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PCS-based structure determinations of protein-protein complexes
o Tomohide Saio*, Masashi Yokochi?, Hiroyuki Kumeta?, Fuyuhiko Inagaki?
Graduate School of Life Science, Hokkaido University, and
*Graduate School of Pharmaceutical Sciences, Hokkaido University

A simple and fast method for protein-protein docking using pseudo-contact shifts
(PCSs) and *HN/**N chemical shift perturbation data is presented. The PCSs are induced by a
paramagnetic lanthanide ion that is fixed to the target protein using a lanthanide binding
peptide tag attached via two linking points. The *HY/**N chemical shift perturbation data is
transformed into contact-surface restraints, that is, highly ambiguous intermolecular distance
restraints. The method is demonstrated with p62 PB1-PB1 complex, which forms
front-to-back 20kDa of homo-dimer. The monomer structures were treated as rigid bodies and
docked using backbone PCSs and backbone chemical shift perturbation data.
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Fig. 2 The docking structure of the DR/ KE complex. Fig. 3 Isosurface induced by Tb*".
Ensemble of 10 lowest energy structures is displayed. These ~ The principal axes of the Ax-tensor
structures have an average backbone RMSD of 0.31 A. are overlayed.
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(1) Pintacuda G, Park AY, Keniry MA, Dixon NE, Otting G (2006) Lanthanide labeling offers
fast NMR approach to 3D structure determinations of protein-protein complexes. J Am
Chem Soc. 2006 128:3696-3702

(2) Saio T, Ogura K, Yokochi M, Kobashigawa Y, Inagaki F. (2009) Two-point anchoring of a
lanthanide-binding peptide to a target protein enhances the paramagnetic anisotropic
effect. J Biomol NMR 44:157-166

(3) Saio T, Yokochi M, Inagaki F. (2009) The NMR structure of the p62 PB1 domain, a key
protein in autophagy and NF-«B signaling pathway. J Biomol NMR in press.
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Induction of Residual Dipole Couplings by Magnetically Aligned
Coordination Complexes

OSota Sato', Osamu Morohara', Yoshiki Yamaguchiz’ 3 Koichi Kato>* >, and Makoto
Fujita'?

!School of Engineering, The Univ. of Tokyo

Graduate School of Pharmaceutical Sciences, Nagoya City Univ.

'RIKEN

*Institute for Molecular Science & Okazaki Institute for Integrative Bioscience, National
Institutes of Natural Sciences
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Residual dipolar coupling (RDC) is observed by solution NMR for molecules which
partially orient to magnetic field, which affords useful structural information. Though
various alignment media have been investigated, such as liquid crystalline, bicelle, and phage,
such polymeric structures make the prediction and control of the orienting behavior of the
analyte difficult. A single molecule with a well-defined structure accumulating aromatic
moieties in a parallel direction is a promising candidate as a molecular aligning material
because an aromatic ring diamagnetically orients, and the accumulation effect is expected to
strengthen the orienting property. We synthesized hollow cage complex with aromatic units
and found that the complex oriented. Furthermore, we succeeded to observe RDC for small
organic guest, which hardly shows RDC by itself, via the encapsulation in the host complex.
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HAERIFBRE R, L, oA 'L, 77—V W o R M2 A
TOMEEZAFIE D L B2 EOFMAEH %8 U CRlEsiEE)IZ R HERHE S 4.
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Hot spot for pathogenic conversion of prion protein and anti-prion
compounds

OYuiji O. Kamatari', Yosuke Hayanol, Tsutomu Kimura', Junji Hosokawa-Muto', Takakazu
Ishikura', Norifumi Yamamoto, Kei-ichi Yamaguchil, and Kazuo Kuwata'

!Center for Emerging Infectious Diseases, Gifu University.

Transmissible spongiform encephalopathies (TSEs) are fatal, untreatable neurodegenerative
disease associated with the accumulation of the disease specific conformation for prion
protein. Conversion from the cellular form (PrPC) to the scrapie form (PrPSC) is essentially a
misfolding process without changing in covalent structure. So far, we have reported a variety
of anti-prion compounds [1,2], and it is also reported several anti-prion compounds from
other groups. In this study, we compared binding property of these compounds to PrP€ to
identify a hot spot for pathogenic conversion of prion protein. NMR chemical shift
perturbation experiments showed the existence of the common binding site for several
compounds, helix B and B-C loop, indicated that this site may be the hot spot for the
conversion. NMR studies using a series of derivatives of an anti-prion compound, GNS8, also
showed that increasing the binding population on the hot spot increased the anti-prion activity.
Computer simulation studies indicated that fluctuation in this region is reduced by binding the
compounds. In summary, anti-prion compounds that act as chemical chaperon bind to the hot
spot and reduced the flexibility in this site and block to the intermediate, PrP*, which converts
to PrP%.
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Chemcal shift perturbation, Anti—prion compounds, Protein—compound interaction

ONELVDPHIL, FRXRDLHI>T, shebolie, LEHILwAL, WLILTZ
WY, RELEDOD 5K, RESHITVNDG, <Dt



DFR LT T MAbEWTH D GN8 DMEZKIAEZ W= ERIL, 2D A h~D
FEAREPIT U A AEEE ORICHEBENR S D = & &R LTz, GNS iR IT RIRIREED
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Fig. 1. A model of inhibitory mechanism by anti-prion compounds GN8 derivatives.

[1] K. Kuwata et al. (2007) Proc Natl Acad Sci U S A 104, 11921-11926.

[2] J. Hosokawa-Muto, Y. O. Kamatari, H. K. Nakamura & K. Kuwata (2009) Antimicrob
Agents Chemother 53, 765-771.

[3] N. Yamamoto & K. Kuwata (2009) J. Phys. Chem. B, 113, 12853-12856.
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Structural analyses of 45 kDa protein kinase using NMR spectroscopy
ONaoya Tochio®, Seizo Koshiba® ?, Shigeyuki Yokoyama® 3, Yoon Ho Sup*, and Takanori
Kigawa'®

'RIKEN Systems and Structural Biology Center, Kanagawa, Japan.

’Graduate School of Nanobioscience, Yokohama City University, Kanagawa, Japan.
Graduate School of Science, University of Tokyo, Tokyo, Japan.

“School of Biological Sciences, Nanyang Technological University, Singapore.
’Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of
Technology, Kanagawa, Japan.

Vaccinia related kinase 1 (VRK1) is a serine/threonine protein kinase composed of 396 amino
acid residues (M.W. 45 kDa), which is known to mediate the cell response to DNA damage
by phosphorylation of the p53 tumor suppressor. Toward the structure determination of the
VRK1, we prepared various kinds of stable-isotope labeled samples and then tried many kinds
of NMR experiments. With respect to the sample preparation, we successfully applied the
cell-free protein synthesis system to produce the highly deuterated samples, the amino
acid-selective labeled samples, and the Stereo-Array Isotope Labeling (SAIL) samples. As
for the NMR methods, in addition to the combination

of the TROSY techniques and the various Sjgnal

multidimensional experiments, we tried to measure

the Residual Dipolar Coupling (RDC) and the ps3

Paramagnetic Relaxation Enhancement (PRE). We

will discuss general aspects of structure determination VRK Phosphorylation
of proteins with the large molecular weight by using v \P

NMR spectroscopy. p53

Vaccinia related kinase 1(VRK1) (. ©E396
FeEL (4 FH45kDa) b5 EB UV AL A=

YR F—ETHY ., K p53% U LT Stabilization
52 LI X ODNMEEA~DISE ZHIET 5 &5 % Transcription

LNTWVWD, BxIZINFETIT, EMnY X7
BARBWREZERLT, DAFA=r, V2T A
YD a7 R ERWLT, 98%LL o KR

Figure 1. Signaling pathway of
VRKI1.

TurA L r—, BERNMKES, BEMios 7 EEK

OLbEhEL, ZLIEFETWES, KZXELIFWE, Yoon Ho Sup,
EXiY ey aiNOR)



{BAEFRREL, 2) 70 U U EARWZI9EO 7 2 BRER NGB, 22 B ONT, 3) AR
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Figure 2. 'H,>N TROSY-HSQC spectrum measured using
Bruker 900 MHz spectrometer with cryoprobehead.



1L5 NDSBEMNEREBEDA A TV RIZRTHE
OFHAER, FUpHE', FAHSCF, wha2, IR, T AE—,
AR’
WER - T
o b U — A

Effects of non-detergent sulfobetaines on the dynamic structure of proteins
(OKaori Wakamatsu®, Haimei Wang', Ayaka Matsui*, Ayumi Kamiya', Seri Kato', Nobukazu
Nameki', and Kenji Sugase?

'Graduate School of Engineering, Gunma University, Gunma, Japan.

2Suntory Institute for Bioorganic Research, Osaka, Japan.

Aggregation of proteins is one of major bottlenecks in structure analyses of proteins by NMR
and X-ray crystallography as well as in the production of biopharmaceuticals such as clinical
monoclonal antibodies. Although several different classes of small chemicals that protect
proteins from aggregation and denaturation are known, the stabilizing mechanisms have not
been made clear for all compounds; the elucidation of the stabilization mechanisms would
facilitate the design of better stabilizers. Non-detergent sulfobetaines (NDSBs), used as
crystallization helpers, have been shown to stabilize many proteins under various conditions.
We previously showed that NDSB-195, one of NDSBs, is useful also for NMR measurements
of several proteins and that NDSB-195 does not affect static and fast (ns-ps) dynamic
structures of acidic fibroblast growth factor. Because NDSBs were suggested to affect the
slow (~ms) chemical exchange motions of several proteins, dynamic structures of KIX-87
were investigated by relaxation dispersion analysis. The effects of other stabilizers on NMR
measurements were also analyzed.

BV DBEEE TINMRSC X ARAS S AT 1 X D 28 FVE O STIRHE G AR T O =372 R b L%
v 7 Ll TWBIET TR, BIFEHAT ) 7 ua—F VRO AFER P CHLREIC -
TW5b., B 5FEEOES TLAMNE AE ORESEMEEZ T 2528, ZEA D
= XL TWRWMEAE L H Y, T OIIL X 0 VR L ENH DTV A
BRSO EWIREEIND. b omibhAl L L CHW ST & 7=Non-detergent
sulfobetaines (NDSBXH) dfa % 725 T CEL OEREELZTE/LT DI LB
TUW5. NDSB-195/3FE HE ONRAIEIC S AH TH D Z & [1], NDSB-195(F Ea ke
IEHRHEFEIN 1~ (aFGF) OFAIFEIEF K Ons~us OV EBN B A AL 5 2 7200 2
L A& IR LT X 7=, NDSB-195 1355 FE D & A OB ML A IS 8 % 5.2 4
ZEDTRBENTDT, AL TIIALF AR B L 07 WKIX-875 HE OBt &
%Zrelaxation dispersioniE THEMTT 5 Z LT L7z [2, 3]. F7=, NDSB-195LL4+ D%
ELAIHNREE CHHATH 2 0% et L7z,

NDSB, Dynamics, Stabilization
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1. KIXOEEWEIZ LT TNDSBOZIE -

NDSBDOUHNZ & % aFGFD"N-'H HSQCY 7 F /v DAk Fy 7 S EALIHENTH > - DT
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NDSBOFMIKIX DRV VEBIME I B A2 5.2 TW5D L TREND. BUE, BREIT%
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1. KIX-87MD®N-'H HSQCA X7 hL (—#B) . £ : 0.5 M NDSBIELE F,
R - NDSBIETFAE T (TR TEESBR ORI 2 £%) .

2. NDSB-195LA4+ D22 iEA LA DONMRA~ D i FH D AT REME
EAEORENAELTIE, ZVka—L, hbra—X, TAX=r [4], T/
XU+ TNV EIVBIREY (6] b LN TS, T DEELADEAE
DEIRIZI T ZNREIE TR TE 20 %2 oil TN L7=. Z' U & o —/L|INDSB-195
ERIBRICEIRIZRB T 2V 7 F OB EE Z KT 8720 CEBINIENT) |, #)
MEAET IS, £/, TAXF= T AX =+ 7V I VEBIREWMITY 7
DD 2R LT, EAEOEIR TONREEIZRSLOALEWITHIED & Z A, NDSB
HORTHD.
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1. L. Xiang, et al., J. Magn. Reson. 194, 147-151 (2008).
2. M. Tollinger, et al., Biochemistry 45, 8885-8893 (2006).
3. K. Sugase, et al., Nature 447, 1021-1025 (2007).
4. K. Tsumoto, et al., Biotechnol. Prog. 20, 1301-1308 (2004).
5. A. P. Golovanov, et al., J. Am. Chem. Soc. 126, 8933-8939 (2004).
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Quantitative 2D Constant Time PRESS in human brain
by T, correction using 2D FT of shared time domain data
OHidehiro Watanabe, Nobuhiro Takaya, Fumiyuki Mitsumori
National Institute for Environmental Studies

A fast T, correction and quantitation method on CT-PRESS spectra using 2D FT of shared
time domain (TD) data is proposed. Spectra with varied T.; were generated by reconstruction
of several partial TD data having shared area with other partial TD data. Then, T, was
calculated by curve-fitting of peak volumes on these spectra. T, of Cr singlets by this method
was in good agreement with T, by conventional method using 1D spectra. After coil-loading
factors were considered by the internal water reference method in quantitation protocol,
concentration of glutamate in human brain was calculated as 8.0 mM which is in good
agreement with reported values.

1. 1ZCHIZ

L VA DG T — 2 WEERLG E THE —ERME (1) L L T2y — & Z#WET
% Constant Time (CT) ¥ETIX, £ FED J,TH v 7V o 72X 5 BRI — 7 53R
MNARETH D, TN ETICF LT, 4.7T & b MR & TR CT-COSY %4 % B
L., b MMANOEERMREEDE TH L7V I Ui (Glu), v-7 2/ BEEE
(GABA) v — 7 (1) BIXOREEE(LEZHE L T, ZOER(LIETIE,
LIZX DEBHEOHIE, il LM ERLETHY . Bid T, 560 TS L=k
DARY MK LT Jy BB LI AT MV 24T O 3, Dl L 20D R
R MVEERETALEND L7720, 80 5 DRIERBNMETHoT-, 2D, &
BELT XAy a—RIo CT i~ E 3B I, CT-PRESSIEIZTYH it —27 @
AR THHL Z EAWME LR (2), AR, RifEEK (D) 7 —& O FHER
BEERAWD Z L TEB kA ER T DR CT-PRESS HEARE L., 77 hAaFERB L
Ot MU Z NV H I VIRIREEBEIT> 12O THRET 5,
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EEALIETHWSD CT-PRESS 7SV AT — v A%, KIG BT VA fEs S fn
IOVAIZEEE , RFTEE Y 22—/ Th D ISIS i€y = —/v (x W) —90°
2T A A2V (y Jilf)) —1/2%TE1—180° »%/L & —1/2%(TE1+TE2) — A¢,/2—180°
ATGAANNNVA (z W) — AT —ZIEE TSNS, (AT v 7TEIcAt/2 &
7 NL7EREZNCE 2 F B O 180° SNV AEZHIIIL, oo a—E5 2 IUET 5,
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NEIDE t, AT v THETH A5 DIV N X n, ORFEEL O 2D TD 7 — # {Z%t L T constant
time S_fE 272 THRIC, 1 T A Y EBEDOFID T — X ORI O i 24T 5, i\ T Fig. 1
WRTRRIC, D7 N X n, ORFHIK TD 77— 2026, £3 0 X n, O D 7 — X 68
B TD1 2800 LU TRk L, A7 MV ZEIFST %, iV T, JioraEik TD1 & 137
PRBIN, AR AT D 0 X n, OERSYHEIE TD2 OFAERIC LY . AT MLV E ST
Bo L HFMDZENEND FID 77— X 1358725 TE R > T\ H DT, TD1, TD2 /b %
NEN Ly, T4, T LOBLOEPSTZANT MARELND, > T, 1 EOHE
THES LT — N OB DAY MVERDLZENTE, ZRHDANT K
IVRHT DRGSR, BRI E— 27 O LAHENFIRE L 72 0 ERILNTE D,

Z DORE S E%E PC LD MATLAB TBE%E L7, BRI EBRB L OR T 7 4« THIE
1. 25 H 4.7 Tesla MRI 2 & IMOVA (Varian, USA) Z W TIT-o7-, 7. AGE
TO LRIEFEIEDT-H, 10 mM NAA, 8 mM Cr, 9 mM Glu, 2 mM GABA, 3 mM Gln 25
Lo R R AT\, BRI K Y T &2Rd7z, KIZ, singlet THD Cr B'—
JOD TR0 TE D 1D AT "LFINGRD, ERIEIC L DR L LT, BT
VT THRIE CIX, FATE - $BRIABEEBIAN O 30X 30X 30 mm® DR 7 LAy CT-PRESS
B A TIEREM 24 0 CHRAG L, I I UBOREERILEITo T,

Fig. 1. A schematic of a
e naa o | proposed T, measurement
— L] .
~+_ method on highly resolved
.Tus  CT-PRESS spectra.

TE 0y = TE1+TE2
T, = TEstart + {n . +nJ2) 4,

3. fER

77 N AEBROER, Cr B — 27 O TIFEKRIET 574 ms, #2RE T 582ms TH Y |
BRIEICLY LRRDENDZENFEIFETE, b MM Z L Z I UERIE, 8 mM
EROOHIL, BEREEERETH T,

- -~ Fig. 2. Comparison between proposed T, measurement method

on CT-PRESS spectra and the conventional method on 1D
Peak Area on 1D spectra spectra. T, of Cr peak was calculated.

—— fitted curve by conventional method
® Peak Volume on CTPRESS spectra
— fitted curve by proposed method
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4. HEEE

TE MY 2D CT-PRESS ¥E1%. 30 DFLEORIERR T NMND Z L2 I RO E
BAARETHY ., ZOHEEZHANT, GABA R ED J, 17V o 7 AT 580
RN TX 5,
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Intermediate conformer of the Lyme disease vaccine candidate OspA
probed with variable pressure NMR spectroscopy

Ryo Kitahara®?, Alana Simorellis®, Shigeyuki Yokoyama®**, Shohei Koide®, Kazuyuki
Akasaka?’

YPharm, Sci. Ritsumeikan Univ., 2RIKEN-Harima, *Dep.Chemi.Univ. Utah, “RIKEN SSBC,
*Univ. Tokyo, *Dep.Bichem. & Mol. Biol. Univ. Chicago, "High Pressure Protein Research
Center Kinki Univ.

Outer surface protein A (OspA) from Borrelia burgdorferi consists of a unique single-layer
B-sheet structure sandwitched by two globular domains and is involved in the transmission of
Lyme disease from the host tick to the uninfected mammal. To find a link of its unique
conformation to the mechanism of infection, here we study the stability and the
conformational fluctuations of OspA using **N/*H two-dimensional NMR spectroscopy under
pressure perturbation. We found that the unique folded structure (N) fluctuates with a
hinge-like motion (t<<ms) in the middle of the non-globular single-layer p-sheet. In addition,
the folded structure undergoes a major conformational transition (t>ms) with a large volume
decrease (-140 ml/mol) to a single, peculiar intermediate (1), in which about two thirds of the
polypeptide chain in the C-terminal side is unstructured with the rest of the molecule largely
intact. The uniqueness of the conformation and its relatively low free energy (32 kJ/mol above
N) suggests that conformer | be identified with the putative high-energy conformer involved
in the bacterial infection.

[FFig]  SEJNMREL, 9 3500 KHEE TOEMES) T THIRNMRHIE Z "TREIC
FTOHFETHY, THETIZ 20 U EORIREBEIZOWTHIEN T, BEOE
FEIZ DWW TRIRIRAE 2 L 7 L EREDFEZH O NI LT, ZOFEE, K
JEo=— 7 IpSlfER) B L — NS Z 0 31 kDa O LIS L2l 2 /AT 5.
Key word: Pressure, Intermediate, Vaccine
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surface protein A (OspA, 31 kDa) %, 7 / ca\rjty{'r( Féy
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REREZE] 0.1 MPa—250 MPa (313 K) F CO#ip#H T 1D-'H-NMR, 2D-TROSY &
1T o7, 150MPa £ CTOMEE & HIT H KO PN THIfEZbF 7 N OB
AUT26 FFIC . NROVCARIRERIR R A A 2B S g o — B —#1 (B7—B9) Tl.
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(r<<me) CZD B v— MEZE VUL LIS O ENBNFAET L 2 E NIz,
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ZONAREEZ R FFT D2 0D, Fl g o — b EZREK PR AN Z &t C R
Wi KA A > (B8—P21) D& ITHEND Z L3 yinoT-, £72 TROSY A7 kLo
PR BRI L 2RI E SN ERAE T TWD Z &b, BRBORR A 7 —/Lix3 Y
LU +0B N em) E B X B, T ORFI, 0spA 1L RIS & 2 MG OMIC,
o g o— MEIR & CORM R A A V3 ETE U7 AT AR & DL 2 AR IEIC 5 5
ZEEEWT D, BN TCRESI N REBTEMREEIL, JALE TIZHEAKFRE A NMR
HBIZE O RBEEINTE R AL LV OREEEBRW—8%R L, RFTEMERESE T, 2
RRGRFREANL &2 & e 150 FRIELL EMNEME LT — 20 mM< OS2 L2 L0 JAWEIFH T
DZ R A FTHRICL TWD EHERI SN D, ET-NKm KA A DO LT ZE
PR B 2 — MEIE—C R B A A d, PURRE SN2 & de 7 4+ —/L K AalE
A THD ZEMORIEMAL T 7 F o L LTOBEMERD 9 5,
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Structural Studies of Membrane Proteins Using NMR Experiments on Bicelles

Ayyalusamy Ramamoorthy
Biophysics and Department of Chemistry, University of Michigan, Ann Arbor, MI, USA

Recent studies have shown that NMR spectroscopy is becoming a powerful
technique to determine the atomic-level resolution structure of membrane proteins. A
number of successful NMR approaches and model membranes have been reported. We
are developing solid-state NMR methods to study the structure, dynamics, and topology
of several membrane proteins and peptides that are embedded in carefully chosen
model membranes. High-resolution experimental results obtained from magnetically
aligned bicelles containing uniformly labeled transmembrane proteins, cytochrome b5
with and without cytochrome P450, will be presented along with results from MAS
experiments.!® Advantages of using rotating-frame and laboratory-frame NMR
techniques, and spectral editing techniques, will also be presented. New approaches to
study the membrane interaction of unstable amyloidogenic peptides will also be
presented.
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Nuclear spin polarization of alkali-salts by optically-pumping
atomic vapor Kiyoshi Ishikawa
Graduate School of Material Science, University of Hyogo, Japan

We report on the nuclear spin-polarization of solid alkali-salts by an optical pumping
of atomic vapor. Spin-polarized alkali-metal atoms transported angular momentum
as the electron and nuclear spin-polarization to the solid surface, where spin polar-
ization mostly decayed fast but was partly injected to solid, and angular momentum
was accumulated in the nuclear-spin system by the help of large relaxation time. The
enhancement of NMR signals was measured at various magnetic fields, temperatures,
laser frequencies, pump polarizations, and Ny buffer-gas pressures. Comparing with
the numerical simulation of spin currents by alkali-metal vapor, we discuss which
spin-current is responsible for the nuclear spin-polarization of salts and how the

NMR enhancement depends on the above parameters.

ERD T )V A D EDORAE R DOWT, KU TR BV 2 K % 15iEE R
59 %, HIARBPTREDT VAV RBIRTZNRIEVTTE L, ETAEVE
BAE VDM E N, ZOFRNMBECm» > THRET S, TNH A VIRDEACET %
EL e A CIIEEICKRRIT B0, fAESIEO—IdRR EOREIKIC Dz D, BEIADA
E 2T %, BEUAROA Y AR R U, 150 7 /A ) D E RIS &R
T5, —HOT7 VA EBIFESPUEMT— X > FHBIEFIT/NE L BARRIZ IR T
BOorh S0 KRNSO 0, REMED X W7 LAV i A EE R A2 ST 2ME L LT
U TW5, i 9.4 T ICHBT BH587% 2006 400 NMR Famas TR L TLUKR 34/ T,
AARMER O B2 E L, XS EEEBMEFMICBOTRAE VRS 28I L7, &
T, L= 05, 7IVAHVSEFE T2 U, BUAIC X THESIRDE 2 HHE 72 iR
HUEND, TOH LWKA Y VREEORHMEFNT %,

FERTI, A& U TKkEEE YT L (CsH, CsD) Zffivy, Cs A4 > D NMR 55 7%
BRI UTzs 77V A D SEOMEE 72 (BRI T AR S B T2 HfRITE A 5 R AR i3I aR
BL., CsETFENRIEVTT B, JRVEVT LESHHIE, FUKE S ORETIT
%9, BHIEIATHZH, BURD 5 DIFMAE VMR ZDT, RFHIOVAICK DR
E L7 FIDESIC K D IRMRZFE L7z, EEEEOR B, il A FOAE A

Hyperpolarization, Alkali salt, Optical pumping
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NHRVEVTEFLULTED., A RMIATOIDICIE A 7 ik L3 RETH 5,
W&, 9.4 T (Cs FEIGAIEEL: 52.4 MHz), 2.7 T (15.1 MHz), 0.56 T (3.17 MHz) @ 3 E%
FETYID B A7z, BRREE L 70 ~ 140 °C O TE(L S B iz, il L—9"—13H 18
1 W T, CsJET®D Dy #7 (894 nm) F7zld Dy #7 (852 nm) ICHME X H 7z, D, fROHIT
59 Dy SETERNERIVIERY Y TR DI, JFHTOE—< VRN, FECKED
HHHAHIORENDSETHS, TDOXIBREMAT, #1101 A /em? -5 @ 100 °C DA
UMD EARERRICRAVAL EHIfF T & 5, BCEHLIRIEDL R & > Rtz IEREIC 3G S
T EHLND, Dad bt 80 FREDRMERDBAIE S NI,

ETC, TOWRDOREIE, EADAE MO 7z DXUARET2ED> T THB, A
ADAE ZHNARE Y T TR AR ORI TH, AEVIEERZ T IV BRI
TLfiize L., ETFACYDOBAE VTR T 2R EE T\ e, ZhucxiL, XKl
T UM EEH OB EOEIAD BIEKRIC, AY U RBDEEICEZDIEEXTH 5,
KD SERE TOAYE MR TOERZIHICES T &L mIIOAT Y Tld, L—
P THETIXAEDAE Vi TH S, LINTE. FEHAFICKOBRZHHT 5,
1 KUEARE DRRE 7T AMFAET 250, Cs [FI3ARE A A & fi2e LA SEEC N> T
fiEE R 2 E S, AiEBEZHS TOSETFHSDMLBTEEIT 5D T, AEIREL
BE—RFTH5, EOITKEMEA AL, B FOMEER 21 Thl, HPERDALE XA
FIVRACEFET S, ez, CsFETHEEH A LHET B L, BTAE RN
BAE KD — BT 7 F RV EY T DFED, KUROBE FAE VIR EAE Ui
FHWICHEAT % FRIEH AM 1072 KUFARE T, B 7 PRV eV Jidmic
Do )7\ FREARAIIEOEE 2k, P ERZIDEEE S, FHCEEIZ, ALY
RO SO 2 M TEHETH S, WZIC, RENADNROEERBROLE, YRV E
VIENT Cs R, HEEBODBRICEZST B, Lich > T, LTl Rz
R LA CHEERT, MV AFETONRIE Y TDRNAE Y OFNERD D Lidix
%o FERTIE. BEHAOHBICE D A VHOFFENKIEEL, LEN->T, AE VT
AN KB EARD NMRIEFS BT 5 Z2ZEZ T2,

AV VR TOH 2 BRI EA LRI T 2 A VHEERTH D, 5 3 BREZE
HEANDAE R TH D, KDALY VRITHAR, THSITIEREROFEN LV, £
I & EANTBICOWT, HHDMDEBICHIETE /35 A—2 BV b Ths, 7
WA VEORAE VR, 7V A2 >0 NMR KR EISHIC DR % 7291
. TNB3DDRT—VDENTNTENFEEAY VIREMEIT2EBIT 208N D %,
5%, 2L DT IVAVETEBELRZZ RO C L2 EEIC, Fic, EkERE & NEic
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Allosteric Effects on Ubiquitin Ligase Activity by a Novel E2 Binding Region:
Integration of NMR, Crystallography, and Molecular Biology

Ranabir Das', Jennifer Mariano®, Yien Che Tsai’, Ravi Kalathur®, Jess Li', Robert McFeeters®,
Amanda Altierit, Xinhua Ji*, Allan M. Weissman?, R. Andrew Byrd®. ‘Structural Biohpysics
Laboratory; 2Laboratory of Protein Dynamics and Signaling; and *Macromolecular
Crystallography Laboratory, CCR, NCI, Frederick, MD, USA.21702-1201

The ubiquitin ligase gp78 is an important regulator of
endoplasmic reticulum-associated degradation
(ERAD) and has been linked to metastasis in
sarcomas. gp78 is a polytopic RING finger E3 that
functions in cells with the ERAD E2, Ube2g2, and is
characterized by an intriguingly complex domain
structure for a single subunit E3. In addition to its
RING finger, the extended cytoplasmic C terminal tail
of gp78 includes a ubiquitin-binding CUE domain.
Our examination of both of these domains by NMR
spectroscopy reveals structures similar to previously
described members of these families. A unique feature
of gp78 is a discrete Ube2g2 binding region (G2BR) Iocated near the C terminus of the protein
that binds Ube2g2 with high specificity and affinity and that is required for the function of gp78
in cells. Our studies reveal a complex physical and functional interaction between the G2BR and
Ube2g2. The G2BR not only has the capacity to bind Ube2g2 but to also stimulate ubiquitination
by Ube2g2 and a truncated gp78 lacking endogenous G2BR when the G2BR is provided ‘in
trans’. We have characterized the biophysics of the G2BR:E2 interaction via calorimetry and
determined the binding site via NMR and x-ray crystallography. The G2BR is unfolded in
solution and adopts an alpha-helical topology and an extensive interaction interface when bound
to Ube2g2. The interaction surface is identical in solution (by intermolecular NOESY data) and
the crystal structure. Our structural and binding studies reveal G2BR-induced alterations in
Ube2g2 interactions with the gp78 RING that suggest a mechanistic explanation for the
enhanced activity observed with the G2BR. Further, we have determined that increased activity
can also be observed specifically with Ube2g2 when other RING finger domains are employed in
ubiquitination reactions. These findings provide new mechanistic insights into E2-RING finger
function and suggest that binding of E2s by discrete domains, independent of their E1 and RING
finger interaction sites, may provide a general mechanism for regulating their function. This
suggests a previously unappreciated mechanism by which ubiquitylation can be regulated. It is
possible that other pairs of E2s and E3s interact through domains, which have yet to be
characterized, that are similar to the gp78 G2BR and its corresponding binding site on its E2.
This introduces the possibility of entirely new therapeutic avenues in cancer and other diseases.
Current work is exploring the design of modulators of these interactions.
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In-Cell NMR studies for intermolecular interactions and folding stability of
proteins inside human cells

OKohsuke Inomatal’z, Ayako Ohn02’8, Hidehito Tochiol’z, Shin Isogail, Takeshi Tenn02’3,
Ikuhiko Nakase4, Toshihide Takeuchi4, Shiroh Futaki4’5, Yutaka It02’6, Hidekazu Hiroaki2’3,
Masahiro Shirakawa'*’

! Department of Molecular Engineering, Graduate School of Engineering, Kyoto University
° CREST, JST
3 Division of Structural Biology, Graduate School of Medicine, Kobe University
* Institute for Chemical Research, Kyoto University
’ SORST, JST
% Department of Chemistry, Tokyo Metropolitan University
7 RIKEN, Yokohama Institute
¥ Institute of Health Biosciences, The University of Tokushima

In-cell NMR is an isotope-aided multi-dimensional NMR technique that enables
observations of conformations and functions of proteins in living cells. However, application
of in-cell NMR has been limited to E. coli or Xenopus laevis oocytes. For wider application,
we have established a method to obtain high-resolution multi-dimensional heteronuclear
NMR spectra of proteins inside living human cells. In this presentation, we will demonstrate
two applications of our in-“human cell” NMR. First, we detected intermolecular interaction of
ubiquitin with endogenous binding partners. Intriguingly, the interaction was observed
exclusively inside cells, but not in cell lysates. Second, we evaluated the folding stability of
ubiquitin inside living cells by performing a hydrogen exchange experiment coupled with
in-cell NMR spectroscopy.

“ In—cell NMR” TN O & A'E % BFEEE 2 IRGENMRINE IZ L VIRIRAIZBRIL | A X
T-HIAR N COE E O - B R B2 TR L~V TR 95282 B L35, LU
D35 Gk Din—cell NMRIZ KRG ST 7V 4> A7 )L D JIREHIIZ BRE STV vz,

In—Cell NMR, Hetero—nuclear Multi—dimensional NMR, Mammalian cells
OWVWDFEE 257U, BBD HZ, &b OTOE, WERW LA, TAD 2L,
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Fe 4 1%, HIV-17 AV AD Tat 1 4E 1 H Sk D Cell Penetrating Peptide(CPP)ZFI AL T, &
NFRNLE RN AR R S V2 A E A E I E AT 528 T, HHFRUTIERRIT CeME S
S FLEN ORI IZ 35 1) Din—cell NMRIE 2P LTz, F7-F D T, pyrenebutyrate
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TINVE BT D, BFEDRIEOE — 758 NE BARDZ U R TE LB L TRY,
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Figure 2 Hydrogen exchange experiment of ubiquitin in cells
(a) Build-up of cross-peaks of protected amides in the spectra of ubiquitin recovered in lysates
collected at various times after protein transductions.

(b) The hydrogen exchange rates (k.,) in cells (black) and in vitro (gray)



216 From Structural Chemistry to Structural Biology
Fuyuhiko Inagaki
Graduate School of Pharmaceutical Sciences, Hokkaido University
N12, W6, Kita-ku, Sapporo 060-0812, Japan

In 1972, | joined the laboratory of Prof. Tatsuo Miyazawa at the Department of
Biophysics and Biochemistry, Faculty of Science, University of Tokyo, as a PhD student
and started a structural study of biomolecules using NMR. | was interested in the
structural information involved in the pseudo-contact shift induced by paramagnetic
lanthanide ions, and | was able to determine the structure and conformational
equilibrium of mononucleotides. In 1976, a Bruker WH270 was installed in Prof.
Miyazawa’s laboratory and | concentrated on the structural and functional studies of
neurotoxins from snake venoms and the enzymatic mechanism of RNase T; using NMR.
As a Japanese Ramsay Fellow, | stayed at Oxford from 1979 to 1981, working with Prof.
R. J. P. Williams, and here | continued the neurotoxin work especially working on the
dynamic aspects. After | came back from Oxford, | joined the Toray Research Center
and started the application of 2D NMR to the structural determination of natural
products. In 1986, | moved to the Tokyo Metropolitan Institute of Medical Sciences as a
section chief of Molecular Physiology, where | determined the chemical structures of
glycolipids using two dimensional NMR. | proposed a non-empirical method using both
TOCSY and NOESY to determine the sequence of sugar chains. Together with the
glycolipid work, | started to determine the structure of EGF using 2D NMR, where the
work of three groups including us reported essentially the same EGF structure. This
showed the value of NMR as a objective method to determine protein structures. After
the EGF work was completed, | started an HFSP project in collaboration with Dr. J.
Schlessinger and Dr. A. Ullrich in 1990 which led me into the structural biology of
signal transduction. The NMR structures of SH3 domains and complexes with their
target peptides revealed their roles in the signal transduction. In 1998, | organized a
research group of “Protein-protein interaction in intracellular signal transduction”
supported by a Grant-in-Aid for Scientific Research on Priority Areas from the Japan
Ministry of Education, Science and Culture. | stressed the communication among
researchers from different fields including structural biology, molecular biology, and
cellular biology. In 1999, | moved to the Graduate School of Pharmaceutical Sciences,
Hokkaido University as a professor of Structural Biology and started X-ray
crystallography as well as | continued NMR. This expanded my research field, and |
studied protein structures to reveal whole biological systems. | studied the structural
biology of NADPH oxidase in neutrophil in collaboration with Prof. H. Sumimoto of
Kyushu University, the structural biology of innate immunity related to the IRF-3
production system with Prof T. Fujita of Kyoto University, and the structural biology of
autophagy with Prof Y. Ohsumi of the National Institute of Basic Biology. | enjoyed



fruitful results in these subjects and benefitted from the human relations we established.

I have spent my time doing research from the beginnings of and all the way to
the maturation of structural biology. | have been enjoying science challenges with my
students and collaborators and | am proud that many young scientists were brought up
in my laboratory: Prof. D. Kohda (Kyushu Univ.), Prof. Ichio Shimada (Tokyo Univ.),
Prof. H. Terasawa (Kumamoto Univ.), Prof. S. Tate (Hiroshima Univ.), Prof. J. M.
Lancelin (Lyon Univ.), Dr. H. Hatanaka (Tokyo Univ.), Dr. S. Ichikawa (Japan Women’s
Univ.), Dr. K. Nagata (Tokyo Univ.), Dr. K. Ogura (Hokkaido Univ.), Dr. S. Yuzawa
(Kyushu Univ.) and Dr. N. Noda (Hokkaido Univ.) are among these, along with other
young students.
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21.7 "The choreography of an enzyme’s dance”
Dor ot hee Kern

Department of Biochemistry and Howard Hughes Medical Institute, Brandeis
University, Waltham, MA, 02454

The synergy between structure and dynamics is essential to the function of biological
macromolecules. While this is a widely accepted concept, key questions remain: Have
proteins evolved so that substates necessary for activity are preferable accessible? How
do motions on different timescales relate to each other and contribute to biological
function? How can a protein interconvert among folded substates but avoid unfolding at
the same time? What are the molecular pathways for conformational transitions? How
does the energy landscape relate to protein function?

The talk will address these questions. We will quantitatively characterize the energy
landscape of a signaling protein and reveal how its features explain allosteric activation.
New insights into the transition state of the conformational switch are presented.
Second, the energy landscape of an enzyme both during catalysis and in the absence of
substrates is being characterized, which alows identification of dynamics that are
linked to enzyme catalysis.

Both examples illustrate that motions in folded proteins are not random but
preferentially follow the pathways, which create the configuration capable of proficient
function. This situation is analogous to protein folding, which is biased so as to sample
only a small portion of the energy landscape. The expansion of the concept of non-
random sampling of conformational space for efficient biological function from folding
to conformational rearrangements within the folded space combines both phenomena
through the energy landscape. The timescae and amplitude of motion were
characterized by a combination of NMR relaxation, x-ray, single molecule FRET
experiments and molecular dynamics simulations. Finally, the hierarchy in space and
time for proteins is discussed. The linkage between three different “tiers” of dynamic
timescales. (i) Thermally driven, fast (ps), local atomic fluctuations, (ii) faster (ns)
motions of whole segments and (iii) larger amplitude, collective, slower motions (us-
ms), the time-scale of catalysisis characterized.
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Ligand-induced protein structural change revealed by orientation induced
TROSY shift changes
Shin-ichi Tate'?
"Department of Mathematical and Life sciences, School of Science, Hiroshima University,
Higashi-Hiroshima, Japan
° PRESTO/JST

We have been working on the development of a new NMR approach, DIORITE
(Determination of the Induced ORIentation by Trosy Experiments), for determining the
relative domain orientation in large-molecular weight proteins, to which the conventional
approach using the residual dipolar couplings (RDCs) cannot be readily applied. In this
presentation, we will report our recent application of DIORITE to a various types of proteins.
Another advantageous feature of DIORITE will also be described for the determination of the
domain orientation of an anisotropically tumbling protein, which also hinders the RDC-based
domain orientation analyses.

The use of anisotropic spin interactions that are observed for weakly aligned
proteins has generated a various types of novel NMR application to protein structure analyses.
We have previously reported the "N TROSY shift change induced by weak alignment of
protein can be explained by the combinatorial contributions from the residual dipolar coupling
(RDC) and the residual chemical shift anisotropy (RCSA) associating with the amide BN
nuclei (1,2). The alignment-induced TROSY shift change found for each signal can be related
to the corresponding peptide plane orientation against the magnetic field. The
alignment-induced TROSY shift changes, thus, can provide the alignment tensor parameters
consistent with those derived from the RDCs. In contrast to the RDCs, the use of the
alignment-induced TROSY shift changes is spurious in its sensitivity for the large molecular
weight proteins; the higher-field component in IPAP-HSQC spectrum is hard to observe for
the proteins greater than 30 kDa. This TROSY-based approach for obtaining the alignment
tensor gives a robust way to determine the domain orientation in the high molecular weight
protein, to which the conventional RDC-based experiments is hindered in application.
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The TROSY-based alignment tensor analysis is called as DIORITE (2). For
elucidating the performance of the DIORITE, we applied it to maltose binding protein (MBP)
in the complexes with various ligands including a—, -, and y-cyclodextrins and also maltose.
The X-ray structure of MBP in the maltose bound form altered the domain orientation from

apo-form; the domain rotation was described by - MB? i e ratons bend e (FiS]
the hinge-rotation angle of 32.5 degrees. We o .
applied the DIORITE to see if the DIORITE s : 0 -
analysis can reproduce the domain rotation ) " “6 F
found in the crystal structure. The overlay of the = .81

TROSY spectra for MBP in the maltose bound z
form observed in the isotropic and anisotropic

©

conditions is shown in Fig. 1, which shows e i e e %
significant shift changes induced by the . s e
alignment. Using the observed TROSY shift i e

changes and the MBP crystal structure in its

LT Lr L | LY ] LE ]
apo-form, the domain orientation was 'H
Fig. 1: Orientation-induced TROSY shift changes

determined to have the hinge rotation angle of
for MBP in the complex with maltose.

32.9 degrees (Fig. 2). The angle was consistent
with the X-ray results, which confirms that DIORITE analysis can give the right domain
orientation; even though we neglect the intrinsic variations in '’N CSA tensors.

We additionally analyzed the domain orientations in MBP according to the ligand
sizes. MBP binds to a—, - and y- cyclodextrins with similar affinities. The number of linked
glucoses are different in the ligands; six, seven and eight glucose resides in o—, f—, and
y-cyclodextrin, respectively. The DIORITE analyses were applied to the MBP in each ligand.
The analyses have shown the domain orientation
were changes according to the ligand sizes. The - o ;';‘:;-‘:'IL’?‘-"-'”" g
hinge rotation angles induced by the binding to | 4 ; e ' .
o—, B—, and y-cyclodextrins were analyzed to give 2 T
22.4 degs., 13.3 degs. and 13.9 degs. The MBP in the
a-cyclodextrin has shown the closer domain
arrangement compared to the complex with the
others. MBP was shown to have ability to adopt its
domain orientation to appropriately grasp ligand.

In the presentation, we will also describe
the other DIORITE application to the protein
showing a highly anisotropic rotational diffusion,

Fig. 2: Domain orientation of MBP in the complex

. . . . with maltose determined by DIORITE.
to which the RDCs-based domain orientation

analyses are not readily applied.
References

1. Tate,S. et al., J.Magn.Reson. 171, 284-292 (2004).
2. Tate,S. Anal. Sci. 24, 39-49 (2008).
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NMR investigation of the iron-ligated histidines of the Rieske protein from 7hermus
thermophilus supports a coupled proton and electron transfer mechanism

Kuang-Lung Hsueh,* William M. Westler,” and John L. Markley *°

“Graduate Program in Biophysics, "National Magnetic Resonance Facility at Madison,
Biochemistry Department, 433 Babcock Drive, University of Wisconsin, Madison,
Wisconsin 53706, USA
markley@nmrfam.wisc.edu

Our recent NMR investigations of iron-sulfur proteins have centered on the properties of
the imidazoles of the two histidines (assigned ambiguously to His134 and His 154) that
ligate the iron-sulfur cluster of the Thermus thermophilus Rieske protein (7tRp) in its
oxidized state (1). We previously used directly-observed "N NMR spectroscopy to
measure the pK, values of The sequence-specific assignment of these pK, values is of
critical interest, because of its pertinence to the mechanism of electron and proton
transfer in the bifurcated Q-cycle. The extreme paramagnetism of the [2Fe-2S] complex
prevented the assignment of these signals by conventional methods. Because the protein
sequence of TtRp contains a single His-Leu sequence (H134-L135), the unique BN
connectivity detected from a sample of the protein labeled with [*N]-Leu and [U-"C, U-
'SN1-His could be used to identify the *C’ of His134 and, by difference, the *C’ of
His154. Through-bond NMR correlations enabled these assignments to be extended to
the '°C” atoms of the two cluster ligated histidine residues. Correlation of the fitted pK,
values of the sequence-specifically assigned histidine *C’ and "*C" signals with those
from the '"N** signals, led to unambiguous assignment of the pK, values of oxidized
TRp: His134 pK,=9.1 and His154 pK, = 7.4. These unambiguous assignments, which
are the reverse of the prior tentative assignments (1), are consistent with a mechanism
involving concerted transfer of an electron and a proton at the His154 site (see figure
below). We currently are attempting to determine the pK, values of His134 and His154 in
the reduced form of the protein. Preliminary NMR results, confirm the expectation that
both of these pK, values are >> 10.5.
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Supported by NIH grant GM58667. NMR data were collected at the National Magnetic
Resonance Facility at Madison, with support from the NIH National Center for Research
Resources (P41 RR02301).

1. Lin, I. J.; Chen, Y.; Fee, J. A.; Song, J.; Westler, W. M.; Markley, J. L. J. Am. Chem.
Soc. 2006, 128, 10672-3.
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Sensitivity and Structures in Solid-State NMR: Challenges in Characterization of Amyloid
Misfolding and Graphite-based Nano-materials

Yoshitaka Ishii

Department of Chemistry, University of lllinois at Chicago, 845 W. Taylor M/C111,
Chicago, lllinois 60607, USA

Four separate topics on recent progress of solid-state NMR (SSNMR) in our laboratory are presented.
First, we discuss a novel approach to enhance sensitivity and to elucidate structural information with
paramagnetic relaxation enhancement for amyloid fibrils and other biomolecules in SSNMR. In *C SSNMR,
95-99 % of the experimental time is typically consumed for long recycle delay (1-4 s) between signal
acquisitions, which has been considered to be essential in order to recover 'H magnetization via 7} relaxation as
well as to prevent degradation of samples or NMR probes by RF irradiation. Interestingly, very little effort has
been made to reduce the recycle delays that dominate experimental time over the past 30 years. We present that
paramagnetic doping and fast magic angle spinning drastically reduces experimental time by a factor of 5-20 in
multidimensional protein SSNMR'? without any major problems, while providing additional structural
information. We discuss the detection limit of multi-dimensional SSNMR in this approach for *C- and "*N-
labeled ubiquitin. Applications are demonstrated for Alzheimer’s 3 (AP) fibrils and other proteins. Second, we
present SSNMR studies of Cu(Il)-bound Af fibrils, which are suspected to produce oxidative species such as
H,0; toxic to neurons, via a catalysis-like mechanism. BC SSNMR analysis provides molecular-level basis on
the potential binding site(s) of Cu(Il) to insoluble AB(1-40) fibrils and the stoichiometry of Cu(Il) binding to
AP. The extent of the structural changes upon Cu(Il) binding is also examined. Third, we discuss SSNMR
studies of site-resolved structural characterization of neuro-toxic amyloid intermediates for 40-residue
Alzheimer’s 3 amyloid, AB(1-40). In our approach, we combine detection of morphology changes by electron
microscopy (EM) and structural examination for freeze-trapped intermediates by SSNMR.>* We demonstrate
that a neurotoxic f-sheet intermediate (/5) of 20-40 nm diameter exists prior to fibrillization by EM for the wild-
type AP(1-40) and a pathogenic mutant of A, E22G. It is shown that the SSNMR approach reveals the
sequence-specific secondary and supramolecular structures for the amyloid intermediate for AB(1-40) and the
effects of the E22G pathogenic mutation on the molecular structure. In the last topic, we present our SSNMR
studies on graphite oxide in efforts to establish SSNMR methods for characterizing chemically modified
graphene, a single sheet of graphite. It is shown that multi-dimensional SSNMR on *C-labeled graphite oxide
provides detailed information on its complex chemical connectivity.” The motivation and prospects in
applications to chemically modified graphene will be discussed.
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2111 Photoilluminated and pressure induced isomerization of
retinal proteins and structural changes of proteins as
studied by solid-state NMR
O Akira Naito', Kazuhiro Ohsawa', Hirohide Nishikawa', Yuya

Tomonagal, Akimori Wada®, Naoki Kamao®, Izuru Kawamura'

! Graduate School of Engineering, Yokohama National University, Yokohama, Japan.
’Kobe Pharmaceutical University, Kobe, Japan. *Faculty of Pharmaceutical Science,
Matsuyama University, Matsuyama, Japan.

Pressure was applied to [15, 20-">C]retinal-bacteriorhodopsin (bR) by the centrifugal force
induced by MAS. It was observed that the *C NMR signal of 13-cis configurations increased
as the pressure was increased. It was also revealed that [1-'>C]Tyr185 signals corresponding
to 13-cis configurations increased as the pressure increased. These results clearly indicated
that retinal isomerization was generated by pressure change and affects the change of protein
structure. Photoillumination experiments were performed to observe the photoisomerization
of phoborhodopsin (ppR) using the photoillumination system in the solid state NMR. We
could successfully observe the photoisomerization from ground-state (13.4 ppm) to
M-intermediate (22.3 ppm) since the life time of the M-intermediate is quite long. This result
indicates that the M-state of retinal takes 13-cis configuration.

[Introduction]

Membrane proteins play important roles as transporter or signal transduction. Particularly
retinal proteins usually absorb photo energy as a photoreceptor to generate
photoisomerization, and consequently change the structure and dynamics of membrane
proteins to show transporter and signal transduction activities. Although retinal isomerization
rate is very rapid, mechanism of photoisomerization and a number of intermediates have been
identified. On the contrary, Structure and dynamics changes of proteins induced by the
photoisomerization of retinal have not been studied well in spite of the important process of
activity. In this work, we have performed to clarify the change of structure of
bacteriorhodopsin (bR) that has photoinduced proton pump activity and phoborhodopsin
(ppR) that has signal transduction activity as a photoreceptor. To induce retinal isomerization,
we have first developed the pressure' induced and photoillumination® systems equipped in the
solid-state NMR spectrometer. Using this newly developed system, changes of protein
structure accompanied by the retinal isomerization were investigated.

[Materials and methods]

Halobacterium salinarum was grown in a synthetic medium including [C-'"N]Lys,
[15,20-"*C]retinal, and [1-"*C]Tyr to yield '*C-labeled bR in PM. PM was isolated by
standard method and suspended in HEPES buffer at pH 7. [15,20-"*C]retinal-ppR with
His-Tag at the C-terminal were expressed in Escherichia coli BL21 strain in M9 medium
containing [1-">C]Tyr, and [15,20-"*C]retinal. Purified proteins in DM micelles were

Retinal Protein, Photoilumination, Pressure application
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incorporated into a lipid film of egg PC. In situ photoillumination was performed by an
optical fiber from outside the magnet through a tightly sealed piece of cap made of optical
fiber glued to the rotor. Pressure on the samples was naturally applied by the centrifugal force
induced by the MAS frequency. Since the centrifugal force is proportional to the square of
rotor radius and frequency, the pressure at the inner wall was estimated using the following
equation. P=(4/3)n*v’r*p, where P, v, r and p represent pressure, MAS frequency, rotor radius
and density, respectively.
all-trans 13-cis, 15-syn
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molar volume change is negative value.
Similarly, 13-cis signal increased as the
pressure increased in the case of
[C-ISN]retina]-bR, although signal Fig. 1. Structures of al-trans and 13-cis, 15-syn retinals
broadening was observed at spinning (top?3 and MAS speedlsvariation of °C NI}QIR spectra of
ﬁ.equency of 12 kHz (Flg lb) Further, [15- C]retmal-bR‘,’[C- N]Ly8216 (b), [1- C]TyrlSS-bR
[1-BC]Tyr185 signal due to 13-cis @ Potom)
retinal increased as the pressure increase

(Fig. 1c). This result indicates that structure of proteins
was also changed followed by the retinal isomerization.

Photoilluminated structure change of ppR
Photoisomerization of photo receptor protein, ppR, was
observed by photoillumination experiments. Since life
time of M-intermediate is about 1.7 s, one can expect that
the  M-intermediate can  be  trapped under . .. VL A
photoillumination at the wave lengh of 500 nm. Actually
ground-state (G-state) signal at 13.4 ppm decrease and Cremies. SnLiien
M—stla;te s.ignal at . 22.2 ppm increaseq for. the Fig2. C NMR spectra of
[20-"C]retinal-ppR dissolved as octyl glycoside micelle.  |30.3C|retinakppR ~ with  photo
This signal can be assigned to the M-state with 13-cis  jllumination (top) and without
retinal configuration. On the other hand, signal of the photoillumination (bottom).
M-intermediate appeared with very weak intensity in the

case of [20-"*C]retinal-ppR incorporated in the egg PC lipid bilayers. Since the Mstate is
known to the signal transduction state, it is important to observe the structure change of
proteins induced by the structure change of retinal and is now under investigation

[References]
1. I. Kawamura et al. Photochem. & Photobiol. 2007, 83, 346-350
2. 1. Kawamura et al. J. Am. Chem. Soc. 2007, 129, 1016-1017



21L12 Travelling-Wave NMR and MRI
Klaas P. Pruessmann, Ph.D.
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NMR signal detection is traditionally based on near-field Faraday induction (1) in one or multiple radio-frequency (RF)
resonators that closely surround the sample. Other known principles, involving structured-material flux guides (2),
SQUIDs (3), atomic magnetometers (4), or magneto-resistive elements (5) equally rely on close-range coupling. The
present contribution addresses a mechanism that permits longer-range detection. As recently shown (6), NMR can
also be excited and detected by travelling RF waves sent and received by an antenna.

In cylindrical NMR and MRI systems the formation of travelling waves at the Larmor frequency is usually suppressed
by structures surrounding the sample, such as gradient coils, cryostats, and RF screens. Their conductive surfaces
admit axially travelling waves only beyond some cut-off frequency which is roughly reciprocal to the bore width and
typically much higher than the Larmor frequency. However, in recent wide-bore, high-field magnets the cut-off and 1H
Larmor frequencies are sufficiently similar to enable the travelling-wave approach. Its first demonstration was
accomplished in a superconducting 7.0-T magnet with a 58 cm-diameter bore lined with an RF screen. When
enclosing only air the bore has a cut-off frequency of 303 MHz, which can be readily brought below the 1H Larmor
frequency of 298 MHz by introducing small amounts of dielectric loading. Travelling waves along the magnet’s bore
were excited and detected by a circularly polarized patch antenna, effectively using the RF screen as a waveguide.

Using this setup, NMR spectra were obtained from 9 cm® of aqueous 10% ethanol solution. The patch antenna was
initially mounted at the end of the RF screen, 70 cm from the sample. The experiment was then repeated with
gradually increasing antenna distances. Figure 1 shows the full initial spectrum and magnified methyl triplets for the
subsequent scans. It illustrates that meaningful data were obtained with the probe placed well outside the magnet and
a well-resolved spectrum was still detected at a distance of 2.6 m from the sample.

One potential benefit of the travelling-wave approach is enhanced excitation uniformity in large samples, particularly in
human MRI subjects. In traditional resonant probes the RF fields form standing waves whose magnitude varies
strongly across samples of similar size as (or larger than) the RF wavelength. The non-uniformity is due to the
underlying electrodynamics, which require that the magnetic field exhibit curvature according to its frequency and the
ambient material. In travelling waves this curvature translates into spatial phase variation, which does not hamper
common MRI techniques. For reasons of safety, this benefit was initially demonstrated in a volunteer's lower
extremities, ensuring that the chest and head remained outside the waveguide. The antenna was placed at the
opposite end of the bore, 70 cm from the ankle. The resulting MR image (Fig.2, left) indeed shows the right lower leg
with improved uniformity relative to a reference scan with a birdcage resonator (Fig.2, right).

By improving the extent and uniformity of spatial coverage, travelling-wave MRI promises to facilitate the exploration
of highest field strengths for human studies (7, 8). A further promising application is high-field screening. The ability to
perform spatially resolved NMR in large volumes may simplify studies of large numbers of small animals (9) or
inanimate samples in parallel. Brief discussions will be dedicated to the reciprocity, efficiency, and sensitivity of
travelling-wave NMR probes, the issue of RF diffraction, wave impedance matching, and the role of propagation-
related phase delays.
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Fig.1 (above): Travelling-wave NMR of aqueous ethanol solution, at
antenna distances up to 2.6 m. Fig.2: Travelling-wave MRI of a lower
leg (left), compared to data obtained with a birdcage resonator (right).

References: (1) Hahn, E. L. Phys Rev 77, 297 (1950). (2) Wiltshire, M. C. K. et al. Science 291, 849-851 (2001). (3)
Day, E. P. Phys Rev Lett 29, 540 (1972). (4) Savukov, |I. M. & Romalis, M. V. Phys Rev Lett 94, 123001 (2005). (5)
Verpillat, F. et al. PNAS 105, 2271-2273 (2008). (6) Brunner, D., et al. Nature 457(7232):994-998 (2009). (7)
Vaughan, T. et al. Magn Reson Med 56, 1274-1282 (2006). (8) Atkinson, I. C. et al. J Magn Reson Imag 26, 1222-
1227 (2007). (9) Bock, N. A. et al. Magn Reson Med 49, 158-167 (2003).
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2 dimensional array data was made from the 1 dimensional NMR acquisitions. The FIDs in 2D, arrayed
from each acquisition, was made the principal component analysis. Making use of the largest 4
principal components, one dimensional spectrum was reconstructed substantially free from the field
fluctuation. Then, the single FID was made an array in 2 dimensions, deleting the points successively.
The resulting 2D FT spectrum contains all the peaks on the diagonal position, while each peak spreads
according to its line-shape along the axes. Thus, the overlap of peaks became minimum as well as the
influence of baseline roll. The power spectrum on the diagonal position gave rise to the Lorentzian line
shape because of the presence of dispersion at the off-center position from the peak. The present
method may most effectively benefit to the inherently heavily overlapped poor quality spectrum such as
the case of MRS.

1TRTEERLOFBVT—RF2RTREBLTEHLVERZLI-5SHEVD T, Fo EBKY
HEDLSIZBbND, ECAHM in vivo NMR [FESFIFHEEL T TRAES LJUBRERELE
NBBEENH D, =EZIEHBARERICEC, S/N LEANEL, KDBEZEYDEETR—IS5(Y
N L. T—2aANHREIND  E—VDELYNKREVELTHS, I5VSBEICE2RTNE
ICENGERALHZEN DT,

1RFTIERE2RTERIIZT D21ED A EEEZ Tz, —DI& FID ZWMEFT 5 UIT2RTEFIEL
THREZEETHD, THEREMICRILFERELOT—FENBOND, HETZFDOFHELMF
RSN TIhI oz, COT—RIZEEERTEERTNIE. ARIFLEEDDLCESBEBER
BITHETES, SEIERENTOIEZS IO EHERET HILEH AT,

ZHZBHORALLT 1IDDFID MS1 R DT — 2R EMYBRE2RTICESIL -, B2 RTT
— A% ERL= FT OBR. EE—V XM AFRICEHEVHBKIIEHSRIZENZOT. E—IBD
EHYIFTEREITNK BRELTR—RASIVORAHADEETEE L EBTEIRELTTERS
NB2END 21, FEE—IDHR LIS IEThEMBIZABARINMLAELE>TWSIOTHAHR
M DMEFHER TARI LM SE BRI AR I LAFL T,

[FiE] MEiR > 7 &5 112 NS=4, 8Kx64 ® FID %# 4%, PLS_toolbox™ % ffi - T - EfiE
Br U7z, EAEMNTIZ FID OISy, A 2 B 2 \TATWEE IR Lz, Z ofERITHF#
B E FFE TE 5 MATLAB™ 0 Statistics_Tool DR E —F L7z, »&IZ 8K @ FID 75
1RTOEr CTEEMX T — X &2 2R M, 8K x 8K ®2RiTT —#%1ED
MATLAB T FFT A8 L 7=, NMABIEIZEAIO FID TITW, BONT/_TF A —Z & 2R TT —
IR & LThH T,

¥—U—F NMR F—#%a# FID EEfiFr 2®%oc WE MRS




R EMEOE 1R PCIE 90%EE D i A . . i bekicu i
xR LTz, M TlL 95% L ETh o7, o
PCl % FT 42L&, A0 hE/ A RbE ™
HTHE AT ML —F LT, '
B T1%UEOBREREOEMIZ 4 2V _
L5 Tohot, PCl~PC4 %R LADED " v
YL RRO AN WAL RREORIEO AN ¢ A
s NABE BN, TR EORSER LA ¢ AR
PETH /A ZBHIRT % LSO BT L ' ,

AL IR I o T, e i G —

SXIZ1ODOFID 5 1 AFSWY B e e W wa B
. K1 BMZRREE AT L E 4y o D
FID % {ER L 2 Keiz s/ 7 5 2l i "

5RO WG IE AT N DL

FFT 217> Cali L7z, MIZ 1Kx 1K F—#

Ty NTRR L, AT MAOE T RA~D - Mesd
WIE1KTEASS ML LR ToH D, k|
FINESE AL VDA DRSS A E— 2 ff
& &2 FDIZ RN AFTE T 5, TO/RER. A
M ET B AT bV EEBOBRIE E R
T, ©— 7 OFER D ITIESAMEICEND,
Lo T8 =27 OHER Y OFEKOWZ
IR THR—2 T A DN OEN
B IND, AU EZEHEDSEIRA
R EIZRD T2, R ORIE T < TH
—E—=2 &L LTHND, ZOZLIIN—XTF
A OEEEMND O T, BEMITIZIHENT
E—ETihb .

2 1T —E M HHE LN DELR 2 Kot
NMR A ~X7 ~v

HAFAICIEDERICEIEDBRENELSLHR2), EHELRRT D & 5AHMICm — Lo i
EHZ DN, FOARY MLESHERHER T L REOT AN NI NWEBbN S, Eoibxt
EVEIL SIN O TR EOREE 72 503, Z DR TIEARER & ITERL TV S DT TiEk L,
L LE—7 BEFEETINE D DOHEREHE LV E T2, BT FERSEZ L —27 5
ZLICE o THERTE L LW OIRERD D,

[(B2] AT MRS OFTICHNAaFEL T 2, X=X T AR H LV L &P —
I WNHEIRY A XL DEBIBREZR G AL AR ERb D, xAHEOMEEFRR IO
MIES N7 & — RS MR ISR 2 51k & LTIRB LW,




3L2 HBmEH S ANR/NRIOBFERFE : BHREMEE &
SAREMEART ST
OfREfie s, VR, BIFZE. FARRAF ., HPFIE, RITER
LML) PESEBATRE BRI FERT
“HRB L (BR)

Developement of Hyperpolarized Noble Gas NMR/MRI: Efficient Polarizer
and Characterization of Porous Materials

OMineyuki Hattori*, Takashi Hiraga®, Nobuhiro Hata®, Kikuko Hayamizu', Ryo Tanaka?,
and Norio Ohtake?

! National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan.

2 Toyoko Kagaku Co.,Ltd., Kawasaki, Japan.

129% e NMR techniques have been applied to probe porosity of mesoporous materials and the
pore size is known to relate with the chemical shift. Since the VVan der Waals radius of Xe is
known to be 0.216 nm, the possible pore size to adsorb xenon should be larger than 0.4 nm in
diameter. Then the mean pore diameters ranging from 0.4 to 300 nm are the possible target to
show the relationship experimentally. We have developed an apparatus to produce the laser
induced hyperpolarized (HP) Xe gas and tried to apply it to a self-assembled porous silica
sample, which is known as a candidate of low-dielectric constant materials for interconnects
in future ultra-large scale integrated circuits.
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3L3 Structure and dynamics of proteins at work inside cells

Yutaka Ito*?, Junpei Hamatsu®, Tomomi Hanashima®, Masaki Mishima™?,
Tsutomu Mikawa®, Markus Walchli, Brian O. Smith®>, Masahiro
Shirakawa®® Teppei Ikeya' and Peter Giintert"’

'Department of Chemistry, Tokyo Metropolitan University, Japan; 2CREST/JST; Research
Group for Bio-supramolecular Structure-Function, RIKEN; “Bruker BioSpin, Japan;
*Division of Biochemistry and Molecular Biology, University of Glasgow, UK; ®Department
of Molecular Engineering, Kyoto University, Japan; °Institute of Biophysical Chemistry, J.
W. Goethe-University Frankfurt, Germany.

Abstract

In-cell NMR spectroscopy Yields multi-dimensional NMR spectra of macromolecules in
living cells*?.  For the first time we have determined the 3D structure of a protein
exclusively on the basis of information obtained in living cells®. This approach provides the
tools that will permit the effects of molecular crowding in the cytosol and the conformations
of proteins to be investigated in living cells.

In this presentation the efficiency of the key methods for this success, rapid data collection
using nonlinear sampling and selective protonation at methyl groups to enable the
identification of unambiguous long-range NOE interactions, will be discussed. We also
present our recent applications of in-cell NMR to Thermus thermophilus HB8 TTHA1718 and
Streptococcus protein G B1 domain in living E. coli cells.

Introduction

Proteins in living cells work in an extremely crowded environment where they interact
specifically with other proteins, nucleic acids, co-factors and ligands. In vivo observations
of 3D structures, dynamics and interactions of proteins are required for fully understanding
the structural basis of their functions inside cells. The non-invasive character of NMR
spectroscopy and its ability to provide data at atomic resolution make NMR ideally suited for
the task. Recently, these advantages of NMR spectroscopy have been combined to obtain
information about the conformation and dynamics of biological macromolecules inside living
cells®. In order to overcome problems caused by the instability and the low sensitivity of
living cell samples, we used rapid measurement of the 3D NMR spectra by nonlinear
sampling of the indirectly acquired dimensions and maximum entropy data processing
(MaxEnt), which have not however been used widely, in particularly, for NOESY-type
experiments. Here we evaluated the effect of the artefacts arising by employing nonlinear
sampling and MaxEnt processing to 3D NOESY-type spectra by calculating structures from
distance restraints obtained in simulated 3D NOESY spectra with various nonlinear sampling
points.

Results and Discussion

The simulated raw data were reconstructed from real 3D **C-separated and **N-seprated
NOESY-HSQC spectra, which were used for the structure determination of TTHA1718 in
vitro. The original 3D raw data have 512, 128 and 32 complex points for t; (*H), t; (*H) and
t, (°C or *N) dimensions, respectively. Total six pairs of simulated NOESY spectra were

Key words: in-cell NMR, nonlinear sampling, maximum entropy processing, selective
methyl protonation, protein structure



processed.  The analysis of a b: - c oo
NOE cross peaks in these « = e

simulated spectra and structure

calculations were performed by

employing essentially identical
protocols used for the structure
determination of TTHA1718
in-cell®.  Figure 1 shows the
superposed 20 final structures
calculated from each sets of
simulated 3D **C-separated and
>N-separated NOESY spectra.

The main expected artefacts )
arising from nonlinear sampling Figure 1: TTHA1718 structures calculated from simulated

: 3D NOESY data with various nonlinear sampling points.
and l\/!aXEn_t pro_cessmg Were_ (1) a, 64 and 32 linearly sampled complex points for t; (*H) and t,
the mis-calibration of intensities  13c o 15\ respectively. b, 1024 randomly selected complex
of cross peaks and (2) the ?oints out of the sampling space with 64 (t;, *H) x 32 (t,, *3C or
emergence of false cross peaks. *N) complex points. ¢, 512 randomly selected complex points.

The latter problem is presumably ~ d, 256 randomly selected complex points. e and f, 128
not significant because the randomly selected comPIex pomts.lg, 16 and 8 linearly sampled

: complex points for t; (*H) and t, (**C or *N), respectively. For
:ggg&ide cT?iSs th?:s‘s‘logrr;)rlraerrl]’f the structure calculations presented in f, NOE-derived distance
xclu

restraints involving side-chain methyl groups, which were used
artefact cross peaks. The  for the case of TTHA1718 in-cell, were added.

deviation of intensities for NOE

cross peaks from “real” values is usually not so harmful for structure calculations, since the
NOE intensities were generally interpreted to distance restraints with relatively large (a few
angstroms) tolerances. However, the mis-calibration of intensities was eventually significant
in the case with much reduced data points, e.g. the case with 128 random sampling points.
There was a tendency that the more data points were omitted, the more underestimated the
intensities of weaker cross peaks. This caused the drop of numbers of picked NOE cross
peaks in the spectra, thus providing poorer convergence in final structures. Nevertheless, we
would emphasise that, with the same number of FIDs, the convergence in final structures
were much worse when the data were acquired linearly, suggesting that nonlinear sampling
approach is very advantageous, comparing to conventional linear sampling scheme. Also
the result showed that the poor convergence in final structures can be overcome by
supplementing some “critical” selectively measured long-range distance restraints, e.g.
NOE-derived distance restraints involving side-chain methyl groups. As an another
demonstration of our methodologies for protein structural analyses in vivo after the case of
Thermus thermophilus HB8 TTHA1718, we initiated in-cell NMR studies of Streptococcus
protein G B1 domain in living E. coli cells.
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3L4 Structure and functions of domains of transcription factors
studied by NMR spectroscopy and interactome analyses
—Analyses of the proteins with GST tag—

OShunsuke Meshitsukal, Yuki Horiel, Kazuya Takahashil, Ojeiru F. Ezomol, Mohammed S.
Mustakl, Takahisa Ikegamiz, Hiroshi Hirota3, Kazuya Yamada4, Tamio Noguchi5

"Tottori University Graduate School of Medical Science, Institute of Regenerative Medicine
and Biofunction, ’Osaka University Institute for Protein Research, SRiken, *Matsumoto
University, °Osaka Ohtani University

The structures of the DNA binding domains of transcription factors have been well studied
and classified into several types of functional structures. However, the structure and function
of the domains of transcription factors other than the DNA binding domains were not yet
known. It has been reported that the processes of transcription were regulated by several
transcription factors interacting with each other. In the present investigation, we analyzed the
structures of N-terminal and C-terminal domains of transcription factors such as HEX,
GATA2, SHARP2 and HNF1la in the presence GST-tag. The protein-protein interaction was
also analyzed by surface plasmon resonance (SPR).

Regulation of the cell differentiation is very important in the progress of regenerative
medicine. However, the mechanism of the regulation of differentiation has not been revealed
yet. The structures and the roles of DNA binding domains of transcription factors have been
understood well. However, the structures and functions of the domains of transcription factors
other than the DNA binding domain have scarcely been reported. Hex (haematopoietically
expressed homeobox) is essential for monocyte and B cell differentiation. Hex is one of the
orphan homeobox genes, which is identified in human promyelotic leukemia cell line and
found in rat, mouse, chicken, xenopus, zebrafish and C.elegance. Hex is constituted 271
amino acids and has a proline rich repressor domain in N-terminal region (Hex-N:45-136AA),
a homeodomain in center (Hex-HD:137-196AA) and an activator domain in C-terminal
region, which has many negatively charged amino acids such as glutamic acid and aspartic
acid (Hex-C:197-271AA). In early mouse embryo, Hex is expressed in anterior visceral
endoderm and rostral definitive endoderm. In adult mouse, Hex is expressed in liver, lung,

thyroid gland, spleen, vascular smooth muscle cells and multipotent haematopoietic cells.

Transcription factor, protein-protein interaction, GST-tag
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The knock out mouse of Hex is embryonically lethal around E10.5 due to a lack of substantial
liver formation, thyroid gland formation, forebrain formation. In general, homeobox
transcription factors bind to A/T rich sequences. Hex binds directly to specific sequences such
as 5’-TAAT-3’, 5’-CAAG-3’, 5’-ATTAA-3’ using homeodomain. It is also reported that Hex
binds directly to transcription factors such as HNFla, AP1, GATA2, PML and HCS, and
regulates the transcription of their target genes and contributes to regulate the differentiation
of the cells. However, the detail function of Hex is unclear till now. The methods of the
production and purification of proteins using affinity tag such as GST (glutathione
S-transferase) tag, histidine tag, MBP (maltose binding protein) tag are familiar in the protein
science for their easy and rapid procedure. The molecular weight of protein is restricted in
NMR analyses. The protein larger than 30kDa molecular weight is not suitable for ordinary
NMR analyses by the reasons of peak broadening and signal overlapping. Thus, it is thought
that affinity tags except for His tag are necessary to be removed from fusion proteins by
protease. GST-tag is beneficial for expression and purification in E.coli. However, some
problems in preparing NMR samples often arise when fusion protein is cleaved by protease
such as thrombin. One of the problems is nonspecific cleavage reaction by protease and

another problem is decrease of the solubility of the protein after removing GST-tag.

The domains of Hex, HNFla, SHARP2 and GATA2 were expressed with GST-tag in
E.coli by the conventional method and purified by gel chromatography to be a single band in
SDS-PAGE. The labeled proteins were obtained in M9 culture with "N-ammonium chloride

and ’C-glucose. NMR measurements were carried out by Varian Inova 500 at 25°C with 10%

of D,O in shigemi tubes. NMR spectral analyses were carried out by NMRPipe and
displayed by sparky software. The protein structure was calculated by Cyana.

NMR spectra of Hex-C were measured without cleaving GST-tag and sufficiently well
resolved signals were obtained. The signals from the backbone atoms of 'H, C and "N were
assigned. In the present study, we analyzed the detail structure and functions of Hex-C, which
is negatively charged and activator domain of the transcription factor Hex. It is also shown
that the C terminal domain of GATA2 interacts with Hex-C. On the other hand HNF1a-POU
domain interacts with Hex-N. The protein-protein interactions were confirmed by SPR

analyses to obtain the dissociation constants of specific interactions.
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Relaxation analysis for clarifying the molecular mechanism of zinc ion
concentration sensing by SmtB, a cyanobacterial transcription factor of
Synechococcus PCC. 7942.

OEugene Hayato Morita"?, Hidenori Hayashi**, Shunnosuke Abe', Takahisa |kegam®

! Faculty of Agriculture Ehime University, Ehime, Japan, 2 Venture Business Laboratory,
Ehime University, Ehime, Japan, ® Cell-Free Sciemce and Technology Research Center,
Ehime University, Ehime, Japan, * Faculty of Science, Ehime University, Ehime, Japan,
% Institute for Protein Research, Osaka University, Osaka, Japan.

In Synechococcus sp. PCC 7942, the smt locus is responsible for tolerance to divalent
cations such as zinc and cadmium. In the smt locus, there are two divergently transcribed
genes, smtA and smtB. The smtA encodes a class Il metallothionein, and the smtB encodes a
trans-acting repressor for smtA expression. SmtB also functions as the sensor for cytosolic
divalent cations, and the relationship between the structural changes of SmtB, induced by the
metal-ion sensing, and the functional regulation of SmtB is still unclear.

To this end, we have measured the T1, T2, and NOE relaxation NMR spectra of each
amino acid congtituting SmtB with/without the presence of zinc ions.  In consideration of
our biochemical results, we have found that in the N-terminal flexible region, the rigid
structure around Cysl4 isinduced by the zinc ion binding with SmtB.
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Real-time monitoring of enzymatic reaction and prion protein-RNA
aptamer interaction

Ayako Furukawa', Tsukasa Mashima', Takashi Nagata', Ryuichi Sugiyama®, Hiroshi Takaku?,
Fumiko Nishikawa3, Satoshi Nishikawa® and OMasato Katahira'

'Grad. Sch. Nanobioscience, Yokohama City Univ., Yokohama, Japan, 2Life & Env. Sci.,
Chiba Inst. Tech., Chiba, Japan, and 3Age Dimension Res. Center, AIST, Tsukuba, Japan.

APOBEC3G (A3G) converts a cytosine of HIV DNA to a uracil through deamination, which
confers anti-HIV activity on A3G. We succeeded to monitor the deamination reaction in
real-time by the use of NMR signals. This method is superior to conventional biochemical
methods to examine the enzymatic reaction in terms of its higher temporal and spatial
resolution. This time, this method has demonstrated that a substrate site located close to a 5’
end of DNA is deaminated faster than that to a 3’ end. This result suggests that A3G
processively deaminates multiple substrate sites through sliding in a 3’---> 5’ direction. The
study on the mode of the interaction between prion protein and its RNA aptamer will also be
presented.
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TTIFx—varPECTWHEFTZ LD BWEMOMECHETE, £V 7 ¥
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A ZDOFERISH L, ASCORISHEDKRE 2 R4 2 F 42 HiE L2 RIcHoW» T
WhET 5,

VTNEALET=Z VT, TVFENIE, TTI~—

S5O0 bHERT, ELEONE, RMREENL, TEREVw IND, < OAL,
WZLbSHI, IZLlhrbatl, ONOBbLESILE



FTTFVAH N TEEFDORNAT T E ~—OMEAERICE L TEZ RO
THLHET D,

(MR ELEE]
DUTILEALEZR) F1Z & BA6D RIGHEKE DR

AGIZE DT 7 I — a VRUGDOIE & 72 DEs & 258 L= 1IARSDNAZ SRS L
7o ZAUCAGHEME ST T I —2a kB hovdhbw T L ~DERIT
i, VRV URRT T UNDOE— T OREE T —THREICL-oTE LT, £
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[1] Furukawa et al., EMBO J., 28, 440-451 (2009).
[2] Mashima et al., Nucleic Acids Res. in press (2009).
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Figure 1. Time-course of the intensity after the addition of A3G. Peaks 1 and 2
correspond to each cytosine in the site located close to either 5’ or 3° end, respectively.
Peaks 1’ and 2’ correspond to each uracil converted from the two cytosines, respectively.
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Sensitivity improvement of NMR spectrometer with cross-bore,

superconducting split-magnet, and cryogenic solenoidal probe coil

OTsuyoshi Wakuda', Kenji Kawasaki’, Y ota Ichiki', Minseok Park’, Hideki Tanaka',
Michiya Okada’, Takamitsu Kohzuma® and Hitoshi Kitaguchi®

"Hitachi Research Laboratory, Hitachi Ltd., Hitachi, Japan.

’Ibaraki University, Mito, Japan.

3National Institute for Materials Science, Tsukuba, Japan.

We have been developing a new NMR spectrometer having two special features; oneis the
superconducting split-magnet, and the other is the cryogenic solenoidal RF coil. We have
successfully completed the magnet development with magnetic fields up to 14 Teda A
cryogenic probe for the novel 600MHz NMR magnet has optimized. Then, a signal to noise
ratio of the novel 600MHz NMR has reached over 8000. In this presentation, we show the
recent achievements on the development of this new NMR spectrometer.

oz 138 A NMR OBR%E % 2003 E ) B 1T > CT& 72, HHANMR OR#IL, A
7y MUBEBR AL YL ) A FRRFaA L TH Y, (kT ANMR 28 2 5HE
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Fig. 1 Appearance and cross-section view of the novel NMR system.
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Spin diffusion for homonuclear multi-spin systems in rotating solids: the
analytical expression of the spin-diffusion rates and its applications
ODaisuke Kuwahara®, Tomoyuki Mochida?®, Kunio Nikki?

YCoordinated Center for UEC Research Facilities, The University of Electro-Communications
2Department of Chemistry, Graduate School of Science, Kobe University

®*Department of Applied Physics and Chemistry, The University of Electro-Communications

In this study, we focused on deriving an analytical expression for the spin-diffusion rate W,
of a homonuclear multi-spin system undergoing MAS. The analytical expression derived here
consists of a dipolar coupling constant and an integral term. The integrand consists of FID
signal functions of two resolved resonance lines among which the polarization transfer takes
place. Therefore, in principle the spin-diffusion rate W, can be calculated without any special
information such as double-quantum NMR spectra. In addition, we presented a new model for
a homonuclear multi-spin system in the solid state. Two applications, in which the analytical
expression modified for this model are employed, are presented. Applications of this
expression based on the new model will be of great utility for elucidating the structure of
various molecular materials in the solid state.

1. ¥

ARG T, v ¥y 7 AR %217 > T 2 BB o RE~E L 2% (H
ZAELR, BCEAE R L) TR DR B EAATR (AR 2
Uiz, AR, PR TREEEROE &G EN DRSNS, FEICE, 20/’
TAEUIEENIEE 5 2 KOLBBMOFIDE S OANEGEENTND. BITAHFIET
i, EERREFORER S A B R E WL OO RICH T D FHlZR A RE
TIEERB LT, Filz2 A RET I EDE THRAXZEE L2, 050
DETEIR IR Z SR 2 Z e N ARE L fe o 7=, A El, Z O LW FiE (F
ROLEAR BT R A RETLVOMAA DY) 2 HWT, EMBEIRERICET
2SR AR OREEZL O, BEO, EEREEHE T —R 7 7 7 4 N—|2R
BLTn-T IV v DRIFBIREEDE #1T-7-.

spin-diffusion, *H, MAS
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W, =—£d [ G(@,7)(fo(2) () + f (0)- 6o (0))dr (1)
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Figure 1. (a) Model system by Suter et al. (b) Model
system presented in this study.

BEOMERIIBNT, ZOPORFEEZ AL RA Fig. 1(@D X 2 ICEEoTE S
ZLIFENTHD. AWFFETI Fig. 1(@Q)ICHATIELD MIChE A#E O JS W FRIFEEE 2% 2
ERETELT, Fig. 1b)EEB L. HAIXS 61T, Fig. 1(b)0dH & TH
de =yinlry (3) &AM RHI2T T, BAX)NEDOEEMRLTH LV ZLEHL
2T LTz,

3. IS ApI (a)
THAFNT 2zt D) TrF 7T UF
J (AR (Fig 2(a) 137 = 1t DR
Z D LT HRRE & RO 72 0 B R &
FEOHBME ThH 5. DABEIRIE, —16°CTHE
EFHEEBZR T2 ERMOLILTNDNR, X
ARG AT TIE AR O RS RIS & B 5
it Bz EmTEmot-. A, oFL ©)
UM TFE (Tb bIEARRK L Frice A e
RETIVOMBE DY) ZHNT, “DiyT&
A%y T ORI B HRM BEBE S MIEEB AT T
0ARAZAT 52 &7, “MHESBIRE T CTAD T
DDVEICEI LT 8.4° EHH Z &7 AL
7=, IS 2 DEERIC W TIE, AT Figure 2. (a) Molecular arrangement in the
THHT 5. complex, based on the X-ray data at 20 °C.

b) Molecular arrangement at —27.7 °C
1] Suter, D.; Ernst, R. R. Phys. Rev. B 1985, 32, ( . >
56]08 5627 y determined on the basis of Egs. (1)-(3).

[2] Kubo, A.; McDowell, C. A. J. Chem. Soc., Faraday Trans. 1 1988, 84, 3713-3730.
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Carbonazation Process of Polypyrrole studied by SS **N NMR
Shigeki KUROKI,' Susumu Kawauchi, ! Junichi OZAKI,' and Seizo MIYATA?
'Department of Organic and Polymeric Materials, Graduate School of Engineering, Tokyo Institute of
Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8552, JAPAN
“New energy and Industrial Technology Development Organization, 1310 Omiya-cho, Saiwai-ku, Kawasaki,
Kanagawa 212-8554, JAPAN)
Tel: +81-3-5734-2581, Fax: +81-3-5734-2581, E-mail: skuroki@polymer.titech.ac.jp

Recently, we developed a new non-precious ORR catalyst carbonized from nitrogen-containing polymers. We
call these materials carbon alloy catalysts (CACt). The CACt combine high oxygen-reduction activity with
good durability. We considered that the nitrogen species contained in CACt are very important for ORR
activity and focused on characterizing the chemical structure around the nitrogen atoms in CACt. Therefore we
synthesized °N labeled polypyrrole (PPY) and pyrolyzed PPY at various temperatures, then measured solid state
5N NMR spectra and XPS spectra. E g 0f PPY pyrolyzed at 900 deg. (PPYFe900) is 0.82V.
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[1]1Bashyam, R.; Zelenay, P. Nature 2006, 443, 63-66.
[2] Ozaki, J.; Nozawa, K.; Yamada, K.; Uchiyama, Y.; Furuichi, A.; Yokoyama, T.; Oya, A.; Brown, L.J.;
Cashion J.D. J.Appl.Electrochem. 2006, 36, 239-247.
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Coordination Number Change of Surface Al Species on AI-MCM-41
Observed by *’Al Solid-State NMR

OToshikazu Takahashi', Katsuyuki Iwanami', Shigenobu Hayashi’, Toshiyasu Sakakura',
Hiroyuki Yasuda'

"Research Institute for Innovation in Sustainable Chemistry, National Institute of Advanced
Industrial Science and Technology, Tsukuba, Japan.

’Research Institute of Instrumentation Frontier, National Institute of Advanced Industrial
Science and Technology, Tsukuba, Japan..

The specific catalytic activity of AI-MCM-41(Si/Al=20) towards cyano-silylation and related
reactions concerning with carbonyl compounds was elucidated by structure analysis using
solid-state NMR methods. A *’Al MAS spectrum of AI-MCM-41 with simple excitation using
15° flip angle showed hexa-coordinated Al species (denoted as AI'").  This signal
disappeared when the acidic protons on the catalyst surface was substituted by Na" through
NaNOs aq treatment.  The re-protonated AI-MCM-41, which was prepared by substitution of
the surface Na* to H' through NH4Cl aq treatment and subsequent calcinations, showed Al"!
signals again. The Si/Al ratio obtained from XRF data showed no apparent change during
these procedures. Amorphous silica-alumina (Si/Al=20) (denoted as ASA20) showed almost
negligible signal around Al1'' region and this feature is not changed during the same
substitution procedures. Thus the catalytic activities of these materials were coincident with
the existence of Al'' species on it. This evidence strongly suggests that the surface Al"'
species is the active site.
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RAHZ AR L, (2008, Chem. Comm., A¥—X) [ Ut T ura L7 v R
— VOSSO LT U bR

3 i OTMS ZH B RERTZEDRHL

PhCHO 4+ TMSCN ARMENAT SN TZ, OIS

(1.0mmol) (1.2 equiv.) CHaClo, it tmin PR CN oy e i 2 -

100% | o Al-0()-Si ok 5 7%
ETHIET D EEZONLMMET o h ) BAMAETHDH Z ERHLNIESN TV D,
Z"A1 MAS Spectra, Al-MCM-41 catalyst, proton exchange

OfemiZL & LinT, WbRBZhodE, (IRLLTDE, S HE LYY, 7
EOAHPE



ZOX S RBERRSE Eo HNIZLIZULIET U B, TV FEM TR LAV IR
BRtEZ R 2 ERMLN TS, L LAROEBE HE2FT 57 ELT 7 AV I A
TF (ASA) (ZIHIE & A ETRMEN RN S 3u7e 0y, AL-MCM-41 i o [E {ANMR 52 5k
Mo, B TR X > TAENIALD S 7 F VR ARL, IR A R K42 &
SN 72D THET 5,

[EBR] AI-MCM-41(Si/A1=20) X F IV h U AF AT vE= AT REeT 7L
—hE LT, aaAAZN UV BETAIVEET N ULDOKBERICE > TEKL,
550°CCHERL L THS7z, R WAE TR, /IMAXKREGELEBRE 1T L 0~ LRI M
MEEEZ SO Z L 2R L-, REMEITH0 n¥/gTho72, FRULEHETT
TL— bR EMZPTICTENANT 7 ALY BTV FASA20% AR LT-, FIEEITHKI160
m’/g T o 7=, BRVEH ONa EHILIM NaNO,KIEHEH C6hY) 7T v 7 A L7=Dh | Aif,
Peidr, WIRIC K o T2, Na' fROHEHRIC OV CTIXIM NHCIKIERF T6 h) 77 v
AL, A, P, SRR D —HEOBREA3ER Y K L ONL R 215, 2 aBEk
LTEE, £ 2006 OEMBEDORTH TS1/ALEEAZ L L TR\ & ZXRFIC X -
THERR L7z, [E{ANMRIZ4mm MAS " &2 — 7 % fifi 2 7=Bruker AVANCE NMR¥: &  (v,"=400. 13
MHz) % Nz, TATOFEHEY)E & L CIM g T L X = o SKEER % FV (0 ppm) . %5
2V AFREEIZ 31T HNutation FEE DIEE ©IT 572, ¥ 7L ZREIZB DT Y
TFNDHNTEBHRYEHEOGFELEZFHT 5 X 91215 2 & Hun -,

[FE5 - Z2] AI-MCM-41 D A1 A7 kL (a) 1213 50 ppmfFUT i PAEIAT (A1Y) | O ppm
FHTIZASENL (A1) OT A I MB35 8 — 7 BRENENHMER S i=, AL-MCM-413%
DOt 1 b ZNa TEBTH LA DNEEAEHEIKR L., ALY 7 FILORBED
(b) o RICZ DZEALDAI'OPEEIC L5 D ERET D & ALOREITEHLE 12 KRIFIC
BKFT2ETHD, EBITIIXRFOFERIZB W THEZRSI/ALLLO LR /R Sz
WD, ZOEBUIERE S, RALPOBRREEZRE TAI A" OB BRI 72 EZE 2 S
HEBR, T ZORENS ., B
ENAHADIFEE A ETRTHAEEN
WZH D ERfmIT b D, WINa @ [ A ALMCM-41(H)
A1-MCM-417% FREEEHL L 7236 L CH37zH

BTNz THD &L AT (g

S FARER LTINS 2 L4 i S ARMCMALRN)
DIND, FTZASA201Z DV T [RIERIZFR Y © AT

L7H (). Na'lk(e) DALY ML e =~ ALMCMA4l(re-H)
L CHR D EL DT BAIMITITE A \

PHAE LA Enbns. AlMe-41 (@) 4 ASA20(H")

DOFRBETEPEIZ DWW TIENa IR 1372 <, |

K, FFHRTZ T S RDIEMEZ FFO 2 &Y (o)

Do TWND, —J7, ASA20 Dl iETE

IIHAR, NafRIZshbo b FIE e AL ; :
WV, ZOZEND, REIZRET HALT e " ppm

CENEWSA FORhREREEL -

LD, ARFIEITE T Rl — - R Fig. 1 “"Al Simple excitation MAS spectra of

L1 A . - Al-MCM41(a-c) and ASA20(d,e). The conditions
HEiT AR R (NEDO) RO T (o) 00

AT of each spectrum are described in the text.

AT Zo

—— ——  ASA20(Na")




3L11 FOoITATY)OUBF Y RILEESRKIZEBITAHFHEMAE

1F F 0 [E{ANMR A2 47
ORARIEM, ME)IIHE—, SR, LI, Joafl, FmEdk
NI

Solid-State NMR Studies on Intermolecular Interactions of lon Channel
Complex Formed by Amphotericin B
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Michio Murata
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Although amphotericin B (AmB) is thought to exert its antifungal activity by forming
ion-channel together with ergosterol, no previous study has directly proven the AmB-
ergosterol interaction. To establish the interaction, we measured solid-state °H NMR using
deuterated sterols and AmB. The spectra showed that fast axial rotation of erogosterol was
inhibited by the coexistence of AmB, whereas that of cholesterol was essentially unchanged
by AmB, thus demonstrating that ergosterol has significant interaction with AmB.

Then, to further confirm the direct interaction between AmB and ergosterol, we measured
13¢-F REDOR using *F-AmB and ‘*C-ergosterol. The results unexpectedly revealed that
the AmB-ergosterol interaction occurs not only in a parallel manner but also in an antiparallel
orientation. Based on these results, we will propose a model of AmB-sterol interaction.
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Fig. 1 2H NMR spectra of Erg-d; in POPC bilayers Fig. 2 2H NMR spectra of Cho-d; in POPC bilayers
a) Erg-d,:POPC = 1:18 a) Cho-d;:POPC = 1:18
b) Erg-d;:AmB:POPC = 1:2:18 b) Cho-d;:AmB:POPC = 1:2:18
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