % B
SRR TEHN8ICR D OISR TENMR DO IE 21T - 7=,
RDCORIEIZ DOV TIX, PEG/Hexanol R K b At & AV Calkl 25 H4 L. IPAP-HSQC
DHEZEIT 5120 FALEDNMRT — & & VT T 27 b — ZFEEIREE T D SEARE & % fif
BrL7efb5, TAEIEY B —trefoil G 2 AL L, IEREIRAE CONMRIEER 7 7 F— A
& DFEAIHE TORE GRS & KK L TV, —EBL— o ik & R T
HEIIZBNTEWVWR R LN,

WEHEIRBE N VT 7 b — A FEAIRBEICRB T 5 E D4y NIEEE & g4 5 7=
DIZ, PN OBRIIE 217> 7=, ZOfER. {'H}-"NNOEL UR,OF —Z IZH T,
WEBEIRRER VT 7 b — AFEAIRRE TR E & WR AL b7 h - 72, F 72, RCI (Random
Coil Index) *NSFRMENT-A—F —RF A —F —DHBIIBNTH KX 2EVOAN R,
Lo Te, —F, RIZBWTIL, AT, I a A EALIZ BV T, B A
BNz, THHOFERL Y, HEHERIE L 77 b —2FEA KRB TOyFNEE I O
WME, Rex (LMD ETEE) LD b0 ERBINT,

LSEDT 7 kh—ALOFEAIRBIZI T 5 NMRAE & K VN f#dr & v |
EW29ChOHE & OFEGTEMEIXT T 2 43 F-PNEBIE O BEEMERSHER S =23, 51T,
BAE, BEL OEAEEIZOWT LT 2 ED TV 5,
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Development of residue selective cross-saturation (RSCS) method
for modeling a large protein-protein complex
OShin-ichiro Ozawa', Shunsuke Igarashi', Tsutomu Suzuki’, Masatsune Kainosho™*,
Masanori Osawa', and Ichio Shimada'*’
'Grad. Sch. Pharm. Sci., The Univ. of Tokyo, ’Grad. Sch. Eng., The Univ. of Tokyo, 'Grad.
Sch. Sci., Nagoya Univ., Center for Priority Areas, Tokyo Metropolitan Univ., BIRC, AIST

Structural analyses of protein-protein complexes provide information about their structural
mechanism of the functions. We previously developed NMR techniques, cross-saturation
(CS) and amino acid selective CS (ASCS) methods. The ASCS method provides the
candidates of the proximal residue pairs between two protein molecules, which enables to
build a structural model of the complex with reference to the structural complementarity of
the individual structures. In order to identify the proximal residue pairs unambiguously, we
propose here a residue selective CS (RSCS) method, which uses a residue selective
'H-labeled protein as a CS-donor. In this presentation, the selectivity and efficiency of the
residue selective 1H-labeling as well as the application of the RSCS method to a complex of
yeast ubiquitin (Ub) and yeast ubiquitin hydrolase 1 (YUH1) will be discussed.

- HiY]

B R ORSREZ FRIAT 572 D121%, # v 87 B ERONLIREE IS 2., =5
& OFFRP) 728 2 R T D BN H D,

CHNETITHIEETIZ, &7 o BEAERD 1Bk Nz gl 92 NMR Fik &
LT, fEA AR A RET 52820 (CS i, [1]) 38 KOV r- M o #aik xt &
FET D7 I/ BEERA CS 15 (ASCS 15, [2]) ZB%s LT &7, ASCS ikI% CS K —47
F&T I EEIREC TR L AR 2 — O 7 XV BICIRET 5 FIETH
Do BEKRT O % D& X7 EOSLEEEREM OGS, S R —4a1KED 'H
i S X S BROAME CS T 7 T =0 EORERMEZ ST I e b oo
ALERARN S B OEHIREN ZRECTE, EEWET VBHBERTRRE 725,

LILZR b, @ FEEGERICEW T FREBOIE R E & HI2 S FFh—5
TREFABL L2 T I W Ai 84 — 2 EEGHEL U sk it 0 — 28 22 1k E 3
NEEL 720 Z EARMETH -T2,

5oy ERRIARR . AErais, BN 5 < B

OB LAWVWLAS, WALL LwATiF, 77& DLie,
PO L XD S0, BBSb FI0h, LEE Wbk

—212—



Z ZCARME T, FED KA H,
fth 2 *HAZ R L C AR =i 2 — i 5L D A
WZIRET 5 [FRIEIAICSE (RSCSTE) | @
BAZ A2 B L L=, RSCSIEICHBWTIL, &2
ZPFR & 72 HCS R — Lokt b 2%
A2\ F72CST 7 & & — LN
RILTHHET BT, BERZ V7 EHBE
BIZB W T HIEEER SO —FI 72 [FE
BLOEARTT LOBENTRE L 725,

(R4 8E - J7ik]

BAEERDOSARREE NN TH DR
v F 2 (Ub) —BERE = B 5% 7 U K oy fif 1
F C90S 22 HLIK (YUH1) #4412 RSCS 14 % i
A+2szL&L, €S FF—ThHD YUHL D

[:A] (B:l Proximal residue pair
@,JH,“N 1,150
v,
¥ CS-acceptor CS-acceptor
2 2

/ 7 #.Amino acid X
A" 0 Amino add Y

C5-donor CS-donor
Fig. 1

ASCS (A) and RSCS (B) methods.

Schematic representation of the

(A) Multiple candidates are provided by
the ASCS method.

(B) A proximal residue pair can be
unambiguously identified by the RSCS
method.

1165 O —F%FLIRIN H ik 2 7 A 7,

XU OIC B — HIER & v )7 R % FIRE & 7 D AR B BLR 258 L 7= IRIC,
amber AR A A L7 YUHI 855807 2 3 K, amber = R 2Bk 20 7L ¥ —
tRNA (stRNA) B L OV stRNA LT 2 VA FHINT 57 2 /7 7 3L tRNA S kli# s 2 difl L
7o StRNA |Z CCA fHINEESE 2 W L 7 BR B SSIZ £ - TR ICTREL L, ['H, “C]-Leu
2 CT /Ty MLz, Zhb &2 HW T, L1656 SR [H, PCIEERH YUH1 23R8 L 7=,

WAT  —FE AR [, PClAE k=R 2 NMR{EIT X - THEH#% . L165 347 ['H, *C] 4= 5% YUHL
ZCS R —, $#—[M, "NJ#E#k Ub %2 CS 7 7 & 7% —& L7~ RSCS EBRAIT -7,

[FER]

L165 3R ['H, *CIHEHE YUHL @ 'H-""C HSQC A7 K736, YUHL @ L165 JBIRAIC
[H, BCIHERR SN T= 2 & 2R L=, 7= L165 {AIEH D H/%H 2R (1% 50%FLEE & B L7,
2T, RIZZ DB E CS K —& L7= RSCS EBr AT -7=, T DFEHE. Ub ® R74
BLOGCT5 IZBWT NR & 7 FAGREORAD DBl =Nz, Lz2i->7T, Ub @ R74
B L NGT5 A3 YUHL @ L1656 (25 & flidm L7z,

[E4]

Ub @ R74 38 X TNG75 & YUHL > L165 1, fentdiEiZ VT s AT 5 7%k
HThDH, Lizido>T, AlElo RSCS F2BfE FlE Ub-YUHL #-E 1K D 7% FL [T ERHE 22 SOk
T BN FERTEH D, —J7. YUHL @ L165 A IZMIC bR D Leu FRIEMSIF(ET
%728 YUHL EDF T D Leu 2358 7ZEFFNR & 72 5 ASCS FEERD 72 TiE Ub @ R74 I8 K
NGT5 73 YUHL O L165 (U083 5 2 & & —FMIZITRETE TW o Tz,

AlEl, ASCS FEBR T bV 7o R SorHpe il L C RSCS EBRZ W35 Z LT &
V. Ub-YUH1 AR 2 —RWIICFIET 5 Z &N TE 7, RO FIEIZ K
D ERIETIIIT DN REECTH > T-ERE V7 BEERIZOW T bt st o —
TR FER I OEAKRET VOBENAREL 2D LIRS LD,

[1]Shimada I. et al., Prog. MNucl. Magn. Reson. Spectrosc. b4, 123-140 (2009)
[2]1garashi S. et al., J Am Chem Soc. 130, 12168-12176 (2008)
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