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11.1 A RXFRBAZERT 4 N7 OALADPASL RAAS OBEEE
CEWHEH OWIBHEIE, Reay Paul, $HARMAKER, EH M,
TRENL T, e

Three-Dimensional Solution Structure of PAS1 Domain of Phytechrome A from Rice
(NIAS) OToshimasa Yamazaki, Paul Raey, Rintaro Suzuki, Nobuya Sakai, Etsuko Katoh,
and Makoto Takano ' '

Phytochromes are dimeric chromoproteins that regulate various aspects of plant development
from seed germination to flowering. The monocot rice plant possesses three phytochromes,
PhyA, PhyB and PhyC, which mediate distinct and overlapping responses to light. PhyA is
primarily responsible for sensitivity to far-red light, whereas PhyB and PhyC respond mainly
to red light. However, the precise mechanism that underlies phytochrome function is not clear
because virtually no information about its 3D structure is available. Here we report
comprehensive NMR studies on a fragment (S601-H740) containing the PAS1 domain of
PhyA from rice. :

1. (ZU®IC : ;
BN TN F—2EBHTHERIEEIICD. ZHAERICED 3 BERRP
CTEEWRE, EYOEARAKIEDIZEAVERMKRBEICLOFEINTNS, REED

ZRBES NEHZAREICLVITONTBY, HREN - BHREAKICHLTIZ 7 4 k
roh, BEAAIHLTEZY SN 70L0E 73 b OB RZOKREIZE-> TN
L2 ENRHENTND, :

T4 "7 OLIEK 125kDa ORYRTF REH2 A THERINSEEEY A I—T,
ERYRTF REIIKE 2DORAAL BT ENS, N K R A1 2 idxaH
ERTHHE Y —EUTHBEEL. C RIERAS V3 TPV BETTF— 7 EFE
ENB2DD PAS RAAS VEERFIVUFF—EHRAAL O THEBRINTNS, 1
RIZIE 3D 7 + k7 0 L5 F(PhyA, PhyB, PhyC)MN7EFET 5, PhyA IdEMR AN 2K
HMUTHABERRRCEBFLT 2EER T« M7 OLADTRTHZDITH L T, PhyB
& PhyC RREIEZBAIL THEMT 2 ZERREINTNDH, (ERAEEOFEMICIT
R ENE N, AR TE. A R PhyA D7 T-HERE 2 B 4 Y500 R &
957202, FONVE-F NV BHEER RAAL > EBEINS PAST A
A >, PhyA(601-740) D ISR E & 70 TEBME 2 NMR {EIC K DRI L 7=, '

F—T— R T4 RUOL, KRS P PAS KA, 1R

BESONZ REITELLEE, WWE—5, §FEDALEZSD, IDNRDRD,
MEDZADI, DRI L



2. RBAE

FRITICH N Z OsPhyA(601-7T40) S FF L RF VBB Y DNV B E L TKBEANT
FEHLL 72 NMR HIFE 1, PN & 5 Wid BC/PN 5% OsPhyA(601-740), 150 mM NaCl, 1 mM
DTT % 20 mM Tris /N 7 7 —(pH 7.2)ICVAMR U 723 BHT D1 T, Bruker #18 DMX750
LT 298 K TfTolz. MAMEEEFREILX XPLOR3.1 ZHWTITo 7, BEBELOOHT
13 Beckman #:8 X1-A 2 AW Tiro 7z,

3. BREEE

PhyA IZDWVWTIE 3 DDF 1 I —FRYA EAREIN TS, TOHHD 1 DR
OsPhyA(601-T4IZEENTND DT, Y, BY VNV BEOF 1 I —HRO 2R
L7z, LR EEIRIC L 2RO D LB ONLBERFPICBIZY I VEDHT
B3 16,800 THV., 70 yM BB TII T/ I —THEET D I ENHSMITI N, &
512, 25 uM~1.6 mM OEEHFE BN TR s Nz HSQC ARY MIVIZfsE
DB B NN ENS, m%wmnmmMMﬁ%Wﬁkawf%/v THAE
THEMEmIND, :
NMR 7 FINERBLEEZ A, 39®%ﬁ@ﬁm%w E672-Q680, V695-V711)
IZBNWT, P70 D cis—trans RAEITREK T2 2D 7 HIVBMBRRISN D T &N
HASMNTIe o7, PT1I0 @ CB, Cyft# 7 k& NOE DN S, APy —E—213
Fo O ABITHEL YA F—E—J R AEKICHFIKTZZ L, I 5T, @HEOE
FEHIL 32 THDZ NN o7z. NMR BEEREANWT. XA Pv —BEEDIE
B 2RE L72(K 1), OsPhyA(601-740)1d 1635-Q735 IZHLBIAY7: PAS R A1 T #EE
EHL. TONMBD S622-E629 13NV v 7 A2 HRT 5 Z ENHASMT I N,

ST FIVAREICEE T S PhyA Z2RADHEHNS, CERMRAAL CRIZTY I/ BiE
BAEIDIEITKD, T4 M OADHHNFHRIEREZREIBNS LTIV
BRHRMITIRAD ZEDHKRNWI AL ABRENE DHEINTNDS, Zhd
DHE 6 DIIERARTHWEY NI BE T ST RXA Y MICERET %, €T, IH
S5DIALAERENAEE LYYy TLEME e WINOREDRL — MG
ERETAIRBEDONDTFEE LECNMNBLTBY, ZOEBENTRO T4 M7 OLKES
HF&EDHEERICBWTEERZE ZH->TNEBDEEZ NS, '

Figure 1. Ribbon representation of
NMR solution structure of ‘OsPhyA
(601-740). P710, showing cis-trans
isomerization, is shown in yellow.
Residues whose replacements lead
4 1o loss of function are shown in
magenta,
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‘NMR structural biology of sugar—reéognizing proteins that determine the
fates of glycoproteins in cells .
(Graduate School of Pharmaceutical Sciences, Nagoya City University',
CREST/JST? GLYENCE Co., Ltd.%)
OKoichi Kato"??
Accumulating evidence shows that carbohydrate moieties covalently linked to proteins contribute
to polypeptide folding, transport, and degradation in cells via interactions with a variety of intraceliular
. lectins, To provide structural basis of molecular recognition of glycoproteins in those systems, we
performed stable-isotope—assisted NMR analyses of bstructures, dynamics, and sugar-binding of the
intracelluiar {ectins, which include the ER chaperonés calreticulin, the cargo receptors VIP36, and the
‘ubiquitin ligase SCF™*'. On the basis of NMR data, the amino acid and sugar residues involved in the
carbohydrate—protein interactions were identified. Especially, inspection of NOE data allowed us to
determine ‘conformations of oligosaccharides or glycopeptides in association with the lectins and to
characterize ligand—lectin contacts at atomic resolution. In those analyses, stable isotope labeling of

the lectins as well as their cognate ligands plays key roles.
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NORRBRATRAT DL Fbot Fig.2 Intra- and intef—molecular NOEs
DR A2 (CRDIEALNT NMR ~ observed for Asn N&H of the

=& B EEBETE T . BERMT glycopeptide interacting with
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FLYT Fbs1 @) CRD EDHEEED "N-edited NOESY ARZMLERIELIFER . COLYFUITIZ00E
BURVEDREBS OHEoT EERABLICHETRNSGFURELLAVAVMEBRL TS
CEMBALMEL DTz, PNGase 13T OF7Y— LD RIENLLIEIV OBOBBESBEOTR
NOIXUBEMUBEREBLTHEEEHETILEXONTOSL, Fbs1 FETFTIEURIILT—H B
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BHY LI KYERRBICH MBI/ WHEEHRMICHERRLTEY, SHICEBE EITRYaE
FFUHERBL T, BEHOEHE PNGase Do RELTLVDHDEERLT=,
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3. A—dLtF4—VIP36 (L DR

H—TLEF2—VIP36 (TRIL NV EZRETIRICE T /—ABBEERETIEHANSNT
WM, R TBITHT AR/ AN A LIZBLTITERALLTRAL AL B KRR TIZTOY
BWNTFI4=FT4— YA 574—ik& NMR FEZRLVT, VIP36 ORERERMF A/ 2/(VIP36-CRD)E
BRGBEEH OBV /—ABEHEOHEERBRE{To1-, TDHR. VIP36-CRD (ZF 7> /—
AEIEHAD Mana1-2Mano1-2Man 45 (D1 P—L)E EICEEL T SIEABHLMNELG ST, DI 7
—LIESZATNIICBNTIU /O —BICEYTIRINAHILEAL, MBANRE ORI LR
pH U TFICHITH VIP36-CRD DOHELEEBEAHEMTLIZ. ZOHR. FSORILDD pH
(pH5.5) Tl& VIP36-CRD [ZEBS ST LBEKEEEA S FRE LICEHTHIEM BN LT,
FRETSXELHGEIZELY . pH5.5 Tl VIP36-CRD &F05 07 DA M TORMEA LRT
BTEDHBALTz, L EDEER LY. VIP36 (F52 AT IS THKIESEEEN LS BHERRLT DI
F—LERBLLE Y /—AEBHEASEIV AVRITHT S MHEEERBLTNSEERLN
%,
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Structure-Function Relationship in Cytochrome c

H.Tai, 8. 1. Takayama S. Mlkaml H. Kimura', H. Mxta S. Nagatomo', J. Hasegawa Y. Sambongl and
QY. Yamamoto' :
'Graduate School of Pure and Applied Sci., Univ. of Tsukuba, “Daiichi Pharmaceutical Co., Ltd.,

3Graduate Sehool of Biosphere Sci:, Hiroshima Univ. :

Pseudomonas aeruginosa cytochrome ¢ss) and a series of its mutants exhibiting various thermostabilities have been
studied by paramagnetic "H NMR and cyclic voltammetry in order to elucidate the structure-function relationship-of
cytochrome c. 'The study revealed that the nature of Fe-Met coordination bond in the protein is crucial for not only
'detemnmng the heme electronic structure, but also regulating the redox function. The stability of the Fe-Met bond
was found to be vital fo pxevent the protein from bemg non—natwe coordination forms to maintain its complete foldmg
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FREARTREE 725, :
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BITEAZL TWVBR, eyt cDALERITE HIT Met gD A AT 2%, 5 —oDEEMIF& LTH D, %
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Fe-Het ﬁAa)ﬁﬁl-ﬁ':L‘ﬂiﬁ'd‘63!‘357?‘5‘1&%@#—‘\' SHAYE—Tay BEHE (Pseudomonas
aeruginosa) BISEDEREEIS h 7 1 b ey (PA) ORI 7 =V I L 2EHER L VB R-—
D NMR 2227 WV Fig 1R, BEE oyt c ONLBIHER L7 = VB (S=12) 2OTE
KEFH 1 2L 270, V7 FAIR~40 — +40 ppn OFEFCERMES 7 M LTEBISh 5, Fig. 112
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DO, FERREALIRREIC T B 2 7 F L0355 — +80 ppm [THIER L. Fh b OIREE ST
Do FIZIBRISNIZ> 7 FNDL 7 Mlb S, FERREACRRBITBEA 7= V8 (§=5R) Th
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‘Fig.l. 600 MHz 'H NMR spéctra of the oxidized form of Pseudormonas

aeruginosa cyt ¢ in the presence of a series of guanidine hydrochrolic acid

concentrations at pH 5.00 and 25°C. New signals due to a non-native
. coordination form were emerging: at about 50 ppm upon unfolding of the

protein.
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Fig.2. Plots of four heme peripheral methyl proton contact shifts,: which
reflect the heme electronic structure, against the dihedral angle, @ which
defines the orientation of the lone electron-pair of Fe-coordineted Met sulfur
atom relative to.the heme (left) and the definition of the ¢ value (nght) S
and Rrepresent two typical @values found in native cyts c.

BB WRUECHBTEML o K i (BT 1M LS, PALRKL HT ORRMRMLE
TV Y, SIAEAR R LR BNIEE AV, FFREE LD DY oT, BB G
k) 1 LB PA. A T R SR ot R,

%m Yamamoto, Y.; Terui, N.; Tachiiri, N.; Minakawa, K.; Matsuo, H.; Kameda,T Hasegawa,] Sambongl,
Y.; Uchiyama, S.; Kobayashi, Y.; Igarashi, Y. J. Am. Chem. Soc. 2002, 124, 11574-11575. Terui, N.; Tachiiri, N.;
Matsuo, H.; Hasegawa, J.; Uchiyama, S.; Kobayashi, Y.; Igarashi, Y.; Sambongi, Y.; and Yamamoto, Y. J. Am. Chem.

Soc. 2003 125, 13650-13651.
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'NMR Studiés of Stereo-Array Isotope-Labeled (SAILed) Proteins:
Towards the high-throughput, high-precision structural determinations
of larger proteins

- Takuya Torizawa', Tsutomu Terauchi', Yuki Iwashita?, Nozomi Sugimori, Akira M. Ono’,
Seiji Tsuchiya', Mayuri Tai', Peter Giintert® and Masatsune Kainosho'?
('CREST/JST, *Graduate School of Science, Tokyo Metropolitan University, SRIKEN GSC)

We have recently developed the SAIL (Stereo-Array Isotope-Labeling) method for proteins,
which allows us to extend the accessible molecular weight limit for structural determinations
by NMR. On SAlled proteins only a single proton is left to be observed on each carbon:
namely, methyl and methylene are replaced by “C'HD, and chiral “C'HD groups,
respectively, and all prochiral methyl groups are stereoselectively replaced with *CD; and
PC'HD,. In addition, aromatic rings are labeled so that 2C and *C can be placed alternately,
and "H attached to *C is replaced with 2H. The latest NMR data collected for some SAILed
proteins with different sizes will be used to illustrate the advantages of this approach in
protein structural determination.
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fE3k D NMR 1280 Tk, 2 T EEIROIEKIT, —RICE b A ST O
BRI SDOLEZLNTEE, LOLERD, By 2ARRCEV TR
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FRBAF OHRANSE B IE X T, AR ERAREREL PR L T3 “SAIL” B
WLz X 5 R BAL A LEMBERTH Y . RO RS L U TR 728
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G) AFLE:3FEOHOA, 2% 2H ICE#RT S,

(i) FuFIARAFAE (Val, Lew) : 2 HO XA FAEIZ, SEBIRMICRAZSE
KEBMEET, (—HDAFALEZ@ITHE-> TEARLL, T~ T
®H % HICEHRT D) )

Gv) HEET I/ BONSER:12C & 8C 2 KEICRE L. CH % 12C2H, 1BCH
LB XD ITEERT B, '

ANE R F — 2 OFNT, SEEEEREICHEREREZBELT S Z &< NMR *
N7 MVEEEE L, SOICREREDORBERUEEZERT LI LICH D, Ralds
HALZAR - BEEAREHAIT B ik, SAIL 72V BEZ VN7 BOHKRT
TBETITOVWTAE TS Z LIRS Lz, SAIL 72V BEshREL . ERH
PEBE DT 2 VR BB R ER B0, KIBEOEMIRY 3y BERRE
BRL, ¥ Uo7 BERIE, BERMKIESRED LA LEEODRILE- 72, =
NZE > THEETIZNWS DD SAIL # V7 BOWBEIT 5 Z ENAlfR L 2o Tz,
SAIL WY =2y (MW, ; 17k) Tk, @O BC, BN —HEEZRILEY 2
L MEEFERS A TH DD 44 %A CHICEHB SN TE Y, 7T AHE 40 %
BHRES N D, EEICME LIz ALY MREORMFHBERIC IS 5 V7P L ORFEIZZ
NI L > TRIBIZEBB S, SHICAFLE, AF L UEEFFRO H, 8C i3tz
KiF7BFREOEREZ2BE L T3 L bR IN T, ZORENDRE L &E
SNFART PVE RO TRIBEOIERBMEY 7 F A b & TRE L, ZOBRIZEN
THEFERIIACV RV EIZRERA 0, HilRBRO/ NVA—7 2 A %R
FE LIz, TNHOREZTIC CYANA T X 25 ST OB IR LT,

FREINED 2 Y OB LT, T ETO NMR TSR E I E S JE 7 12
Lo 4 FREEOZ 37 BI2h SAIL (0@ Z{T->TW\W5, At3gl6450
(M.W.;32 k). MBP (M.W.;41k) & SAIL IEiC X 24T & B TR L, B2
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ILs R FM EHAER £ FIFA U f= hoRNP D & 2/$5 B — 50 4 7 DNA
RU Tat & 2/ B—RNA 7 72 < — D # it AT
("HEERX - REBREER. T - RE, ELT SEgE". NEhg .
RAERTF . KIBHR . 2 LBAE ', BFMN . TEREGF . BHALT .
LRE—". BNI%LAK Penmetcha Kumar’, OFFEA'

Structural analyses of the hnRNP D protein-telomere DNA complex and the Tat pmtein-RNA
aptamer complex with isctope-labeling of nucleic acids ,

(*Yokohama Natl. Univ., 2Kyoto Univ., and *Natl. Inst. Adv. Indust. Sci. & Tech.) Enokizono, Y.,
Konishi, Y., Marunioto, K., Ouhashi, K., Matsugami, A., Tamura, Y., Kudo, M., So, M., Uesugi,
S., Ishikawa, F., Kumar, P. and Katahira, M.

We have determined the structure of hnRNP D protein-telomere DNA complex with the assist of
isotope-labeling of DNA. The structure has revealed that each residue of the d(TAG) segment is
recognized by hnRNP D in a base-specific manner. It is revealed that hnRNP D unfolds the quadruplex
of telomere DNA upon binding. We have also analyzed the structure of the RNA aptamer for HIV Tat
compléxed with a partial peptide of Tat. The mechanism of the extremely high affinity of the RNA
aptamer has been suggested.

ZEFULAIEM L7z DNA R UNRNA 2 ABICFIAT 2F T, UTD 2005 /37 B—#
MEAHICET S MEMRIT 21T,
@hnRNP D 4 2784 B —F 0 A 7 DNA
hnRNP D(heterogeneous nuclear ribonucleoprotein D)E—A{7 12 A 7ELF| DNA R UTRNA IZ
TEAT B UNTET, ZODEBEA FAL Y (BDI RO'BD2) #FLTW3, HxIET
HE T P ALV RUBRE KA A ¥ OB 284 LTE2(1-3), 4EIXT 7 2 7TEFI
DNA (TTAGGG) & BD2 DEEHEDHEEL NMRIZ & Y RE L7z(4).

FRNTM Y, BAEIZIIT D DNA OV 7 FABNRE T PR NEHT L., 2 CRERNL
BIEH L7- DNA Z RVWTRRIT L7 L 2 A, R EOHIBHENS, F N7 BELHAEEALT
WA ERA TIEIRAYIZIEAR L TWBENHIE L, BBRO HSQC 7 F A2 I L THEEE
DOBREHEEBRE LI-BR. TXTCOKBRY S TARBRITE S L3110k, BITNETT
5X9lol, £727 1 A7 DNA RBABEHRT 5 L BUOT-HEL L 28, bEARD
EMEECEA SN BEOEGRBIER D E<HELRPoT, —F7 ) —0OT AT
DNA DRBIZBEOEEBRBIEICL S TITOBER TE2ERO»P o7, TITDNAZDL
FHBRICMA T 7 Y —00 DNA ZEEPICHESE, 7 Y —DHRiR & WEEOILRIROM
ORELr— 7 ZFFTIET, BAKIZEITA7T AT DNA DRBEITI,

70 A7, nRNP, Tat, 77 ¥ ~v—, KRHE

ZOEXFOLLIHE, ZILwE, 5L E0ET, BBRELELL, Eo0B8HHEESX,
Febw it K E3BRBbI, FHAT, HIXTEETONL, WLPDSYPE, Penmetcha
Kumar, -OHEX L



BD2 /3 d(TTAGGG)®D T2,A3,G4 O 3 BE L ZITHEERA L TWB I RS hoT-, T2 D
#13 Y244, E253 B OVK255 OIS L ABREEER LT, A3 BG4 O EITE £F185
BEOF27 L A Z X THEERZ LT, 7 A3 OEEIT A257 R U M258 & B4R
BEER%E, —F G4 DL KI83 DRIGR T M258 DEH L AKREETR LTV, G4
WKELTE, VoBELoREMEERLRLN, BAICHEET 32 L aEEEmIcSH»
DT I/ BIRERT oV RESICEBR LULER BD2 2B L, (TTAGGG) & DREE % 4
N7 METHT LTz, $£72 (TTAGGO)D A3 RINGE 384G L ACBHRLE-ZRT 1 A
TELF DNA & B4R BD2 OfEE bRIBRKICHEN Lz, TORE, WTFhoEREL B4R
AREAMET L, REShIMEERRRSRIE - R Shi,

7T ATEHIO DNA ZEBNRA A UVRET T, BRI 4 EFHEELZ R T 5, mRNPD

BEEBRICHE > TZDAEEE TV 7 =N FTIERHEERL Y Hdvote, ZOTE

MEFIF LT DNA T 2 0F v~y b LTE< BT, nRNPD IEF o A 7 {8 24

L TWBAREMER B D (4, 5),

@HIV Tat B2 i89 E—RNA 7 FA T — _

HIV OFfI & R0 B THD Tat ik, V4 VABREBEFOBREOMHICEK SN S TAR &
12 RNA BIIC BT 5 2 & T, ZO%OBETHRRS 2 IRET 2, RBRENS Tk
2LV Tat # N2 BT 5D RNA 77 E<w—BELN, 20O RNA 77X < —LFKRD
- U A/VAD TAR RNA (ZEA Tat # 37 BHIZxb3 B A8 100 fFRk & v, ZOWEZF|
ALTTatZ RV BH ZORNAT 7 E v —Z Lo TH#RT % & . Tat # > 737 B3I TAR RNA
ICEATRENTED, BENIZY A VADBREBETORBES/MEI SIS = LSl
RAZINETCE T PR LEMART I S CHETAF=UTIRERNAT I Ev—LD
BEEOWEELRE L TE(6, 7) SEITLVREMNRT T/ L LT, Tat # L7 ED
RNA #EA BN OIS _TF FTH5H RKKRR # i) RNA 77 % < — L DS IEOMRT 21T
277 :

RNA DEERNLAIRSE £0> UIoKBRES OBITED 5(7-9). RKKRR DM &> T
RNA 773 < —C RERBEEBBECDE B hoTr, ETAX=T I FIZRNAL
HFHIY 2 5 TFHEE LIZOWHR L, RKKRR IZRNA 774 ~—1 3T b7 0 1 9FOHFE
BTHZERGhol, RNA T7E—IZIZ EF2o00F U I7EEG AL U Bd 5,
RNA & RKKRR D43 FE NOE ICES& | EIOFEE N A A »IZid RKKRR @ N KRR,
—FOTFROFE FAA L2 RKKRR @ C RS LTWBE 2 ERlbhot, EFO
A RAA LV TTat Z I EDRRB 2ODT N = BE L RABICHEST 52 & T.RNA
T dEmOEIMERREL TR LB OND, FHAREEERBRRXERERELT
WHEZATHS,

(1) Nagata et al. J. Mol. Biol. 287, 221237 (1999). (2) Katahira et al. J. Mol. Biol., 311, 973-988
(2001). (3) Miyanoiri et al., J. Biol. Chem., 278, 41309-41315 (2003). (4) Enokizono ef al. EMBO J.,
submitted (2004). (5) Fukuda et al., PNAS, 99, 12685-12690 (2002). (6) Yamamoto ef al., Genes to
Cells, 5, 371-388 (2000). (7) Matsugami et al., Structure, 11, 533-545 (2003). (8) Matsugami e? al., J,
Biol. Chem., 278, 28147-28153 (2003). (9) Sotoya et al., Nucl. Acids Res., in press (2004).
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NMR IN DISEASE DIAGNOSIS AND TREATMENT MOTORING

C.L. Khetrapal and G.A. Nagana Gowda

Center of Biomedical Magnetic Resonance
Sanjay Gandhi Post Graduate Institute of Medical Sciences
Lucknow-226 014, India

The use of High Resolution NMR for the diagnosis of Bacterial Urinary Tract Infection
(UTI), diagnosis and patho-physiology of Malabsorption Syndrome (MS) and assessment
of liver function will be illustrated. Detection of the P. aeruginosa bacteria in UTI
qualitatively as well as quantitatively is shown from nicotinic acid metabolism using 'H
NMR. In the diagnosis of MS, estimation of D-Xylose by colorimetric method is normally
employed. However, such a method is non-specific and requires various chemical steps
and they account for possible large errors. For such cases, the use of high resolution
NMR is proposed and its definite advantages demonstrated. The utility of proton NMR
spectroscopy in the assessment of liver function will be presented by monitoring serum
and urine glutamine and urine urea. The studies demonstrate the potential of NMR as a
future tool for the routine diagnosis of diseases and treatment monitoring.

Introduction

Applications of NMR in biomedicine have grown exponentially during the past nearly
over two decades as Magnetic Resonance Imaging (MRI). MRI as a disease diagnostic
modality has surpassed conventional methodologies in many aspects. Although NMR
spectroscopy, unlike MRI, has the potential of providing information on a wide range of
biological processes at molecular levels, its potentials in biomedicine have not been fully
exploited. While in vivo spectroscopy applications to humans are still constrained by the
problems associated with sensitivity, resolution and shorter T, relaxation times, in vitro
applications to human specimens such as body fluids do not suffer from such constraints
and hence it is possible to study them in high and more homogenous magnetic fields.
With this in mind, application of high resolution NMR spectroscopy to body fluids in the
diagnosis of diseases has been undertaken and the results are presented here in.

METHODS
Bacterial infection

Nicotinic acid metabolism experiments were performed on the common bacterial strains
causing UTI Bacterial growth media were prepared by addition of nicotinic acid in
sterile urine and bacteria. The media were divided into two parts. One part was used for
counting bacterial cells by growing them on MacConkey agar medium on culture plates
and counting the colonies grown after incubation. The other part was kept for incubation
at 37° C with shaking at a speed of 150 rpm, for 6 hours. Subsequently, the bacterial
suspensions were removed and the supernatant parts were subjected to NMR experiments.



For quantification purposes, NMR experiments were performed on the bacterial media of
P. aeruginosa varying from about 10’ to 107 cfu/ml. Control samples in triplicate
(without bacteria) were also made under similar conditions and subjected to NMR
experiments. Experiments on the uring samples from 30 patients of P. aeruginosa
infection were also performed. Nicotinic acid was added to the urine, incubated at 37° C
and the supernatant was taken for the NMR experiments as explained above in the case of
standard bacterial strains. "

Malabsorption syndrome

Thirty-five patients with suspected malabsorption syndrome underwent conventional
medical tests such as total serum protein, albumin, blood hemoglobin, upper
gastrointestinal endoscopy and duodenal or jejunal biopsy. Pre-test urine specimens were
collected from patients after overnight fast. The post-xylose test urine samples (after-oral
injestion of xylose) were collected for the first five hours after administration of D-xylose.
The post-xylose specimens were used to estimate excreted xylose using colorimetric and
NMR methods, independently. The 'H NMR experiments on post-xylose test urine were
performed with water suppression by presaturation. In vitro experiments were also
performed on standard solutions of xylose in the presence and absence of glucose using
colorimetry and NMR under identical conditions for comparison of the results.

Assessment of liver function

The Serum and urine samples of the seven patients undergoing liver graft were collected
on one day before and at every 24 hrs after the transplant till the patients were discharged.
The samples were subjected "H NMR experiments. Assessment of liver graft was based
on biochemical parameters obtained from conventional method.

Results and Discussion
Bacterial infection

In the spectra of P. aeruginosa media, Nicotinic Acid (NA) signals were totally absent
and, simultaneously, new set of signals were seen. Using two-dimensional experiments,
DQF-COSY and HMBC, the new set of signals in the media of P. aeruginosa were
assigned to 6-hydroxynicotinic acid (6-OHNA). '

Pseudomonas group of bacteria metabolize NA giving rise to 6-OHNA as follows:

COOH COOH
= l H,0 P2 = |
~ N ~
H
Nicotinic acid . 6-Hydroxynicotinic acid

Therefore, addition of small quantity (about 1 mg/ml) of nicotinic acid to the urine
specimen containing the microorganism P. aeruginosa yields 6-OHNA after incubation
for about 6 hours.

Analyses of the NMR spectra of the bacterial media with variable cell count of P.
aeruginosa strain showed that the intensity of nicotinic acid signals gradually decreased,
while, the intensity of the signals of the 6-OHNA increased with increasing number of



bacterial cells. The spectra of the other bacterial media showed that they do not
metabolize nicotinic acid. This suggests that only P. aeruginosa metabolises nicotinic
acid among the bacteria causing UTI and thus nicotinic acid metabolism is spec1ﬁc to P.
aeruginosa. Twenty nine out of 30 patients of UTI showed metabolism of nicotinic acid
to 6-OHNA as observed by the reduction of the 1nten51ty of nicotinic acid signals with
concomitant appearance of 6-OHNA signals. However, in one of the samples, 6-OHNA
could not be detected under similar conditions owing to its'less ‘concentration. The
concentrations of 6-OHNA determined from the NMR ‘spectra for 29 patients were in
good agreement with that obtained from conventional method. Thus from a single NMR
experiment, the identity of the bacteria as well as the viable bacterial count could be
obtained. :

Malabsorption syndrome

A comparison of the clinical parameters and the values of D-xylose from colorimetry and
NMR ‘estimated in urine excreted after ingestion of 5 g D-xylose with or without a
definite diagnosis of malabsorption syndrome showed that the Quantity of D-xylose
estimated in same urine specimens was higher with NMR than colorimetric method. The
colorimetric method showed errors up to 20 % compared to the NMR technique which
showed errors up to 7 % only. The large errors from ‘colorimetry are attributed to
temperature, time and photo stability of the colored complex employed for the test. The
results also explain why colorimetry significantly underestimates quantity of D-xylose
excreted as compared with NMR in the same urine specimens.

D-Xylose estimation was also carried out in presence of glucose using both colorimetric
as well as NMR methods.- There was no significant difference between the xylose
estimated in the presence of glucose using NMR method. On the other hand, in the
colorimetric method, the presence of glucose interferes with the quantification of the
xylose concentration leading to misleading results. Thus colorimetric method may pose a
serious problem in uncontrolled diabetic patients.

Assessment of liver graft function

Seven cases of liver transplant were studied. In cases with liver graft dysfunction; serum
glutamine increased to abnormal levels along with simultaneous abnormal excretion of
urinary glutamine post-transplantation. High levels of glutamine in both blood and urine
and concomitant reduced urea levels in urine were found to be evidence of impairment in
urea cycle and compatible with persistently abnormal graft dysfunction. Thus glutamine
levels in serum and urine and urea in urine as observed by proton NMR spectroscopy
highlight their important roles in monitoring llver graft function; increased glutamine
levels lead to brain damage if untreated.

Conclusion:

The studies demonstrate the potential of NMR in the diagnosis of diseases and
monitoring of the treatment. During the next few years, it appears that NMR may
establish itself as a routine technique for such purposes.
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Development of a Novel Signal Assignment Method for
Large and Less Soluble Proteins
Mitsubishi Kagaku Institute of Life Sciences (Ml TILS)
Toshiyuki Kohno

NMR methods have been developed rapidly, and we can now automatically assign NMR
signals for small soluble proteins. However, it is still difficult to assign NMR signals of large,
less soluble, and unstable proteins. To overcome these drawbacks, we have developed a
novel assignment method. With this method, we can now assign all the NMR signals of large
proteins at 100 — 200 uM concentration, only with 2D NMR measurements. Furthermore,
this method may be applied to proteins which are not stable to be analyzed by long 3D NMR

measurements.
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Infrequent cavity-forming fluctuations in HPr from Staphylococcus carnosus revealed by pressure and temperature-dependent
tyrosine ring-flips. ; : . :

Mineyuki Hattori', Hua Li', Hiroaki Yamada?, Kazuyuki Akasaka'", Wolfgang Hengstenberg’, Wolfram Gronwald’, Hans
Robert Kalbitzer’ S
'Department of Molecular Science, Graduate School of Science and Technology, “Department of Chemistry, Faculty of
Science,.Kobe University, Kobe; Japan. *School of Biology-Orientéd Science and Technology, Kinki University, Wakayama,
Japan. *Ruhr-University Bochum, Dept. of Biology, Bochum, Germany. “University of Regensburg, Institute of Biophysics
und Physical Biochemistry, Regensburg, Germany.

Infrequent structural fluctuations of a globular protein is seldom detected and studied in detail. One tyrosine ring of HPr from
Staphylococcus carnosus, an 88-residue phosphocarrier protein with no disulfide bonds, undergoes a very slow ring flip, the
pressure and temperature dependence of which is studied in detail using the on-line cell high pressure nuclear magnetic
resonance technique in the pressure range from 3 MPa to 200 MPa and in the temperature range from 257 K to 313 K. The
ring of Tyr6 is buried sandwiched between a B-sheet and o-helices (the water accessible area is less than 0.26 nm?), its
hydroxyl proton being involved in an internal hydrogen bond. The ring flip rates10' ~ 10% s™' were determined from the line
“shape analysis of H%"® and HE2 of Tyr6, giving an activation volume A¥* of 0.044+0.008 nm® (27 ml mol™), an activation
enthalpy AH* of 89410 kJ mol™' and an activation entropy AS! of 162 JK"' mol”. These 4V* and AH* values for HPr and
others found previously for Tyr and Phe ring flips of BPTI and Cytochrome ¢ fall within the range of AV* of 28 to 51 ml mol”!
and-AH* of 71 to 155 kl'mol!, The fairly common 4V* and AH* values are considered to represent the exfra space or cavity
required for the ring flip and the extra energy required to create a cavity, respectively, in the core part of a globular protein.
Nearly complete cold denaturation was found to take place at 200 MPa independently from the ring reorientation process.
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Figure 1. The three-dimensional structure of HPr from S.
carnosus.  The lowest energy structure of HPr from S. carnosus
[5] is depicted, the aromatic residues are highlighted. In addition,
NOE-contacts of the hydroxyl proton of Tyr6 are indicated.

3MPa

313K 188,000
308K 84000
303K 535600
T Hn s o
285K T AR
248K 4,300
275K 15es
70 68 86 64 62  BO ippm (a)
a4
s 278K
IPa 1580
o e
SOMPa 22008
i
100MPa 18158
v 160MPa 1900
3 H 200MPa 80k
/ S, NI S St b
80 fppm ( ) .

7.0 6.8 [ 64 6.2

Figure 2. Simulation of the ring dynamics of Tyr6.

The line shape of the H“-resonance(s) of Tyr6 were fitted with
the program WinDNMR. (a) fit of the experimental data recorded
at 3 MPa at various temperatures and (b) at 275 K and various
pressures.
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Molecular aglignment tensor determination by orientation-induced TROSY shift changes

Hiroshi Moriuchi, Takao Yokoyama, Nobuyuki Kasai, and Shin-ichi Tate!
Biomolecular Engineering Research Institute (BERI)

Abstract

We present a new NMR technique for determining the alignment tensor of a weakly aligned protein
using only alignment-induced °N transverse relaxation optimized spectroscopy (TROSY) chemical
shift changes. Alignment-induced TROSY chemical shift changes reflect the combined contribu-
tions from two different anisotropic spin interactions including the residual dipolar couplings (RDCs)
and the residual chemical shift anisotropy effects (RCSAs). We show here that these two residual
anisotropic spin interactions’ values, encoded in the TROSY chemical shift changes, can be used to
determine a weakly aligned protein’s alignment tensor. To prove the significance of this method, we
show that our TROSY-based analysis gives the consistent alignment angles with those determined
using RDCs for *N-labeled ubiquitin (8.6kDa) in an aligned medium, within an uncertainty range
estimated by considering experimental and structural noises, being 5 degrees at most. Its application

to larger proteins will be presented.

Introduction -

The inclusion of anisotropic spin interactions, particularly residual dipolar coupling (RDC), in macro-
molecular solution NMR experiments provides useful techniques for protein structure analysis. A notable
RDC application, which gives global structural information by incorporating all bond vectors into a sin-
gle alignment axis system, is the determination of the relative orientation of domains or subunits in a
protein. For this application, starting with the X-ray coordinates of a protein, the RDCs are then used
to reorient domains or subunits and, by doing s0, the technique provides a rapid means of establishing
an average solution structure of a multi-domain or multi-subunit protein. This RDC-based approach is
useful when determining the solution structures of large proteins composed of domains or suBunits, and
especially when the quantitative elucidation of a structural change caused by, for example, ligand binding
is sought. However, the presently available experiments to measure the RDC, which are all basically
F;-coupled HSQC spectroscopy, should not be applied to multiple-domain proteins or proteins éompdsed

of subunits that have a molecular weight of typically more than 40 kDa. This molecular weight limitation

L Keywords : NMR, residual dipolar coupling, chemical shift anisotropy, bicelle
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is the practical drawback for RDC experiments when attempting to assess the relative orientations of a
protein’s domains or subunits.

For large proteins, the upfield 15N-1H doublet component in an F;-coupled HSQC spectrum is broad-
ened to reduce spectral resolution and its intensity is concomitantly weakened as a result of interference
between 'H-15N dipolar coupling and 3N chemical shift anisotropy relaxation mechaﬁism. On the other
hand, the downfield 1*N-'H doublet component remains sharp and intense even in the spectra of large
proteins. This downfield component is the 'H-coupled analogue, along-'H dimension, to that which is
observed in TROSY experiments, where the narrowest of the four possible heteronuclear-multiplet compo-
nents is selected. Because the RDC is measured by the alignment induced modulation to ' Jyg appearing
as difference in frequency between the doublet components in a Fy-coupled HSQC spectrum, the rapid
transverse relaxation of the upfield doublet component severely limits the accuracy of the RDCs for large
proteins. In our approach, you need only to measure the orientation induced TROSY shift changes along
15N axis, which contain two contributions from the RDC and residual cﬁemical shift anisotropy effect
(RCSA). Therefore, you can take full advantages of the TROSY in measuring 1H-15N correlation spectra,
for high molecular weigh proteins. In this presentation, we are going to evaluate the significance of this
method using ubiquitin. We will also present its application to larger proteins to determine their relative

domain orientation in solution.

Method

The orientation dependent TROSY N chemi-
cal shift change, AJ'®N(trosy), includes two differ-

isotropic staie aligned state
ent types of anisotropic spin interactions; the resid- 0O
ual dipolar coupling, !Dyg, and the orientation in- 0O
duced 5N chemical shift change from the isotropic 4
chemical shift or called as the residual chemical shift ‘4 —;v———~j AN RES
anisotropy, §'3N(csa) (Figure 1). Assuming the uni- § o e —
form 1°N CSA tensor values (amplitudes and relative 'g _ é o Dy 12
orientation angles) to all N nuclei in a protein, we P : ‘
can calculate the 8'°N{csa) from the fixed protein co- b

ordinate. By properly scaling the contributions from

Dyy and 6'5N(csa), the Ad*®*N(trosy) can be for-

mulated as follow with the direction cosine of each :

NH bond vector and chemical shift tensor elements ~ Figure 1: Relation of the RDC and A§'*N(trosy)

expressed in an molecular frame:

A(slsj\r(t'roe:y) = anh + AJls-l\f(csa)
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where qb?h is the angle of the NH bond vectro relative to the ith molecular axis and §;; are the elements
of the chemical shift tensor expressed in an arbitrary molecular frame of the nucleus. And Sj; is the
Saupe order matrix elements to define the molecular alingment relative to the magnetic field.

The above equation can relate the experimentally obtained A& N(sosy) and the values obtained
from. the fixed coordinate and assumed N CSA tensor values via the Saupe order matrix elements. By
. the singular value decomposition (SVD) of this matrix consisting of the values from the coordinate, we
. ¢an. determine the all elements of the Saupe order matrix, finally giving us the alignment tensor of the
molecule or the local structure unit in a.molecule. Therefore, solely from the orientation induced TROSY

signal change along !°N axis.

.Result . -

In the present work, we compared the alignment tensor values determined under various assumptions to
- address the following questions in using this approach. 1) How effective is the quality of the reference
coordinate in the TROSY based alignment tensor analysis; RDC based refinement is essential to obtain
the accurate alignment tensor? 2) The consideration of the RCSA contribution to the TROSY is essential?
3) How dependent are the resultant alignment tensor angles on the variation of input **N CSA tensors.
The compared data are listed in Tablel. We shortly summarize the results below.

e Considering the experimental noises in measuring peak positions and the structural noises repre-
senting local fluctuation of NH bond vector, which are assumed to be in random precession in a
cone with tilted angle by 5 degrees, from its original orientation, these noises essentially, determine

the uncertainties. In terms of the alignment angles, the uncertainties are 5 degree at most.

e The RDC refinement is not essential to determine the alignment angles within the intrinsic uncer-
tainties, although the direct use of the X-ray coordinate with proton attached showed significant

reduction in the quality-factor of the resultant tensor.

e Although the contribution of RCSA is less than that from RDC to TROSY, it can not be ignored in
determining the alignment tensors. The resultant alignment tensor angles, with ignoring the RCSA

terms, were out of the uncertainties.
We are now working on the application of the method to proteins with multiple domains to determine
their relative domain orientation in solution. The results will also be mentioned in the presentation.
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Table 1 : Alignment tensor magnitudes and orientations in 15N labeled ubiquitin determined from A8trosy values with various 13N CSA tensors.

Results ‘ Euler angles / deg.
[ref] Ac/ppm V) n? B/deg.®  Azz 9/104 Ayy/104 Axx/104 a B Y Q-factor ©
AStrOsY(1.02A) -168.124.3  0.19+0.02 17.7+£0.5 -9.48+1.89  7.79£1.56 1.69+0.40 82.1+4.9 74.0i2.4 72.9+£2.9 0.43+0.04
ASrrosy 1.04 A) -158.5+4.1  0.19+£0.02 17.7£0.5 -10.10£1.90  8.30+1.57 1.80+0.41 82.0+4.5 73.9+2.3 72.8+2.8 0.43+0.04

‘ RDC-str.(1.02 A) -166.9 0.19 17.7 -10.66 8.82 1.85 80.9 73.2 73.0 0.29
RDC-str(1.04A) -157.5 0.19 17.7 -11.30 9.35 1.96 80.9 732 73.0 0.29
X'ray‘str(l.OZA) -166.9 0.19 "1 -10.77 8.67 2.10 79.0 75.7 ' 71.3 0.38
X'ray'str(1.04A) -157.5 0.19 17.7 -11.42 9.19 ‘ 2.23 79.0 75.7 71.3 0.38
Liq.NMR-1 -162.5 0.19 20.0 -10.98 9.03 1.95 81.4 73.3 72.8 0.27
Liq.NMR-2 -174.4 0.15 18.7 v -11.70 9.56 2.14 822 73.3 72.7 0.27
Solid NMR-1 -168.8 0.22 24.5 -10.07 8.22 1.84 82.0 73.4 72.5 0.27
Solid NMR-2 -15L.5 0.02 18.6 -10.83 9.03 1.80 80.8 73.6 73.8 0.31
Solid NMR-3 -164.4 0.06 220 -10.53 8.68 1.85 81.8 73.6 73.3 0.29
Average -164.3+8.5  0.13%=0.09 20.8+£2.5 -10.82£0.60  8.90+0.50 1.92+0.14 81.6+0.6 - 73.4+0.1 73.0£0.5 0.28+0.02
RDC derived -13.28+0.27 10.98+0.27 2.29+0.15 82.5£1.3 74.9+1.0 74.9£1.0 0.14+£0.01 .
RCSA ingored -5.98+0.15  5.20+0.14 0.78+0.08 75.8+1.5 74.8+1.2 73.3x1.3 0.55+0.02

1Ac = o11 — (o22+0633)/2. 11, G22, 633 values are the 15N CSA tensor components.
2) 1 = [(Gint — Omin)/omax], where the subscripts maximum (max), minimum (min), and intermediate (int) refer to the absolute magnitudes
of 611, 622, Os3.

3) The angle P is defined as the angle between the c11 axis and the NH bond in a peptide plane.
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Conformational study of membrane-active antibiotics in bicelle
using high-resolution NMR
(Department of Chemistry, Gradient School of Science, Osaka University)
O Atsushi Morooka, Nobuaki Matsumori, Michio Murata

Although there are many membrane active compounds targeting at biological membrane and membrane
proteins, the general way to define the conformations of the membrane-active compounds binding to
biological membrane is not yet established. In order to develop a method for the conformational studies in
membranes using solution NMR, we employed phospholipid bicelles as a membrane bilayer model. The
compounds in small, unoriented bicelles gave high-resolution NMR spectra allowing measurements of the
coupling constants (Jiy) and NOEs. Here we present the conformations, orientations, and locations of
erythromycin A and salinomycin-Na complex in bicellles
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Large Bicelles Small Bicelles

Erythromycin A Salinomyci_n-Na
Fig. 1 Oriented and unoriented bicelles.  Fig, 2 Structures of erythromycin-A and Salinomycin-Na'salt.
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Reference

Comparison of .y (H2)

inCOCl, D0 “Bicelle
H2.H3 95 79 83
H3-H4 15 15 13
He-HS 75 (1] 98
H7g-H8 24 38 23
W7g-HE . 117 87 119
HI0-H1 13 12 03
Hi3-Hl4a 24 24 10

H13-H148 110 107 14

Calculation
MMFFs force fiald
MCMM/Low conformational search
43 NOEs and 8 “Wu.#
RMSD=~<0.41

Fig.3 A superposition of 14 conformations of erythromycin-A in
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Fig.4 a) Schematic representations of positions of
the paramagnetic agents in bicelles, b) the depfh
along  phosphocholine and erythromycin-Av
molecules affected by each paramagnetic probe.
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[3]1J. R. Everett, J. W. Tyler (1987) J. Chem. Soc. Perkin Trans. Il, 1659~1667

[4] F. Commodari et al. (1998) J. Chem. Soc. Perkin Trans. IT , 1947~1956

[5]1J. Villalain et al. (1996) Eur. J. Biochem. 241, 586-593.
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Direct analysis for the conformation and dynamics of proteins in living cells
using In-Cell NMR spectroscopy.
“Masatoshi Yoshimasu!l4, Tsutomu Mikawal,2~3>4; Yoshitomo Kataokal234, Nobuhiro Hayashi®
Takehiko Shibatal.234 and Yutaka Ito!234
" 1.Cell & Mol. Biol. Lab., RIKEN: 2 Res. Gp. Bio-supramol., RIKEN; % Grad. Schl. Integ. Sci.,
Yokohama-City Univ., + CREST/JST (Japan Science and Technology),  Fujita Hlth. Univ.

In vivo detection of structural information of proteins is strongly required for the explicit
understanding of structural basis of their functions in living systems. Recent developments of
NMR spectroscopy allowed us to observe high resolution heteronuclear multi-dimensional NMR
spectra of an overexpressed protein inside living cells. This “In-Cell NMR” method can be
potentially applied for detecting a variety of structural information including posttranslational
modifications, conformational changes; and interactions in living systems.

In this presentation, we report our recent applications of In-Cell NMR to several proteins
overexpressed in E. coli cells. We also describe the evaluation of conditions for sample
preparation and the optimisation of parameters for In-Cell NMR measurements. Furthermore,
future perspectives on the methodological developments for resonance assignments, detection of

protein-proteins interactions, etc. will be discussed.
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figure 1

SDS-PAGE - (15- 25%) of NMR sample. The
letters “M”, “C’ and “S” correspond  to
“Molecular we1ght marker”, “2 pl of Cell lyste
dissolved in 100 pl Bugbuster™ (Novagen)
with lysozyme” and “2 pl of Supernatant of Cell
suspension solution”, respectively. And
numbers above the “C,S” symbol meant times
after sample preparation.
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figure 2 .
1H/15N-HSQC spectra of scMrel11-C. (a,b,c) £. coli cells grown in M9 medium including 3NH4Cl
and 1 mM IPTG (scMrell-C expressed cells) (a), E. coli cells grown in M9 medium including
15NH4C1 (no protein expressed cells) (b) and 0.1 mM of 1*N-scMre11-C containing 50 mM potassium
phosphate, pH 6.5 (¢). The total acgsition times for two In-Cell NMR spectra (a) and (b) were
approximately 20 min each, collecting 64 X 512 complex points along t: and te, respectively. All of
In-Cell NMR spectra were acquired at 310K on a Bruker DRX600 spectrometer with CryoProbe™,
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Selectlve Populatmn Transfer Spectrum of spm systems chosen by DPFGSE
Jun UZAWA and Shlgeo YOSHIDA
Plant Science Center RIKEN(The Instltute ofPhyswal and Chemlcal Research)

‘ A new pulse sequence is proposed for the determination of scalar coupling
correlation in small- or medium-size organic compounds. The method is uses a
‘combination of the double pulsed field gradient spin echo (DPFGSE)-and: the
selective population transfer (SPT) techniques and is shown to be useful in the
analysis of complex spectra-with: many overlapped signals. The usefulness of-this
method in the structural elucidation of natural substances is demonstrated using

strychnine and other sample’.
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Figure 1 (A) DPFGSE-SPT pulse sequence. The phases are cycled as follows: pl = (x,-x),
P2 = {2(x),2().2(-x),2(-y)}, P3 = {8(x).8(), 8(-x),8(-y)}, acq = 2(X,X,X,X), 2(-X,X,%,-X).
The phase cycle pfovides a-difference mode. The PFGs are Z-axis gradients, all 1 ms in
duration and with the following levels: G1 = 32, G2 = 28, G3 = 14 gauss/cm. The soft 180°
pulses are Gaussian shaped, between 15 and 33 ms in length, the duration depending on
the target region being selected. The selective excitation period time (P12) was between 50
and 200 ms. The RF field strength (yB,/2x) is between 1.4 and 5.0 Hz.
(B) Structure of strychnine. Ha are higher field signals and Hb are lower field signals.
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Figure 2 (a) 400MHz 'H spectrum of strychnine. (a’) represents enlargement of region
3.06-3.38 ppm. The label b, ¢, d, and e indicate the SPT-irradiated positions. (b) Result

of the DPFGSE-SPT-irradiation at position b. (¢) Result of the DPFGSE-SPT-irradiation
at position c. (d) Result of the DPFGSE-SPT-irradiation at position d. (e) Result of the
DPFGSE-SPT-irradiation at position e. TheAgauss pulse width, SPT RF irradiation strength
and P12 are 25ms, 3.8Hz(yBg/2n) and 130ms, respectively.
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1L13 Maximum Entropy reconstruction to increase sensitivity and resolution
("University of California. San Francisco, ~BED M) OEIEEM

(]Ulli\'ersit}' of California, San Francisco, ‘Ajinomoto Co.) ONobuhisa Shimba'’

ABSTRACT : Homonuclear “C-C couplings can significantly reduce the sensitivity and resolution
of multidimensional NMR experiments. In this presentation, we will show that post-acquisition
deconvolution of the spectra with a Maximum Entropy algorithm can be superior to experimental
decoupling. The method is very robust, does not introduce shifts of the resonance positions and

simplifies the measurement of NMR experiments, such as HNCA' and "°C direct detection”.

NMR studies of protein structure, dynamics, or intermolecular interactions require the assignment of
the. polypeptide backbone resonances. Scalar couplings between backbone nuclei provide the
infbrniation necessary for sequential assignment, but they also present experimental difficulties by
splitting resonances, decreasing both resolution and sensitivity. A number of methods, including
composite pulse decoupling®* and adiabatic decoupling™®, can be used to eliminate this splitting, while
retainingr the scalar coupling when it is needed to effect coherence transfer. However, decoupling
resonances spanning a broad frequency range can be difficult, especially for homonuclear decoupling:
Bloch-Siegert cffects can perturb resonance frequencies (rendering frequency correlations ambiguous)
and the additional RF radiation can lead to unwanted sample heating.

Attempts to use post-acquisition data processing to simplify multiplets in NMR spectra began nearly
contemporaneously with the first Fourier transform (FT) NMR experiments’. The application of
nonlinear methods® beginning in the 1980°s provided the basis for robust deconvolution without noise |
amplification. Nevertheless these methods are not widely used, and continued development and
application of experimental approaches. attest to a general lack of knowledge concerning the
capabilities of nonlinear deconvolution. and/or the dearth of appropriate software. The aim of this
presentation is to demonstrate that post-acquisition deconvolution is a viable and sometimes prefefabie

alternative.

Keywords : Maximum Entropy reconstruction, deconvolution, homonucléar coupling, >C detection
LAE K0
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'H-Cex planes from 3D HNC A experiments with a 0.8 mM sample of a 14-kDa fragment of the transcription factor Cde5.  Data sets of 170
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experimental time of 21 h.  The regions enclosed in dashed boxes are expanded below left.  (a) A 'H-"*Ca plane, taken from a standard
HNCA experiment.  The PCa dimension was processed using Fourier transformation, showing the - 35 Hz coupling between “Ca and
HCP. (b) The “Ca dimension was transtormed. and the coupling was deconvolved with MaxEnt reconstruction. The J value for
deconvolution was 36 Hz. (¢) A 'H-"*Ca plane. taken from a Cbd-HNCA experiment. The *CB decoupling was achieved by using a
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'H-"*C" planes from 3D H(CC)CACO experiments with a 0.5 mM sample of a 25-KDa protein of the '*C labeled KSHV Pr M197D variant.
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and *Ca..  (b) The "*C’ dimension was transformed and the coupling was deconvolved with MaxEnt reconstruction, (¢) A 'H-C’ plane,
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A Novel Filtering Technique Utilized for Aliased Peaks h
(Graduate School of Biological Science, Nara Institute for Science and Technology)

O Chojiro Kojima

Frequency components above the Nyquist frequency are aliased into the chosen spectral
width. These aliased peaks are efficiently eliminated by the digital or analog filter in the
directly observed dimension. However, no efficient filter is available in indirect dimension of
the multi-dimensional NMR spectra. Here the aliased peak phase was aricemetically
described by the initial sampling delay time and the folding times. This led a simple filtering
technique,. the appropriate summation and subtraction of the spectrum recorded with the
different initial delay time, to ¢liminate the aliased peaks in indirect dimension. This filter is
theoretically applicable-to all sampling schemes for quadrature detection. Experlmentally, the
elimination (or selection) of the aliased peaks is demonstrated in the gradient sensitivity
enhanced "H-"*C HSQC spectra of a >C/**N labeled protein.
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Figure 1. 'H-"C gradient sensitivity enhanced HSQC spectra of ubiquitin. Spectral widths
for left (A) and center (B, D) spectra are 4 and 2 times of right spectra (C, E), respectively.
Top (A-C) spectra are recorded with the initial sampling delay of one full dwell time, and thus
the both real and aliased peaks are positive and in-phase. The bottom (D, E) spectra are the
results of the summation of the 2 and 4 spectra with the different initial delay times,
respectively, and the aliased peaks are completely eliminated. ‘
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Figure 2. 'H-"C HSQC spectra. The observed spectra are identical to those in Figure 1. The
top (B, C) spectra are the results of the subtraction of 2 spectra, and the one time aliased peaks
are selected. The bottom (D, E) spectra are the results of the summation/subtraction of 4
spectra. The one time (positive higher frequency) and two times aliased peaks are selected in’
the spectra D and E, respectively.
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NMR structural biology of protein-nucleic acid recognition

Masahiro Shirakawa
Graduate School of Integrated Science, Yokohama City University, Yokohama, Japan

Cytosine methylation of CpG dinucleotides of genomic DNA plays crucial role for the
regulation of gene activity, chromatin structure and genomic stability in vertebrates.
Differences in the DNA-methylation patterns are often correlated with genome imprinting,
‘ embryonic development and t_UmOrgénecis.'The;methylati()n signals are often interpreted by
protein factors containing methyl—CpG-binding domains (MBDs). We have determined
structure of the MBD of the human methylation-dependent transcriptional regulator MBD1
bound to methylated DNA. DNA binding causes folding of a otherwise flexible loop of the
MBD, which contributes a major DNA interface. The methyl groups at the methylation site
are recognized through hydrophobic contacts with five residues that are highly conserved '
among the MBD: family:. Dyh'amic property of the MBD:DNA. complex ’will also be
discussed. Sturcuture of the complex between a ubiquitiri—interacting motif of proteasomal
subunit S5a and the ubiquitin:like domain of hHR23B, and the structural properties of
polyubiquitin chains will also be reported. J , ‘ '
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On the interpretation of residual dipolar couplings from flexible systems

Martti Louhivuori', Kai Fredriksson?, Perttu Permi?, and Arto Annilal?
'Department of Physical Sciences, POB 64, FIN-00014 University of Helsinki,
*Institute of Biotechnology, POB 65, FIN-00014 University of Helsinki =~ -

Wealth of evidence is accumulating that not only folded proteins but also weakly structured
segments and flexible peptides convey biological functions. In many cases the biological
“activity is ‘undérstood to depend on protein’s dynamic and marginally stable nature. These
stimulating findings question the classical notion that a function arises from a specific three-
dimensional molecular structire. - Lo '
Recently it has been-demonstrated that conformations of weakly structured molecules
can be probed by residual dipolar couplings (RDCs). Remarkably it has also been observed
that completely denatured proteins give non-vanishing RDCs to cause a puzzle what RDCs
are ‘really -reporting -from.- Furthermore, the use of RDCs has-been extended to explore
molecular dynamics, however the interpretation of data has been subject to a debate..
To - clarify what is being measured from flexible and dynamics systems we have
‘examined how RDCs: rise from steric” obstruction in- the -case of an ensemble: of
conformations. It turns out that the results are also relevant for the interpretation of RDCs as
reporters of molecular motions from high-mobility systems. Moreover we will show how
-charges affect the RDC data from a flexible system. With this understanding that is derived
from measurements of simple systems, analytical models dnd simulations it becomes
possible to interpret correctly information contained in averaged RDCs from a family’ of

conformations and to learn how nature makes use of flexibility.
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NMR strategy for membrane proteins-iigands interactions

, *Ichio Shimada'?
'Graduate School of Pharmaceutical Sciences, the University of Tokyo, Hongo, Bunkyo-ku,
Tokyo 113-0033, and *Biological Information Research Center (BIRC), National Institute of
. Advanced Industrial Science and Technology (AIST), Aomi, Koto-ku, Tokyo, Japan

Membrane proteins play crucial roles in many biological events, such as signal transduction

processes, immune systems, and cellular recognition, and also are main target proteins in
drug developments. Therefore, the identification of the interfaces of ligands-membrane
-proteins complexes provides deep insights into theses research areas.

However, the lack of the appropriate NMR strategy and measurements for larger proteins
comple)i hampers the investigation of ligands-memnibrane proteins interactions. To address
-the issue, we prdposed the NMR method, cross-saturation measurement', which utilizes the
TROSY detection and deuteration to a high degree for proteins, for a more rigorous
-determination of the contact residues of large protein complexes than the conventional
-approaches, involving . chemical shift perturbation and hydrogen-deuterium exchange
experiments. Furthermore, we modified the method to overcome the limitations that the
cross-saturation method is-difficult to apply to protein complexes with a molecular weight
over 150 kD.? Sarhple preparation ‘is also crucial for investigation of ligands-membrane
proteins interaction. In general, sufficient expression and purification of membrane proteins -
for NMR study is difficult. To overcome the difficulties, we extensively use membrane
protein trapped beads and budded virus systems. _ , A

In the present paper, we will show some examples of the application of the transferred
cross saturation method to the membrane proteins system.>*’
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Recent advances in protein NMR refinement

Nico Tjandra, Ph.D.
Laboratory of Biophysical Chemistry, National Heart, Lung, and Blood Institute
National Institutes of Health, Bethesda, MD 20892-8013. U. S. A.

Recent initiative in structural genomics, in which large number of structures will have to be
solved, on one hand and attempt to answer more detailed biological questions on the other
" have put a stronger demand on the increased efficiency and accuracy of NMR structure
determination. New methodologies have been developed to achieve both of these aspects. A
reliable method to automatically analyze NOE data to get the initial fold of the structures in a
consistent manner is now available. It is robust and error tolerant. This approach has reduced
the time that it would take to solve NMR structures. Similarly a lot of methods have been
introduced in refining protein structures to achieve much higher precisions as well as
accuracies. This includes the introduction of alignment media to obtain residual dipolar
couplings (RDCs) and residual chemical shift anisotropy, anisotropic diffusion approach, as
well as other empirical methods. We have shown that inclusion of chemical shift, °N
relaxation, and hydrogen bond data not only increase the precision of the structures but also
their convergence rates. We have expanded these approaches to include carbonyl relaxation
data as well as hydrogen bond restraint that involve H". These new methodologies and their

evaluation will be presented.
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Solid-state NMR: Personal reminiscences

Takehiko Terao
Department of Chemistry, Graduate School of Science, Kyoto Urniversity, Japan

With the mandatory retirement near at hand, I would like to talk about personal
reminiscences of my research life on solid-state NMR.

-+ Lwas introduced to NMR by Professor Tsuneo Hashi at Department of Physics in Kyoto
'University in the middle 1960s. I first studied a well-known ferroelectric compound KH,PO,
by measuring the *K electric-field gradient tensor in a single crystal using double resonance
in the rotating frame. This method proposed by Hartmann and Hahn in 1962, which is the
predecessor of today’s cross polarization, was by far the most sophisticated technique at that
time. I did it with a homebuilt spectrometer constructed using-a few hundred vacuum tubes. I
think that T have become not to be reluctant to built equipment and perform sophisticated
experiments owing to this experience.. For my Ph.D. work, I measured the 'H chemical shift
tensor in a single crystal of KH,PO, by developing my own approach. That was the first
determination of 'H chemical shift in rigid solids. After completing the Ph.D. course
requirements, I tried to excite and detect coherence of forbidden transitions, and succeeded
in it. That was the beginning of multiple-quantum NMR spectroscopy, which is widely used
today. In 1975, I could get a position as a lecturer -at. Department of Chemistry, Faculty of
Science, Kyoto University. I built a solid-state NMR spectrometer based on a 60 MHz
magnet, and started investigations in the field of high;resolution solid-state NMR. Only a
very limited number of laboratories in the world were involved in this field at that time, and 1
could never imagine its later popularization. Nevertheless, I felt a potential and an interest in
high-resolution solid-state NMR, and was devoted to this field. Since then, I have been
developing new techniques of high-resolution solid-state NMR, and their applications to the
chemistry of materials: the former includes observation of J.-split spectra, switching-angle
sample spinning (SASS) for *D separation of anisotropic interactions, observation of *D
powder patterns in rotating solids, determination of dihedral angles in peptides, dipolar
recoupling techniques under MAS, nuclear Overhauser polarization (NOP), etc., and the
latter does inclusion compounds, organic conductors, synthetic polymers, hydrogen-bonded

crystals, biosystems, etc.
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NMR spectroscopy in polymer science: My research profile at TIT

, Isao Ando
Department of Chemistry and Materials Science, International Research Center of
Macromolecular Science, Tokyo Institute of Technology(TIT), Ookayama, Meguro-ku, Tokyo

.Polymer scienée and technology have been greatly developed. It comes from great diversity
of properties and functions of polymers, which comes from a-variety of their micro- and
macro- structures. A polymer chain has an erformous number of chemical bonds, and thus
takes various conformations. Further, assemny of polymer chains leads to a variety of three-
dimensional nano-scale structures. Thus, it can be said that polymers have multi-dimensional
aspects for structure and dynamics in various phases such as liquid, solution, liquid
crystalline, amorphous, crystalline, gel, and blend phases. In polymer science and technology,
advanced development of various polymer materials with excellent properties and functions

-is desired. To achieve this, the close relationship between physical properties and molecular
structure-dynamics must be clarified with high precision. Thus, powerful techniques are
required for the elucidation of this relationéhip. ,

Polymers as materials are almost always used as "hard and soft solids". It is hecessary
for structural and dynamic characterization of the polymers employed in order to understand
the relations between properties and structure and, on the basis of these relations, to design
new polymer materials. As is well-known, the X-ray diffraction method has contributed to
the structural determination of polymers with high crystallinity. However, most polymers
have low crystallinity and so structural information about the non-crjstalline region, which
is the major component, cannot be obtained by X-ray studies. Therefore, the X-ray
diffraction method has a limitation for the structural analysis for such systems. Further, it can
be said that chain segments in the non-crystalline region are sometimes in a mobile state and
so X-ray diffraction method provides no structural or dynamical information.
Since the first observation of a high resolution 'H NMR spectrum of uncured Heva
rubber in CS, solution in 1957 by Gutowsky et al., and the discovery of the signal splitting in

- the "H NMR spectrum of poly(methyl methacrylate) in chloroform solution by A.Nishioka et

al. , F.ABovey et al, and U.Johnson et al. in 1960, which comes from the different

stereochemical structures, high resolution NMR spectroscopy has developed to become the

most powerful method available for characterizing structures of polymers. Under such a



background, my research work on polymer NMR spectroscopy started as graduate students

at Tokyo Institute of Technology under supervisor, Prof. A.Nishioka, in 1967. After

graduated, until now I have worked in field of polymer NMR spectroscopy at TIT. I had
good experience of studying basic NMR spectroscopy as research associate in Prof.

H.S.Gutowsky lab in 1976-77. Also, Prof. G.AWebb is my longstanding co-worker in field

of theoretical work on NMR chemical shift. In my research history I had a lot of very

excellent colleagues who have contributed to my research work to be introduced here.

My research work from 1967 to present consists of 4 parts such as 1) theoretical
development of NMR chemical shift of polymers and structural characterization, 2) solid
state NMR chemical shift and structure of polymers and biopolymers, 3) solid state NMR
chemical shift and hydrogen bonded structure of peptides and polypeptides, 4) development
of high field gradient NMR and its application to polymer gels and liquid crystals. Here, for
convenience, key words for each of 4 parts are given by limit of pages as follows.

1) Theoretical development of NMR chemical “shift of polymers and structural
characterization: NMR chemical shift theory of polymers with a combination of
quantum chemistry and statistical mechanics/NMR' chemical shift-band theory of one-
dimensional polymers and polymer crystals/NMR chemical shift map of biopolymers/

2) Solid state NMR chemical shift and structure of polymers and biopolymers:  structural
characterization of polymers in solid, amorphous and liquid crystalline phase/ solid state
NMR chemical shift and conformation of biopolymers/ polypeptide blends/

3) Solid state NMR chemical shift and hydrogen bonded structure of peptides and
polypeptides: 'H, “C, "N and O NMR chemical shift tensors and hydrogen-bonded

- structure/ pepides and polypeptides/ chemical shift calculation/

4) Development of high field gradient NMR and its application to polymer gels and liquid
crystals/ high field gradient system/ diffusion coefficient/ polymer gels/ polymer liquid
crystals/
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' Evolution of isotope-assisted protein NMR spectroscopy:
1968 to the present

John L. Markley

National Magnetic Resonance Facility at Madison, Biochemistry Department, University
of Wisconsin-Madison, Madison WI 53706, USA. markley@nmrfam.wisc.edu

This lecture traces the history of isotope-assisted NMR spectroscopy from the early
proposal for selectivé deuteration by Oleg Jardetzky, through the several pioneering
studies of proteins labeled with 2H, °C, and N, and into the age of multinuclear
correlations and multidimensional NMR spectroscopy. In a few years, stable-isotope
assisted NMR investigations of proteins moved from a novelty into a mainstream
approach for structural biology. I will outline approaches to current challenges, including -
structural proteomics, larger proteins, paramagnetic proteins, and protein complexes. 1
will discuss recent results from my laboratory on the preparation and analysis of uniform
labeled and stereo array isotope labeled (SAIL) proteins from a wheat germ cell-free
system.- I will present novel methods being developed at the National Magnetic
Resonance Facility at Madison for application to stable isotope labeled proteins: fast data
collection with peak recognition, improved resolution of crowded spectral regions,
automated backbone and sidechain assignments, determination of secondary structure
from chemical shifts and amino acid sequences, and rapid structure calculations.

[Supported by National Institutes of Health Grants P4IRR02301, RO1 GMS58667 )
PS0GM64598, and P41 GM66326.]
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Brain function which NMR measures

Seiji Ogawa

Hamano Life Science research Foundation, Shinjuku-ku, Tokyo, Japan

There are many aspects in the brain function. The most important part of 'it, individual and
collective firing activities of neurons, is not measurable with non-invasive methods so far
known. Nor any of the neural output signal patterns from a functional unit of the brain is
" detected by those methods other than invasive single- or multi- unit recording electrodes.
These electro-chemical activities of neurons do not seem to produce signals in EEG, MEG
nor in fMRI.

FMRI, based on BOLD (blood oxygenation Level dependent) and CBF or CBV, depends
on the secondary physiological reaction triggered by synaptic activity such as glutamate
release. The excess glutamate release induces Ca®* increase in the neighboring glia cells
(astrosytes) where the Ca increase trigg'ersrfurther to produce vasodilator at the contact site
with vascular system. The MRI signal can be modified by such hemodynamic/metabolic
changes that in turn are induced by dendritic neuro-activity, and fMRI of the brain is then
realized. ‘ A

Question remains though on which processes fMRI signal represents in the functional
activity of some localized area in the brain. It appears fMRI signal is in major part
representing the processing of the.input to the neural area, not necessarily the neuro-
computation or output forming processes.

One of de-merits of fMRI signal based on hemodynamics is the slow response time of
seconds instead of 10’s msec. Combination of fMRI and EEG or MEG would provide
information either methodology needs. On the other hand, there is an approach that may give-
fast dynamic information of functional system activation by fMRI signal alone.

FMRI based on non-hemodynamics could be those on electric current induced local
magnetic field or on cellular swelling associated with neural activity. These are- very
attractive if easily accessible in MRI measurements, but so far appear still long way away

from us.
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High-throughput analysis of the relationship between structure and function of proteins
with wheat germ cell-free protein synthesis system ‘

OZEugene Hayato Morital, Masato Shimizu!, Tomio Ogasawara?, Yaeta Endo? Rikou
Tanaka3, Toshiyuki Kohno3 (INCS, Ehime Univ., 2Fac. Eng., Ehime Univ,, SMITILS)

For high-throughput protein structural analysis, it is indispensable to develop a reliable
protein overexpression system. Although many protein overexpression systems utilizing
E. coli cells have been developed, a lot of proteins functioning in solution still were
‘synthesized as insoluble forms. Recently, a novel wheat germ cell-free protein synthesis
system was developed, and many of such proteins were synthesized as soluble forms.
Synthesizing 15N-labelled proteins with this wheat germ cell-free system, we confirmed that
these proteins are functionally active, and further developed a convenient and reliable
method for amino acid selective labeling technique. We also showed that this technique

-is a powerful way to monitor the molecular recognition of proteins in-atomic resolution.

(] % 2%y HIXBE LIREMRT 5 2 L CARBEBOHBURIOBEOR L 2o TV 5,
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BOREARTR - VAR R OBE R TR L LT, &2 3 7 BRFSRIC, FEE -t - FHICIRL
PSRN TWS, BIES L BRI, & 20 B REERNT 60 C. SR E
PEFIRRHT R < B AL < Z BME L 7o TV D, —F, MBATRSRCH B ¥ ¥ /3y BOBMEER
BPRBICFICT B0, KBE SR Lk o0 B RIERENRS BN b &8
SPEBE SN TELN, WRES LAY ERREEIC 2o T LE I BEVH S, BRE Y /7
BOARPEETH 2 EOMEAZRIZ TWD, T0DH, Zh 6 OHATHRRER 2 2R Lz,
S BICRER S v BBRFROBROLEMRE E - T D, '
IDXIRBIROB L, Balt, FELE LTZ L0 BREBRS TR o 7o/ E S
WA IR S L BARBIRERIRT 5 2 LIk B, & 2 3 BOMEHERER BT
FHEREZRLT, BT, 22 BOEEEMIC L 50 FRBEBEETRIE L LTOGAR
B SNDT I J BRI T~ U LEIRICE B LCHRET- 72,

F—U—F: B, U7 HAR, T BRERIER. NEIEFHHY

ObV7ZIERl, LATESE, BRESDOLLAE, LAYIRI, ERNVIS, 250
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LIA, MOFETEREN, FOEBEERMEBES N TOSREED ¥ 2 BIzo0 T,
INETEEMAANT MBRELRE, ZOZ &N, INEREREYE BV B
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(25 308k)
[1] “A wheat germ cell-free system is a novel way to screen protein folding and function.”
E.H. Morita, T. Sawasaki, R. Tanka, Y, Endo, T. Kohno, Protein Sci. 12, 1216-1221 (2003).
(2] “A novel way of amino acid-specific assignment in 1H-15N HSQC spectra with a wheat
' germ cell-free protein synthesis system.” E.H. Morita, M. Shimizu, T. Ogasawara, Y.
Endo, R. Tanaka, T. Kohno, J. Biomol. NME in press. 7



3L2 ESEEpoMETuTA ISR ,
(‘PR - GSC, EEMHT - ADRC, *57° X DNA B, *##t - RCAI,
B - R, CERET - BB, THOK - BEE)
OAJINMERN ", REE® ', MoCE ", (LRI 2, B, kR
Peter Giintert!, FiFEZEH ', fFAMEME, AAEET, HHWET
PRIGTELSE Y, FRIG—RE ", ANEUIN °, EERAIR O, BRIl ‘

Structural proteomics of animals and a plant
('RIKEN Genomi:c Sciences Center, 2Age Dimension Research Center, National Institute of
Advanced Industrial Science and Technology, *Kazusa DNA Research Institute, “RIKEN
Research Center for Allergy and Immunology, “Institute of Medical Science, The University

- of Tokyo, *RIKEN Harima Institute at SPring-8, "Graduate School of Science, The University
of Tokyo) ‘ ’

RIKEN Structural Genomics/Proteomics Initiative (RSGI) (http://www.rsgi.riken.jp) was
organized by RIKEN Genomics Sciences Center and Harima Institute at SPring-8 in 2001.
RSGI has been integrated into the National Project on Protein Structural and Functional
Analyses (“Protein 3000™), organized by the Ministry of Education, Culture, Sports, Science,
and Technology, as one center of the program for comprehensive studies. We are now
focusing on' proteins involved in phénomena of biological and medical importance. Both
NMR spectroscopy and X-ray crystallography are used for protein structure determination.
To accelerate thé NMR analyses, we have developed a high-yield cell-free protein synthesis
system for high-throughptit production and a software package, KUJIRA, for the systematic
and"intéractive NMR dzita analysis, and are now using the program-CYANA for automated -
structure caicﬁlation. We determined 75 structures in 2002 fiscal year, and 207 structures in

2003 fiscal year, respectively, by NMR spectroscopy.
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Figure. A part of structures that we have determined and deposited to PDB.
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Development of 7T/400mm Self-shielded Zero Boil-off MRI

(1) Electronics Laboratory, Kobe Steel Ltd.
(2) Japan Superconductor Technology

(1)Takashi Miki, (1)Mamoru Hamada
(2)Akihiro Otsuka, (2)Kazuyoshi Saito, (2)Seiji Hayashi

As a milestone for high field functional MRI, we have succesfully developed 7T/400
horizontal magnet system. The magnet is self shielded to minimize the stray field and
operated in 4.2K. The adaptation of a two-stage G-M cycle refrigerator eliminated the need
for a big liquid nitrogen tank and enabled us to realize a zero boil-off system for liquid helium.
Here we review several features and works we incorporated in the system.
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Figl.  An overview of the magnet



Specifications
Operating Field [T] 70
Main Coil self shielded multi coil
0.5mT Fringe Field radially [m] 44
Positon ~ from | axially [m] |58
Magnet Center »
Field stability [ppm/hour} =0.05
Field homogeneity [ppm p-p] =15 (180mm dsv)
=5 (50mmdsv)
Axial Shim Coils (4ch) 71, 72,73, 74 ’
Radial Shim Coils (10ch) X, Y, ZX, ZY, X2-Y2, XY, 72X,
' ’ 72Y, Z(X2-Y2), ZXY
Operating Current [A] -] =250
Maximum Shim Coil Curtent [T A] 25

Table 1  Specifications for 7T/400 horizontal magnet system

System Héight [mm] ~2600

System Diameter [mm] 2000

System Length {mm] 11800 . k e
System Weight [kg] . 19800 (with Cryogen, Refrigerator) -
Bore Size without Gradient Coils {mm] | 400 '
Refrigerator Power Consumption [kW] 7.5

Refrigerator Cooling Power [W] 1 1.0 @4.2K.

Liquid Helium Container [L]" ) 1250 ‘

Liquid Helium Refill Interval [days] Not measured( > 360)

Liquid Nitrogen Refill Interval [days] N/A

Maint. Interval [hours] 10000

Table2  Specifications for 7T/400 horizontal magnet system
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Water permeability of brain capillaries in claudin-5 knocked out mice -
determined by T, relaxation time measured by "H magnetic resonance imaging.

('Dept. of Regulatory Physiology, Dokkyo Univeristy Schoolof Medicine, *Dept. of Cell
Biology, Faculty of Medicine, Kyoto University, *Dept. of Biochemistry and Cellular Biology,
National Institute of Neuroscience, National Center of Neurology and Psychiatry)

Yoshiteru Seo!, Noriko Iwamoto?, Takehiro Nitta?, Mikio Furuse®, Takashi Ogino®, Shoichiro
Tsukita’

-The anatomic basis for blood-brain barrier (BBB) resides in tight junctions (TJs) of brain
endothelial cells in addition to their limited transcytosis. The claudin-5 was identified as a
major TJ cell adhesion molecule in brain endothelial cells. Three relaxation reagents
(gadolinium-diethylene triamine-N,N,N',N",N"-pentaacetic acid (Gd-DTPA*), NMS60,
polylysine-DTPA-gadolinium (PL-DTPA-Gd)) were applied to estimate water permeability of
the neurons/glia cells and BBB in mice. In the intact mice, the longitudinal relaxation rates
(1/T,) showed minimal changes (< 0.1 s) even the 1/T, of blood water was accelerated more
than 40 s’ by using the 3 reagents. It is suggested that the normal BBB have very low water
permeability. In the claudin-5 knocked out mice, Gd-DTPA™ can pass through the modified
BBB. From the dose-dependency of Gd-DTPA, a water efflux rate from the neurons/glia cells
(k, = 3.82 + 0.58 s™") was detected which is corresponding to a diffusional water permeability
of 1.5 - 1.0 cm s'. The NMS60 and PL-DTPA-Gd could not pass through the modified BBB.
From the dose-dependency of NMS60, a water efflux rate from the BBB (k, = 2.24 £ 0.74 s™)
was detected which is corresponding to a diffusional water permeability of 3.4 x 10% cm s, A
larger reagent, PL-DTPA-Gd, represented a smaller efflux rate compared with that of NMS60.
It is suggested the smaller NMS60 can penetrate into smaller gaps between the endothelial
cells. These findings provide a new insight on the molecular biology of BBB, and also -
represent usefulness of this method to monitor physiological parameters of gene‘ucally
modified animals.
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[5#:] Claudin-5 / » 27 77 b <7 A& C57BL/6 ZFEI/EH L7720 D% Fivi7,
Gd-DTPA (3 Magnevist (Shering)% . NMS60 (ZHAEX V7 1 v 7 A8t % %1772
b D%, F7:PL-DTPA-Gd X, 4F& 15 kDa @ Polylysine (Sigma) % FH\V EEIZL )
AR LD DRz, JEE 185 HOMRBRZFIIT L DELY B UBRERK, <> b
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%256, AT A A 0.75 mm, /¥)V AR D K UKEH(TR) 100 msec, T 2 — EFfE(TE) 4.4 msec,
7Yy AT S AT A A, 4 EIEE, EEREM 100 sec T T, il MR Ei{% % %
L. WHANEELHE L, €OR, BRI NE T, BEEFast-TIMRD) T, T,
BB 2 JI%E L7, FOV2.0x2.0cm, 7—% %4 X 128x 128, A5 4 A 0.75 mm,
RARE factor 16, 2 HFE®E., 10 D recovery delay % # 12 0-H THIE L7, KN E.
/N, BUER. BURTER. 812 ROI(310x 310 um) 2 BL Y . T, ABFIBRR % ke 72,

[ 8s L U] :
T, BB G OREE{LE T, BHEE 2> bu—)b< A Gd-DTPA, NMS60,
%7213 PL-DTPA-Gd 2{EAT A &, MEB L UOMERHIELROMLO T, AR 1338
mL. BETHEBE LTHRR SN, MEEDIZL ALOFMNOBSMEIIE/LL
%o 7z (Fig. 1: Wild mice) o MEP DIKBEFIEE % 40 s (358 2 mmol/kg IZHH:2Y)
WCETHIMSETH, HMEED UT b T0E ) La#EinLzdh o7 (<0.1sh,

Claudin-5 / v 7 7% b= A (Claud5" mice) 2BV TiL, GI-DTPA DTz &
D, MEEOEFHRFEIXITITHEICHEM LUz, /2, ZOR, HEZD UT, 13HEE
WZHEIN L7225, ZFoihinii 1.5 - 2.0 mmolkg TIFITHEITH & % o7z, NMS60, PL-
DTPA-Gd IZBWTH, FEkD UT, DI R S N7225, #DKRE Zid Gd-DTPA |2
BRT/RNE o7z, MBEAOABBRIHEDS 35 s PLETO, BHEEOABHEE D
BHE® Table 1 I2F & O TRT,
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Fig. 1 Midsagittal T,-weighted images of wild-type and claud5” brain and the relationship
between the 1/T, of water in brain and the dosage of injected Gd-DTPA. Filled and open
circles represent 1/T, of the wild and claud5™ brain, respectively. The bold and dotted lines
are the results of fitting and 95% confidence limits, respectively, based on a simple two-
compartment exchange model.



Table 1 Means and SEM of T, relaxat1on rate constants (sec l) of water in the brain due to
an jection of relaxation reagents .

‘ Relaxati.on , Without relaxation reagents - With relaxation reagents

reagent - Wild & Claud5™ wild Claud5™
Gd-DTPA - 0661 + 0.065 S 0739 £ 0.024 273 £ 0.15
: - (0=15) " : S (n=15) (n=20)
NMS60 0487 £ 0.009 0537 £ 0.020 1.85 *+ 0.08
R =17y - - (@=18) (n=48)
PL-DTPA-Gd* - 0520 % 0011 0.851 * 0.041
PR " T o ' =200 . (n=44)

Note: n is number of ROI from cortex, thalumus, hypothalamtls cerebellum, and pons.
(* Values of cortex were omltted due to wide scattering of data.)

AF b O T, EOBAIRE t&ﬁl&ﬁ%mmﬁ’*&@ﬁ%&% Farby &
Eisenstadt (1975, 1978). Schwarzbauer et al. (1997)b®75(£kctn LATG%#F@T I
K7z (Fig.2)o
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Fig. 2 Schema of the two-compartment mode-l wlt.h water cxghange; '
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Table2 Results of fitting data to the two-compartment model and estiamted diffusive water
permeability.

k, (s) £ R,(s") P, (cmes™)
Gd-DTPA 3.82 + 058 0.141% 0.035 050 * 0.17 0.8-1.3+10°
NMS60 = 224 + 074 0.058% 0.027 0.54 % 0.15 22107

Note: Means and SD of constants of the two-compartment model.

Gd-DTPARK 512 X o T S N7z fitting DA R 2 Fig. 112, 72, Gd-DTPAE X U
NMS60IZ DT H M7= % Table 2127R$ o MREFIFAIEIC OV THE L N KEER
BE)IFABETH 575, €OBNAEOFELSEOREEDIIKRE LR LR -oTn5,
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Simultaneous detection of excitatory and inhibitory neurotfansmitters in vivo in the
human brain by using a Iscalized CT-COSY sequence -

National Institute for Environmental Studies
H. Watanabe, N. Takaya, F. Mitsumori

Whlle glutamate is a major excitatory neurotransmitter, y -aminebutyric acid
_(GABA) is a major inhibitory neurotransmitter. However, it is difficult to resolve
glutamate and GABA in vivo by using the conventional 'H MRS. Since CT-COSY can
pérform H decoupling in F; direction, this method can improve peak resolution in vivo.
A brain phantom which cdntains NAA, Cr, Glu, Gln and GABA was measured for
evaluation of a localized version of CT-COSY. Diagonal peaks of Glu-4, Gln-4 and
GABA-2 were able to- be resolved even on a magnitude mode. Cross peaks between
Glu-3 and Glu-4, and between GIn-3 and GlIn-4 could also be resolved. In human studies,
diagonal peaks of Glu-4, Gln-4 and GABA-2 could be »resolved. The measurement tinie
was 30 min.
1. [XEHIC SR

TV VBEARROIEGREROBRREENETHY. v-7 2/ BE

(GABA) FEELGMHMOHREEMETH D, HIZE. T2 I VBIETILIYN

1 X~ PREARIE & OBES. GABA IZHERIAE. 7L —)UKRTFE & DOBE
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DEME S DEEIZEYTNEI L EDF—N—F5 9y TLEEE— ELTHEIEA
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B EETERL,

ChITHLT, B, BAlX. ARAAO 'H Thy F) oI HEEA CT-COSY %
47TLETRETDICEICIYITLESVBETLAS VEGH RETES L E,
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CENFIBETHAH L EHEL, SE. COFEETRERSE. MX THERMIFIC
£ B RARMDARY MVEHMFIE. LARDOERBHEE. BLUF /A XHBEEE
L. ARRDTILE 2 B, LR S0, GABA Z2RET D EMNTREL LoD
THET D,

2. Hik

ERIE, 47T ARAMRIEE (Varian #t8. INOV4) #RAWVTITof=. RFaAJL
[CiE. KB/ LTHD TEM oA/ LERWV, REELTIE. £9. ABRROKHE
MBEEEERLUERD 7> FLAZRLT, BREHE CT-COSY 2L BRARY bL
SEEDOFTMET o>z, 2OWT, RSIUF s 7PREZEREL. AIKD CT-COSY R
R FLERFLT, ' ‘
BERE CT-COSY ¥—47 R ' Tet2-0/2 Tet2+n/2 4

BRI CT-COSY Y—~7 VR IE, 7\ > >
90° /8L R, 180778JLR . 90°/SIL A THE 'H J s o
- BEEhd (Fig 1) . ZE3ATOF/ -

FRIEDRHIZ, ThEAD/LRE G park A
ATAARANILAELTHRBLTWS, ovs /'\ /'\

KESHEIZIE, 7 7D CHESS /SLR g, F
#MALv5 VAPOR [2] #FALTL
%, BLMRE (VoD Ao DESE g, [\/—\[\
AZBET 5126, AR/ ULR -
(OVS/SLR) £FALTLS, Fig. 1. A localized CT-COSY sequence.
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Fig. 4. A diagonal trace for 2D spectrum obtained from the brain phantom (a) and
that from the human brain (b).
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: Chemical shift properties in brain tissue using-hypérpolarized Xe-129
K.Nakamura, A.Wakai, J. Kershaw, D. Wright (Akita Industry Promotion Foundation) Y.
Kondoh, I. Kanno (Akita Research Institute for Brain and Blood Vessels)

After inhalation of hypefpolarized 129Xe gas, in vivo spectra from the rat head revealed a
dominant peak around 195ppm (Peak A) and another easily resolvable peak near 189ppm
(Peak B), a broad peak around 210 ’ppm and two minor peaks around 198 ppm and 192 ppm.
By ligating the main feeding blood vessels of non-brain tissue (external carotid arteriess ECA
and pterygopalatine arteries; PPA), we found that the amplitude of the Peak B was greatly
reduced in the ECA/PPA ligated rats, while Peak A persisted. And also a comparison is made
of the washout times of Peak A and Peak B by using a strict two-pulse measurement protocol.
The washout time of peak B was consistently longer than that of peak A. These results
strongly suggest that Pxe signaly originating from rat brain is overwhelmingly dominated by the

single resonance at 195 ppm.
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Fig.2: Typical **Xe spectrum obtained from a rat head.
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rats, while Peak A (195ppm) persisted.
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Multi Nuclear NMR Study on Behaviors of an Organic Electrolyte in Charged and Discharged States on
Activated Carbon Electrode of Medium Surface Area in EDLC
1;Advanced Research Labo. Nippon Steel Corp.  2;Nippon Steel Techno Rearch  3;Kyushu University
O Koji Saito, Koji Knehashi,Moriaki htakeyama,Lee-Shoeki and Isao Mochida
< Abstracts >

In the present study, activated carbon was obtained from optically anisotropic spherical carbon by
NaOH activation to follow the physical and chemical behaviors of an organic electrolyte Et.NBF in PC
on the activated carbon since such an activated carbon was reported to show and excellent performances
in EDLC. Behaviors of electrolytes in the negative and positive electrodes of the electric double layer
capacitor were observed under the impregnated, charged and discharged conditions by "B and "C solid
state NMR with PC solvent. Solid state NMR is a sole and powerful method to solve the chemical and
dynamic behaviors of the electrolyte ions and polar solvent present in the pore or adsorbed on the pore
wall of the electrode carbon. Hence several states of the electrolyte or its ions must be present in the
charged as well as impregnated stages. Such image-able states of the electrolyte and their
inter-transformation can be detected by in situ solid state NMR on B and C nuclei of the electrolyte as
attempted in the present study.

1. INTRODUCTION

The electric double-layer capacitor (EDLC) using activated carbon as electrodes has been recognized
as an efficient storage device for the electric power because of its better rate capability and longer cycle
life as compared to secondary batteries in spite of its low energy density [1,2]. Recently new
applications utilizing such performances have been attempted as an energy storage device for electric
vehicle or pulse-current supply. In order to meet the specification for new application, it is necessary for
a particular activated carbon to have much higher energy densities per both weight and volume than
those of the conventional ones.In the present study, activated carbon was obtained from optically
anisotropic spherical carbon by NaOH activation to follow the physical and chemical behaviors of an
organic electrolyte Et.NBF: in PC on the activated carbon since such an activated carbon was reported to
show and excellent performances in EDLC [3]. Behaviors of electrolytes in the negative and positive
electrodes of the electric double layer capacitor were observed under the impregnated, charged and
discharged conditions by "B and “C solid state NMR with PC solvent. Solid state NMR is a sole and
powerful method to solve the chemical and dynamic behaviors of the electrolyte ions and polar solvent
present in the pore or adsorbed on the pore wall of the electrode carbon [3-5].

2. EXPERIMENTAL _

Hyper-polarized “Xe gas was prepared through laser-aided polarization apparatus (Toyoko Kagaku
Co., Japan) which contacted Rb vapor with Xe gas under the irradiation of laser near the external
magnet. The polarized ”Xe gas (10mL) was introduced by plastic syringe into a 10mm-size glass
NMR tube containing 1g of porous standard materials with the well-defined average pore size. The
Xe-NMR spectrum was obtained on the JEOL alpha-400 spectrometer of 400MHz. The Xe-NMR shift
was referred to that of the Xe gas without any adsorbent (0 ppm ) as the external standard. M500 was
degassed overnight at 150 centi-degree under vacuum before “Xe-NMR measurement.

Samples for "B-magic angle spin (MAS), ''B-multiple quantum magic angle spin (MQMAS ) and
"C-MAS NMR measurements were prepared at 25 centi-degree in a two-electrode galvanostatic system
using 1M EtNBF, in PC as an electrolyte. The disc-type electrode (about 25mg) was composed of
M500 (80wt%), PTFE as a binder (10% ), and carbon black as a conductive (10% ). The electrode was
impregnated (No.1) in the electrolyte solution under vacuum for 3h. The test cell was charged to 2.7V
at a current density of 200mA/g to measure the cathode (No:2) and anode (No.3), and then discharged
to OV at the same current density to measure the respective electrodes (No.4, No.5) separately.
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Disc-type electrodes at the impregnated, charged and discharged states were cut into pieces, loaded in
the tightly sealed NMR sample tube of 4mm in diameter, and spun at 12 kHz, All "B-MAS NMR
spectra were obtained at 96.423MHz by a Chemagnetics CMX-300, and referenced to saturated aquous
boric acid (19.5ppm).

3. RESULTS

Xe-NMR spectrum of M500 with specific
surface area of 500m’/g is shown in Figure 1.
The spectrum showed a sharp peak at Oppm and
a broad one at the higher chemical shift. A sharp
and a broad peaks can be assigned to the
non-adsorbed “Xe and the adsorbed Xe on the
pore walls of M500, respectively. Chemical shift
of the adsorbed Xe on the pore wall of M500
was found to be 100ppm. Average pore size was

Intensity

obtained by comparing the chemical shift on the 200 150 roo so o
maser curve. Average pore size of MS500 was Chemical shift (ppa)
noted as 0.97nm. Fig.l ' Xe-NMR spectrum of M500 and M3000

(1) Behaviors of the anion

Figure 2 shows ''B-MAS NMR spectra of BF4- on
electrodes in various states. All spectra showed a sharp
peak (peak A) at -3ppm and broad one (peak B)
ranging from Oppm to -11ppm, although the broad peaks
of No.2 and 3 were rather sharper than those of other
samples. The resonance of the particular species present in
pore of activated carbon has been reported to shift to low
field by 7r-electron shielding on the graphene planes of
activated carbon. Also adsorption of anion, BF4-
restricted its mobility, resulting in broadening the peak.
Therefore, the sharp and broad peaks are assigned to the
non-adsorbed anion present freely in the pore and the
adsorbed one on the pore of activated carbon, respectively,
since the major electrolyte over the outer surface of the
carbon surface were wiped out before the
measurement.Although it is difficult to conduct the
quantitative analyses in NMR, optimal 900 pulse for each
sample was performed to attempt the quantification among
the samples in the present study. Also flip angle of 18
degree was examined to reduce the difference in 0 o 10 20
sensitivity between the sharp and broad peaks. Signal to . .
noise (S/N) ratio of each spectrum enables us fo suggest Chemical Shift (ppm)
that the total amount of anion (A+B) is in the following Fig.2 "B-MAS NMR spectra for 5 samples
order; No.2>>No.4=No.5>No.3>No.1. "B-MAS NMR spectra
were smoothened to deconvolute into two- peaks and the integrated ratios (peak B/peak A) are
summarized. The ratios were in the same order as that of the total amount of anion. This means that the
mote amount of anions was adsorbed on the pore wall of the posnlvc electrode when the electrode was
electrochemically charged.

"B is a quadrupolar nucleus w1th half—mteger spin: number (I=3/2). Line broadenmg and splitting of
the central transition (-1/2, 1/2) in "B-MAS spectrum can result from the second-order interaction. of
the nuelear quadrupolar moment surrounded by thé local electric field gradient [6]. It is often difficult
{o characierize chiemically nonequivalent boron sites, when distinct boron sites are overlapped each other
under the regular MAS conditions. One among the techniques overcoming, the second-order quadrupolar
interaction is multiple guantum magic-angle spinning (MQMAS) NMR. Figure 3 show 'B-MOQMAS
NMR spectra of the charged positive (No.2) and discharged positive (No.4) electrodes, respectively.
Although there were two peaks (sharp and broad peaks) in MAS spectrum of Figure 3, MOMAS
spectra showed that the broad peak (B) in MAS spectrum consisted of two distinct sites. This is the
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first - direct indication on the states of "B ion present in activated carbon electrode treated
electrochemically. ‘
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Fig.3 "B-MQMAS NMR spectra of the charged positive and discharged positive electrodes

Chemical shift and quadrupolar constant (CQ) of sites C, D and E are summarized. From-chemical
shift and quadrupolar constant, the site C is assigned to be the anion present freely in the pore (peak A
in "B-MAS), whereas the sites D and E reflect the adsorbed anions on the pore wall of activated carbon
(peak B in "B-MAS). The CQ of site E was larger than that of site D, implying higher extent of
deformation in B nucleus on the site E. Although there were no significant changes in both chemical
shift and quadrupolar constant according to discharge, the intensities of the peaks were certainly
changed. Site E kept its intensity of peak after discharge, although site D lost its intensity in the state of
charge. This indicates that anion of site D changes the amount by charge-discharge by its coming and
going from the pore.

Ti relaxation time was determined by the saturation recovery method on the basis of chemical shifts of
three sites in MQMAS spectrum to be summarized in Table 1. In the impregnated states, sites C, D and
E provided the T\ values of 2.00, 0.90 and 0.90s, respectively. The anions on the wall were certainly
restricted in their motion compared with those in the free space of the pore (site C).

The charge decreased Tis very significantly regardless of the locations of the anions on the positive
electrode, although those on the sites D and E were fixed slightly more strongly. In contrast, the values
of the negative electrode increased significantly again regardless of the sites, suggesting their increased
mobility. The discharge recovered the values (No.4 and 5) similar to those of the impregnated states
regardless of the sites (No.1), although the recovery of the positive electrode was certainly slow,
especially on the site C.It must be noted that T: values of the anions in the pore (site C) were definitely
influenced by charge and discharge, even if they did not definitely appear to be -adsorbed. Their
contribution to the capacitance is suggested.

Table 1 NMR relaxation time of M500 and M3000

1 (Impregnated) 2.00 (1.90 1 (Impregnated) 0.98

 2(Charge +) .09 0.05 2 (Charge +) 0.65
3 (Charge -) 4.40 2.10 3 (Charge -) 0.72
4 (Discharge ) 0.78 0.35 4 (Discharge +) 0.33
5 (Discharge -) 2.10 0.40 5 (Discharge -) 0.44

(2)Behaviors of the cation



The cation (TEA), the anion (TFB) and solvent (PC) are used. Cation and solvent have two (C1
and C3) and four (C2, C4, C5 and C6) nonequivalent carbon nuclei, respectively. "C-MAS NMR
spectra of the cation and the solvent at the various states
are shown in Figure 4. All specira had the broad
baselines showing their maxima at 125ppm regardless of
the samples. Carbon species of the cation (C1 and C2)
were much lower in their intensity than those of the
solvent (C2, C4, C5 and C6) because the salt is
dissolved in the solvent at the concentration of IM. All
carbon species from C1 io C6 consisted of two peaks,
the sharp and broad peaks at their respective lower and
higher magnetic fields. The sharp and broad peaks are
assigned to the free and adsorbed carbon species in the
pore. The impregnated electrode (No.1) carried already
the adsorbed ion and solvent without any electrochemical
manipulation as observed with the anion. After charging
(No.2 and 3), the amount of the adsorbed ion and
solveni increased significantly over that of the
impregnated one (No. 1). On discharging (No.4 and 5),
the amount of the adsorbed ion and solvent decreased
slightly. The cathode (No.3) showing the best S/N ratio

Intensity

showed much smaller changes by electrochemical 200 150 100 50 o
manipulation, when compared with those observed with Chemical shift (ppm)

the anion. Fig.4 "C-MAS NMR specira of the cation
4. DISCUSSION and the solvent at the various states

The electrolyte dissolved in the polar solvent penetrates into the pore of the activated carbon electrode
with the solvent molecule in the capacitor when the electrode is impregnated with the electrolyte
solution. The cation and anion of the electrolyte can behave separately or in their ion-pair form to
penetrate into the pore. A portion of electrolyte can be adsorbed in forms ion pair or dissociated cation
and anion on the wall of the pore. The polar solvent can be also adsorbed on the wall.

The electric field under the charge enhances the adsorption of the electrolytes or its dissociated ions
in the more polarized states to form the electric double layer on the surface of the pore wall, storing the
electric energy as the capacitor. In this stage, electrolyte or its ions move into or out of the pore to
enhance the polarized adsorption for the double layer in the electric field. There are electrolytes present
at the outer surface, in pores and on the surface of the pore wall. There are also several kinds of pores.
The discharge desorbs the adsorbed species to reduce the thickness of the double layer, releasing the
electric energy.Hence several states of the electrolyte or its ions must be present in the charged as well
as impregnated stages. Such image-able states of the electrolyte and their inter-transformation can be
detected by in situ solid state NMR on B and C nuclei of the electrolyte as attempted in the present
study.

5. CONCLUSION

Multi nuclear Solid state NMR is a sole and powerful method to solve the chemical and dynamic
behaviors of the elecirolyte ions and polar solvent present in the pore or adsorbed on the pore wall of
the electrode carbon.

REFERENCES

[1] Nishino, A. J. Power Sources 1996, 60, 137.

[2] Christen, T.; Carlen M. W. J. Power Sources 2000, 91, 210.

[3] Takeuchi, M.; Koike, K.; Maruyama, T.; Mogami, A.; Okamura, M. Denki Kagaku 1998, 66, 1311.
[4] Min, K. H.; Takimoto,Y.; Yamada, K.; Simoyana, T.; Yamamoto, K.; Yonemori, S.; Hiratsuka, K.
Fall Meeting of ECS, San Francisco, 2001, Absiract No.283.

[5] Harris, R. K.; Thompson, T. V.; Forshaw, P.; Foley, N.; Thomas, K. M.; Norman, P. R.; Pottage, C.
Carbon 1996, 34, 1275.

[6] Massiot D., Touzo B., Trumeau D., Coutures J.P., Virlet J., Florian P., Grandinetti P.J. Solid State
NMR 1996, 6, 73.



318 —KIE T RTFEME NMR 5 & OB T L2 EIC L5
» 4 EL BHRH O Sk B B T

PRORALHE 2 B A R B S 03T 21
OF2 3L88 12 - ' (L A0S - 9B HF 30k

Precise Analysis of Amorphous Structures of Organic EL Materials by Two-Dimensional
Double-Quantum Solid-State NMR and Quantum Chemical Calculations

Hironori Kajil’z, Naoki Tsukamoto®, Tomenori Yamadal, and Funiitaka Horii’
"Institute for Chemical Research, Kyoto University, Uji, Kyoto.611-0011, JAPAN and
%Structural Ordering and Physical Properties, PRESTO, JST

Isomeric states of tris(8-hydroxyquinoline) aluminum (II) (Alqs), which is one of the most widely used
light-emitting and electron-transport materials in organic electroluminescent  devices, have been
investigated by Al and C solid-state NMR combined with density functional theory calculations. It is
found that Alqs in the crystal form o and in the amorphous state are composed of the meridional isomer,
whereas those in the crystal forms y and & are composed of the facial isomer. The blue-shifted
fluorescences are observed for y- and &-Alq; compared to a- and amorphous Algs, indicating a close
relation between the isomeric states and the light-emitting properties. We will discuss the results of
two-dimensional double-quantum (2D DOQSY) C NMR experiments on a hole transport material,
4,4’-bis(phenyl-m-tolylamino)biphenyl (TPD), aiming at ‘the analysis of molecular packing in the
amorphous state. The results of cationic and dicationic states of TPD are also shown.
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Development of Microcoil NMR Probehead and Analysis of orientated Fibrous Polymers
(Department of Biotechnology, Tokyo University of Agriculture and Technology1)
OKazuo Yamauchi', Teizo Imada’, and Tetsuo Asakura’

Solid-state NMR probehead using solenoid coil with an inner diameter of 1mm were
developed for the studies of mass-limited solid samples. The probehead was designed with two-
RF channels in order to perform CP experiments. The SIN ratio of 1mm solenoid coil probehead
was about ten times better compared with conventional probehead. The applications using this
probehead were performed for structure determinations of silk fiber with '*C CP experiments and
hydroxyl apatite with *'P CP experiments.
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Diffusional behavior of probe molecules in urea adduct channels
by field-gradient spin-echo NMR spectroscopy
Sunmi Kim', Shigeki Kuroki"? and Isao Ando"?*
'Department of Chemistry and Materials Science, Tokyo Institute of Technology
’International Research Center of Macromolecular Science, Tokyo Institute of Technology

The diffusion coefficients (D) of n-paraffin molecules (n-CyHzniz) with various chain-lengths (n=8,
12, 21, 26, 28 and 32) in long channels of deuterated urea-d; adduct have been measured at 25°C by
means of field-gradient spin-echo (PGSE) 'H NMR method, in order to clarify diffusional behavior
of the n-paraffins in the channels. From these experimental results, it is found that n-paraffin
molecules are diffusing in the long channels and have two kinds of diffusion components such as the
fast diffusion component (D ~10® cm?/s) and the slow diffusion component (D =107 em?/s). Further,
it is found that the chain-length dependence of D for n-paraffins in urea-d; adduct is abruptly
changéd at the carbon number of 26. The diffusion coefficients in the fast and slow diffusion
components are decreased as the carbon number is increased from 8 to 26, and are increased as the
carbon number is increased from 26 to 32.

[#E]

1940 £ Bengen [CLBRF IR EMORRE LR, RABRIOOVTOMBIERIITONTE
feo F I AT~ NDBEHROF LT~ EHHL. ZORICHIHEOTO-T 5 FOH ERGALTES
TEIRFRVFEAVIEEREKREDBEIMNORMEREN T IR ICHELFEZELTAY
phz, RERGBREAMICETIHMRE X REHICLIMERITEEICER NMR, PiEFHES
ERABAZRCINEZDHERIMESN TG, FRRTREREFooRIPON-35741 0B 1%
ISEB L. SRIBAREENMRYATLERL. n-/$5710 5 FOMMBR M ERMECH AL, &
RACEET DT/ AT— Y1 X0OF v 2Bt TO-THEOMOKRRMEEEROBEBEE VT
VRV 3RBARLEEMLE,

(K]

REDAR)—IWBARBRIC 0-/$5742(0-CsHig. n-CioHas. n-CoiHass n-CogHsy, n-CogHss B Y

n-Cy,Heo) BB MU BBERETICLLI>TAAROBEERORETID M ERB L,

F/REFEFeorl, BIBAE NMR, HERS. HhiaEs

ELENH . (BEUIFE, HAED LEB



BB OBIEIL . BRUKER DSX-300 NMR S ##BREMAT. BB DEB(CLNITo, TATOYYT
LVOBIBIIRRIRETIT o, MEBEIIRET. A=Sms, §=Ilms THIBOEDRI(g: 0~1000
G/emE LA SBRFBRELE, REAEPO n/IST1VOMBRE D RROX (DD ORELE,
A(g)/4(0)= fyexp[-DK ]+ fiexp[-DiK,] ¢))
K =y'g*s*(A-6/3)

ZIT. AO)id g=0 OBFDIT~IESMAET 5, g I A RTNFNBIBAE/ I ADIE. MEHLY
I AMORIE TS, y BB KRG, L & 6 BIEBERESN D, E D, HTS 2 cwmﬁﬁﬁﬁﬁﬁ
ThHd. ER2LA+HL=1THD,
(HRER] |
1. 018524V DI R R MO B R Mk TF 1%

HIBQE NMR ZEERLVT 25°C

£ (@ ~ (b)
[CB3RF/M-CHyne PHI PO ‘:’j OO g : '
| neCyHao(n=8, 12,26, 28 32)0H#K 5 o | g |
FREERELE, TATONSIAUC §° g
HUTZOOMBASTRBENE, § AR N
Fig 1(a)E(b)id. E(DERI\TEON 5 2 .e s ? L
I 2 A OnBERRORBERIRG g 'S0 20 25 30 38 § 056 15 20 25. 30 35

) _ ‘ -~ e Carbon numbers Carbon numbers
HEERLTIS, MR8 15 26(C Fig. 1 Diffusing-time dependences of the diffusion coefficients of
KERBICLES>TZ 20O 8{%  the fast diffusion component (a) and the slow diffusion component

Bl 4 1 NECED. ﬁiﬁb{ 1 (b) of n-C ,H,, and n-C,H,, in urea-d, adduct

FTHMT ZEHMFREHMULTIG , REFrVRLAD n-/ 571V OHEBR R ELESLIC n-
IS5V FHOBERICRBSNICEREAOND, 2F), REY 32 OBE . HEOHEMITLIH
DT BRI REESEOE., FroRrIpnI$57404FRELD CH; sﬁﬁﬁﬁs‘lwﬂﬁsﬁbﬁsmw
PR ORBENCEDISRUEBRU TS RDEE IO,
2. FEBR IO B MR T

REFrURILBO n-l(774JU)M%&(;IY774Jﬁ%ﬁa‘lw*ﬂE#Fﬁtt%kﬁi??vz*)btwﬁﬁ

HRICHBENS, ZTARE TIRILEE ) EZ A SIEER R RER B, Fig2 (T2 @50,

EFRRBPHOIMRD nCply & €4 @ 3 B LN
1-CosHs; DI BB EO A thEFHSE O Urend i, O Urewd mC 1, |

I
. ERS

2

Diffusion coefficient D/em7/s (x 1

® Urea-d /n C,H,, | ® Urea-d /n-C, H_ |

—_
<

Uk A REBBICLEN TS
20 n-1$574 Y ORMAS DI F
Bt & otz TN 0-185740

SFEEEMCEHELENGFro2r o o _
}LP:]EHE#S{LTL%C&&EEE?%” 0 50 10(2(!“;)50 200 2508 50 102(ms1)50 200 250

#7z. 0-CyoHas & n-CoeHs, DHLELRE  Fig 2 Difﬁxsigg-time dependences of the diffus_lon goeﬁiments of
B —SECh3EC30 A FEEST 'z}l;c)a (f)‘a;s’tl _déiu}zszn Zo:_xzon}e{n: i(:)uizg -3’16 azl((i)l\:;t diffusion component
L\é 9&0 n-C25H54 (; n-C12H26 ct

DIELEFRA THEE R BDT— I3 DIE n-CoHye &0 CH; *ﬁfﬂﬂﬁ&ﬁb‘ﬁtk&k&ét#ﬁ%ﬂé

= L k
— N W
o]
O
O

o]

ffusion coefficient D/cmzls (x 10'7)

8
6
4 @
2
0

e
8..

<



3L11 EEAERERTOLHOCP, H)-'H S EEMAESIBIZLD
o "HHBEZERALV= ¥'P, ?H SEE O BRE 7 #ZEE '*C-NMR
(' BRKXERBH, 2UBIC, * HIIL KFRHE, *CREST/JST)
OFRBXEBH". FHREAN.BREE'  PEEEE> MARSH"

High-resolution '*C solid-state NMR observation of 'H demagnetization by 7
multiple-contact (*'P, 2H) —*H cross polarization for the structural analysis of membrane -
protein in close vicinity to *'P, H spins

'Institute for Protein Research, Osaka University, °JBIC, *Graduate School of Science,
, Tokyo Metropolitan University, *CREST/JST
Erisa Harada'?, Yasuto Todokoro', Toshimichi F1u1'iwara‘, Masatsune Kainosho®* and Hideo
Akutsu™

We observed ®C spins of a peptide in the neighborhood of *'P and ?H in deuterated
phospholipids. The *C NMR intensities directly indicate the depolarization of attached 'H under
cross-polarization with *'P/2H. This method was applied to. fully *C, N labeled 14-residue
peptide, mastoparan-X, bound to phospholipid bilayers. The 8C spectra monitoring *'P-'H and

H-"H depolarization process, respectively, can be used for identifying the peptide segments in
close proximity of *'P in the head group and of ?H in fatty acyl chains. The chemical shifts and
structure previously determined were used for the analysis. The current analysis indicates that
o-helix of mastoparan-X is located in the interface between the water layer and hydrophobic
domain of the lipids with non-polar residues facing the phosphorus and alkyl chains of the lipid. A
structural model calculation is underway.
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Development of Duty & Amplitude Averaged Cross Polarization .
:Extension of Time Averaged Nutation.

We have developed cross polarization and 2D separated Iocal field NMR techniques with
low rf power for obsérved nuclei as referred to TANMA-CP and TANSEMA, respectively. In
this study, we will show that the concept of “time averaging of nutation frequency”, which is
used in above two techniques, can be generalized to “duration and amplitude time averaged
nutation frequency”. Thus time averaging can be achieved by changing either pulse duration
and/or amplitude, simultaneously. In this study, we will show the preliminary results for
application of duration and amplitude time averaged cross polarization and 2D-SLF
experiments.
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Application of a Novel Signal Assignment Method to Large Proteins

Mitsubishi Kagaku Institute of Life Sciences (MITILS)

Rikou Tanaka, Chieko Komatsu, Kuniko Kobayashi, Michiko Kitano, Takeshi Tanaka, and
Toshiyuki Kohno o ' '

We have developed a novel NMR signal assignment method applicable to larger, less soluble, and
unstable proteins. With this method, we can obtain enough information to assign all the NMR signals
with diluted sample, even in the case of larger proteins such as 40 kDa. This method does not need
complicated analyses, resulting in the unambiguous assignments. Here, we -demonstrate the
application of this method to large proteins, such as maltose binding protein (MBP).
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Fig.1 Amino acid sequence of E. coli. thioredoxin.
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Fig. 2 HSQC spectruin of N Phe labeled thioredoxin (a) and HN(CO) spectrum of 13C/‘5N Ser
labeled and N the other amino acids labeled thioredoxin.
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Full Automatic Parameter Calibration for Protein NMR in solution

(JEOL Ltd.)
‘O Katsuo Asakura, Tomomitsu Kurimoto, Kenji Takasugi and Nobuaki Nemoto

It is very important for FT-NMR to optimize each parameter such as 90 degree pulse width correctly.  Especially
in the multi pulse experiments, inaccurate parameters reduce signal intensity drastically. In general, automation of
the NMR measurements tends to have a trade-off between easy setting and data quality. We have developed a full
automatic parameter optimization system for proteins in solution without any sacrifice of data quality. We here
report details. .
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Fig 3. A pulse sequence for the

ion fo the 'H 90 degree pulse.

Fig 4. The intensity change of the 'H signals of protein.

e o
Fig 5. A fitting result of the 'H nutation.
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Fig 6. A pulse sequence for the optimization fo the *C(*N) 90 degree
pulse. The delays 1/2J are 6.9 ms for *C (10.5 ms for ’N).
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NMR studies of B. subtillis cell wall lytic amidase CwlC
Kazuto Yabuki', Masaki Mishima' , Ken-ichi Kato' , Koichi Kaneda®, Toshio Shidaz,
Junichi Sekiguchi®, Chojiro Kojima'
'Graduate School of Biological Science, Nara Institate of Science and Technology
*Faculty of Textile Science and Technology. Shinshu University

The B. subtilis CWIC is a cell wall lytic N-acetylmuramoyl-L-alanine amidase, ‘pl‘avys an important role in
mother-cell lysis in sporulation, consists of a N-terminal catalytic domain and C ‘term’inal tandem. repeats.
The: . repeats (repeat-] 184-219 and’ repeat-2:220-254), named "as CwlICr, can bmd spec1ﬁcally to
peptldoglycan We freport solution structure of the CwiCr determined by mu]t]dlmensmnal NMR, which
adopts'a remarkab]e pseudo two fold symmetric structure, consists of BafBop-fold, by numerous contacts
between the repeats. Inspection of the molecular surface of the CwiCr and biochemical analysis suggested
that CwlCr may bind to peptidoglycan at least two sites. We also present that NMR studies of the intact
CWIC(1-255). '
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Fig.1 Domain structure of CwiC,
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Fig.2 Solution structure of CwiCr.

A, stereo view of the best- fit backbone superpositions of
the final 30 simulated annealing structures of CwiCr.

B, ribbon drawings of the representative structure of in
two different views.

Fig. 3 Schematic diagram of the CwiCr B-sheets

The hydrogen bonds identified through scalar couplings
across hydrogen bonds (Jye) are displayed as open
arrows. The observed NOEs are indicated as solid arrows.
The B-strands are labeled-on the-/efl, The B-bulge structures
on the B1(Gly-190/Val-191) and B3(Gly- 227/Ile226) strands
are indicated.
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276
267
34x2

58,58
18

0.0291 £ 0.0005
0.78 £ 003
0.63 £ 001

0.0023 £ %10+

0434 £ 0.004
0.330 % 0.006

61 02
621

9.7 £ 04
-193 %8

954
4.2
[N
04

Back bone (185 - 254) (A)
Al hesivy (185 - 254} (A)

(RFF FTY 1 RERERAL)

o016
052

Table 1 Structural statistics for the CWICr®,

*These statistics comprise the ensemble of the 30 structures. of
lowest energy obtained from 100 starting structures. Structure
calculations were performed using CNS ver 1.1.

®None of these structure exhibited distance violations > 0.4 &
or dihedral angle violations > 5" and RDC violations >2 Hz.
“Eyaw is Lennerd-Jones energy of CNS energy terms.

{CwlCr DT {5tEiE)
CwICr Z—->® anti-parallel B-sheet & ~A®D
a-helix 725 72 2 Bappapt@& # L THB Y. —
SDF LT BY B MERFIB101P2, P302BA) K
FREOREEE R L TV B Z ERH LI Ro ik
(Fig. 2),

KEHEEEN Lz BAcOBRNIZL Y, p-sheet
R DAERER Y bV —7 OFMAERA L.
FULEROBL, B3 [T EFTR-bulge *%L’S:l—lml,

7= (Fig. 3),

MRBEVSIREE R D ) U — NP R SN R 2 T RIEC cFuy hLTmE T 5, Asnl98,

Asn234 ZHLE L2

ODRIFBRED I FA T =B FRICTFETIZENHALNE kol

(Fig.4), Asnl98, Asn234 [I (A4 E3#r/le 0 FRE ICHE L(Fig.d). f-methylene i Zh
Z1 Phel93, Phe229 D&M L FAE/EM L TV /- (Fig.5), Asnl198 KUt Asn234 % Asp |- B #fi
LEBEBRERRTTF RTY D UEAEEZREIIR, — DA% Asp IKBHBRLZEREATIIB X
T 75 %HREHEEF LT, 2ol b, PR b oins " EBENMNIIZTF R
B EOEEICBAETAZENALN ot

Fig.4 Surface diagram of CwiCr.

[2. CwIC 2R DREH]

(FUBHRSD

Fig.5 The hydrophobic interactions mediated by
conserved residues at the edges of the protein.

The ribbon representation and ball and stick models
of the side-chains at the protein core.

80%2H F o # LN ¥J— T~ 80% 2 T H A/BCHN ¥B—F L LT CwlC éﬁ%:
CwiCr LD a b a— 2T Histag B & VB L LTRER L, Zo%INV51BIC
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M 51T o 7=, 'NMR JI7E1% Bruker AVANCE 500, DRX 800 spectrometer % F\ T, 10 mM
citrate buffer (pH 5.0), 200 mM KCl, 20 uM ZnSO0s, 310 K D&M T TiT o1z,

10 8 6

(CWIC & CwiCr D8 _ o v ,

CwiC £EGEE : 1 - 255) DAY hA % R .
Fig.6 I0R Lz, ABEO RV A~Y MASEBH, ™ - ’w ;# o
CwIC 2RVRE L2 WEEZHELTVDHZE r’” "' S
MR ENT, CwIC 2E & CwiCr DR—&M & c,m ¢RN
FORE L 1HBN HSQC 27 FAZHE ;| i .f.'.,q y
L& 2h, AEDESOMBIZ-BLE,P> ‘#@, "% }

Tro ZHZEME, CwICIZIWT CwiCr & fii ,'."" " -u o e :

BRI HE 1A 4 S TC, (SO RS AL "f ‘

THILRFRShE, . . W e oo
° ®,-H ?pprﬂ )

_ Flg 6 l“N TROSY spectrum of CwlC
The spectrum obtained with 0.4 mM Cw]C at pH 5. 0
and 37°C on a Bruker DRX 800.

Fig.7 Selected “w3(IH)wI(15N)  strips = from
’H-de-HNCACB and zH-de-HN(CO)CACB spectra~
of CwiC. )
The spectra were acqu1red on a Bruker AVANCESOO
spectrometer equipped- with a Cryog'emc‘probc T}_le
strips are taken from slices at the backbone amide 'SN.
(F2) frequency of each re&due ranging from A203 to.
G210.

HN(CO)CACB
HNCACB

(NMR #52) o o |
W KA A CEICHEERNTRS L, & AL RS RMAT TRAKOE#REE 513 R+
5T D LA L, 2R TO NMR I2 X 8 51T o, B, pH. BIERES ORI E1TL,
Lk Bl 72 MIFE Sk % YA L BI7E, ?H decoupled HNCACB, HN(CO)CACB % DRIE 2171 >,
EHORBEIT> TV BFigD.

(&%)

CwlC £R TOEHORBEL TR I, ARRR T CwlC 2R TORTF N7 U H FHEE
RAN= AL FHRTDTFECH D, o, BRMAED DS CwlC O ToD FA A L OEEWEN Y
DEIIZHIBENTNWBDFTARDLFETH S,
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1P004* Cu OFEBMERMEFE AT AR F O EEERTE

(&R BIESBFERIRRERRFE A A= 2R, Z 2 (LM
ﬂ—ﬁffmﬁﬁz G- R TRVAY N = ,:é*ii!i%lﬂ?%ﬂ’ Eﬁﬁ%l’i By -

O BFMER. I . WYY, R85, KRS, BB,
TUET T, WA, RILET, SBERN RISERE

Cu paramagnetlc relaxatlon effect utilized for the blo-polymer structure determmatlon

Laboratory of Blophysws Graduate School of Biological - Scwnce Nara Institute of Science and
Technology; 8916-5 Takayama, lkoma, Nara 630-0192 Japari, *Mitsubishi’ Kagaku Institute of Life
Science (MITILS), Machida, Tekyo 194-8511, Japan, - Graduate School of Integrated Science, Yokohama

_ City University, Tsurumi, Yokohama 230-0054, Japan , *Division of Cytokine Signaling, Department of
Molecular Microbiology and Immunology, Nagasaki University Graduate School of Biomedical Sciences,
1-12-4 Sakamoto, Nagasaki 852-8523, Japan .

Makotb Nomura', Toshitatsu Kobayashi’, Tosh1yukL Kohno?, Kemchxro Fujiwara’,. Takesh1
Tenno®, Masahlro Shuakawa Itsuko Ish1zak1 Kazuo Yamamoto Toshifumi Matsuyama
Masaki Mishima', Chopro Kopma N '

The paramagnetic metal chelate complex Cu**-iminodiacetic acid (Cu**-IDA) was mixed with
ubiquitin. Quantitative analyses of "H and >N cheémical shift changes and line broadenings
induced by the paramagnetic effects indicated that Cu®*-IDA was localized to a histidine
residue (His68). The distances between the backbone amide proton and the Cu** relaxation
center. were...evaluated: from. the . proton transverse relaxation rates enhanced by the
paramagnetic effect. These correlated well with the distances calculated from the crystal
structure up to 20°A. Titration experiments of EPR and 'H- 13C HSQC spectra suggested that
the stoxchlometry was about 1:1. Here, we show that a Cu’ T.IDA is the first paramagnetic
reagent that ‘specifically localized to a hlstldme resxdue on the protem surface and gives the
long-range distance information. " - :

i

NMR 12 & 5 STAHEERATIZ I\ CHE, 5 A 218 % 500 BRHEE S BB 0 7=
FEROBBNEEN TS, EHESBITERERTIBIOBa 27 }~/7}\
DEHICE ARBIOMEPHRERET A TLREOBMICEL TS, LL, %
ERYUAVEICEBOTE, ZU AV B LICERESB L RESES 2 LIXEET
bol (L 4 1E NMRERSES) , Haid. %M&é)ﬁ%v~%%§/\ﬁ:
ERVBEYRT LAERI LR, &//\y’gﬁﬁ@txﬁ-// AT
IDA Z A\ 5 Z LIZ LY BRI 20 A, 3£ 3. 6 A DEMOEBIEHRREDH LR

2Ly, SEHEE, BHMMESE. b T UL EIERES
DB FEZ L, ZIERLELED, 29D ELYE HULBITAVWESS,

TABET L, LBEPOEIVA, WLIEWNWDT | RELEMNTE,
FORELLEA, ALEFSE, ZLEHEIHILSLED O
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OBEFICETh L (BBA D 54 2[E NMR SHAE S, Nomura e al. (2004) FEBS
Letters 566, 157-161) , 4., Cu**-IDA & & /7B L ORESDEH L poly histidine
tag D& LRI EA~DIERIT OO TRET D,

EBR B L VEY

EFNE L A7EE LT PNEZOFEBRIZE LTI ubiquitin, IRF4 DNA binding domain (DBD),
HR23B ubiquitin like domain (UbL) (3"_T E coli}lZ& 5 "N F~LK) % v, PCROERICE
L T ubiquitin(sigma)¥s & O lysozyme (Funakoshi)% i\ 7z, IRF4 DBD (2B L Tl Cys79 % M-
etylmaleimide (NEM) {L2EMIC X VR#E LIz, 1 mM PN F-ULE ubiquitin {23 LT 0.4 mM
Cu*'-IDA ZEA L, 'H-PNR—ZAD R T a—FBR%ETT- 7, ubiquitin BK & DLz X v 15
LNTAETNRFI A% Mathematica DML T 4 v 7 4 LV FBERAVWC 7 4 vTF 1L,
Cu*-IDA D RIENLE % RE L7=, IRF4 DBD 3 & U'HR23B 2B L Tid 'H-"N HSQC A~~~ kv
ET, =24 FEDEELZ CU-IDA IC & B IRIELR A58 LI 217> 7, 'H-C HSQC
AT AT X BTREERIZIT, 10 mM ubiquitin 2 AV, ZhUSx LT Cu*-IDA % 0.5, 1,2,3, 4,
5,6,8,10, 14 mM F TH%., Aromatic 3 & O Methyl L FH OB T delay 2 Bod{b L TRAKTE
FEED PCHERMALTRIEEZITo 7, MRERE LTT I VERH/ED 10 mM histidine 125 LT,

©0.5,1,1.52,2.5mM £ T Cu™-IDA 0%, FRRKICHEIE L7z, 5 mM lysozyme [Z% L T b RIBEDE
Ba% 0.5,1,2,3,4,5mM % T Cu’™IDA #MAZTHEIE L7, 32T NMR %53 Bruker DRX 800
NMR EE# BN TiTo 72,

EPRIZ X A EEBIT. 2.5 mM Cu”-IDA Iz%f LT 0, 0.625, 1.25, 1.875, 2.5, 5 mM £ T ubiquitin
A, WMEERIZED 77K TRIEZITo, HREBRE LT 2.5 mM Cu-IDA, 10 % glycerol &
%L T0,0.625, 1.25, 1.875, 2.5, 5 mM F T histidine Z MMz, FHKICHIE L7, TTD EPR £
i% JEOL JES-TE300 X-band spectrometer {2 X » TiThohiz, ARG IEERHIC L HWEER
iZ. 2.5 mM Cu*-IDA 25t LT 0,0.625, 1.25, 1.875, 2.5, 5 mM ¥ T ubiquitin 212, BIE L7z,

Cu’-IDA & & 232 B DREEEA

EHMESB Y L — FMEAE Cu¥' - IDA 134 o 7 B FRE O histidine FEIZES L, B
BEACTEME D B REMEEAS B A2 RIFT, 'H-NHSQC ~— 2 DR FE 2 Baazic

BHTSZ LICEY Cu*id, His68 OEFEIZRTET S 2 & B HER &, (Figure 1 (left),
RMSD=1.3 A) Hh#6H 20 A & T IEBEIE #4318 & 1 /- (Figure 1 (right)), LA> L7203
5. His68 EDA I &Y —LBRIZBWTEBOERMF L5 NNBLUNE CP' T
DEEBET. FNFN5.6£0.6 B L N4521.0A L7220  BEOERMBEESERL Y LK

ERMEERoT, REEETO N B LUIND B-factor 1227 B LN 28 A2 THY &

VBB S TV B AL CuOBRIR L L R BBEFNA 24V — LB EICHERTE

28 ¥
—
JENEET
\\

\\

\

.'\-4

n
-

Experimental distances ( A)
= .
S

“w
e\

3 0 15 20 25 0

w Calculated distances (A)

Figure 1. The ribbon structure of ubiquitin with Cu** relaxation center of Cu’*-IDA (left). Side chain of
His68 is drawn as a ball-stick model. Cu®* is shown as the sphere. Correlation plot between calculated and
experimental distances (right).
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LT BRBEMERE W &R END, BANEORERIEIRETHH LEZ LN,
7=, #ZT4AE'H-PCHSQC, BF b Ik (EPR) | AIfHESS i‘éﬁ‘ﬁf“d*’&ﬂ%
WT CuP-IDA & # U 0B L DA DOBHEEIT o 72,

a) '"H-PC HSQC: 7 3 /EeEfA & LT 10 mM histidine ® 'H-"C HSQC 227 bV
B TERIFTEE R, A 34 —ABED H-CP L H-C°, BT H-CPB &
W H-C*ThHD, Zhxt LT Cu'—IDA 2EE L E 25, Cu’-IDA:His=0.1:1 IZ
BNT, AIFY =B ED HC & H-CC DY — 27 B%k L7, Cu®-IDAHis=0.2:1
BT, REETO HCP O — 7 NEERBELERLE, ThHOORRLY
Cu**-IDA (I, histidine & EFHEIERA L, CORANEILA 4/ —LVBIIETH
57 ENEB ST, 10 mM ubiquitin @ Aromatic 88350 'H-"C HSQC 222 hLiZ
BT H Cu?™-IDA:Ub=0.05:1 &1 9 & o T EE THV T His68 @ H-CC B L
H-C°* D ¥'— 7 TOLHME—FRE R IEIE LS B &7z (Figure 2), Cu?*-IDA:Ub=0.1:1 D&
AT HCOE—7 3% L, Cu?-IDA:Ub=0.2:1 DOEEE T H-CP D v — 7 [ 3l LTz,
X T ubiquitin {23V T hH His68 LD A I &V — LB Cu’™-IDA 23S LT
BT EBRBEND, '

Ko B0 63 .0 .0 78 2o &5 [

CoIDAUD0T o Cu-TDAZUB=0.05 T vy

13 R 1 120 Y 1
,\ 125 125 128 '
£
P FaSUZ L FICZAIZ EAC/HY,
".‘ \ r4s L/IV ./ LI
4 $v -
it PRV 1’4 A o R B ;{K / FIPLL : 1

./‘-m.--.rmu . 1 1 L1
.\\ DTN
13 SO I PRATE HIGSCL A2 . L‘,‘v
Wi T HED
‘/ .
8.0 7.5 o (33 6.0 K X 3 Ta f5 60
Wy -1 appms we =M g

Figure 2. 'H-"*C HSQC spectra of aromatic region for ubiqtuin (left) and ubiqutin with Cu**-IDA (right).

b) EPR: CoP* D EF A B2 RY Mz k- T, BALEEOHEL B LT,
CPMIBA DEBFERE TH Y AHETF% 1 o>, Cu®-IDA DARXIETF D EPR A
7 hVTO ubiquitin HE I L ADBLE AT, MEBRBEETHD 77 KIZBWT,
EPR A7 FiZ, 24REETER L. Cu'-IDA:Ub=1:1 TEILIZTT T h—IZEL
(Figure 4), = iUt Cu?*-IDA & -ubiquitin DILF B 111 TH B Z & 2RET 5,
BB 5 A1 & 4T 72 gl ubiquitin AR C gi=2.27, BAKZ T =232 CTh v, B
ERELLTHD : EETYT, £, TORFEFRECuE (=3I L
4 ODBBIREILGET D, 20Dy TV 7OKRKEE Anld ubiquitin #AF] T
A=15.8 mT, BAKL TA=159mT THYH, XA TNMTHDENEIND, LIEdo
T Cu**-IDA Eifkds L O Cu?*-IDA-ubiqtuin I 5 CHEEAY 7 4 FAIiEE 2% > TV B A
BEMEDS B, 73 EEBE L LT histidine TOREEDOERIZEB VT HEEL DO 2
7 MARELNT, LER>TINHORESE LY Cu’-IDA & ubiquitin © His68 X1k
FPRHL 1] CPE 4RO L > THRAELTWS BB,
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‘ ) il
Figure 3. EPR spectra of Cu”'-IDA. The ratio of Cu“"-IDA was changed from 1:0 to 1:2.

His-Tag £ 2237 B~DIH

His-Tag £ ¥ > /37 B ~DJEH & LT HR23B UbL (+6xHis-Tag)¥ & U8 IRF4 DBD
@&mymgA@%Ltoﬁﬁﬁﬁ@m%ﬁ%@m#l%&ﬁ&Nm@ﬁ/7w&u
EL. E—2 4 :)5 Broadening ratio % #8 LI L 7=, REIZ histidine DFFLE
- L72v» HR23B UBL | 2B L CiZ His-Tag fHEIZ @&ﬁ%ﬁﬁﬁﬂb@ﬁ&ht@gme4
(left)), IRF4 DBD(ZBE L Tt % 2 /37 ERE D His36 3 L OZEFBIITITLY 79-92 & B
D7 X )BT L O His-Tag 8 CHRE 22 JKIB(L 232 = - 7= (Figure 4 (right)),
IRF4 DBD (2B L Tid cysteine ZFF HLEEERMEMICH 57 0B HETHITH D DIT % 4
W5, L2 L Cu'-IDA & DTT Tik Cu'™-DTT ¥k LILE$ % 7=%, IRF4 DBD fil
% N-etylmaleimide (NEM)% F\ > TILEEH L HRig Lto cysteine & F. “‘7‘ IR DIT
FATIRERZET 5,

Tis-Tuye (90-95) Lis (36) UHis=Tag (121-126)
o -

T . -

£
T
Y

ES
T
=
»

o
n

Broadening ratio
(=2 <
™ <

Broadening ratio

b

L it L B bl AL AR 0 H H G B H H . -
10 20 30 40 50 60 70 80 90 100 0 20 40 - 60 80 100 T 1400

Amino acid sequence Amino acid sequence .
Figure 4. The broadening ratios of HR23B UbL (left) and IRF4DBD (right) were plotted agamst the amino
acid sequence. The 79th to 92th residues of IRF4 DBD: were spatially close to His36 in the modeled
structure. :

Cu’*-IDA Y DfEH ‘ -

EHEEBEX L — F %E/\fzt Cu2+ IDA IR REEICE s TE U RIBRED
histidine (/LB LIS TERT 5. REIZ 1 DDA histidine % &> ubiquitin 35
£ W' lysozyme, His-tag %ﬁo HR23B, IRF4DBD ¥ L O ppR (7 EIEEEAIE ') 12
BWTH Cu**—IDA @ histidine BEA~DE RO ESBHERINT, Z0OZ b
Cu™-IDA Z VD Z L TEL DEZ U RIET 20 ABREOEMOEMESENEOND
LEIREN B,

— 105 —



2P005  DNAFEEEAE NikA OHEARYT
TP - PR, CREST/JST?, BRAF - GSC°
O H#mH', HBEAL Yi-Jan Lin', BWEFERIR !, Peter Guntert®,
FREETEIE M M2

The solution structure of DNA binding protein NikA 7
Graduate School of Science, Tokyo Metropolitan University', CREST/JST?, RIKEN Genomic
Sciences Center®
OHitoshi Yoshida', Furuya Nobuhisa', Yi-Jan Lin®, Komano Teruya', Peter Guntert® and

Masatsune Kaninosho'*?

NikA protein is an important factor for initiating the intercellular transfer of the R64 plasmid
during bacterial conjugation. NikA protein binds and bends in the proximity of the nick site of the R64
origin of transfer. Many NMR parameters and cross-linking experiments have revealed that the
NikA'"*" construct, which includes DNA binding site, is a homodimer. The structure of NikA"*! was
determined without measuring filtered NOESY experiments, which are typically used for
distinguishing between intra- and inter-molecular NOEs, énd also without assuming any prior
knowlédge of the approximate folds of protein. The assignment of the intra- and inter-molecular NOEs
was obtained by fully automated NOE assignment using the CYANA module. The NMR structure
reveals that NikA'®' is a homo-dimer, which adopts a ribbon-helix-helix (RHH) fold common to the

Arc/MetJ family of transcriptional repressors. -

NI FVTIZBITHEREERO DI, FRFREOBEEEET T X I FIZL 58 EF
MBI DY . GIITHAEDE I T AMEOEE, OV TRBENEROFIK & 2o T\ 5,
BEEMEBROMIANR, 7TV T ORREEREL L TEERSNIBRANR I IS D,
CDERGENET T A FO—FETH B R64 O DNA (GEDBMBICB W TEERBX 2 LTV
B LRI R NIKA Th B, NikA LEERIIT TREA 75 2 3 RREES (oriD) hod 17 i
SDEF| (repeath) WHEANIES L. oriT ZfiF 52 EBHALMIENTVWS, Nika 3
oriT Z#iT % Z & T T relaxase (NikB) 23 oriT fHEk DNA D — 5 D8 % K RANIZGIH L .
— AP oo T T A ROMMB~DOBEINEZ 570, NikA HEAEEOBIEC R AT
ZEDTERNZ NI ETH D, AFD HIFIEL, NikA DILFHEE LB 55 L, £ D DNA
DR R FIREIE LA T2 L 18h B, Nikh 2R, RUEOLDOT X ) BERKOWHE
SRR & R T AR, repeath & KBS 5 T HE T H DA ST N A 51 BED

F—1T7— K : NikA, BES(RE, DNA WS F /N7 - B9 MR

ELEDEL, 5200508, W—UrAD— ZTEDTEHR, A—le—&yAlc—L,
PVOL X ESOR
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g R RS2 h(NIKATD) ECEH B IF A NMR AT "R E5 2 -2 End, £9. ZOEsy
D SEHAEE RN 2 EiE LT, ‘

[E5] :

KIGEZ A WERERBERICL D N-K O PC/"N-#Z3% Nika™ 28 L7z, MR BIEX
Bruker DRX 800, DRX 600, AV 500 Z B CTHEIFE Lz, Fix D 3KIE MR X227 M %R
L. BB, NIkA™ O EFHR M ORBEIT- 72, RIC 'H MEREER LB 5201
3D N separated-NOESY J TR 3D °C separated-NOBSY DI #1T o 7r, F - KBiEA & EH
THEDIL B REL, T/ v—2=y MAKBREN DY — Moish) ZkR#ER &3]
LT, :

(#2722 b N EE] ; '

Bix R T CHTER 50k O NikA 2EOBEREZ AL, Nikd [FEKRPIZBNT
SRE, BEH ARMK, EHRLTRY ., RERBEREIIED CRBETHS 2 LBHL
TR oTz, —F. DNA REAREZFEO NARUE FA A 2 NikA™ | (BRI RLF 72 NMR A2
MVEE 25T &0 Z OSLEEERNT 21T o 7o NikA™ 0 'H-SNHSQC 2 <27 F V& FEMIC
BRELIEZEZ A, B/ 0RAE—7 OFIEIL 2 BAMEY (HTE11.2 kDa) THDZ LRHM
oFm, ET2 PCon PCp. Hy#%D Chemical Shift Index 7>H NikA™Z|EBA kT v RR—AD
HEETDHZENHBAL, NIKATREBAEATHHZ L 2R LT, T DO NMR OEFRE
¥, dimethylpimelimidate & AV = ZRFERBREE RIZI WV TH, NIKAT B2 &) 2 BKE
FBERLTWAZ EBHALME T, ,

BE. SRE (2 BE) OMEBEIEICISOCIEIRMLE T £ /L4 —NOESY ORBIEZEITV
SFNESTFREIO NE 2K 55, FEaI—DENF V7 BOEEERBECLTHT
N &4 FRIO NOE ZBIRT D200, WTNhOHEEZRIRT 5, AR T, KFBEHEOHE
BRI L VB OBy — POKRBEAGFEREME— O FHRIOFERM L LT CYANA 12X
D NOE DEBNRBEBEHRE2ITom &2 A, IKINERIWEEBESF LN, Bohi
NikA™ D 16 225 51 BEDEHDOF T Are U 7Ly P —DOHE L EFIC L CER D, NikA
120X Are/Met] V7V o —R—=R—~T7 57 I U —IZR BN S ribbon-helix-helix (RHH) #
D DNA FEAETF —THENFET D Z LMo, SE., FaidBaEEORBIZEDS
NikA 2, BERBRAFLWOIBEDORR 7277 IV —IZR 6N % RHH B D DNA & EF—
TRFET D EV S EIRECMRE R, 2%, CYANA IZX V4 FA L RO NOE %554
CABRET 5 FEIRE S A ~—OERECARATHS 2 LR ENTE,
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IPO06 = BRINRISHH ZEERL: TAFY= 7&/70/7(;6”m0ﬂbﬁ
WAL |
BRETHAEE OBERER

Ultra-fast measurement inmulti-dimensional NMR: Spectrum reconstruction
from folded spectra with muiti- l inear sampl ing
JEOL Ltd OKenJi Takasugl

For multl—dlmensmna! NMR measurements, one of the. factors to mcrease measurement tlme
i's point resolution in indirect axis. Namely, total measurement time is proportional to
the number of points in indirect axis and long.time measurements are required to get
‘sufficient resolution in multi-dimensional NMR measurement. | developed a technique to
‘decrease the total ‘measurement time with reconstruction methods from folded spectra. By
this technique, 1 successfuily shortened the total measurement time to half for .
two-dimensional measurements. This technique is applicable for three-dimensional and
four-dimensional measurements, and their total measurement time can be shortened to less

than quarter.

FT-NMRR <5 le(D/R‘IElJ‘aL\’C ﬁ/ﬂ'l%ﬁliﬁ/ﬂlL'CL‘%)HD(D'U‘/?U JOFEWEL, R
¥ hREEIZELE LT L BFIDOBMMER (B &) IS& > TRES, &, EEOSRTEMRAET
. R R A M O RN B, © o CRISENBE— It
#7 MNEQORMETAT 27101, MERMMORS ¥ FIREE+HHITIBENSHD, 5
ST, BABORRY FLEBBLOIE, ERMONERMALETHE, RRETE. B
RIEUSRTMRAAY L ERMERL TARTE S, 7YELERRAEMRELELOT, X
PER>THET S, o

o "."l"rl 1 _"T"'l:“T" T

IS TR RO T R i s s It
GRS A FA FRBIZE YR Lo e =
Y. YT L TEENDIESE — My L] ‘ AL IR
IAYTFRERITEY . FAFR - W A LY BIE
B & YIE LRI YR - 2 im 1. e I e i Lin 7o
ESELTHRASNBEHLL

T, *0.5kHz DY Ty » TR

DREISHEVT, 3. 2kHz DRI - AR M B
Eﬁo‘:"?li'&/j Yoy %ﬁ% '.',':'i“' ,.'?',
DIESTHD. #>T. COESIE AT
FYESESE LTRASA. & Hoputa 12
Fofvd 0. 2kHz (3. 2kHz — TkHz x 3= PLERED
0. 2kHz) DB EFHDESHO & TE
SIREhd, EL. COES AT
"E KM 0. 2kHz OERBEFHOE (YN
BLORMEFAELTHS. ST, LIRS
Yo TY o THEEL055KkHz & (U i

LTRBOREETI &, 3. 2kHz — - R
OB E M % > E B (L FiglwoDimensional 'H-""N HSQC spectra of chiorella ubiquitin acquired
-0. 1kHz (3. 2kHz - 1. 1kH 3 = with narrow spectrum width.

: Z\9. Z . Z X a) Acquired with 1kHz(20points) for *N spectrum width. Measurement time Is

0. 1kH2) OER¥MZEHEDES L L 17 minutes. .
b) Acquired with 1. 1kHz(22p0|nts) for “N spectrum width. Measurement time

THRASHhD, 2FY. 22BE $isminutes.

DREBZH LT T &M THRIE o Stacked plot of a).
d) Stacked plot of b).

F—-U— R Z&oL NMR, HEEERME, A7 MVOFVIRL
DT EFALT
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EIT5C&T, BRAShEESHHYVEBESLEEBNESHEHHNT I LNTRTH D, T,
FYBSEESOE—VHBEDRBVH SEHE(LEMTEIMMFYVR--BETH, FYEL
BMEFET I ENTE, LHEHBOARY FMILOBHAENTTRIZES, CORRY FMLMSIA
WEARY FILEBHET BICE., ROESLBHEELH S,

(1) HYBR>FE—VDOREHROBVOHISIFYRYEHEREL. LEHARY ML EITTY

Ev99 5, ,

(2) BONEBBEARI FLEBEALTFRE29IL). REVIENEARY MLEREL.,

ERAY MIOVWTHREDOKRENT—2 BT, PELHEHBT S (Lowest Value %),
BL. Yo T oG EE— IV MBDEICE Yy TI—R FE—2 1R BBENRH B, YT
VTHBORIRIZEY ChEBITTLS,

ELHICCOES LY T v TEETIREHFEHORRICHERTY Y F) v TMREAR< . BL.
FRBE(EX)D FID 2888 THRa v UKL EL, HIZIE, SRR ES)1 O FID
/3012, 0 TY U TEER Kz (32 T SRR 0. Smsec) T 2000 B> Ty >
GET-ge L YT U TEEMN 0. 5kHz (> TV S RARAS tmsec) T 1000 DY~ T
Do %T->1-1BE LTI, FID OBABMES)NBLEOTRS » FOBRITZF L LS,
#-oT, COYLTY I TARERFTARY MULIZE T AMERANEOY Y v TETHES
Bl RAY MU L TRIRHMEEERT 5N TES,

COFEL, WHEFHOY LT Y VT EEHREITS CEISHE L, EhEFhDSLTY LT
BYZFBY LTIV TRA D FTITOREDT, ILFI=THLTY LI TFIDEYLTY
DL EICES, RWFYZTPHTY o TTRRESAEFID X, #71YiE LEHEERLEIZ
FY, ELWARRYG FILIZERSNH S,

EROBAME LT, BC/'"NSRUBERED 2 KT H-NHSAC R R FLORIESMEIZEAL
BT B (ERESRNE (N Oy T) V8% 1kHz & 1. 1kHz O&BTREX2T-
=BT, RV FHRREIZR 1a). B 1b) &4 50Hz/point [ZA > TLVS, B 1a), B 1b) Iz k&
QoFEEBERLT.M

BRI HA L o ™

12(R% v L1z) L Ohs ii_'" d,f (3 C !

H1o). Bid Thd, & | -+ o

Iz, COE 16) &H 1d) il < - I~

OERA L FIDOVT, | i i B el B B | =

BMEQDNS VA ERBT Hg K i v - ES==

BCLT, B 200DRR i

Y LERBT ENTE J;—’W ?' e e e e e

5.cOE2) OREE. | e , i

BEOY LT L TEE ,

LTHRET2RRY | P .!“l

ML (E22) ERLRAY | . e e = o

FAREEDRRY AT | - %

Y. LAEHMELS | = T o e i

UTIEET 5o LT | il e

21, | Ea{ e o o
OBl 2 RTAE~ | =

OBEFAFIFEMN, 3 KT, 4 51-_-1 L - 4

Wiiﬂ'}il:?ﬁj LT %n%f X pors e e 1

M OR RN IZEA L Fig.2 two-Dimensional *H-""N HSQC spectrum for chlorelia ubiquitin.
=38 &1E. E5ICHRIFER 2 Reconstructed from two narrow width (1kHz/1.1kHz) spectra.

— . Total measurement times are 35minutes.
MEERT SBENTES, b) Acquired with conventional method with spectrum width 5kHz/100points.
Measurement time is 85minutes.
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Study of Supramolecular chemistry properties bf Calixarene using
hyperpolarized Xe-129
- OYuko Adachi, Akari Kaneko, Atsuomi Kimura, and Hideaki Fujiwara

The Department of Health Science, Faculty of Medicine, Osaka University

The complexation phenomenon of Xe—-129 with calixarene(CA) (Fig. 1) has been studied by
hyperpolarized Xe—129 NMR spectroscopy. The chemical shifts of Xe—129. dissolved in the
CA-D,0 solution strongly depended on the. concentration  of CA. By  analyzing this
concentratiqn—dependency, the association constant is quantatively evaluated as 12.6%

2.2M". The versatile utility of this method is discussed in the present study.

izt wiz] »
 BIRAE Xe-129 % FIV ST NMR 4 %&muwmmw%—m1w@#w f“
TR IS DB B I TRk, Z O FERREREOERICER
T BT L WEIB U, MRS~ R 2 SRR R R AN S C Q “’W“ﬂ ,
I)\écw%’:f‘\ AR CIIHRABE LA THLEFTH) v I AT L J
—V(CAWEBEL, Z0bDE Xe-129 & OEEBHIIGEARD S o
: : Fig.1 The structure
L&l of 4-Sulfothiacalix[
: 4TJarens Sodium Salt

[=5] ~
¥§¢v~ﬁ~mrMAs54ﬁ—%~:t V/bﬁ§MP/17A)%1Mm ZiE L MR
Fk Uiz, RMEAPIOD Ry ICZ AR L, SR Er 7S LD Xe-129 H 2 & BIRMIRIEC
U7, Xe=129 4 A i B RIFAELL CRIBEILN 2% CTdb 5, NMR OIRIEEHE & #RE5IZ AV 12aT
Th D, NMRERET Varian tLB INOVA-400WB S5 (9. 4T) Z B L. RIERBELIL 110. 6MHz,
HEREITERTIT o7, P 7T 4- ~Sulfothiacalix (4)arene Sodium Salt % FIVS. FELI
Dﬁ%ﬁhto@ﬁi%ﬁﬁ%owﬂmifgxfﬁbkoE*uﬁﬁkkﬂ%@ﬁﬁk%ﬂ
SN Xe-120 D AT FVERBIE LT,

F—U—F  BREWXe-129 AV v I AT L—r FHEH T/ B
HEBLDHIZ MRIHENY FHbboBAh SULbLUThHE
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[BREBE]
BONEARY FVILLIATIDANRY MTRE
R LTV EEBGRICT 7 LTz (Fig 2),
NE Y CAIC Xe-129 DEAEINTEY . EAITHET
7z Xe=129 ME 5 & CAIZERE S Tz Xe-129 DIEH 13
R EREN D — R R0 EXDND, %
LT F ORI BIEE 2\ v CER S T PR
K%R®7z, A% Xe-129, B % CA. AB % Xe-129 &
CA DELEEE, [B] % Free, [Bl, # MAIRE LT 5,
A+B 2 AB
ZHRIENEEZONDDTKE § 4 FUTOLD
cRENSD, ‘
[48]

[4B} 5 +[4]5,
[AIB] @ Sobs =

[4]+[48]

Xe-129 H A B X AHHET 5 DT Xe-129 iTH ¥

APZEICHEI L TWADT—ETH D, Xe-129 D
AT T 4. 37TaMY B B, :
[B]=[B],-[4B] ~®

D. @, @KLY

1 1 1
+ Aj______+—@
[ ] 8450, [B]o 640,
Wi, e 1/(B1,. #MEERIC
FER¥EIC LV S ER, S

1 (1
5abs _5,4 —(—IZ
HEL-EEZOX
/(8480 %ED,
R (Fig. 3),
ERIEBIC & D EHEEH KL 12.612. 247,
112. 8+2. 9ppm
CHMBTE B I E RS hot, A%, BEREER
Ly HEEROBNEAT A—F & LTAH A
S ZFME L., oA LHETITFETHD, CA

§ o VX

W2 EREICL VK E S B IERE

& cbalppm)

1/(8a-6a (1/ppm)

200

190

180

170

160

150 ) T
s
=
140 e
130
120
(i 0.1 02 04
Bl M
Fig.2 Plots of 8 . against [B], at~
room temperature
-0.01
-0015
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17[Ble (/M)

Fig.3 Plots of 1/( & obs— & &) agaiﬁst 1/

[Blo

BFaonkdh7 I/ BEPEETIIELEERINE, Xe-129 GEAICRIETT /M@%

BLRETTH D,

51 H3CHER

K. Bartik, M. Luhmer, S. J. Heyes, R. Ottinger, and J. Reisse, J. Magn. Reson. ‘B 109,

164-168 (1995)
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2P008 Eb-2ha>RUT ABC b5 AR~ —ABCB6 D NMR ##AT

(B - BEELS, THRIRTTAR - REE, CHEE - BB THEE - e
% G, “CREST/ST, *Mitochiondrial Diseases Group, MRC Dunn Human
Nutrition Unit, UK)

OgBMhBY 14 %2&7&%@5 %Eﬁi“ 123 Rk L

NMR analysis of human mitochondrial ABC transpofter, ABCB6
Kaori Kurashima***, Hiroshi Senbongi’, Takehiko Shibata"*®, Yutaka Tto*>*

!Cellular and Molecular Biology Laboratory, RIKEN; *Graduate school of Integrated Science, Yokohama
City University; *Research Group for Bio-supramolecule Structure-function, RIKEN; ‘CREST/JST;
Mitochondrial Diseases Group; MRC Dunn Human Nutrition Unit, UK

Human ABCB6 (MTABC3) is a mitochondrial half-type ATP-binding cassette (ABC) transporter
protein. Like its Saccharomyces scervisiae homologue, Atmlp, ABCB6 is proposed to be responsible for
transporting a precursor of the iron-sulfur (Fe/S) cluster from mitochondria to cytosol. Aiming at
understanding the molecular basis of ligand recognition and transportation mechanisms, we initiated the
heteronuclear multidimensional NMR studies on the C-terminal soluble domain (558842, 285 a.a.) of
ABCB6 (ABCB6-CSD). Stable isotope-labelled ABCB6-CSD was overexpressed as a GST-fusien
prot'ein"in E. coli using M9 minimal medium. The N-terminal GST-tag was cleaved during the
purification. By optimizing the purification procedure, we succeeded to obtain enough amount of
ABCB6-CSD samples for NMR measurements. The 'H-'"N HSQC spectra showed well resolved
cross-peaks, suggesting that ABCB6-CSD possesses propér fold on its own. -Backbone resonance
assignment using H/">C/**N-labelled ABCB6-CSD is in progress, which will be utilized for the future
titration experiments with ADP/ATP or ligands.

[ ‘ ' '

t b ABCB6 (MTABC3) 13, 2 b2 RY FHEREETBN—T7 51 7O ABC BiktkER

CHETH3. ABCB6 MHiX T ZEEICOWTIZHSMNIZ > TWRWA, #& - B¥y 525 —
BB E R &7 B MRS Atmlp SHAMEFOZ &N, FRLEEEL NI OV RY
THTRELTWSEEZLNTNS, , , ,

45FTO ABC BiRABERBICETAMRICX 5L, ABCMXAEAHEIE, BRERBLEEE

OHREZFRFDIEEM (TM) RAA &, EEMREOIRILF—FETHS ATP E#E L, ATPase.
{5 % #5D ATP-binding cassette (ABC) KA1 > D 2D RAA U HHEEREINTWS, Bild
BT, ABC R A1 2 2EE CRHM D A[ATEE (ABCB6-CSD : 285 L) Dl FHEED
fREAZ EH{IEL, NMR 2/ W-fEiT 2B L.

F—TU—FR ABCHIEHERE BEAE IMICRUTAHE SKoOEREME

A0 OV SHELEMBD HABAZTOAL LIEAEFVZ WESOM
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(328 - K6 5R] ‘ ,
ABCB6-CSD OAKERED=HIT, GST Bl ABCB6-CSD ORIFHICHBIT 2 KERRAEH
L7z RWT, GST#EfEN S A7 0% 82757 4 —, Thrombin i2& % GST-tag Ik, &
FIRBA S LR NI 5T 4 —IC K BERE LWL, NMRHIE IC T4 722D ABCB6-CSD
BEEB/DZENTEE.
LA E AT 5N EEE 280, NMR B#EEW (20 mM sodium phosphate (pH 8.5), 50
mM Na,S0,, 10 mM DTTIH T 2D tH-BN HSQC A7 MV EMEL =& 23, RO& D hREFiR
ARG FIVEBBZENTER., ZOZEMND, ABCB6-CSD IREABARBELZRZFLTNVWS
ZEMKBLZ. DINWT 95X EAKBHICHIT D EBREHEOBRIFEITY, 2H/BC/BN ZHE
BORBEITo 2. BE ZOREEHWTEBKL KT NMR #EICk 5E#H NMR &7
NVORBERA TS, Eiz, H/BN ZEEEEHI DO WT ADP 4 O ATP JEKE7 0l %
AnkEYAL L —3a  EBRETS I LT ABCB6-CSD OEEEMITHED T NS, b, £TD
NMR #iEid, HEF - FOCHSEET O Bruker £ DRX600 3 L OMEIR 3 Hitlg Y o— 720, |
ERE 208K THi>TWd., FT—FUEELZXRT MLORBITIRETN TN AZARA,
ANSIG-for-OpenGL V7 b =7 2HNTW5,

(5% OEE] ' :

51, BIRAT O P EERE 2L, H8E H/BC 27 FIIVORE S NOE B 21T
HZETTO—=IN)V s 73—V ROREEITIFETHSD. RICEELTEIELENT SO .
—FZHWT ABCB6 OREEDOREZTY, FAETELBITIEINMR ¥ bL—3 3 VER
2S5 2&T, BRERBOANALDFEMEED THRERLNEEZITNS,

105

110 -
1s —

120

130

, Figure
2D '"H-"*N HSQC spectrum of uniformaly '*N-labelled ABCB6-CSD dissolved in NMR buffer [20 mM
sodium phosphate (pH 8.5), 50 mM Na,SO,, 10 mM DTT].
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H-D Exchange Rates of Lysozymé Variants in a Non-native State in a Solution
Containing Various Solvent Additives
School of Science and Technology, Kwansei Gakuin Univ.
O Yasuo Noda, Keiko Sakamoto, Kouta Yamasaki, Kunihiko Okamoto,

Masaya Kimura, Shin-ichi Segawa

Lysozyme variants lacking disulfide bridges have non-native structures in
an equilibrium state. In order to analyze early processes of protein folding, it
is important to understand nature of a protein structure in a non-native state
at the resolution of atomic level. Protection factors, which are defined as
retardation for hydrogen exchange rates of polypeptide NHs, are available
data for such a purpose. But it was difficult to measure the H-D exchange
rate of each residue by means of the conventional method with 2D-NMR
measurements, because exchange reactions of protein in a non-native state
progress during the measurement of 2D-NMR spectra. We solved the
problem by measuring the NMR spectra in DMSO(Dimethyl Sulfoxide)/D20
mixtures, where the exchange rate is greatly retarded. HD exchange
reactions of protein were carried out undeér various solvent conditions (pH,
temperature and solvent additives such as glycerol), then partly deuterated
proteins were freeze-dried and dissolved into the DMSO/D20 solvent for NMR
measurements. We will discuss the effect of glycerol on proteins in a

non-native state in a residue-specific manner.

() :

RKRY YV F—AITiZNEN 851(C6-C127). $52(C30-C115). SS3(C64-C80).
SS4(C76-CI94)E NI 4 XD SSHEENEET 5, INETRLIZTNEN 1 zfsk
?E L/f: 388 HEEDNAEBIERZMB 70, NMR ICEBHERT 275721,

T2ARD SSHEAENGFEET S 288 4 (288[6-127,30-115]) 1DV T Mﬂﬁé
1'TD7'Z_2)O TORER. BEB88IODCAY v T AEKE1-39 D NKIa RAA

DY F—LA, BRERK. TO0F2 a lP. 74—V Fq 27

ODERTB,INBETNI  PHRIEIIL,BNDBESKVI,EULFETD,
ENDLAVS
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U EBRENOBRERNBEICE > T o RALTCOHRLEERRTZIEE, B
RAAL > DOivm (FRE 40 & 87) &, TRAE 40-56 ODFEfT B > — hD—¥m (FHE
55,56) D3 #nFiEk Y ELBNBHAICEEL TS RAL > OEATHRIM
HEINTNWBZERDM-TERY, FITHIUNIE I —=INT 4 P TRIED
VEBEZMTT 52010, BERLXIIERRREICH S5 NI BOBEDK
MERTFLNIVODEETHRATEMEZITo>TVS, HYYVF—LD28S
EEM (2SS[64-80,76-94]; C64-C80 & C76-C94 M 2 KD SS A ERIFTHH
D) E0SSERMK (0SS 4AXTRTDSSHEANKRBL TS HD) IRAKKR
BEESEE—I ONBID/N NMR ARY MV ERT S, 25 DERAR
BICHDY NI EBIRZERILT I LAIANINTIRRLS, RUXRTF REIT—ERIC
BFEBENBELTVWEEEZ NS, ZORREHREZES D, RUXTFR
FHEONHENHD RBKIEN S EDL SVWREINTNBENEWS TOF 7
A EAFEETIJBBEICOVWTRDE, ¥24M Y7oV CHEBERE,
30% /U0 — I BHEBELTVWBERATTCRILE >R TOF 7> a Y RFER
O, TaFria EFOENNSL, ERABRBIZHZY O NRNITEOBEORME
IZDOWTERL =, ' :

(] :

28S BRAKL 0SS BRMAD 15N BB Z/EHL, 7T0uM & 104M DT >
7 BIBE T HD KIS 21T 2. HD KSR OB HIE 20mM FE /Ny 7
7 (pH3.0) ZRAW., AM /7 =V UHEBERY, 30% 7V 00— )L 2itEI®
TRBESE/. HD KMRIEREKR TH, BERTE k> TRBRIGE
BIEXEE, aM 77 oD UERBRERG, 30% 7V 20— )l BHEL TWEH >
TIWICBE L TIRFNS 2HORL 72D, 4 COLET THMHE SepPac I I LICH
AL BRTZ7=Zo 2 BTV 00— I E£2iTo k%, BEEEETo (B
KR 3.5 23) . BIEHREEZ OY > 7 )V %E NMR HIE A DMSO /A (95%DMSO
&5%D20:pH5.4) THEML. 25°C T NMR HEZ2fF>7z. ZOBEER T,
HD MR IEIEEIGE /20 CRBEENTH L TH 200 2EE). HSQC X
R MVBRIESDO HD KBRE)SIIIEE A EERT S Z &N EETH - 72, Bruker
#8 Avance DRX600 NMR 488 % i\ T, BN-1H-HSQC AR%Z MLV Z2RIE L,
Felix ZHVWTZTOANRY MV OBBREOE— 7 RHROBEELEZRD S Z &iT
&0, HD R|KIEHEZRE LTz, SHICTOROTMEEORHERET I/
BRBEEAE ORER(Bai et al., 1993) TH B Z &tk > T, 7Orsa XRF
ZRD Tz, : :

i3]
. 28SERMAIZBNT, pHS. 4ACOLEHETT, BFWRTEICFEEAEDEBED
Tasr3aRFELIUTICES 2 (Fig.l)c BIZAB I —7RE 17~26).
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Fig.1
Protection factors of amide

Protection Facter

hydrogen exchange in the
255[64-80,76-94] at pH
3.0 (20mM formate buffer)
and 4C.

0.1+

|
|
!

|
1
80 100 120
Residue Number

b DEBGERE 1~4. 38~40. 85~88). DU w I X & C KU 81oNU v T A
OB GEHE 116~118)12i, HEIC T usr 72 a v RFONIRBRODONEPRL T
Wi, ZhoiZ 2 REEDMBICHE L, FONVBERCEHT ) — 785
BT AEKERECEDEETH 5, TOEMMIBEKEREDI A5 —%
fED. HD MRS S > F LA INVREI D BNZ > THL B2 TNRDHEND
ZENESMITIEo T, TD T LT 0SS BREICH LU THIFIERBOERERN
BOENTBY., BRAI DK 2AD S SHEANEET ALK 2EEIIFEA
ERBNIEN S Iz, |

HD XHBEENT I VBESORMWEEL OFE R2BHELT, AETHE
WOEENREZSNDDT, 0.1IM ® KCL 2HML TEREZT-> EWNEEREL
BRsNARN- ., £IT, EUFTH2 772V HEBEE(GUHCDZE 4.0M £
THRMUTERZITS &, 288[64-80,76-941F BADH S 4.0MGuHC1 T HD
RBEERLT I VBEAAEOT—FITEWENE SN (Fig.2). T7/280D5, 20mM
FBNy 77— P TREICEL HD HT 5 NH HILE8 T 5 BH O L ENEY
SNTTFI/BEEDEICR7ZEZEZLLNE, DFED., ERRREBITHARY

0

10 N T T T T T T T T T T T

Fig.2

Protection factors of amide

hydrogen exchange, in the

258S[64-80,76-94] at pH

3.0, 4C in the presence of
- 4M GuHCIl.

Protection Facter

80 100 120
Residue Number
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RT7F REIT. BKEOREDEH S TIEXHD RMRIEE WD RIEE THE T35 &
G ANDALIITENN, ©LUAEK rémﬁa%gwﬁﬂﬁfi&‘{%wﬁﬁf; EOXE%
BB TREARBBIIBMANTNEESICRAZ I ENDDN S,

A, 00— idy X BOMKBEERELTHIRELLTAVSH
TW5, 28S[64-80,76-94]FRMAKIC /UL O — V2 RME BTN & 222nm 4§
MITHBF 2 CD AR MV OBEREAR SN, £IT, 30% 27U kn—)b#
#FTOTOFrva YERFEREL. Y ED— wm#f%%LLam;om
HEBEEZDLONEERE L, TORKE. %ﬂm&om9dﬁi% BB M
YIROTOFr v a RFEEECHATIEIN s B RAL > DEEH
(B 5560 DEHE B—. C—. 10— ~U v 7 AD—HT [le55. Leus6 W4T
T HEMADTH >z (Fig.3). —H 0SS BREFICBNWTIR, FY =LK
B@%%@#%kmém;&#ﬂﬁbtagw ik, 72 /mmmam91k
 BECOBCKET SRS TR, ERARBISEY O AZEIBVTS,
BFX%/ CHEHET B 24KD S SHEEAMNe RAS D B—, C=~"Uy T ADT
0573 a RFRKREREEERFLTVWAZLEERELTVS, -

100 4

Fig.3 o
Protection factor of -
il amide hydrogen exchange
lill * in the 25S[64-80,76-94] at
ll pH 30, 4 C in the
il pfesence of 30% glycerol. -

Protection Factor

20 40 60 80
Residue Number

(&% (k]
1) Yokota, A., Hirai, K., Miyauchi, H., Ilmura S., Noda Y., Inoue K. Akasaka
K Tachlbana ‘H. and Segawa, S.

‘NMR Characterization of Three-Disulfide Variants of Lysozyme
C64A/C80A, CT76A/C94A, and C30A/C115A ¢ A Margindlly-Stable State in
Folded Proteins” Biochemistry, 43, (2004), 6663-6669

2) Noda, Y., Yokota, A., Horii, D., Tommaga T., Tanisaka, Y., Tachlbana H.,
and Segawa S. .
“NMR Structural Study of ’I‘Wo D1su1f1de Variant of hen Lysozyme :
' 28S[6-127, 30-115]-A Disulfide Intermediate with a Partly Unfolded
Structure” Biochemistry, 41, (2002) 2130-2139
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A Novel Method for Isotopically Labeling Proteins by Utilizing Photosynthetic Bacteria
Department of Biomolecular Engineering, Graduate School of Engineering,
Tohoku University '
M. Kudo, S. Otomo, S. Kosuge, M. Kobayashi, T. Nozawa

We describe here a simple and efficient method of utilizing photosynthetic bacteria to produce
isotopically labeled cultures for E. coli expression system. Photosynthetic bacteria are known to
contain a large proportion of proteins (> 60%w/w in dry éells) and can be grown in media with simple
combination of carbon and nitrogen sources. Hydrolysates of non-sulfur photosynthetic bacterium
Rhodospirillum rubrum cells that can grow in a medium with NH,CI as sole nitrogen source have been
shown to be most. efficient for "N labeling of proteins expressed in E. coli. Sulfur photosynthetic
bacteria Allochromatium vinosum and Chlorobium tepidum, both can grow in media with Na,CO; and
NH,Cl as the sole carbon and nitrogen sources, have been proved to be most suitable for producing "*C
and "N doubly labeled proteins. Examples are given to show the applicability of this method and
optimal experimental conditions are discussed.

(HEIBRENMRICK 25 ORI EOUEEBERTNICKBERERNEAVSEN TN S,
BHE. BETZYNIEER BN & UC TEBITZHENDHD, ISZHIVITILILH
TIVTSLARBEOY NI EELEET S, FHEESROZDIC, EEMI Bl EAIEH
IROBEMASEDEERS ELZBOMEDNTVNSY, BIE TIRRBIRENL BRI
NRTKIBIZTFAD, EBBOBEERICHNIIAMEVWREORERENHD . AHFRE
TiE, MM REREEBEFR CETURRNASRME 2 AR TUEL., KIBERBERD
B UTHETA LD, EREBEBTENY NV EE XD RMTEST 28R
FHEDRFEEHRATERIIDODVWTHET 5, :

[EE] £F5 TIX. ERENXESRME Rhodospiritlum (R) rubrum F OTREZE & R E
Allochromatium (A.) vinosum & Chlorobium (C.) tepidum %Wz, T 5 QBRI B, U
> OB, Na,CO, ZRFEF. NHCl Z2EHRBEE UTHENTRTH D, E/-BAKREEE MY~
DOEHBHLBEHZ 2D, 22 FOENRERMEREN S XL DY >N Eilk
EBHIENTEBLEEZLBNS, £F. ChoDEEE 6N HEET 110C, 24 BEFEX
B, BonkaMERERFIL, BRWEZRELEE M BHOERR S KERICES B
A, RKBEBL2DEHEL ., KIBEOAEEIL. 600nm TORNEODs)ZRETZZ
EREOFH L, AFEOEAMERETLEDI, ERENY NV BICRAPBEET
TTIAKBEZRELZ R rubrum HROAHEESY >RV ETH 2 LHIPR U XTSF R
BRIV, LHIBOWEBEET pyB & HiseTog E2HTHRERY ¥ —2 BB L%, KBE

FRLARE. SEOMME. NkSEE
QESEFL, BBEBEND, TTHELL, THPLEIVE, OFHOROY
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BL21(DE3)pLysS #RICEA L. HHY NI HOFERB 2170 .

(KR EELK] Table 11, SR E M
B (10g, wet) DK Y TR U =i H
TRIBEZ 11 REEE L 72K D 0.D.gpfHE.

Table 1 Comparison of the performance among the

cultures derived from various photosynthetic bacteria.

ILY =D OBHMN S f%!: 55 %éﬁzm% R.»rubrum A. vinosum  C. tepidum
DREVERIZAVW-EHREOEZR 0D ( 11h) 05 1063 1. 0.777
T, ZNED. A vinosumDI A RINVT F - Cells 25 6 14
—RYAMNINS OEADTTREKRTEH  (Eved/lmedim)]
0. A vinosumlZPCHB L UPNZEER T NH.Cl[g]- 0.8 0.5 04
BLTWBZERNRDENZ. —H. R NaHCO; [g] - Ls -1
rubrumVE ). T B B— R EPEIC L THE  CHCOONalg. 038 - 03
FETHZENTESD, ZOHE, LI : , :
YD 10g(we) DEERZEND 20D, N 3.0f r T ]! *
BN3BOEKOPTHROE WV, LAY 25 _ -
2 O LB medium ; by

5Ty R rubrumid. "NOATOEHRIZHE
S LTWBEEZ LGNS, : ,
Fig. 112, R. rubrum MKS RS % 5
LR XRBHEBMEERERT. JI o
— A &M Z 77 R, rubrum /K D EREH T,
BRI EEENEML. 20 [(g wet)/(L
medium)]DIEE T LB BHERUC L)V E
TRBREZEFIRDLIENTER, £
5T, UNOATOE#HZEHNE LZBE,
FNaA—AEMOEHA L DEIT A -,

BB TKIBEEERIEDLENTE
%, :
CFig. 210, BRI "N TEZ# L 7= R rubrum

OMANRE M EEHL T, KIBERERT
R. rubrum BT EEEE | OBERSY >3
B LHIBRYRTF RE "N TEHBRLEZRKD
'H-BN #HBEZ _Z RJILHSQC)Z #RT, L8
FIRSORSETVIREREOHEL VT
IWRBHFRERNENEZENS, FERED
BIMEERIEL .

Uksin ] SRS D& BRMIE D IOk 53 it %

KBEOB#E L TORAZRAAZER, BC
B N ZEEFICIE 4 virosum KSR
Yrsgsth, N OADOERITIE R rubrum K5
e ZNETNEHT A EICKD, KO
AP TRIBEEEBIVTELIENTETHS
EREINE, 5. FWATHELL ZFiE
NRIBEREREAW R4y NV E
B OERICE<FAIN TR ZENH
HTE>S,

0.D. at 600 nm

—&— 20 [(g wet)/(L mideum)]+glucose
- 20 [{g wet)/(L medium)]
-0~ 10 [(g wet)/(L medium)]
-€}- M9 medium

2.0
1.5
1.0

0.5

- 10

0.0

Time (h)
Fig. 1 Comparison of the growth rates using LB, M9

and various cultures derived from R. rubrum.
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Fig. 2 'H-"N HSQC spectrum of LH1 B polypeptide
using the *N-labeled culture derived from R. rubrum.
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Stabilizing mechanism of a protein structure revealed by de novo design

Grad. Sch. of Sci. and Tech., Kobe Univ. OMitsugu Araki, Atsnio Tamura

We added several residues to the C terminus of an 11 residue-peptide (Target Peptide) that has helical
structure, anticipating that the peptide might fully have B-hairpin structure consisting of two antiparallel B-
strands (Design Peptide). As a result of analysis of NOESY and ROESY of the structure and stability, some
Design Peptides were turned out to be equilibrium mixture of $-hairpin and « helix throughout the length of a
mdlecﬁle. Additionally, it was indicated that the o helical structure of the Design Peptides were more stable
than that of the Target Peptide, showing that stabilizing one conformation does not result in destabilizing the
‘other conformation: We thus successfully elucidated the mechanism of protein stabilization, to which the
physicochemical factor contributing can be represented as nonlmear combination, using the method of

evaluation of protein stability we have developed.

U] BRRICEET B2 L A2 EE, EHEADE BER 0T L BN S HIRE
DM E E 5TV B, & IARSETIHEICE L D8 S0 B0~ KES| & OITIRMEEDR
PO ENTE LIS b AND b P, &5 L S BOSHRMERE D LS CEE SN TSI
SNTHEIRADEE Th B, 1foTH oS BB R ORER T2 85 725 i
THEEBEC STV M A A2 ANS ERETDRTNIER bRV EE X T, ZOWEFT L
5 NS E SO R (L2 RET BHREENET (BETZRAE—) BEF/HATRERL
RTHB, T TCAFETIIERIFETH 55 TROREHECH < HEER AL —CEA L,
HEEHS AR ED LD RERICHE - TRESW DO EMET 2 E 2 Al & L,

[ER] ROEMERENEEHROED ¥ 2~ BRATF RLVOEN LD E Lz, §—4

v NOHBBE L 25T F N LT, ABRT BHEET) To helixkiEk & » TV HNBE
ENTVW S, human o-lactalbumin FHSREDTIRIEOLRTF FE2ER LUIZ, T ORFF RiCHt L CT#%&E
A7 2 BEBEIT I b DR =7y PATF R E L, CREBIICEBRILBINT 52 & T, £F1
LZ_ZX A 75*673?ZDB-halrpm’l‘%la@ﬁﬁhk@—Z)“\f?" REFFAL Lk, BEBETFA rahie
FFRPBHOSEEEE & 5 TN D020 T ORI S IB(NMR)ER BV CITVL, AR
LT F REB D ETT VA v OTERIEORI &R E UL, HEOOMEEEE L >T
WBNRTF RERIEE, X —F v h_TF FBLOFFA LT F RO RS, BLOEOR
Eﬁ%mm.aw%@ﬁﬂAﬁFW@mwf&ﬁT5$f &R B RS OR B R RE
THRTEERDE,

Key words: A >, -NOE, X7 F VW, 74 —nNTF (7

EHELYNR HLEHRDL, EbdHok
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iEREER] FTH -5y MRTF R LT, FO2RTINMRA RS ML & eI ARG E
LTofER, B D s flEis, helix Th o /o(Figure 1 ), WWTH —4 w AT F F‘@Cﬁfﬁ%ﬁ;’_\
HOEEDTREREOT I JBRIIZMUEFER. 22 J 2 Fhvb 72 5 B-hairpint#is & £ o 72X
FREEBIFICRS L, ZHHDNOESY ALY MW, B-hairpint#i 2R NOEDS &K/
CER S =M A T, helixBEiE 2R TNOE S 2FMICEBI SN /=F) D, Zhb T 1
7% RiZB-hairpintits & . helixHEEDEA M THDERTHR ST, T2 THLNOEDEH -7
YA L RTF R (DPSHIOWNT, NOESY) b 1% H V493D &I LT, O helixii&iF
J& L7V BEBEIS R, ©B-hairpinti& (2 F 5 L 72 W EBER R, ORI L T e hBhrikiisst
EE{To7=& T A, ahelixfi&(Figure2A) & . B-hairpin like /i1 (Figure2B) 235 S 72, B 1Zmixing
time% AL S THHITINOESY ALY Ml d | BFE O SIS I e NOEIZ DV T HIHAE
ERETOMYREL AELY . SIEBEOREMZMUT, TOME. DPSO helixiti,
H—2y hFF RO heliiiE £ ¥ bEEL S TNBZ LRI ok, ZhbORRL, HB
SR L TV ST X BREFIOCKIFICHIOT I MBS % N B BRI T, BIOSIE
BEP ZELESE D FRTOLAREL FRELEEIHLSMHTRVELTTHOTHS, Th
X0 #MHND 5 Loy B S Z I B TR LT,

Figurel) NMR structures of Target Peptide.
Residues drawn in white are
side chains of Y3, W4, and H7.

" Figure2) NMR structures of DP5.
(A): o helix structures

(B): B-hairpin like structures
Residues drawn in white are side
chains of Y3, W4, H7, Y12, H15, and
W16.
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Solution Structures of the Photosynthetic Light-Harvesting Membrane Polypeptides
Department of Biomolecular Engineering, Graduate School of Engineering,

Tohoku University
S. Otomo, K. Gokan, K. Sato, M. Kobayashi, T. Nozawa

We have determined the solution structures of core light-harvesting membrane polypeptides (LH1 «
and B) from  wild-type purple photosynthetic bacterium Rhodospirillum (R.) rubrum using
multidimensional NMR spectroscopy. All backbone and most side chain NMR resonances were
assigned using the °C and "N doubly labeled samples. Total of 400 and 456 NOEs were collected
for the o and B polypeptides, respectively. Combining with the backbone torsion angle information
and amide hydrogen-bonding restraints, ten lowest-energy structures were calculated and refined for
each of the polypeptide. In contrast to a bent structure previously reported for the LH1 § polypeptide
of Rhodobacter sphaeroides, both the o and B polypeptides of R. rubrum exhibit a long a helical
structure in the transmembrane domain. The overall structural features of these polypeptides are very
similar to those of the corresponding LH2 a and B polypeptides determined by X-ray crystallography.

(2] REEWESDREYNIKBORT RN E—EFRIICED DD, LEROKRERK
&R (unrya)l) CESCNIENSRBRIABET T FENIEHRSTEAKRER
WTW2, KERMEOY > 5 F8E TH S5 AMEESECHIE, XD RINF—2RIXL.
HERKIEFLRONEGET HREZHEI BRI NV EESERTH 5., HHEEBE
REREY O RVENEVWCHDARES LB ICEORE SN, 2 OEMAREEOMIIEH
BERHRBOMBEHBIVOIZ2MERA2EX 5 L TEECEERESR2HD. 4. K&
DHERME BN THEINHEESHE LH2 O X SRR NTEN. SRTlENEH S
DB o . ZHIZHU. RC OF HEBNCEET 227 HHBEESAE LHL 13 RC &0
MHEEACHERT BHY > XV EOBKNEE DD, Bl - BB X ORI R #
U<, BEMTAAE BN TWSD, THETIC LHI-RC #AKRD KT BT 5, LHI
i3 2 EEOBEREY DXV EOfBLUNIFUA 00T 4 ) a (BChla) DBENS
BRINAZEEOY Ty b D TIROEEHEZBRL TS EHEEFINTHBEA,
ERERF L RIVOBERHEIZIEE > T, B T, ZRICBH NMR Z2HWT, B
ERBAEPIZ B DAL B ERME Rhodospirillum (R.) rubrum HIRONIFEESY N0 H
LHI a & 8 (¥} 6.5kDa) D SLAHEERAMT 2171, LSRRI 7T )L OIR B R R OBEE K A
A1 > L BRENEN OGNS ERET D, '

(NMRBIE & HERE] R rubrum OHERRIED 5 R ETEHAINIEIC X O LHL 2816 L.
mME@4?/&&%5A%%wfﬁﬁéﬁotm@$%%£btIHI#B%WIWM)%

By DB HER. WIENMR. GERE

BBEDBEWDS, IhANT N, IEIHTL, ZEPLEIOE, OTHDRDD
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HWTaBY NIV BRESBEL., TNTN OOFRIVLIAY ) —IWLVWRSERICERS
., & NMR HIEDY > TV ELE, BIEIRET. BCPN TH—IEHZL = B2 HNT
Z=HEILEIEGD HNCA, CBCANH, HBHANH #)ZfT\W., - BFIERMICTY I JBEED L 7
WERBB L., D7)V 3D N TOCSY—HSQC A7 MIVENSIFBEL 2., B
To A% J—)V-dy BIZBWT 2D 'H—"N HBHSQO)ZHE L. REEOEKE & OHHE
NERBREDT7 I RO M OKBREEZRE L. KIZ3IDHNHA ZX7 MVOFEN S,
RTF REEE DR QIKE LA U HAER T 2B L=, 3512, 3D "N NOESY
—HSQC ARZ MV OREENS, EBREOTI RO b EEMicmEELZ7OR &0
FBIONOEZBMM L. KBHETHEHZ2REEb >, DEORMEX VB s NAEETFMIER
HIBR. —EAGIE. KEFESHERGEL2EIC. ¥ ONTESEBEFE OS5 L CNS
CEBT4 R UR « DF A M) —EEZTH
[(#EREER] ZRTENMROMBFTD S, aXpEY >NV BOTNTOITFINBRBTE
72 3D HNHAANRYZ MV S B BE D 2BHLEEZA, WES N V7EEHaND
w 7 ARG IR RAHZ R R OEERTESB R SR, Ay ) =) -d,PITBIF B H-—
BN HSQCANRZY RV TIE, a,fy NV EHICEZ DT I RTO > O ¥ 7 FIVIRHIER
CHEM S I0HHREBBEBFINTVWAEZED S, HEAESIZB W TRubrum BIRLH1a,B
4 y/\’bgd)ji‘éﬂﬁ}ﬁf%ﬂ#ﬁﬁ bl TERERIRBEEREL TWS ZENRBINA,
F7/2, NOESY-—HSQCANRY MVDMHTMN 5. aTIX400M8, pTII456{H ODNOENZNF
NREMI Nz, BESFHE 0S5 ACNSEHNT, £REN300E O EE 21T, Total
TRV E— DI B TOB O 2 B R B
BEE LUk, Fig. LITRTXDIZ, @y N fopolypeptide
AR %ﬂﬁ%ﬁ’ﬁﬁkﬁfﬁ@"éﬁﬂﬁmn)@k ,
RESNEIIIINAY w7 AEERT T
EMBEENER ST, a¥ ONTBIZBNT
B FEBChl a7 FIEMHES L TW S His2904%
ANY w7 ZADIFIFPRIZHEEL TWDDIZX
L. BTIIHIs38IEAN v 7 AFHBOCERMAS -
BREELTWS Z ENbho ., —H. §L
8 Yt & R #ll B Rhodopseudomonas  acidophila B ,
RLH2B % > /%7 B3R RS 2 5 R I g —
S LU TWBHIsHIDBANY v 7 ADCK '
WAGEICEET B ENH LN ERSTNS, : .
AL OESNEREDS . Rrubrumbk Fig. 1 Solution structures of the LHI a-
LHIBY > A7 BidAY v 7 ZEBOE =4 polypeptide (A) and B-polypeptide (B).
LH2O#EEBE L BEIRBEETH D Z 00
oo, LH2REEHIE T, 5 > /X7 BOH35R 5 CA MO K H 1AL T 5 Trp(W4d)
DA > R—=)VEEBChla®C3H I RN EEDETABREEEERL TWB I ERHSNT
W5, NMRIZEK B ABERTNSLHIBSY >N HOH38EEN L DCRIFMIFZREBFIT
PBTATIOWADREWIEZEL TWB Z &0 5. BChlak O# &K KK IR rubrum
LHIBS >N B THRBRITWATDA > B—)VE EBChlad C3 VAR 2V E & O TR FERS
BEHMRTHETFHINDE, XT5IC. LHlaY X7 BONRKBITIZEAIANY w 7 AT A
CREFNEESEWVN—THESHEEL TWA I ENRHEINE, Z Dhelix-loop-helix
EF—T3LH2aY PV B D RSN, YU NV EDONKBEREAMEEH L THEE
BN ThrEEZONDS, UL ENS, Rrubrum HRLHIY >NV B &
Rhodopseudomonas acidophila ¥ LH2% > N7 BIELEDI2 T3 A—1 /f)\ 5ERES
*Kﬂﬂﬂi’(@%ﬁ?b\# HIZHEP L TWaAZ &b iz,

C-terminus

'
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%, CREST/IST, ‘EHHEEE - X + 77 F 20— L% G)

OFf b {2120, A% B > P 182 R B2
%EEB litt):% 1.2.3

NMR structural and functional analyses of Thermus thermophilus RecO
Jin Inoue'**, Masayoshi Honda'**, Yutaka Ito"***, Tsutomu Mikawa'****,

and Takehiko Shibata'>*
(‘Grad. Sch. of Integrated Sci. YokohamaACity Univ., 2Bio-sup’ermol. Struct. Func. Group, RIKEN,
3Cellular and Molecular Biol. Lab. RIKEN, “CREST/JST, “Structurome Res. Group, RIKEN/Harima

Institute)

RecF pathway is one of the eubacterial recombinational DNA repair pathways, and responsible for DNA
gap repair and restart of the stalled replication fork. In particular, RecO forms complex with RecR, and
assists the loading of RecA onto single-stranded (ss) DNA binding protein (SSB) coated ssDNA. Direct
association of RecO and SSB has also been reported.

In order to delineate the structural basis of the biological functions of RecO, we initiated the NMR studies
of Thermus thermophilus (tt) HBS RecO (229 a. a, 24.7 kDa). Backbone 'HY, °C*, *C, "N and side
chain °CP resonances were assigned for 163 out of 212 (77%) non-proline residues in RecO. The
incompleteness in the assignments was presumably caused by line broadening of "H-"*N HSQC correlation
cross peaks for the residues localized in the N-terminal region. Chemical Shift Index-based secondary
structure prediction showed that the N-terminal region consists of B-strands or extended structures, whereas

C-terminal region is constructed by all a-helices.

[/

RecO EAHEIL, EIEMH D DNA FHFEHRHE X 2F M L/-ARHE X (EEIREE (RecFOR #RE8) (CIWVT,
DNABIEIZ L Y £ U DNA ¥ v -~ 7 DO—A§ DNA (ssDNA) ER2kES L1-ssDNAFEAEAE (SSB)
% DNA EoRETAHBE L2 OLEZ LN TS, R UHBZEERRICEEST S RecR &1
BIEETERL L, BRI CFRFHRRRZ SUS 21T 5 RecA BAEDFEMHEMINC LIS L Q3. Al
FriC &> T, RecO 1L ssDNA L UV AEE DNA(sDNA) SFEE L, ZhoORERUS i 5 = &

FoU— R AT EAE, DNA FHFIHRIR 2

EESOVBR . 0D R Ch, BAFE £XLL, WED @, Bmnb Db,
L7 FHOC '
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DG SN TS, RecO DIEMEMSEEIZ DV CGREIICARIAT 21043, AW FEOFEOINZ, HBEEY
SR L BN 21T O LERHB. 2 TR IIBELTEE Thermus thermophilus (it) HB8 FI5E0
RecO BERE (tRecO, 229 78E, 247kDa) Z#HFZEn& L L, NMR gt % BsA L7z,
A [EliX #tRecO @Iﬁé@d’%ﬁ &, Chemical Shift Index J# % IV = “IRIEEAAT 21T > 1= D TE DRERIC
DNTHET B, '
(% - BH
BC/PN 2 EHEHO tRecO BB TRIL, THIN HSQC 2y MEBIELEE 25, 70 VRS
212 7 IV BIRED S b L 160 BEITHYT 3 7 1 R E— 2 BEHIS . ki BRESIT NMR
BEAOCERNMR S/ IV ORBET- L =5, 163 BECOVTEHD HY, "N, °c%, 1,
RO PCOBBEITH Z LR TEE. BoONIALFES T MOl S, Chemical Shift Index % VT
RIS 21T o TR, tRecO 13X N D DI &L & 90 B Tidp-strand b LITTI AT K
LI CH 0, TRBIMEIZ L A L Dlo-helix THIEEN TV B 2 LaibmoTe. HSQC B2 438l
SRR RINT, 1EE A Y N RSEICATE L TV, o
FurT—rick 55&&%@@#&'&#6 #RecO O C AMBERIIRER KA A L R HH LTS 0 N
FIHALEIG ST IN—T R ERBNT LIRREN TS, 2D L2b, HSQC v — 7 HEHH
SN T BRETI T REEOMON—TE R LITFEL TRY, Z0ORL THEELUNFET 72
Y OBENOEERBIT LD HSQC B—2 DE LW a— F= o FBE I > TWA IREERE 2 L
3. , -
BIE, FUER CHM N AL L ORBAROBEL, BRET-oTVD. ZORBEAVTNMRICED
MRS ERAD. TESREBONTIIREE AV, B ssDNA/sDNA, RecR, SSB & O'NMR #
A M—va VEREPEDTEY, RecO LD HDO5SF L OWEEREMIORE R BHEL TV 5.
IBORERY, HLEEROBEL SO, RecO 2L 5 SSB DirEHHE, E72 RecO BEHNFF2
ssDNA/SDNA 5 & SUSHEN 2 & 24791 L TR 720,

110
118

120

N (ppm)

125

R (ppm)

Figure: The 'H-"N HSQC spectrum of *C/"*N-labelled Thermus thermophilus HB8 RecO. Cross

peaks are annotated according to the backbone resonance assignments.
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Bimolecular Interaction between Major Cellular Constituents:
- Conformation of Spermidine upon Complexation with ATP
Department of Chemzstry Graduate School of Science, Osaka University
OKelsuke Maruyosh1 Kaor1 Nonaka, Takesh1 Sagane, Tetsuo Demura Nobuak1 Matsumon
Tohru OlShl and M10h10 Murata

_Spermxdme is known to form a complex w1th ATP in the phys1olog1ca1 condmons whxch should play arole
in ATP-related cellular events. Its conformation analys1s ‘based on spm-spm couplmg is, however,
hampered by its acychc structure, in which the absence of asymmetrlc center causes unresolved 'H NMR
methylene s1gnals This problem was solved by the d1astereospec1ﬁc labehng of each one of two geminal
proton pa1rs with' deuterlum leadmg to some new ﬁndmgs in the pH-dependent conformation change of the

spermldme-ATP complex

(7]

HFREEDO T EEETHRITIAL, SBERREMITIE ST EEROL L OBy
OB T LR EERTAI B LS CHIBEIE R LD 25 bl A A TEM R - T B D, L
ML, RUFI ‘/&i;@lﬁ?ﬁﬁiﬁé@i%ﬁm BRREN THBIZHINb ST, FOMEEAREFN
(Table 1) 72 iZ, EENIZBI DA ER A BT MR B BT M RII R E{BR TS, T
ZTH 4 1E. NMR & V55 FH A ER OREEMAT I RESL T 5 LA T, RITI D AEBIER
EFLIVTEIET DIOIT, EFENIZRBOTOIFHEN TSNS ANV (SPD)-ATP HE 1.
(Fig.1) 1235 B L, SPD O A E BT &2 17725750

BEID3E5LY, SPD id ATP LAHENER T A70IT, I3 BB R R0 2 L CEOMER R
FTCNBIER—ED C-C [EHEELEEIC DVNT oV VE, £2C, Al SPD OFRMFO C-CBL
U CN F BB BRE A% R0 B LT A BTV IS SPD DREROMALRL T,

Tabel 1. Dissociation constant of -

spermidine with various anions (*for - -
each phosphate ester of DNA orRNA) V™ -

Anion Ky (mM)
DNA* 15.63
RNA* 2.66
. SPD
Phospholipid 5.56
ATP 2.24 SPD-ATP complex

Figurzs 1. A hypothetxcal picture for spenmdme—ATP complex.

" Keywords: A~ULIVL | ATP, S%D‘mﬁl’ﬁﬁl ACUREA TR, ST
EBEUN T, ORhhin, EHBRETL, ChH T, EobIDShE. BV LERS, Hbkibis
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[RLEE] : - .
BElD#E > DTiX. C2-C3, C4-C5, C7-C8. C8-CO #EAIZRIL C TR FREERRAT 21T 7257, SPD =
HERRYELY SPD-ATP A D o0+ I N BT BE VW PROFEBITB T ATP 2R3
& i3I L, 51T SPD-ATP /KIATREZ BRI D (pH 7.3) ~ LSR5 3y IHEBIT/NE
lpolz, ZOREAEL T, Fan=L AR (CT-C9) Kb T Z =LA (C2-C5) DI, Eleir T kY
B TFREBEBLRTNILDDNTNG,

D : D D DD
H _ H H
H2N/\=)*\/N\/\/NH2 HZNMNWNHZ H2NX/YNV>(NH2
H oo : ob
SPD-3,4-dp-4-'3C (1) SPD-2,2,9,9-d,-7-'3C (2) SPD-2,2,9,9-d4-5-13C (3)

Figure 2. Labeled sperimidines. ‘

2 BRI OB VST, FRLHESRA SPDL, 2, 3 (Fig.2) AL, BONEACAEAER

MOELEES AT RFELAZ LT SPD 2% ATP Jc%’ﬁ/\ﬁ:&ﬁ/ﬁkw_ﬁ#@ﬂdfﬁaf“%t%mﬂﬁbm 1.2 2
THNMR 2~ ML% Fig 3, 4 iR, 1IZBILTIE. ATP OIS LALLM E ERITD TR
LizbDOMD C-C fEA CHRENIEI BRI D TR ote, Fe, CN $EA D EREEEMATR
? 2 (ZBIL TR, ATP OFINCED Jou PBAERONT FpH ZPHICETEFTh Ui
3hvotz, 3 L THRIBEOR ENELNTE, ThHORE R, C3-C4, C5-N6, N6-C7 FEA Iy
T SPD 7S ATP A BEHERL Th, T OEEEEEDFHOEIZT b TN ThHAZ LA R LTS, &
Bz, TrFHed— 2 OB Bib o705, SPD SR IC L T, ORA ORIES
(TrF 80%, T—= 20%) 2T, D FF R C-N BADEE Tl — =2 REL, FOEIET
n-T BT T 1%, F—a 30%) IR TV, DS TIk, T e L BRI OB ER R
LR R D 05 B R A — BN R ChHAT-DIT T o F B EE MBI TEET AN, DF
R C-N #58 TIRBLEEIZ D DL T 7= AZER (N & NebL<IE Ng & Nyo) DREBHZ X B
WDTC, n- T E AR CWEES IR D EE 2 DD, SEEBLNRE R R CLEIORERLD, 213
DRIV EER AR T 5 F ORI TEBREL AR BRI T AN TE,

3
N3 H-4 "o, na - H-5 *Je.7, Ho s

H-4 1 10.6 Hz 1-3HCI (25mM) H 2.7 Ha H7 - 2:3HCI 25mM)
t110.4Hz  L-3HCI (25mM) 2:3HCI 25mM)
wm 528 ATE (100 mM)

~pH3 pH3

JK_J 1 10.0 Hz H 2.7 Hz :
pH5 \/V\/“\’“’\/\/\/\\/_""M"FH<
+1 10.1 Hz H 2.7 Hz
_W,«Mp\/\/\/\/\_,\/\j\j\/_,_va7
pH7

T T A % T T T I

Figure 3. JENMR signals for H-4 of 1 upon complexation  Figure 4. lH NMR signals for H-5 of 2 upon complexation
with ATP in various pH ( H-5 decouple ) with ATP in various pH ( Window function: SinBell2")

(23 30#]

1) Watanabe, S.; Kusama-Eguchi, K.; Kobayashi, H.; Igarashi, K. J. Biol. Chem. 1991, 266, 20803-20809.
2) Maruyoshi, K.; Demura, T.; Sagane, T., Matsumori, N.; Oishi, T.; Murata, M. Tetrahedron 2004, 60,
5163-5170.

3) %5 42 [BI NMR FEREEE B4, P140-141, 2003
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Solution Structure Determination of Barnacle Cement Protein, Mrcp20k
!National Institute of Agrobiological Sciences, 2Marine Biotechnology Institute.
Rintaro Suzuki!, Youichi Mori?, Kei Kamino?, Toshimasa Yamazaki!

Barnacles secrete a family of proteins for their permanent attachment
to rocks and other surfaces. Mrcp20k is one of such proteins produced by
Megabalanus rosa. Mrcp20k is highly h_ydrophilic and cystein-rich protein. The
alignments of the cystein residues indicate six degenerated repeats in the primary
structure of this protein and each repeat contains 6 or 4 cystein residues. Mrcp20k
is a soluble protein and aggregates by increasing concentration of NaCl. The
molecular structures and functions of proteins involved in attachment in the
water have been unknown. We are investigating the solution structure of
Mrcp20k to reveal its role in attachment. From the chemical shift and NOE
analyses, the 6 repeats were shown to be structural units of Mrcp20k.

[ Uiz ] .

7OV RN, BAOBR AR CNBEEEBICAD, EBEKEOXTY 5
E&i%@%/%%%%#«“%ﬁ;ﬁ%@ DWRL, GETERIET D5 EHBERE DN LEEY
HEnw BErEET D, B LEHETEREEVIEL, RiKkER5, gikd o
TOHLLEEWEIIDWINGIT 5, EERITNENERL, IR ZHOOEER
AT S ThD, BERBLUOZORORELZBL T VY REIERICEET S0
C—BEOZ R BENWT DI ERMONTRY , EEEECE LELONE ¥
VR I NE TR LN Ao TV B, ZNEROMIER LOWEOMNM
B S DNT AR o TWRYY, A IET7 VY ROEERE X L3y B ORE, B EEES
B 5T 2701, BERMICEET DI ERMLNTNDIZ L RRIBEDS BT H
7 2 R (Megabalanus rosa) 50 Mrep20k [1]00 NMR (2 & & STAEMEEIRNT 51T -
TWB, Mrep20k XV AT A VICER, T ANRTELUE, FAXIVE, A
FOL IR EDEARMERENL | BKMREREE VRN E LRI ETHD, T3
J BEERFINZIE 6 B0 0 3R LA D3R HiL, — 2 0# 0 iR LEALIZ 6 72V L 4 B0
AT A LR ST, ¥77 Mrep20k i3 NaCl B fFANC R 2R R 4 48 =

XU R TOVER, KPREEY AT E. LS
EESONR  TTEVALZAY, LV EINVE, DHADITFW, RESXLLEX
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T EBMLN TV D, MEEICITEERE IS UCAEET 2NN ERBEET 508,
IO DBEEDGTHBIIEIRMTH Y RFEECHDD ¥ 7 BOSLikHEE
HE LN TUVVRYY, Mrep20k I COBEEFES NI ELLTEX LR TNDF R
 VEOEBEND ALY VAT BETF AN AR L RHT I R TER
Wi, F LRy BV OB B LETH D,
[ 5]

KIBE CREBRBIEZY a2 kh Mrep20k (tMrcp20k) & 7 2V R b ERE
L7z Mrcp20k @ CD A7 "MUE—HLTRBY, E¥tEIu~ I 7 0 —ZB
T ABHEER LB L7722 L5, rMrep20k 1 Mrep20k L [F UHEL L > TWnb
L RFHERTE L, * 2T 15N-Mrep20k 3 S 08 13C,15N- Mrcp20k & VERK L EX b
JOMEHDIFB D= D NMR AT MVERIE LT,

[ #2]
~ rMrcp20k 3 186 HENORD X NV HTHY, T ) UEEN 11 RESEH
T3, 7 VEREBLIUONRED 1 BEZRWEZ I4ABED I L, ThETIC
153 BEOEHDOLEL 7 " 2IRBTHZENTERE, BB TE WAV 21 BED
NMR o 7 F VB CE o T, K 378D 1D NMR 2~ MU tH O
50-80 ppm DFEIKIZ S 7N Hil, FHEOERBF TS L TV ATREMEN
B, B TERVEED T im‘mﬁ/7 NSRS NAVEOIN =Y (A7pY ek oY 0k - B | G
RNLDEEZTND,

Mrcp20k @ BN-HSQC A2 MUZIZT AR EED HENSB L e 2 FP0
BEDO HEANZREO L/ FARRD b, ThbOKERTHIAERBEITE > Tk

DFEORBNGREINTND I EPRHLIC T, F72, Mrep20k (213 32 &
DIATAVEENRHY, VANLT 4 FEEOMAEORIIRIERATH S, DIT
FETTIX BN-HSQC A7 MART o F Laf LOEMETR L-n, STik#s
Frkic /XW74FFA#E§&& 12 RT3 T e»%am o,

g L7= C* C°, CO DMk 7 MEZHWT CSI | “RIBETHEIT ST
LA, R157-E159 B LU V162-S164 OEEIZBA b Z v Mﬁrﬁﬂéntrb@@\
i “RIEEE TR CE R o7, X, Mrep20k 24 EENTWAH T RT
A UBHED CY CPofes 7 MEIZT D VAT 4 FiEA DHROMENRKE < |
FHIOEEIZ 272 bDEEBEZILND, ZTRHDRTFOES 7 MEIZIX 6 BIDO#Y
B UBFNC T AR 0 B LARD ., BV ELEFFORET S RT
1 UBREED ORI ABEREVCH VA Z ERRENT, £2, TI RSB b
¥ DN SRS N BEOME b0 B LRSS T 2 HBMEE R L, &5
12 NOE DM &8 4 D0 IR LEEFIDORRER a ~U v 7 X BERBAT L
WEh LB EARBEINTND, YDz &35 Mrep20k D1 iR UEH|IL ST A
BEEHLEWERLTEBY, KX U7 BOBEHMER->T0BE EEILND,

[1] Kamino, K. (2001) Biochem. J. 356, 503-507.
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NMR studies of the interaction of RecR with DNA molecules

1.3.4 1,2.4.5

, Yoshimasu Masatoshi’*, Jin Inoue??, Tsutomu Mikawa"

-Yutaka Ito'**, and Takehiko Shibata" 23

'Cellular and Molecular Biology Laboratory, RIKEN Research Group for Blo-supramolecule Structure-

Function. RIKEN: *Graduate School of Integrated Science, Yokohama City University; "CREST/IST: ®
Structurome Research Group, RIKEN/Harima Institute

Masayoshi Honda

RecR, a highly conserved protein in eubacteria, is reported to be involved in the junction DNA
recognition process within the RecFOR recombinational repair pathway. We have initiated NMR studies
of Thermus thermophilus HB8 RecR (ttRecR) in order to delineate the structural bases of the biological
functions of RecR. We previously reported the nearly complete backbone NMR assignments of RecR
symmetric homodimer obtained by analysis of six TROSY-based 3D NMR spectra.

In this presentation, we report NMR titration studies of ttRecR with various DNA molecules. - Chemical
shift perturbation data were analysed by mapping onto the recently determined crystal structure of
Deinococcus radiodurans RecR. Significant chemical shift changes were observed for the residues in the
hairpin region (residue 16-21) of helix-hairpin-helix motif during the fitration with both ssDNA and
dsDNA, suggesting this region as the prime DNA binding site. In addition, ssDNA caused small chemical
shift perturbation around the Toprim domain. No specific chemical shift changes was observed when
titrated with DNA molecules containing ssDNA/dsDNA junctions, suggesting that ttRecR may not be able
to recognize junction DNA on its own. The dimerization interface of ttRecR was also analysed by NMR.

[+]-

RecR & A EIZEMATE O DNA MR ZEEIZRW T, —Z4H DNA & A DNA OVxriay
BRI DERR B > CBEE X LIS, 4RI T, HEHRIER Deinococcus radiodurans B
;IécD RecR (drRecR) DS A3 H A5 U7 (BB k1) 23, RecR 0> DNA ABEfEMEM<2, DNA

BREBRD AT =X BT ONTIE, 1REAE BB /2o T,

B2 AXTNET, BIEFEE Thermus thermophilus HBS H3EM RecR (ttRecR) 22V T NMR &4
b\tﬂ%?%:ﬁof%fio‘@ BEWZE#E NMR > 7 A ORBERET LTV (BiEIOAT RS :C%%i‘%
BELER2). FI2T, ZOBBEEIZ, RecR @ DNA BB AH FHBERLINITAHIH
A8 DNA, ZA&S DNA | F-Vv o3 av %St DNA 2 BT NMR # A L — /a/;«esﬁﬁ&ﬁot.
E7%, drRecR SRS IRV T N i -C IR-+ETENFNEED RecR 20 FLENIL 7200 B %7
FRL T V228, #tRecR (R0, KIBE B L UMEEE RecRMIZKIBIET T EATHS. FZT tiRecR &
EOMEEAEEZFETA0, H/D SHESR, BLO 3D “N-separa_ted NOESY A~ZMZEITS
B O RE— I DI DD B E LTl D TINERE TS,

[k - %)
F—7—F: HIDX#%, HREER, HRHEHRL, DNA

BHSYNG: IFARE FEEL, LLET FEEL, LO3Z LA, b D&, LWES Wiz,
Ligt= =02 ' :
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2H/'*N 453 ttRecR 3B % 58 DNA JE LD NMR #AhL— = 58

IFLHIT, ZAE DNA (5 CCGGTGATAGACTTG / 3°"GGCCACTATCTGAAC) # HE LT “H/”N
1B RecR BBHAWIZINZ "H-"N TROSY-HSQC BIZEZ1F-7. £DFEHE, £LL T RI6, L17, G19,
120, G21 BE ek HSQC b —7iZBRE ML 7 MEL A BRIEN (K 1A). ZOFEHIL RecR
N ¥ZAFE TS Helix-hairpin-helix EF 7 O ~TE L ELIZHTZ5. i?’JE%*‘/ﬂ\Z))#EiuJ: B
{LL7=5% 5% drRecR #iE HIZERR LIRS R, diRecR # A+ —DLIEAIZIB - TERML THEZEMNb
ol (F1B). ZOTEM b, RecR (F A4S DNA %2 5A T Lo ft/\“réﬁ HEFAIN Y thill

RIZ—A$4 DNA (3’ GGCCACTATCTGAAC) Z EH L L TR D ERATo 55, LRkl 7z
Helix-hairpin-helix S35 LIAMZE, Toprim KA RO T92, 194, F100, T104, V145 7D HSQC
¥—271Z (10Hz Fif D) h&7 b3y 7 NE B BES N2, Toprim KA1 ki, primase & topo-
isomearase {Z3EBL TR0/ R AL THY, DNA $HO LI ERE S, RNA 7 I~ —DF IS
LOEMEFOZEBELN TS, UL RecR WD Toprim RAA AT DWTIE, HRER 7o
STV, S [E], 20 Toprim KA B —AEH DNA SAHE1ERT 2 FTREME IS RE 2. $7z, primase
£ topo-isomerase (Z35(F% Toprim KA/ 13 Mg> Z MBIE FL1L T DNA LFEALE DTG & TS
DEREESNTVWAIE)D, B Mg 12 7E T CREED ER BT 21T TV,

ELILVy 7 at DNA BB LL CTRBOERETo%. TORRE, —48 DNA & "4 DNA
DOFEETH I T NEIEPBERSNT-. L)LYy 7y a DNA BRI LSS 7 s
BT AREIBEISN 2 o7 kb, RecR BATII Vv 735 DNA & 38592 AT HEIR AR
ZEMRENT.
ttRecR O — B EAEAE QR E

*H/"N-RecR %A\ T H/D SHERE T2 5, e CHEMEATE > TS N Kl
O helix-hairpin-halix 12, REIZEHL TOBICHELL T EAKIIZBIN TRWTIR a2 7E
ELE. —F, AUEREEh CHEERAEL > TS C MO 7INFa b AL TEKICKE
AN THBESN 7. Lo T ttRecR i3 N 3D helix-hairpin-halix fHiC W T _ B HFMRE/EREL
L TOBLTTEEMEDS BV Y. F77, 3D “N-separated NOESY A~ LEHFEL, RecR DEFEEITHIL
TARETIF b OB — 25 FOBREITGU T drRecR #iE HIZFR L. FORE, N #o
helix-hairpin-halix E{ALIZRTIZHVRBEKDT 7 BT 4 —MEVGERIZL, HD RIBERD
EREBIMIBNE LT, B, =7 4 — SEFESHU- *H/ N-RecR ZFRBL, ZHEFEFERE RecR
12k BE A~ —% T CrossSaturation EERZ1THZ LI LA EEAEOREERA TS,

Fig.1. Chemical Shift mapping on the dsDNA binding sites of RecR. 4, graph of the chemical shift
- changes/residue for ttRecR. B Ribbon diagram of {tRecR dimer with residue coloured and spacefilled to show
the DNA binding sites.

(2% 3] |
1. Lee BI, Kim KH, Park SJ, Eom SH, Song HK, Suh SW., EMBO. J, 23,2029-38 (2004)
2. Honda M, Rajesh S, Nietlispach, D, Mikawa T, Shibata T,.& lto Y, J. Biomol. NMR 28, 199-200 (2004)
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Relationship between hydration water leading to a peptide bond twist and
15N chemical shift
(IAISTBIRC, 2JAERI-Neutron Science Research, 3Tokyo University of Science,
~ 4RIKEN Harima)
(OKaori Chibat2, Yu Tsutsumil3, Katsuhide Yutani4, Hiroshi Nakanishils

[Abstract]

Peptide bond planarity is utilized for protein structure refinements in NMR
spectroscopy and X-ray crystallography. Recently, neutron crystallography of
human lysozyme has suggested existence of a potential proton around the
‘carbonyl oxygen of Glu35 known to be an important residue for the enzyme
activity. X-ray crystallography indicated that the peptide bond linkihg'.GluSS
and Ser36 twists more than 10°. In order to examine the relationship between
the potential proton and the twist in the peptide bond, we checked the 15N
chemical shift of amide nitrogens in the peptide bonds. As a result, we have.
found an obvious high field shift of the amide nitrogen of Ser36. Similar
relationship was also proposed for the hydrogen assigned in hydration waters.

[#E] ‘ ' :
%< O NMR = X #8%E AW ¥ 7 BOSEEERITIZB T X7 F FEED
SEFME A SR L OB TR b EAR 7 restrain D—2 & LTRHIA I TWS,
PETFESR SR IZ, NMR MBIE CEAELD THPOKRBELZBH TEL2FETHD
M, I Tzt N Y Y F— AOHERHEREETIC LD &, B R Y F—A0
EWICEERT S JBO—o2Th5 Gluss OEEI AR AMBMEIC, ZhET
BAEOBERIZTRISNIZZ EORWVIKEDRBIENRE S L, S HIZ X A aiE
T T —Z L OHEP D, ZOKEL > TERAEZ FOPFORTTF NGB RETHY
ICEATOD AN RR I N, XTF FESOTFEEE. EEINVR=ADE
T, ZNEHVEDT I FEROIMIE FRHOERIC L > THERINTND, Fx

¥—D—F BNZFIHNTT N, NTFREES. b Y YF A P T RESREEENT,
7KFn7k
EHLVBPR  BIEPBY . 90Rb S BEIEHOVT, BRI LS L
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VI IR NVEERATICKERRBIE LI2BE, ThRRTF FES TER- TS,
BOREDT I FEROTFIINTT MIEZDHTHAHIEEBIZOWVTRE L, £
DFEFR, PHETRE RS O HBREMITEV pH TREIS W E#HT 2 FERO S
IANVT RF—FZ DR T Gludb DY D Ser36 DEED T I W N T MENHE
WCEREBICERI SN D Z LB bh o T, 5 Z ORI K TR A ik 7 il Y AT
TARRKGFHRIZT VA ENEBEICH, METHI7F FESMN 15° DL EER
LTOWBENLY D oTe, ZOXNTF FEEPICEEND T I FRERTH, F Iy
7 FREBER S IACBR SN BEARH B I ENbhol, TNHDORERIL. Glu3s
& Ser36 THESTF MEA TIX. (DGIu3s T DEWEERT v ik o T
Glu3s O EHH LR = MBFSEICEEOABRDOT B N BELE LT 2D (2)
IRRHNNR=NVBEEEN L TRTF FESORBEELZH L, Q) 0T F RS
OEHEE DTN RBFNCEE R, @OTF FREANEL, EWH R Gkl %
C XET 5 EEbhE, - |

RT7FRFESOEmEL, Ko F A LEaYORAEERITE, 2DAEMDETL
BHREEREL LRI BIC Lo TRBSH, BIELE A A0 EARREELL TR
BAMENTND, L LB S RRERS S ST MTOND IO IR o TR RS Tbd
MEEABE 2 DEET —F_X—ATHHCSDE PDB IZBEFSN-FHEILAEH R UE
FVE D& 5y FRREX RS R AT 7 — b, R FREA DML T L EHEigEE - T
WBER TN EATRIBEN TS (TR 2) o AFEE T, RS SRR IC X 57K
RONMHR TSR X BEREERIT LR AEOF#E, NMR (L5840
{LEBEEOBERERAETILILE T RABEOBERIBE THEIRTFRESH, Bx
DRI FREESRV DB Lo THBR R | FRLLTTF N & O TEE 2 R
HNZTIDONBEVIFTRET A EZREL, ZZIZKFKBROKFENRBIRLODA]
REPEZRT, M. RTFREAD, TNEEVBOCREICE > TEDIIICETHhEE
FIMEAM THHTIF 2L O TREMICHA, 1P073 (R FREEEETHHTO
P COBIRYEB LA R, A, T, TIE) IcRE TS,

RPFRFERITEENDTIFERD BN 71037 MBI LT 1970 FRICE SIH7200F
ZEN TONTZ TR 3) . A S CIXEBOREOEEBICEURICS L TELT5T7INE
EBOFIINTTNEER E’E@ﬂ(%ﬂ’fﬁiﬁ%%:&—?é—o@fm—f&LT%IJﬂ?’C“%éﬁT
REMEICOWThEER T 5,

(2% 30#k]

1, Chiba-Kamoshida K. et al. B¢l

2. MacArthur M. W. and Thornton J. M., J. Mol. Biol. (1996) 264, 1180-1195
3.N-15 NMR J5H G.C. LE— RLVeZ—3% FRHEFER, FEEHEIEER, SR
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TRE box Recognition by Streptomyces Transériptional Repressor TraR

Takeshi Tanaka Chieko Komatsu', Kuniko Kobayashi', Mariko Suga1 Masakazu Kataoka®
and Toshiyuki Kohno'
’Mttsubzsht Kagaku Institute of Life Sciences (MITILS), *Department of Environmental Science
and Technology, Faculty of Engineering, Shinshu University

The traR gene product, TraR, that regulates the pSN22 conjugation system in Streptomyces is
a 27 kDa protein that function as a transcriptional repressor for the tra operon (traA-traB-
spdBs) and traR itself. TraR binds to the DNA including 12 bp consensus sequence, TRE box.
This is located within the divergent promoter region for the tra operon and fraR, and regulates
their expression negatively. Although all of these regulators have HTH motifs, their primary
structures exhibit little similarity. Thus, it is significant work to determine structure-function
relationships of such regulators. Previously, we determined the solution structure of TraR DNA
~binding domain (TraR100), that consisted of winged-HTH motif. In this study, we identified
.the DNA binding sites of TraR100 by NMR chemical shift changes upon DNA-complex
formation. In addition, we analyzed the critical DNA sequence recognized by TraRlOO

traRBE T EY TraRIZ B EIc B\ TpSN22 7 5 2 I FOBAEHE 2 HIfE L <T\»
%27 kKDaD ) v v —F vV ETH Y, tratn v (traA-traB-spdBs) & &
UtraRBIZF B HOBREHFHESRTF L LCHEIEL T3, TraRy v 37 HIZ12 bpd
ReRIELF] (TRE box 1-4) #&UDNAL#EAT 5, TRE boxidtratr < v B LU
traRBETO 7 nE—7 —EBICEEL 2o OBBEFHRIROADOHFHG 27> T
5, BMEOBRETFHEARE2HH T 22 ToBERMKET (TraA/B/R,
SpdA/B) A~V w7 A« F—v + ~Yy 7 A (HTH) €F—7 200 —REE
LR, D7) o OFIERET O IAEE - HREHETZ il 5 2
LIGBEFEOBEBEHO»LICT S ETEETH L, I TIKHA ETraRD
HTHEF—7%2&0 7 3 /8100 ZEDDNAMA F X 4~ (TraR100) »sWinged-
HTH#®E 23> 2 L 2B 50k Lk, SH. R4 ETraR100DDNARE & HA 0 R
SEH & UTraR100%3823% 3 2 TRE box# & 1t DNADIER 217 - 72, '

TraR. %XJGNMR, ZE#EERNT, DNAKSE F X4 v, HTHEF —7

Fhd RPL. CED BRI, SERL I, TG DI dkn
DY, 29D LLWE
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<EER>

PNZ=7 4 =57 L7TraR100%2 KBEZ AV HRBERICLDFARL 2,
NMRAIZE1290% H20 - 10% D20, 250 mM NaCl, 10 mM DTT-ds. 50 mMYV
BNy 77— (pH 6.5) ZHw25°CH L L I1315°CTiT-o7-, NMRIZ X 2DNAFEE
FEEZ['H-"NJHSQCH:IZ & b {75 7= (TraR100 : dsDNA=1 : 0.125~2) ,

<SHHER - HE>

TraR100DODNAREAEA Z FE$ 572012, TRE box 4%2&%DNA (TRED1A
2) DWEHERET>7, TREDIA2L OEAERRICHES K&y 7 B
TTEREITal~NY vy 7 ZONKREEE & CHTHE F— 7 2R T % a2- a3~
Uy 7 AL Tws (Fig.l) . Bic, HEEBREP%S (HTHEF -7 0
F2NY v 7 RAWHHBT 203Ny JATCHETHE I 06, ad3~Y vy 7 AN
DNAZ#AV v 7R TH B Z ep3nIns (Fig2) ., Hic, By —r2BHT
5B1EBIUB2-BIEHMTKRELIALFEY 7 P EMLEZRIT I &6 WinglEihs
TraR100DDNARESICEFEREES L TWwb &2 5nb, TREDIAZ2ETraR1000H8
GEIBRLELIZL : 2TH D, TREDI A3 (TREDIA2D3'RI3bpHIER) T3l : 1TH
52 & S5TREDI A2 7 B O TraRFBIRECTI N ¥ ¥ FLICEET 5 Z L2359
oz, 72, TraRI00MTREDI A3% L U'TREDI A4 (TRED1 A29)3'l13bp)
NDT T 4 =T 4 —BREHIEDE, VT LICWMAZRBRESHIn vivoTkE
A 2—2EHR T 5TraROBEREFATICEE L TWa T EWRBI NG,

Fig.1 NMR chemical shift changes of
TraR100 upon complex formation
with TRED!A2 double stranded DNA
(5-AAGGTACGTTAAGTACCT-3").

Fig.2 NMR structures of TraR100.
D B o Shaded areas indicate the residues
M2 ;o4 osoet m s e displaying large chemical shift

Residue Number changes ( > 0.2 ppm ) upon DNA-
complex formation.
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1PO19% Super High Expression with Corynebacterium glutamicum
' for NMR Sample Preparation

(BRDOFRMR) Ofn)IIBREK, HERA . KEFIE, HMBEE, SRS R

(Ajinomoto Co.) OMai Shinagawa, Nobuhisa Shimba. Toshimi Mizukoshi,

Yoshimi Kikuchi, Ei-ichiro Suzuki

Abstract : Expression with . coli is a common system to produce labeled proteins, however, labeling
is still time-consuming and expensive. We have constructed the expression system for S. mobaraense
transglutaminase (MTG), using Corynebacterium glutamicum, which efficiently secrete proteins. In
this presentation, we will show the optimized condition to produce the labeled proteins with

C.glutamicum, and propose the easier and cost-effective expression system.

Z 7D NMR %5175 £, RERNMKERS 7 G4 ERHE cL iR
BZEBBIRy ZDOEDLRo>TWEG, BERMLBERS L3 BORGEIZ T A 72
FERHY ., fx—R—FRbs, ZORT, 2V XA MIEIZHEMSWSND B
%7Vﬂjgﬁ@wfﬁﬁ<\ﬁ@&yﬂﬁg%ﬁwiﬁbt%ﬁuﬁﬂﬁﬁﬁ%%m\%
JHEHR D S WO K a i > T D, Fio, BROREE TORENRARETHY . LPETH
NEBBEOENEERNRIE S R B W AEET D EBNAREL D, o T, BE
R AR 2 S LU 00 DB RFUORE, £EMOSTEN TS, 22T,
AT Y FHALLMEOENRHRICERL, FT U RI7LE 10— (MTG) 28
& L CRERMAERS 3 BOREEOHYLZ B L, Bl 2T -7

MTG %Rt & L TR A 1TV NMR BIE & £ L 7= (Fig. 1(a)). € O R, 20mL & TH
WAEEZR A~y P2 /D Z ERHEE, ZHC LD, 2 Y XA LB A V73R TR
INRr—LC NMR AT BI 722 2 R RN AR O R FTRE TH B Z &R, £
7o, BEROEFRREBREBEEZFNEZ A, 15 BT MTG ORBMSEDHTELL 20, 20
FERIAN R CREBVBRKRE 05 Z LI Lc(Fig2), 362, 71 /B (Met. Lys) D
REVER S TTRE TH B = & DS 2 & 72 - 7= (Fig. 1(b).c))s e

Keywords : Corynebacterium glitamicum, labeling, high expression, small scale culture _'

Lasib £, LA OROS, 2P L LA 2<bH FLH, .
TFEx z00nE59 ' ’
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Flgure 1. 'H-"N HSQC spectra of MTG uniformly. labeled with '’N (a), selectively labeled ‘with
"*N-Met (b), and "N Lys (c), tespectlvely

h 12h -16h 18h 23h 24h

Figure 2. Cell growth rates and SDS-PAGE of the supernatants in each growth phase.
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NMR structure and functions of N-terminal domain of SUMO ligase PIAS]

! Department of Pharmacy, > Deparfment of Life Science, Tokyf{(); University. of Pharmacy &
Life Science, > RIKEN GSC, * RIKEN Harima, ° The University of Tokyo

Seiji Okubo', Futoshi Hara?, Yuki Tsuchida', OSakurako Shimotakahara'?, Sakura Suzuki’,
Hideki Hatanaka®, Shigeyuki Yokoyama>**, Hirofumi Tanaqu and Heisaburp Shindo'*

A member of PIAS family proteins, PIAS1, have been reported to serve as an E3-type SUMO
ligase for tumor suppressor protein p53 as well as itself. It was also proposed that the
N-terminal domain of PIAS1 interacts with DNA and other trascription factors. In the work
-presented: here, first, the relative binding affinities of a series of truncated PIAS1 mutants to
p53 and LEF1 were investigated and demonstrated that the binding is specific to'the' SAP
domain (residues 1-65) of PIAS1. Second, the three-dimensional structure for the SAP
domain of PIAS1 was determined, which revealed a unique four-helix bundle with a topology
of up-down-extended loop-down-up. Third, DNA binding ability of the SAP domain of PIAS1
was investigated using gel moblhty assay, showing that this domain is capable of binding to
A/T-rich DNA fragments.

[izC®iz])

SUMO U #—¥(E3) Td 5 PIASI &iﬁﬂ]ﬁ%ﬂlﬂ% p53 %iz“&)&ﬁ‘%’o%fz REERT
% SUMO{k L, %@&ab%pﬁﬁ*ﬂ‘é &m#&tﬁénm\é Lo L, £h 6o SUMO
{65 —% v 1 & PIASI & OME(EMAICET 2 RMIZH 52 TRV. T2 TABFRICE
WTHL. £ PIAS] @ p53 AT R FE L, Z0MAERTH % SAP domain (1—
65aa) DVFEPDOSLAEMEEEZ NMRICL Y RE L7z, £7z PIAS] ® SAP domain 20
WT DNA & OMEERIZOWTHRE L. '

% — 1 — } : PIAS1, SUMO ligase, NMR H & AT

BBEETRVE, 3b5EL, 2bIEWE, ELAEHI, TFEELIL, ek
POTE, RZRELITWE, 2P VASH, LALI~NEESL)
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[5E])

fi 4 D PIAS1 @ His A RRERGBZER L. 262K LT pull down assay 21T
W, pS3 L OREBROEFEEF. Ei p5S3 AL TH S PIAS1 O SAP domain (1
~65) ERML, ZOMEEELZRTREEE NMR EEZHVTRELE. Sbi,
Z @ SAP domain |29V T gel shift assay 33 & U} chemical shift perturbation 3% i\ C
A/T-rich DNA & OFE AR ZFHICHRES L 7.

[RERB L OER]
pull down assay D#ER XL Y PIAS1 @ p53 FEAHNALIL N KHD 1 —65aa FIRICHFET S
ZLHHBA LT, T 1—65aa fEIR (SAP domain) DSIAMEREE NMR 12X 0 e L
7z, B DX Figl IR X 912 4 & helix-bundle TH Y, “up-down-down-up”
DR — % oa=— 7 REBETHD Z EBPALNIIR 7. ZoEEIX DNA
 HEAEEROL LTI TRBMEINTND SAP EF—7 LEENELME AL TE
b, 4E DNA L OfE & bHEB &z, BIfE, PIAS] @ SAP domain (1—65aa) & p53
DT F Firh & OMEERIZOWT, E 7285 EF LEF1 X c-jun (B L TH PIAS
1 & DHBEERIZOWTHRHFTTHS.

(a) (b) (c)
Fig.1. (a) Superimposed backbone chains of 20 calculated structures of PLAS1(1-65) with the
lowest energy. (b) Ribbon diagram of the lowest energy structure. (c) The top view of the

ribbon diagram in (b).

1) 8. Okubo, et. al., (2004) J. Bio. Chem., 279, p31455-31461
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Structure of Globular Domains of Human and Yeast Linker Histones and Their
Interactions with DNA: (JBIC:JBIRC) K. Ono, (Tokyo Univ. of Pharmacy’& Life Sci.) S.
Tashiro, H. Shindo, (Meisei Univ.) M. Shimizu, (NIAS) T. Yamazaki : 7

[Abstract] In most eukayotes, linker DNA between nucleosomes is associated with a
historie, termed linker histone H1. It is generally accepted that linker histones are implicated
in-chromatin condensation and the maintenance of its higher-order structure, and also serves
as integral components of mechanisms that control gene expression. '
We have reported the solution structures of the globular domains of Hholp from S. cerevisiae
piresénting a winged helix-turn-helix ’motif. In this study, we charactetized the DNA binding
modes of Hholp as well as H1.0p from human by NMR as well as gel mobility assay.
Detailed discussion was made in the comparative study of 3D-structure and DNA biiiding

ability of linker histone HS with structurally related DNA binding proteins.

1. 3UBIC : :
TRTOEBHRS TR b LAy — ABIZ® 5 U 27— DNA RO/ NEEE
THEULH—EX R ERMELTNS. —ICY > h—E X 27 OvF o0
BECTOBAMEDOHIRICB N TEERREZRLZLTNS I L, SSEET
DORBEHHCHEEL TWBHEBEILNTNS, BB > h—E X > Hholp DER
KRAAL D NMR BEIZDWTIT 41 B NMR FERRUTBWTHRE L, HEIE
7% winged helix-turn-helix motif TH-72 . FEIL, BEEPEROUH—EX MY
DEIR R AL > & DNA EOHMEEBICDWTHEBIFE L 2ERE2®WETS. ULh
—EZA @ DNA LOEETAPHEE— REHLNMNITHDIZ, U h—kR
k> & A—/S—21 )l DNA % Holiday junction DNA & DAEERIC DWW T Ltk st
L7z,

J)>/—E XK, Hholp, H1.0, DNA & DMHEEM, NMR

BO MOF, L% <57, LAED ~WERS3, LaT HO05,
REXE LLEX
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2. ik :

H2EER Hholp OEEFIZBER DS/ L DNA 5 EEE PCR BIZ K D IIEL THS
N, KEFEHRCHEALEZ., EhU 22— X b2 HLOp DFEETIIE MKHEEBED
cDNA library 75 PCRIEIC K DIEL, X F XX/ H1.Op BRABZIER L. #HE
EERIZIE, DNA & LU THYR DNA Ofl, &< IZ four-way junction ZHRT S LI
THA 2 I N7z 1 X8 DNA@GW-T1a)Z& B 38-mer 217z, £KIL NMR OHEIEIZ
1d Bruker DMX750 3L U DMX500 Z R U 7=, .

3. BRLEE
ERUSH—EX > HIOp 1, MELBRWKBHOMBEMASRREEIH, BOUH
—E A L H5 OBR RAAL > &K 80 DAREE B D, FHWA, H5 &DIIkHE
EOELMEBHHEI N, BE, Co® CBREDEEST NOENSHEMD SN,
winged helix-turn-helix motif ZHD Z LNy o7z,

bk HLOp 1d, Hholp i< 5RT, A—/S—31 JL DNA I3 L THED TRV B
HERLE. U H—EZX NS, ZEEDNANKRET DL D72 A —/3—1-1 )V DNA
WL TEWEAEZET 22 L5, four-way junction (2% L THEWEERREM
MHERI N/ H1.0p DERIR R AL > & 4W-J1a & OMEIERICEET 5 2D 1H-15 HSQC
OEHTN G, H1.0p O DNA OGN ERETEE. T74bb, HLOop DR E
AL R EELUTo-l @ N RIFEB(His25-Ser29), o-2 &Lo-3 D loop fEIB(Lys59-
GIn67)B &L wing fEIK (Lys85) D 3 DDA THAL TWBIZ &AURE N/, DNA
DAL BT 7 NORLITERERF hRFXI-DNA EE&EOEMIALN S FH)
SNBEHE—BLTVWBIENS, U2 H—EA LD DNA#EE— Fid hRFXI
WCEBL TWa Z &R N (FR). BKHZH I &I, Vo h—EeEX M2
B REINTNSHEEMETRE (Lysd0, Lys42, LysS2, Lys69, Lys73, Lys85, Lys95) @
5%, DNA EDRAICE> TRERIES T b OEHE21F /- REIL Lysss DAT
Holz. %

A model of complex of linker histone
with DNA (o3 of linker histone binds

the minor groove of DNA)

1) K. Ono et al., Nucl. Acids Res., 31, 7199-7207(2003)
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Dynamtc Structure of Bombolmn 1l Bound to Magnetlcally Oriented Vesicles by Solid-state NMR
Graduate School of Engineering, Yokohama National University
Shuichi Toraya, Katsuyuki Nishimura and Akira Naito

Bombolitin Il (BLT2) is a hemolytic heptadecapeptide originally isolated from the venom
of a bumblebee. We have investigated interactions between BLT2 and lipid by solid-state NMR
spectroscopies. *'P NMR spectra showed that BLT2-DPPC membranes orient parallel to the static
magnetic field above the gel-to-lipid phase transition temperature (T.) in a peptide-to-lipid ratio of
1110 through a membrane fusion process. The magnetically oriented vesicle systems (MOVS)
enable us to determine membrane-bound dynamic structure of BLT2 by analyzing of **C chemical
shift anisotropies of the carbonyl carbons. it was revealed that the membrane-bound BLT2 adopt
an_a-helical structure and laterally diffuses in the membrane, rotating around the membrane
normal with the tilt angle of the helix being ~30°. These results suggest that the mechanism of

. fembrane fusion induced by BLT2 is similar to that induced by melittin. '

: (F?%A) /T//T J 1 (BLT2) iv/w\?‘/\?@a}.{ﬁzﬁlf‘oigﬁéht 1773 %{%gmfoﬁk
5«7"? S (SKITDILAKLGKVLAHVNHZ) THDH, ZOXTTF FE, AU F LRI LR
RYR— LRI . FIRARY S8 A, DEMRNSES 2 LA THE D, I+
PATHES Ul BLIZ D& IZa~Y v 7 A Th D L BHE SNTWh5 2, AT, BRkicy
o REBAHEER R (T,) % b oAEMEEES )1 e LT DPPC &M, B NMR OFEEZHNT
BLT2 & DPPC JEOMIEAEA A B 64 L, BLT2 OBIMBR MG S5 L 2 L L,

[ 5288 Fmoo BRI T AR LI HBAIAFEY 1C 42k BLT2 & DPPC %7 F R IREE VAT 1410
ERBEHIC AR 50 mg & EVIRY ., 300 WlOFEETIIE (20 mM Tris, 100 mM NaCl, pH 7.5) TAFL, 5
5 - BARA 10 EDIEL . g TH BT 4y 7002 (DD) &t Ticdsi s P B8L0VBC NMR | -
WA, FIRE IS 0T 1 BRRITME L, RS ., BRI bR R E S By
244618 (CP-MAS) 5125 PC NMR #I7E 3 1 U Rotational Echo Double Resonance (REDOR) #1245
B R BERER B I Ve, £ ToBA NMR JIE, Chemagnetlcs CMX infinity-400 NMR 43 Y454
B TiTole,

[FEReER] BLTZ-DP?C ZHYFIERO P NMR A2 M RRE L7cki%, DPPC 04 A —
WRBIEE R (T.=415°C) X V&V 35°C TRIEHESTNBH S WESEIS BLI2 KX » THE
ERTNBZ Edbhot, —F, T, X0 & 50°C T I E RS R8I ORE R 2 258

BIRERE SR . BC (L3 7 70, MOVS, REDOR. ﬂ%’ﬁ'@!ﬁé\

EBR Lpdnh IZLEeh 2 0whE, ey hEL
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(1), BUNMEEESES IR U CBEE 2 TR TS 2 s B8bhotz, £, 50°C TID
E RSB EAEICES L BLT2 x5t LT, D', lieb, Leu’ DA AR=AHRED BC NMR 227
MVERIE LRGSR (K2), BHEL T MEd, 225 BLT2 O N #iifa~l v 7 AEEE L 52
EAVHIBA L7z, 7o, BESETFIRBO T SN 7 MESw, (XEHEE 100 Hz @ MAS
iz & o TR LR ER PR O BERSIC—B LT, Thbo PCe¥yy MERR 1 I
&, EHIT, ENRRICTHE L FEE VT BLIZ2 OBREESRERIT 21T
W, BLT2 aY v 7 AREERD LR 306 TBEREN O E b Y 2 EEE LR b TR
LTWBZEBbhot, BEDAYFUICH LTI R Y LELLADES &, BLI2 ®
BEEE ~REBEIIVATEBAVF L OENEEFEARDNE, X UF o LRBRIC BLT2 Bk
RETZECIHEMEEF/ET D Z L BAREIRE,

50°C
35°C
R R 200 190 180 170 160 150
ppm ppm
Figure 1. 'P NMR spectra of BLT2-DPPC Figure 2. PC NMR spectra of [1-°C]le’-BLT2 bound to DPPC
bilayer systems at 35°C (top) and 50°C vesicles under static (a), 100 Hz MAS (b), 2 kHz MAS (c) conditions.
(bottom), respectively. Peaks denoted by {, T, and * are signals of carbonyl carbons of lipid.

Table 1. ®C chemical shift values of BLT2 bound to magnetically oriented DPPC vesicles under a fusion condition

bo/ppm? STRUCTURE! G /ppm AS/ppm! & /ppm® Sp/ppm® Ss/ppm?® G /ppm

[1-ciue’ 174.9 o-helix 1744 15 247.0 189.5 83.0 175.0
{1-%C]le’ 1753 o-helix 175.9 -18 2445 1925 89.5 1754
[1-2ClLew” 1759 a-helix 165.8 30.3 244.5 1925 89.0 175.3

 Measurements of a BLT2-DPPC bilayer system was performed at 50°C.

§ Obtained from CP-MAS >C NMR measurements of the lyophilized powder samples at 20°C.

T AS=3(8 — Tie), Where G = .

I Typical °C chemical shift values of (&, of a-helix, &, of B-sheet) are (175.7, 170.5) and (174.9, 172.7) for [1-"CJLeu and
[1-2C}te, respectively. © '

(51 FsciRk]
1. Argiolas and Pisano, 1985. J. Biol. Chem. 260, 1437-1444.
2. Monticelli et al., 2002. Biophys. Chem. 101-102, 577-591.
3. Toraya et al., 2004. Biophys. J. (in press)
4. Saitd and Ando, 1989. Annu. Rep. NMR Spectrosc. 21, 209-290.
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Determination of the Precise Structure of Silk Fibroin Model Peptide studied with Solid-State NMR
Yasumoto Nakazawa, Yu Suzuki, Shingo Miyauchi, Michael P Williamson,
Tetsuo Asakura and Isao Ando
"Dept of Chemistry and Materials Science, Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo,
152-8552, JAPAN  “Dept of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Tokyo
184, JAPAN Tel&Fax, 042-383-7733 *Dept of Molecular Biology and Biotechnology University of Sheffield
Firth Court, Western Bank Sheffield S10 2TN, UK  e-mail: ynakazawa@polymer.titech.ac.jp

The critical step in the development of Alzheimer's disease (AD) is the conversion of soluble,

nontoxic amyloid B-protein (AB) to aggregated, toxic AP rich in B-sheet structures. Yanagisawa et

al. discovered GM1 ganglioside-bound AB (GM1/AB) in brains exhibiting early pathological

changes of AD and suggested that GM1/AB may serve as a seed for toxic, amyloid fibril formation.

Indeed, immunochemical and spectroscopic studies demonstrated that GM1/AB has a

conformation different from that of soluble AB and accelerates the rate of amyloid fibril formation
* of soluble A in vitro.

In this study, the effects of GM1-ganglioside in the membranes on the binding of A will examine
in detail using angler-dependent solid-state NMR techniques. Especially, we will analyze 31P solid
state NMR spectra of dimyristoylphosphatidylcholine (DMPC) in the presence and absence of
human AB(1-40). In the case of the 31P angler-dependent NMR spectrum of the DMPC:AB, we can
obtain three component of the orientational component. The main peak (ca. 55%) assigned the
destruction of the DMPC bilayer like a micelle. However, about 30% of the DMPC component have
a tilt of 30° compared with lipid bilayer. This result suggests that the AP aggregation has an
influence on the orientation of the lipid bilayer.

[Introduction]

EBAERRE L LTHMOI S Alzheimer %1, B-amyloid 2
TF FAB)D R~ DL, BHEI & 2R EI
LoTRIE, BEFRT LBERTFIMLED S -~ BMR
FRRTH 5B, '

1995 4E, Alzheimer FiHIHIDMUC B 5D OV Afks ABE
o, BESHERE THD GMI L/ UA YV REFEELE
APBER SN Y, ZOBREBFIC, Hx RTFERES S
HEEN.GML H 7Y A FEET ABOTERAS APEEEAE  Figure 1 Schematic illustration of AB-
L. IEEMAE, REMICREIC RN D L gm%@T gx:;yfﬁgaﬁﬁ
SBPIHIRINTELD, L LA D, S bORIER ZII)::tle;cng underitcl)es a conformational
FTRC, R UV 2AWVESHERHETHY, GMI F>  gansition from an a-helix-rich to a
ZYF Y FHEAE ABODERF VAL CTOREDHEBRIZIZE > B-sheet-rich structure.

TRV, & ORISR CIE, AL ABDHBEERICOWT, MBI 2T 2B L.
EEFRE _ERBEA R, AEKREEE NMR EE B0 21T 7,

ML BT (or-helixiisE)

Aggregation

Seeding AB (B-sheetifti&)

Alzheimer % + B-7 I 1A N - BEMISE “EEI - A EKIFE K NMR - LREHE
hEPetb L, TFEDH, HHH LA, Michael P Williamson, H &< B'C’Di’o
HLE IR
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[Materials and Methods])

ABEF AT F K| AB(1-40) [DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV]
X PE Biosystems #fi_7"F FER#EEE AT Fmoc BREICEVER L, BHNERTF i
TOF/MS IZ& > THTROHRET -3, BEMIEE _ERERRIL, DMPC: ¥ 7 VAT R
GM1, DMPC:AB(1-40). DMPC:AB:H > 7Y A K GM1 DIREWE 7 n RV A+ A ¥ ) — VIS
CESE, AB(1-40)I3_ BT L, DMPC, H> 7 U4y FGML ERALTHI AT L— MNE
BAL7, #5 A7 L— MCEBI%, 3cm (CHIHF L7 10mmoNMR SEHEICEIA L, 45°CT 4 ARA >
Fa—b Lk, AEKEFEE NMRUER. AENEIT=F4A—Z 4% 10mmé7 v —7 % FVTFHF
o7, BRI 3P, 1P 90° /L R [E=8usec, PD=3sec TO U 7V AREERIToT2, KV 7V
BT, BEBICX LT 0%, 15° 30°% 45°, 60°, 75°. 90° DEAEIZBWTHEIERIT- 7. '

[Resulté and Discussion} :

AB(1-40)0 DWW TCEEA R 21TV,
MEORVEBEZEIZ LB TEL, 0°
Figure 2 2% DMPC/GMI(10:1)D# &
KAEER NMR ORIERRER L,
Figure 2 ERIDSBERIZR L TT V8K
DEFT (0°) Figure 2 TRIBHESICRT L
TT UMD 45° V2 L E DAY

M THD, ZORER. DMPC FHITF
TS GM1 Fo 7V 4 FidfsEE
OEMZEETZERFEL, IBEBE 45°
FUEDO R —HIT R bR oz,

FIBRIZ, DMPCIABQRO:I) DA EIKTE  mnmmsmhenbiir? mpiimia et | v
NMR HIEDFERE Figure 3 1277, P T coemtent onttergpn P st vt

Figure 3(a), (b). (QYPIRIZT VD  Figure 2 3P solid state NMR  Figure 3 3P solid state NMR

SRR LT % of SZ.4T 50 spectra of a macroscopically spectra of a macroscopically
BRI H LT 0 (i:ﬂ?\ 45 : oriented DMPC sample with oriented DMPC sample with
I(EE) L 2o TV D, ZORR, Ganglioside-GM1 at 85°C as a  AB(1-40) at 35°C as a function
S5%ILEEREIR S (peak a) & 72oC function of the angle between the -.of the angle between the

S s . bilayer and the magnetic field. bilayer and 'the magnetic
BY, TIvnA FOFME>TEBE  DMPC/GM1 molar. ratio was' field. DMPC/AB(1-40) molar

ERBETVWAZLBRTRBENTNS, 101 _ ratio was 20'1 ,
BV D 45% 3. BREBERL, V527 L— b IIHCHIET BRI eak ¢; K9 15%) & TATHE
MR L TR0 30° OB E 23 - 1-BIMAR S (peak b; #9 30%)DBMEE L, BEORMEEEZTR LT
WA ZEREAMNE oV, ZOHSRIZ, DMPC & ABDHEE, 30:1, 1011 LB{LEFTHHEREN,
ABHEIBEIEICR L TR LI OEEBERIELTNEbDEEZ BN, z:m%*%fuutwfh%i'o AP
DY UBEBICIRMEND &, ABIXEENSEZD BEOREENLE L ABIXRFICE L HEEAL T,
PR E BN A AT D LRSI, BAE. B NMR 3L S0 EEE,. GML Hr 7 ) AU R,
ABDRESERY A FDIFEZIT> TV D, BB, ABRI—H, XHBEE HEFRBEEHE
TERIR S [ EMBRFOIEA ¥ — 7 oA 2% 842 Y 7 Mg FRMEEER X > Tffbhiz,

[References]
(1) Yanagisawa, K. et al., Nat. Med. 1995, 1, 1062-1066. (2) Kakio, A. et al., J Biol Chem 2001, 276,
' 24985-2990. (3) Mandal, P. K.& Pettegrew, J. W. Neurochem Res 2004, 29, 447-453. (4) Yamamoto, N, et al.,
FEBS Lerr 2004, 569, 135-139.  (5) Kurganov, B. et al., Peptides 2004, 25, 217-232.
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) Solut1on Structure of R1bosomal Protein L16 from Thermus thermophzlus HB8
O Mitsuhiro Nishimura, Takuya Yoshida, Mikako Shirouzu, Takaho Terada, Seiki Kuramitsu, -
Shigeyuki Yokoyama, Tadayasu Ohkubo and Yuji Kobayashi )

.. Ribosomal protein L16 is an-essential component of bacterial ribosome. Here we present the solution
structure of: L16 from Thermus thermophilus HB8 determined by NMR. L16 has an a/8 sandwich structure
with two S sheets combined at one connecting region. However, the both terminal parts and a protruding
loop are fully disordered. The structured part of L16 could be superimposed well on the medium-resolution
crystal structure of L.16 determined in ribosome. By overlaying the solution structire of L16 on the crystal
structure in ribosome, we constructed a model to show interaction between L16 and tRNA. L16 has three
miain rRNA interacting sites to six distant tRNA stems, suggesting large effect on ribosome’s architecture.
The L16 mutation sites, which are reported in the av1Iamycm/evem1rmc1n resistant bacteria, are clustered
on an ¢ helix and the side chains are exposed to solvent at tRNA binding cavity. Th1s result suggests that
these anublotlcs 1nh1b1t tRNA binding by covering its binding site around L16. '

Fi#]

yRY— Abiéﬁ:ﬁ‘ﬁk:}bm’c‘§%§$ﬂw;@é‘0)—9'(‘&5%5?"‘52%??5ﬁ?f%ﬁ‘f%
B, NFUTTE, Y BY— AR 50S Ty hBLUR30S ¥ T 1=y F&FITNS 2 D0
Ay MR TBIETEHNTEY, FRENOY TSy MIEKRO RNA EEAEN S

BRENTNAB, ~ - B :
FNODBBRAFOBTSH, VRV —ABHELI6 RV RV —LEollreBbEEEN
TWEEBHEO—DTH 5, L16 ZBRWTEHERL = 508 71y MIRTF REBES K IIEIE,
tRNA OFEE, 30SH Ty hEDEE, HAEMEOBE L Vo KL BAIETRIET 5 Z &M
THLRRTWS, IEQOURY — ARERESHT T LIS U Ry — A TRERE AN E R T B
TaZy FOBREIMEL TBD., R7F REEBRIGOEEFOMHETYI /7 2V (RNA O
HEE B é%ﬁ}ibfhé EIMBEENI Iz, £ L6 LOEERSHEYE avilamycin B LU
- evernimicin D%z Eﬁ%@‘é?%iﬁ‘téhfho L16 lii"'@‘c%g@ﬁﬂ‘]“ﬁﬁ& bT%%ﬁflf&ﬂiE

- EBEHTVE, -

UL ZRETLIS @fﬁzﬁﬁwmﬁ?lﬂ\w IELTHE ST, MEORED S LI61I2D0WT
%&iénﬂ%%ﬁ$%é%$?é EWTERWRIICH oz, 508 T 7Ly kO EEEIC
SBOTH, HEEEOTREN bzl—:ﬁﬁ%ﬁﬁ\ﬁ SENTVEZDOATHD, HISEEESIREIN TN,

Z 2T T3 NMR 0 & o THEIFEE Thermus thermophilus HB8 B3k L16 DS %
WEL, LI6BEZRTLAVTRETSZET, TOBEORKHE. ME O RNA & OHEER,
' #E%E@ﬂﬁﬂﬁ CEETABRICDONWTERLE,

[ﬁ% %Q}

2427 OIEEEHIE & 81 O _HABIEZRNT Ll6 OEEFEETo R, BIUR bti%mz‘»
/oM, EEIAKRFTORMSD 040 A, RIEEEDDSERMSD 1LISA THo k. BWRFODLI6
BOFEFRT B S — M2 DD a Ny ZAPWATE a/f ZBHEEZ L > TBD, I5IT. 0
TEREBEIZDDB Y —MWWAEHE o T (Figurel)e —7. L16 DN RIBER, C RiE
By BHUN-TEACBNTREEZ2RET S I ENTERM -2, 'H-15 N B NOE £
égo &I A, INSDOFEKTIENOE HORAVER SN, BEF THRWEESEEZZEDOZ &N
mREN,

URY = ABEE. NMR#iE. RNA-BEEBEER. HAEWE

KLB53D03, KUEESR, LASTANT, THEEME <BADENE,
KTRELFOE, BBFLEDST, T@PLYST
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SEELNLI6EEE S0S VT 12y F O
HERTHRES N LI6 BB L OlEE, 18 a
Ca RFICHL T 2& A, BEFTHEEEZES
TWEEACDOWTRMSD 1.3 A EBRW—BHRS
Nize TO—,ED EITURY — LSS EE
L6 BERE2ENRSDOE 3 & TEFIIL 2 HE
U, URY—AHO RNA BiEI20T 5 L16 fighs
BOEMERDE. COEFNEERTLI6 &EH
@ RNA & OHBEIER 2R, L6 O_BHE
I EIT 3 DI T 6 DD rRNA ZAF AICHL
THEEALTWS Z ERRE Nz, ZhidL16 o .
DOREFRURY ~LOEREBIEEETSHZ L Figure 1. (a) Ensemble of 30 structures and (b)
EREBLTED., L16 ZBRNWTYURY —L%EHER ribbon model of T.thermophilus 1L16. Residues in
URHC BRIl S Nk &4 BBRERIE 2 BT 24 R  the disordered both terminal regions were not shown
TH5B, _ for clarity. o

/2, 708 URY—AhE t(RNA HEERE RS2
FAWTHERRICETIIVBEZER L. (RNA EOMEBRRBREAREE A, ArgS6 T X /7 )V RNA
DTN—TEMTGEEL TR ZENREINF, TNETLI6 O N REHER & 22 U — 3
MT7 277 VIVRNA E#T 2 2 ERMEINTWED, L6 BPLOZBRERMIIBNTS
HEERAL TWARIBEENRENZDIEIEWENAD TTH 5, .

L16 DEMBRERENE SN Z & T, HAWEOERIZDOWTHHRRMANE Sz, Hik
418 avilamycin 3 & U evernimicin OHEIZEES U TV 5 L16 LD REPAIS ArgS5t. Val52, Ag56
DIBETHY, INSRLIGEECBNTIR—DD e NY v I ALICHBLTWE, EROEST
WEETTENS ORSEBSEERAEEIA, S0S T2y MO tRNA MRS T 2B OREIC
BHLTWB Z &b o & (Figure. 2)o £72. TONBIRINEITRBEINTHS RNA EO
AL RIS, Zh S OFiEWE 2 vz rRNA probing ERIC & > TREI N U OER
BETHoz, ZNEDOZ EMS, avilamycin 3 & U evernimicin 13 L16 &S % rRNA A7 AT
BebdEORXHETDILARBENS, EROLIIT, Arg56 2FLTDLI16 & RNA A F A
DERBHITI /) T7VIVIRNA DT I —TREMT 5 THD T ENE, TNEOHENED
BRI, VRV —AIHAETEZEIZE2TY I/ 7V (RNA OHESEMLZR ., (RNA OFE
ZHETBHILTHEZEEZEZONS,

< |

Helix 91 : 16  Helix8  Helix 91

L16 Helix 89

Figure 2. Indicated binding site of avilamycin and evenimicin. The side chain structures of the mutation
sites of L16, that is, Arg51, Val52 and Arg56, were represented by balls-and-sticks. The resistant asso-
ciated mutation sites or protected sit/es in RNA probing experiments on 23S rRNA helix 89 and helix 91
were also shown.
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1P025% R4S RARETHEERERALE
RAUAYIVF—LavORE
(RK-BAF. BH GSC. BIX-REF)
ORHER' /KRR LR, HEIE", HAREY'

Determmatlon of domam onentatlons usmg the segmental |sotope Iabelmg
- and residual dipolar couplmgs ,
’/ﬂsfltule for Protein Reserch, 0sa/(a University, “Genomie Sciences Center RIKEN, °Reserch
Laboratory of Resources Utilization, T okyo Institute of Technology
OTakuya Tsujimoto’, Hiromasa Yagi', Toshio. Yamazaki?, Masasuke Yoshida®, Hideo Akutsu’

H*-ATPase is known to be the smallest motor protein on ”t‘he' earth. The B subunit is the catalytic region
of this- enzyme, and the conformational change of this subunit is related to the rotary motor mechanism. In
order to monitor this conformational change, we determined the relative orientation of N- and C-terminal
domains of this subunit in nucleotide binding and empty states using residual dipolar couplings. The analysis
of this subunit (>50kDa) was difficult because of the signal overlapping. So, we used the segmental isotope
labeling to reduce the number of NMR signals in a spectrum. The results demonstrated that even the isolated
ﬂsubuhii monomer can change its conformation from A“open” to “closed” on nucleotide binding. '

{Fy::ﬁ)

TAFE ;‘»{/?’éﬁoazl\oﬁl_totﬁﬁnﬁ?ﬁﬁ{’ﬁﬂiw;lﬁltl~}4JM®1WRE§9&ET
BOIENLEFETHD, BAIE ATP SRBROLYTLI=vMNCOFEEGALE. f¥T12wkE
ATP FBEHZEEH D0, S ARG WD TIEIRILA FRESRIZL ST open H5 closed ~EEILTIENSE
LA X BESMETT TITHESATLS, LHLEAS, B/ T—REICSL T, MEXLICET MR
[EREEL SO TUEL, EETEEPYTLIoVbE/T—1E, RILFFERBITHLTEDLSLMEE
LEECTONERSEBEBRRETRECRONEEEH SHE T LITRYRBELE, RILAFE
HRELIBEL TUELBTO N REE C RIBE AV ORAT YL EThERREL, ZoMSEN AL
CHORHEROREERH 1=, A T1ovMES TR 5 BEBA B0, ST FILOBRYLHLIL
3, 70T N ki C RBR AU ERMEBCRIRMICERT Z2LT, %bi{zow’fﬂl«iﬁiil-ﬁ
MBIl

€35 : »

136, 15N DM S AR 2 BEO T T 1o vk 1-127 RE. 391-473 BRAEREN 0, Ch
SIFEREh N EBHEE C REBAF AL DO—BI=H =2 ELLTAVDEBATSAOVT RIGERFAL
F—0—F ROEH, BRIEFHEEIER

DLHE O, PEFVDES, PEXELLE, LLEFETH, H<OUVTH
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THEBLI= A FA 0T AU — DT ADERTYGL., FhEho N kitfls C RinflER
BEELRBRTSAZIFENICRELE, E42XBETRRESE. EHHc>T—RERSE =&Y
F=INTF AT 5, BEELIFTHEILTIUTFAURIEERESETPYBNA NV EEE, 2TD
259 A MR B0V B AL ETT ol BETEFHE/ERAORMEL H-°NIPAP-HSQC T4l . BIBER
I=1% 5%C,,Es/hexanol ZEL I, &R ACVORAT VA RUENRED REIZIE Module 2L vz, €T
OFFEIE pHB.0, 32°CTHTLY, FFEREMI=IZ: Bruker DRX800 with CryoProbe ZFAL =,

[#EREEE]

T2 yMEREN KR ACD, ROLAFEEEF ALY, CEBF AT D 3 DR BENT
Zz NVR EEORESRURILFFRESIZHT BT SHIL L TR — R~ au DR, RILTF
FESE A UISHEBITL 2L TLEERTHIDIZHL. N RBELU C ERE A UEL- M EMEE
Lo TWBBRTHEILENGHHTIND, T, FERELLTLS N EH. C RIEF AV EERFhih
FITBEToINEBEOLOEERLENEES,

BEOFER. N KT 65 f. C FIRT 9 FAORKRVNEFREEEI/RRZSh - EHEEIZZ b
OESEMEPDB D=1SKY)h@ T oAz OM RV, BRSh-BRIEFHEFRETATHE
STEMELHHEE T v EEEE. BEIZRV—BDEShEI Tk, CABHEEICEREE/
—OBEEFES>TLVENILICERHDEEZDNS, FOT 2 RBEEL->TLREROH THEELDD
19bEfTolz, FOHBR. KEMBL—BAALh, ThhbRedT N Kk C RIOENTEIL ADP A2
HDHIGE T closed, ZLVBES T open ITREVMERNEO N, BLELYSY T2 2w IR/ T—DH T
S RTRLNI=&S% open 5 closed ~DET L ERCT S EATRENT.

40

30+

{5)

D™ IHZ

Figl: White indicates the region of the segmental isotope
labeling in the N-terminal domain 1-127 residues (a) and
C-terminal domain 391-473 residues (b).

40

30 4
20 -
Fig2: Correlations between experimentally measured 'H-"N 10+

RDCs in empty states (A) and nucleotide binding states (B) 0-

D™ IHZ

and the best-fit RDC values calculated with the monomer 10
20 -

B subunit crystal structure in the ;8 complex. Open circles %

and Filled circles represent RDCs of N- and C-terminal - |

domains ,respectively.
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IPO26 7 EREFANRTF MBI EETFHEARZIEC LY ER L
7 REERLF 8 7 B O B IRNMRIEIEREAT
(BT T) OXAHHR, )R] ABHLEJIFAEE], %ﬁ%‘tﬁ,ﬁﬁ

Structural Analysis of Model Peptides and Recombinant Proteins of Spider Silk with Solid State NMR
Kosuke Ohgo, Taiji Kawase, Mingying Yang, Junji Kawamura and Tetsuo Asakura '
Department of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Tokyo 184-8588
Tel& Fax: 042-388-7733 e-mail:asakura@cc.tuat.ac.jp

In recent years, new biomaterials based on fibrous proteins have been produced by genetic engineering method.
For molecular design of such kinds of biomaterials, it is important to obtain the structural information on the
original repetitive sequences in these fibrous proteins. In this study, we synthesized the repetitive sequential
model peptides of spider silk and analyzed their structures by combining several solid state NMR methods, that
is, the quantitative use of the “C chemical shifts and 2D spin-diffusion NMR. A

[#E] B/ TOAETHHERE . RAROEHERS V37 Hix, BRE - §HETHY ., 7EES|
AITRLBORKME L Ebh, RICKIOMEABOSEIRV, T bO—RIBEIL, KFEEI7280
B LEFIDMABSbENOBREN TR, B/ T0BEIC L > TRAES, TLTENLIIRITE
BTHY, o, ZTOUELELIERD, £I T, ZORMNZEY IR LENZHAEDEREAT
DE 37 BT, KBER I AV 2oy 78, EBITHE, PRV Y VA T CRERAT
LEREPITOND L) Il TERD,

B, 7 ERICBIL Tt 2 Rz £ < @%mﬁf%&w@ INTEEMN, BEREEL LN TE
72, Do, SRRV IR LESISHAG LI Z b, SLEESEOMRITICE U TR R
BONTNRY, —F, BLIE. INETERS 7 EOBEFNIIZEBN T, —KREFETIZ, &
ERNEEFNARTF REEHK. SEHRETF L~ COBERIT 2TV, £ OREELEBTE R,

FZTAHETE, 7 TROEE - REFIHEDOETTARTSF FEGR, €OMNEEELBITT 5
ZEERAI, EBIT, BETFHEABRIIHC LY ERLUL 7 SRE0 S 37 BOWMERNT 2 T
1ToT,

[3=ER]) LER¥kk>—FE T & B Nephila Clavipesh  £FET 5 //1/7 DO—BWEETLITETNARTF RO
Bl RE LTz, FN O ORI E L TIR L,

I. QGAGAAAAAAGGAGAGGAGGAGGAGAGRGGLGG (34%%3%)

a QGAGAAA[I-"C]AAAGG[2-°CIAGAGGAG[2-"C]G[3-"CIAGGAGAGRGGLGG

b QGAGAAAAAAGGAGAGGAG[1-"C]G[1-*CIAGGAGAGRGGLGG B

1. GGLGGQGAGAAAAAAGGAGQGGYGGLGSQGAGRGGQGAAAAAAGGAGQG (4975 4L -

a GGLGGQGAGAAA[3-"C]JAAAGG[2- ”C]AGQGGYGGL[l ‘3C]GSQGAGRGGQ[2-”C]G-
AAAAAAGGAGQG

I1I. GPGGAGPGGAGPGGAGPGGAGPGGAGPGGAG (3 1&;%%)

IV. BETHEABRZFCEVERI U7 R0 2 08

a TS[DGG(A)GGAASGAGYGA(GAGSGAR2GAGYGA]s

b TS[DGG(A)I2GGAASGAGYGA(GGANGAGYGAM

T3, EIREDOBEE R M4 3 2 25| 5% (dragline silk) 24T 2 Z S H VI E
(MaSp1,MaSp2) D> —RIEEEZ B LD TH Y, INIRWVEEEZETH. 7 EOROBROBEE
5 flagelliform silkk D & D TH 5,

BRBIVIL, 7 TESREETH éAlaﬁ-ﬁﬁﬁEiﬁﬁ%(GGA)n RBW T 4 T u A EERI AR S D
W THY BEFHAEIBECLVSRELERBEEAVWTEE LY V7 BEThH S, )

EFNRTF Fla,llall-2 T, “C CP/MAS NMR (CMX-400 NMRZEER #HIE L. BHh (b3
ST MEN S RTEEORE 2T o7, Ein. TFARTF FBIZOWT, TRITA VISR E
NMR (Varian Mercuryplus 400 NMR%3363) & of-MASEM FCHIE L, BHbhiz _/kjl:/\ B—ink
FEM e IREE OMNT BT o T,

9 EEB| % flagelliform silk= 7 EREEMA /Y B ZRTA E UL EEHNRE - 85 &k B e D b

BETS5I37 . 0bERV L PAFAVALDLDLELLAL. HELSHTDE

— 150 —



[#68 - EE]

9 BESIRETARIF FIOWERITHR] FRMiddragline silk(MaSp1)
PICRLNDEVELENTH Y, Ala#gifEk L GGADB YR L 2EATE
Gly richfEIA 572 %, BPHalz DV T *C CP/MAS NMR A7 kL {bE:
7 MED B TN O RFTEE 2 RET LTz T OE ., Alad IR K
U DITBEITB-sheett i £ TR T DB RR SNz, £/, (GGARDHIL
DAIFRFEIZ DV TEL, EEETFE DRV ALCBREDILFE Y 7 MED HIF
WEITo7. TORBER, 3r-helixZ2 R TR BTOBTFEL, &Y D30%ILp-
sheetfEE RS D Z L NTRRENTZ Fig. ). € Z T(GGA:DF M B E
EWEEDHID, RBHbIZ W T, ZRTX B EBEANMREE 2 T- 7
(Fig. 2a)s LARTIT(GGX)ERFI DE T N TF K TH B(AGG)IZ DN T, 2K
JEA U IETREANMREE 2 #H U725 R, Ala R UGy B E o —m A fErkdt
IZ(@0,9)~(-90°,1500) E R E SNIIB EDRARY bR F = LB L
— 2 BIRHEAL LT e, & 2 C(0,W)=(-90°,120°) % 70%, B-sheeti&itE((9,y)=
(-150°,150°) % 30% & fRE LIz BRD AT R VEFHR LR (Fig. 2b), 3
BIZLOW—8E2EE, ZOTLY ., (GCGAROHEER, AlaESIER & FET
L BZEIREY, —EBB-sheetlEEICE D AT N D b OO, #ladi-helixtik %

FRLTNDLEZLS, '

(7 EEFRETIURTF FIOEERTER] bk, SMRE~EMHE.
TEb=NAOR FRICELNZIRBIZ- OV T, C CP/MAS NMREIEETT
STHER, RROE AR DENLIZFE—EE R, T, {F—70kEL 7k
fELY. B-sheetiBE DR BHER SN, T T FRNO RFTHI s
EOWTRETT 2720, BRI KT AN EA L RBHIaD A7 MU AR E
Uiz, FICAlaCBOE — 21X Z DAy B S, £ 2 DI 7 MER., F
BAGET AT FR(AG)sE Sk (B-sheett i) ICFHREL - BBCRABFE
HERHE I RONA R —RE OZNLFIEE LD, ZFRHDOEIRIIRRBIE
PG R STz,

[P EARERS VL BOBERTER] RABHValvbiz oW T, TFAK
OFERAEIT LR 9 °C CP/MAS NMR AR MDD %, Figlllk &
Tro RBNVaTIZAIESHEDE V2 DIZ, ocheliditz & 52 R TEF
. ZOoOMBTEEIIND BT, BsheetiiEF EIZE B Lotz
(Fig.3a,b), —J7. HEHUVb CIIAlWE#E RN R, orhelidiEd & 52 &M

AR & 72 0 (Fig3c). EISTFALER CiiEiCarhelixk 72 % (Figdd), £7-%8

AETIE I B-sheettEiE & 72 5 D C, MEEIC X o T, AlaBSEHNLOEE
EMABTEBTES,

BPFFTIL. flagelliform silkEFARTF BT 5 RBHITOREEEHRAT
RIZOWTHIBRD, :

(#3] kA ©UBEENMRAIE I S H AW ZWe N T T 7
2P AT e R OF BRI U E T, Rl AR —#R, BAK
BE T 7V A AFRL- BRI RO () BB &Iz L - T
Thonhi-, v ‘

(8& k]

LHIBH, B, 2004456 8 5, 24-31CERLERA).

2. Holland, G. P.; Lewis, R. V,; Yarger, J. L., J. Am. Chem. Soc. 2004, 126, 5867-
5872.

UL
80 60 -

(o)

30 5 20 15 10

ppm from TMS
Figure 1. Expanded CP peaks of
(a) the 21t Ala residue in the
peptide la and (b) Ala residues in
(AGG)w with 3:-helix form
reported previously.
(a)*

§3§§F583

§5§s

T

®)'"]

2

§§pEs98¢¢§

Figure 2. (a) 2D spin-diffusion
NMR spectrum of the peptide Ib.
(b) calculated spectrum by
assuming 30% [3-sheet and 70%
31-helix.

(@  AlaCo

AlaCp
Gly Co. i

i~ T 1 !

1 LI |
20 0
ppm from TMS

40

Figure 3. "C CP/MAS NMR spectra
of sample IVa: (a) treated with TFA
and (b) treated with formic acid; and
sample IVb: (c) treated with TFA and
(d) treated with formic acid.

3. Asakura, T.; Ashida, J.; Yamane, T.; Kameda, T.; Nakazawa, Y.; Ohgo, K.; Komatsu, K;, J. Mol. Biol. 2001,

306, 291-305.
4. Nakazawa, Y.; Asakura, T., J. Am. Chem. Soc. 2003, 125, 7230-7237.

5. Ashida, J.; Ohgo, K.; Komatsu, K.; Kubota, A.; Asakura, T., J. Biomol. NMR 2003, 25, 91-103.

6. Simmons, A. H.; Ray, E.; Jelinski, L. W., Macromolecules 1994, 27, 5235-5237.

7. Asakura, T.; Yao, J.; Yamane, T.; Umemura, K.; Ulrich, A. S., J. Am. Chem. Soc. 2002, 124, 8794-8795.
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3P027 MRBIR Y A L P —# &K TF NRSF/REST &
mSin3B @ i I {E F g
(BEok - BRMREE 1, BAF - GSC2, BHH - HFEEZE )
OB 1, FE LK A# HA: & fD3, B B!

NMR study on the interaction of neural restrictive silencer factor
(NRSF/REST) with mSin3B ‘ '

O Mitsuru Nomura', Hiroko Uda®, Kiyohito Murai®, Nozomu Mori® and Yoshifumi
Nishimura'

'Yokohama City Univ., Graduate School of Integrated Sci., >RIKEN, Genomic
Sciences Center, *Natl. Inst. for Longevity Sci., Dept. Mol. Genetics

Neural restrictive silencer factor, NRSF (also known as REST) binds a neuronal
cell type selective silencer element to mediate transcriptional repression of
neuron-specific genes in non-neuronal cells and neuronal progenitors. NRSF/REST
recruits the mSin3-HDAC c¢omplex and/or the CoREST-HDAC complex, which
represses the neuronal gene expression by deacetylation of histone with remodeling
of the chromatin structure. We found that the first paired amphipathic helix domain
(PAH1) of mSin3B interacts with the N-terminal domain of NRSF/REST. Here we
report on NMR study of the PAHI domain of mS8in3B complexed with a peptide
comprising the NRSF/REST-N-terminal region.

[ ]

NRSF/RESTH:, B BIRMHF A Lo P —2A L, FMEMMBEL L ITHR
SILOHMBHBE TOMBERVNEGTORA XN 2 3GE5MHBFTH 5.
NRSF/RESTONRMMD KA A 4k, 2V FL v+ —mSin3% AL Tk R kv
B & FA{hBER (HDAC) # U 7 A —h L, $2CERBAMO KA1 TIE
CoREST# M4 L THDAC%R V7 L —hL, Ju~F  HEEs FESLTEZ L
T, BERMET AL R RBRENTVS. K2k, NRSF/REST® N3 i ¥ 7
E N, mSin3B® 4 > ® PAH(paired amphipathic helix) 2 4 > ® 5 %, PAH1
RAAL L EHEERTBZIEZ2HONAICLE. BLEFLVLRATOEGETHMEIC
BT smR%2B3kE0, ZHELKTNMREIC L Y NRSF/REST® Sin348 &
ARFAAL L EmSin3BOPAHIN A A v DEEGFEOHBERF 2ITo-TWSE. 4
i, S6F0_REBEELHAEFATRVLOBTBERID VWIHET S.

F—U—F NRSF/REST, mSin3, PAH1 F X 4 ', MMEERSEHK, BE

EELOURE OB BOB,3F DAI, bW XX0E, b0 OEL,
L b LLsi
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[Fi]

NRSF/REST @ Sin3 HEEA RA AL v iX, Y FZ =T A RY v F T v 20 (#)
CEYVERBIUVCEHE ST, mSind3B ® PAHL FA A vicoWTit, XBHE
RERZRHEZEZRHAWT, NS LI 8C/SNEBHEKEZEEZ. 74—+ 8 Avance
700 2 AVT, U BBRERT, BE 293K T mSin3B © PAHL Fx A v ¥
NRSF/REST OB &k O W& MEAT 2417 o /. mSin3B ® PAH1 Fx A v
O f# B i 1k, 2D 1H-15N HSQC, 3D HNCO, HN(CA)CO, HNCA, HN(CO)CA,
CBCA(CO)NH, HNCACB, f # o /& B < ix, 2D 1H-13C HSQC, 3D
HBHA(CO)NH, HCCH-TOCSY, HCCH-COSY, CCH-TOCSY D& B2 <7 k
A& v . NRSF/IREST @ Sin3 MEWER FA AL O RBIZIX, 2D
18C/15N-filtered NOESY, 13C/15N-filtered TOCSY, 13C/i6N-filtered COSY D
HERANRZ FAVERAWE. KRZMEMEROINEICIZE, 2D 183C/15N-filtered
NOESY, 38D 15N-edited NOESY, 12C-edited NOESY, 13C-filtered,3C-edited
NOESY D £ FARY PA %AWk, £2{H-5NNOE*HEL, Y FHNEH
HHRBEICET A ®REBE. '

[(BRLEBE] : : _

mSin3BOPAHIN A A DL FET T ML T U Fhat oy 7 MME
PHEERLEILEY 7 M v F v 728, BEBEMB L OHAM D IH-1H NOE
LY, BEKEFPOmMSIin3BOPAHIN A A VX, 4K D a~Y v 7 AP LR S
NTWBZeRBShoiz. Ei{iH}-1sNNOE L 9 CRBAICEGTHHEOE WL —
THEEN DD LN REN. FAHEICNRSF/RESTOSin3#EEA R AL VI
D2WVTY, bEV T AT v 7 ADERENOEDOHEFT»S, HAEKF Tk a
~NY v 7 AIEADPOEBBRERTWVWAZ ENYBALEL., £, TREAEREB
KA FHNOERBR ER L &b, BANBEFACL > THABREEL
LTWa T eBghoi. :
BE, SEBOBRBEELZRETAD, Fiz NOE ORE L EFT 21T - T
AR

(A) -NRSF/REST (B) +NRSF/REST
. o, 7 ( S ; Figure 1. 'H-'>N HSQC spectra
- b ey _ S0t of (A) free mSin3B PAHI and
P -:: e ., e ."°. . Te . (B) PAH1 in the presence of an
. ..::"‘:'. Lot ‘ . ":.’-:"i.'. -" . equivalent amount of N-terminal
e ‘3% 1 "'ft. K : region of NRSF/REST.
id .. °
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1P028 % BANMRIZ & 55 X F L EF AT F R(VPGVG)e DI i EARHT
VBT KT TUF Y ) RO— AT xSy
OXRAHHEY. & HED HAERLY
Structural Analysis of an Elastin Model Peptide, (VPGVG)s with Solid State NMR
Kosuke Ohgo', Jun Ashida’ and Tetsuo Asakura'
!'Department of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Tokyo 184-8588
*Varian Technologies Japan Ltd., Minato, Tokyo 108-0023 JAPAN
Tel& Fax: 042-388-7733 e-mail: asakura@cc.tuat.ac.jp

Recent advance in structural analysis of proteins and peptides with solid state NMR makes possible to study the precise
structure of the essential sequences which are closely related to the function of these compounds. In general, such a
sequence might be a mixture of several well-known secondary structures or might be different from the structurc believed

- without detailed structural analysis. In this work, the structure of an elastin-mimetic model peptidé, (VPGVG)s, was
determined with 2D spin-diffusion solid-state NMR and REDOR methods in order to study the detailed structure of the
sequence VPGVG which has been considered to be the origin of elasticity of elastin. The torsion angles of the Pro residue
were determined to be (¢,y) = (-60°,120%), but there are several possible candidates of the torsion angles of the Gly residue
prior to the Pro residue, indicating the heterogeneous structure for this residue.

(8] FEANMRBITEOEAICHE, BRIBEZRETESL IR L, BEHESHICONT
. HEEEUONTEZ TREBERHES>TW D, M—OEE TR IBEDNMEET 5 2 & B3EE
ENBLHITR-TER, FlZIE, oI BlzRBWT, BEE#HOEET, FoMie:BE L CE
BRBZLEBENT EEEZD L, FEEHOBEZHEMCRNT S Z LITED TEETH S,

T RAF TR A D BELRZ VAV ETHEN, TO—REFIFIZRONSEY IR
LEFI(VPGVGIIZ DV, ZIE TR HT 5 4 Ly BREOETF AR & LTEHL OBFRS
RENTE, EFE, Poly(VPGVONIBM:Z RS, Hikd N—R & L, #OMBERBOERIT.
B AL TAMEE  (typell B — M2 A EHBIERESH ZREL TRENTEER", 7
< U WIRIC L BRERIE. Poly(VPGVG)DREEHEEIIT LA, FILTELT 7 AEADOED Z &%
RLTEY, MEr<— 2L LR RIOERIRRE 2 LI2RDY, 0L IRBENOHAIX
+ POly(VPGVG)YDEF )L~ F R(VPGVGHIZ VW T, ERNMRIEIC L DR 2 i, £ OE,
ISAEDG BRI DWT, BED ZHEAME L 6RVRY—HETHD ZLEH LN LY, ik,
IowakDHong &1L, EFNLTF RVPGVGBIZOWT, # =g L HUE o BERNRET 5 2
EEWELTND, AL T, £, RERMET LEFNLTF FVPGVGeZ AL, ZK
LA B PR E ANMRIE K REDORY & A G0 T, LU RS &E T 217\, TORERIC
HEONT, =T AF U OEERBIZOWTREIT 2.

[5EE&] FmocEMERIEIC L W AR LIz —&ED7F R(VPGVG)e % Table iz E & O 7z,
Table 1. Several "C and “N-labeled (VPGVG)s for 2D spin-diffusion NMR and REDOR experiments.

Peptide Method Information
(VPGVG)[1-"C]Vu[1-*C]P.2GVG(VPGVG)3 Spin-diffusion Prou(¢,y) Angle
(VPGVG)2V[1-°CPu[1-"C]Gu VG(VPGVG)3 Spin-diffusion Glyu(o,y) Angle
(VPGVG)2VP[1-"C]Gul1-"C]VuG(VPGVG)3 Spin-diffusion Vali(0,y) Angle
(VPGVG)2VPG[1-"CIVu[1-"CIGis(VPGVG)3 Spin-diffusion Gly:(o.y) Angle
(VPGVG)2VPGV[1-5ClGis[1-"CIViPGVG(VPGVG)2  Spin-diffusion Vali(d, ) Angle
(VPGVG)2[1-"C]VuPG[*N]V.G(VPGVG)3 REDOR [1-"C] Vi [*N]Vi. Distance

ZRIEA VU BLEBEANMREIE L. Mercuryplusd0ONMR %y g (Varian) & Fi V). Off MAS(54.7°-6.6°) 4%
{4 CFT > 7= (Mixing tim(]?ZZS\ ABHENREE 6kHz, BIRTHEIE), A7 MY I alb—Ta o
- - 2 N 2
DRBZEFE, X' O W)= 5 2oy [E-MO, WSO, T & N T o 722,
IS5 RF V- ZRTAE LHREEHNMRE -REDORSE - T 15— 18
BI3Z3FTH.HLELRAHELHTOH
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. REDORHIEIL., CMX Infinity400NMR 45y ¥ E+(Chemagnetics Co )iz ZE B 7 10— 7 2 FVVTIT o 7,
SBHEERE B 1 X6kHz TfTV>, Evolution timeld24ms ¥ CHIE L=,
[#8 - Z8] ‘
[ProZ%E O MEREIEEA ]

TRIFEA PR E ENMREBIERS R £ Fig. i, x2¥ v TEFigATR L, 1202 0OProf&io> —HEf
EITRTE LT R0 M — U (Figla) L D EH LIz o2~ v 7Tk, B ansiikimn 528, Prof
HEOBIEHIRN S, (§,v) =(-60°, 1200 HEDR/MERE & 5, Z BB 2type I BF — B LT
+HEED, ProBEO HAMBL —BT 5, '

[GlyJEE(Pro-Gly) DN EHEIEE A ]

—%. BRLOGYEED EAEICEE LA~y b
N8 —(Fig )L WEH L 2= v 72BN T h, 1
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STEBE. TOHREIS.1-52A L2207, ProBREO “HEHAMEZ(0,¥)=(60°,1200) HET S &, F+HE
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TndeEZLLND,
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L DM LT o T, BRTIZT §
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Protein-DNA interaction studies by solid-state NMR enhanced using microcrystalization
(Genomic Sciences Center, RIKEN ' Graduate School of Integrated Science, Yokohama City University’; Cellular
and:Molecular Biology Laboratory, RIKEN“)

{OMinoru Hatanaka', Masayoshi Honda?, Satoko Ishibe®, Tsutomu Mikawa™ Yutaka Iio? Takehlko Shibata®
Toshio Yamazakx

Recently, a number of solid-state NMR. experiments have been performed using microcrystalized proteins for
obtaining intensively improved spectra in resolution and sensitivity. Microcrystalization of proteins is relatively
easier than making a large single crystal that is essential to X-ray crystallography. In our research we introduced
the microcrystalization for investigating interactions of RecA-DNA complex and obtained improvements in the
quality of spectra. RecA protein is essential to homologous genetic recombination and DNA repair. The molecular
structure of RecA has been determined by X-ray crystallography in 1992. However the structure of two loop
regions of the protein have not yet determined, which are thought to be DNA binding sites. In spite of needs for the
complete structure of the protein, solution NNR is also not amenable to this protein due to formation of a large
proiein filament in solution even at low concentration. In contrast with these methods, solid-state NMR is suitable
for this kind of proteins, and moreover introduction of microcrystalization becomes essential for this research.

[5#] [Ek NMR T NI B ORSMEEART ML BB, st L zilB 20
NHERRMNEBIEZHONDE IR0 TERL, FNTEHOWHMBTHIEREZO BBEITH
YD ENAETHD . ELOANT MIHRAE, REOW LESH725T, AP TR
THEEREA S NI RecA @ DNA @Bi#Y 1 F I 7 A%, THETIEEKI U 72 sz i
B TR NMR 1Tk THFFE 2o TE A, il oy, ERMEEITET 3R
REWREN S T RNMEERIES AR MV BB B ENTERN -, LM LAE. 3
B TR E T & ZAE LU WRIROERNHA SN2,

RecA (MW=37,842: 302ammo acids) D& 1992 4EIZ Story BIZED X KEs sl
Wik ogse s nan, B#FCHEST5 single— strdnded DNA (ssDNA)DFAMEEEEZ D
ﬂfb\é 2 4\0))1/ 7 (L1, L2 A—7) RBEETEEO-DICEAEDIAMNTR - TR,
LA TOBESEESABHD ~DOTFIETH HE NMR Tid RecA ASHMITHLLE
THT A TAL N EBRT B ENSTOHRE L TIERBYTH D, 2D LT EMBIEE
NMR & RecA BIFED DNA EEEONFEITEL TR0, G1RDF 2787 BB O Mk 5
{E2BEATDIETHERARESES ENTEEZOTENERET S,

[EBR] DNA & RecA @ L2 —TOMEMERZEFT B0 L2 T Oz fiEd s
Phe203 Z Trp THASHEN T I JBEW L2 RecAF203W) 2 H W=, KIBE Bk Y4
B RecAWTHE Trp 2 248 L 05729, o b — FHBRICHEE LW O T RecAF203W)
E RecAWTID NMR Z2XZ7 MV ELBTHZET L2 — 7Ok & EE2EHTs&
INTED, TOEZHIZ Trp @ indole-¥HET I REHZE BN TEMAKEED L 2alE
[N ITrp—RecAMWT) . [SNLITrp—RecAF203W) 2L U 7=, & /N7 BT RecA 12
FRRISIL ST B spermidine. F721k Crystal Screening Kit (Hampton Research) T
screening 1PV, RUFRMESN R 8% PEGS8000, 0.1M Tris—HCl pH8.5 TE L=,

F—T— R F NI PAN BHENMR, RecA. & >80 B-DNAM AR

LT ledy OB, EATE EFELL, WL EED, Ahb e, WEH imh, LIEE =0T,
REXE LB :
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RecA-ssDNA complex DBRIERA D7) — 7 THEESZEDBIT ssDNA & LTHNT
3 dTl4 (deoxythymidylic acid; 14mer) Ty, GBI 2HME L 7=, SN-CPMAS,
BN PFREDOR, *'P{SN}-REDOR @k NMR #5213 Chemagnetics CMX Infinity plus
400 2T o 7= T
(R & BR] Fig.l.@-OQIVEFEDANBETHRSE L HK LU 2845 E RecA O
BN-CPMAS AX7 MV TH B, (@lindole-3NITrp-RecAWD M S Trp @ indole-*N IZH
FT5EHONBNERE T 2 OENITrp-RecAWT), (O[N] Tro-RecAF203W) T
RTEDN., KEZR backbone-'*N DI FIN DD ZFOHEEERRT 2 EIIEETHH
\ Too TR LIRS 5

(@)  rehydrated powder (d) microcrystal RecA ’ﬂib indole~*N
DI v—TRE—I %

-—.—J\’\.WH (eWT., (OF203W T

BT D ZENTE,

(b) (e) o ZDMRETTNEFND
. : yONyRACEEND
Trp OMEEICEAIL T

(®

Wb ENbMND,

() BHEBCHETES
| BAERD B, DL
WWELNWAXY MV
: : : ; 3 . . : T , REEDR LN 5ND

140 120 100 80 60 140 120 100 20 60 o
8N Chemical Shift (ppm) 15\ Ghermical Shift (ppm) ZEBRBRBIERL TN

Flg.L.. "N-CPMAS spectra of (a)findole-'’N]Trp-RecA(WT), (b)['*N,JTrp-RecA (WT), 3,

and (¢)["*N,|Trp-RecA(F203W) in rehydrated sample condition recorded with 10 kHz /_&, f§ 3 Trp203 M

of spinning frequency at 273 K. "N-CPMAS spectra of (d)[indole-*N|Trp-RecA(WT), B
@I*N,ITrp-RecACWT), and (D[N, Trp-RecA(F203W) in microcrysialized sample  Bic DNA E AR
condition recorded with 10 kHz of spinning frequency at 273 K. . BLTNWBI EEHEN
' D BHEDDERE
Fig.2. Tfro 7=, Fig.2(@)ld ssDNA FESRO A XY
MV T®H 5. RKIZRecAIT ssDNA 2 1A 7= & 23 Trp
DE—=TNDLFHLIRY, backbone O 7 FIVITE
{EMAHBENEN, KEREBEEESRTHEN
(Fig.2®). LML, ssDNA OHEZZETHZ &N
HMENTWS ATPYS 2IMZ 5 & Trp DE—THNKE
(b) WA UEF2e). 2OL> BRI
ssDNA @ backbone @ 3'P 3% F )L & 31 P-CPMAS
THELEEZTSTIAN T NOELE U TERA
(©) ' o SN/, ZDTENDS RecANATPYS EHEE L active
form ZEERT B Z & T, RecA KX ssDNA 25
MOBENELCTNWAEEZ NS, BT, 23l
180 10 100 o e 2 Trp203 & ssDNA OEBWMHEERICLS D
"N Chemical Shift (ppm) 2 Ao . - ; - !
Fig.2.°N-CPMAS spectra of (@) [“N,| Trp- OMhZERRDB = ,&j l‘; Rotat}onal }icho Double
RCCA(F203W), (b) [15N2]TIPRCCA(F203W)- Resonance (RED()R)T TI'D 0) lndole— ON C‘:_ SSDNA
dT14 complex, and (c) Trp-RecA(F203W)- D backbone o 3P [ FH-FIf#t O E 2 BET-
dT14-ATPyS complex recorded with 10 kHz W3, jg%‘j-%ﬁé‘(}i@@ggﬂg SN gf@f\ﬁﬁg Eo)
of spinning frequency at 273 K ) 5 B Hed 2, .
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NMR Solution Structure of the Tandem SH3 Domams of p47”"°" Complexed wuth
p22P"°*.Derived Peptide

Kenji Ogura', Shinnosuke Torikai', Satoru Yuzawa', Kazuye’ .Saikawa‘, ' Hidekt Sumirrtotoz,' end
Fuyuhiko Inagaki'

Graduate School ot Pharmaceutical ‘Sciences, Hokkaido Uhiversity1,

and Medical Institute of Bioregulation, Kyushu Universityz, :

The superoxide-generating NADPH oxidase of phagocytes is activated through interaction
between p47°"* and p22r"™, where the tandem SH3 domains of p47”"** is thought to cooperatively
interact with a proline-rich region (PRR) of p22°"* To investigate such a novel inter-molecular
recognition mode, we determined the solution structure of the p47°"* tandem SH3 domains complexed
with p22”"°" PRR. We prepared the "*C/'*N- labeled tandem SH3 domains of p47""°" (138 residues)
and the p22°"PRR peptide (25 residues) by E. coli. A suit of triple resonance experlments were
'performed on a Varian UNITY INOVA 800 spectrometer The solution structure of the complex was
calculated with ARIA/CNS software which revealed that the core region. of the p22°"°X PRR peptide
adopted a typical polyproline-type-Ii helix (PPII) PPIf was recogmzed through the smgle blndmg groove
formed by the conserved binding surface of both SH3 domalns Moreover the C termmal region-of the
peptide formed a short helix and interacted with the N-terminal SH3 domain. The result is consistent

with the notion that the N-terminal SH3 domain plays a major role for the complex formation.

FRIFPROERBRRRERIT L, s O
BB E ML D NADPH 4% o o) , 3
SR —E AR EEFEER Y0 - [
BEHTHD FOEEREROPID
MERIEESH TRMEER, M
HEFOUVED pdlo™ LA IHH
YT Ak p22 ORETHE. EHE
MEREROKIEREICSVDTIE,
p47phox M5 F=2@ SH3 KA FHIE
(BT LSH) L, " FRITRIEHh

p47phox T

/

Phospnorylation

Fig.1 interaction mechanism of p47PNOX ang p22Phox

p47phox p22phax SH3 PR B ER . : . T B
BEBIFAL, EYDLILADT I, BEHELS, aAnbwfr>¢aeaure ua#e&@o;if_
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TWT p227" LB TERVD, p477 D C RIFRIFEBOUVBRIEICKY, 2 FRTR D BERE
h, pA7" DAUT Ly SH3 A3 p22 LEE AL, SEMBMERERDSAVITHD (H). 2o&EaHR
(&, p47"* DAV T L SH3 B, p22°* D15 FOTRYUCECHEB (PRRIZEBLTHAT L
SNTEHEY, SH3 FASVICKBYAVFRBEH#EBLLTRIZAORWN A —ILHEERERTH
HIENTRENTING. KHED BN, pd7"> DB T L SH3 FAL—p22”PRR #EAWD
IIEEEE NMR ZRBVTRENT22ETHD.
[RER]"N B XU °C/ N H—S5R )L pd77 B F Ly SH3(138 &) I, GST B AL /IBELT
KBEICKYRBL, PI1=Ta—, 170 XBE LV ILAB/OTNTST—IckUKSILT-.
NMR BERBE S UVRAEERBRO1ODEE 22" MERTFRIEL T TS /L AR DRT
FREMY—ERIZKYAFLIZ. *C/N SR p22  AERTFF (25 FHE) 1L GST BMAHU/
DHEELTRBBICKYRRTL, PI=T—HLUERIOTRTS7r—ICkUFERLT=. NMRHI
SEl&, Varian Unity Inova 800, 600 & &8 Unity Plus 600 9¥#EtERLVT 25°CIcTHE I oT=.
~ 'H-"N i RDC (L, PEG(C12E5)/hexanol (r=0.85)IZ & MBEABKIZTE 1=, ik
HEERTHIZ(E, 3D "C-B LU "N-edited NOESY HIED I HIIR, TALOS HEN—EAFIR, &
& U RDC HllfREFLVT, Red Hat linux 9 TEIEY S PC V525 — (Athlon 2400+ X 10 CPUs)IZT
ARIA ver.1.2 3 & 18 CNS ver.1.1 Z{ERALT-.
[#ERIN SRYL pa717 BT Ly SH [T L CHABE D B X p227 PRR RFFREHEL, 'H-"N
HSQC RARIMLDIERLINERB LIV ESTRORRZBRIIRTIFRORI) =0T 2B
of-. ZORER, MEDHSIZIE, 227D PRR (10 BE) 121+ THL, FRICHAERM TS
TSR A THH LN Do, NMR BEEBRCHBILE: p227 D BHAFHATFF (20 B
#) & pd17* BT Ly SH3 D) affinity £ M A THERBRTRIELIzECS, K~640nM THoT=. CDIE
(&, SH3 ICKHIZMND FRELLTIERANARVEBIETHD. ,
P47 BT LA SHI DR T F R —RIEH KU p22” " PRRATFRHEBKBICTZERARE R
FENMR RROMLERIEL, THERRBES ol ZORR, RTIFREEITELLL a1
R F L SH3 (E9FL4&IC bf_o'cﬂ:%y?hfﬁbfjt%<£1td'é~_&ﬁbb\or— ébl-, _RIF
F2U—BLUESHERREIZ

H115 p47" BT L SHI O
[H-°N NOE ZRIELIET .
5, HAEKTIE SH3 FASY

] |

EERTHILH—BOT B
g)o)sﬁmm*misnah asl]
Etibmot(B2). Shi
DHEERIF, 5F=D2D SHIFA .
A2 hN B EIBIZ p22"”"" T Fig:2 {1H}-15N NOE of p47Phox tandem SH3 domain. (Left) peptide-free. (Right) p22Ph0X-peptide complex.
FRERBLTHATICEETHRT S,

D3N, “C/N SR pd7 BT I SH3H /USRI p22"”°~\7’5=l~1t§‘*4$‘ﬁ¥4§ml.\'c
SERBZRTNMR AEEB G, BARBEBHIETS 47780 T L SHIFA(VDIES

&

3
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RBERT UL, $z, JU5R . "
)b p4T7 BT Ly SH3+C/'N - ,:;m § 5
SR p22 RTFREE KR L K , .
CHERALT, EARBEECS A i . n
113 p22 RTFROESRE I . £
ERTUE(BS). &bi, | _zlmrr |8 o
"N-edited NOESY AT #ER M5, o BT = s =
p22” RFFR D PRR fEE#&A "“'*‘“’;}w‘- - " E
OBEMTS/BEBASE @ |- T =
~UYIAEBRLTNGIES T T 5 |sessemwemmese]

Hrot=(H4). NOESY Hiko)
KFEIFRFIEEE(3784), RDC(91),

Fig.3 'H-15N HSQC spectra of p4‘fP"°‘ tandem SH3 domain complexed with p22°ho
peptide. (Left) 8N-p47 + nonlabeled p22, (right) nonlabeled p47 + 15N-p22,

BEUTALOSIZE ¢ y BERMBGOI=E=S0T, | 1 1T T
pa7”* BT Ly SH3 KA & p227 RPFRE & ar ? é ol g "
DBBERTOLEREEERELE. TRILE—HIS EREE ol : »
REL 20 MEOBLREDYBLUURVEE, BS  fome iz | g
Yoo FOT  Mamg Nut  Dotme s |
BEUVRGITTRY. ALAE#EED RMSD (L EEH(N, Ca, R I A I aal Bty
C)T 041A, RERFT 0.75A TH-f=. COILK .
WETIE, BBEMERGULA—BEBTRNSNE . b sl @ dee .
BIDDSHIEALUA, n-Src loop BMizE 3, helix [ 87 ey o 1T e B
BETHEEVHAE>TU . LT, 5720 | o | g | g | g | o
SH3 KAMUBHMT BLSRELTHRSNEE aeaexn
AMUBMOEIT, BESE p227 RTFRMBAHTE ey —
NBELSITRALTNBTENH I T, Ff=, p227 Gy —

Fig.4 (Top) Strips of 30 NOESY spectrm of p22phox-peptide and
(bottom) Distance connectivity map from A161 to K166

DEV a ~JYIRIE, pd77 @) N RIHHI SH3 KA
VEREERLTWAIERbD ST,

Fig. 8 Ribbon diagram of the tandem SH3 domaln of p47phox

Fig. 5 Overlay of 20 structures of the tandem SH3 domains complexed with p22ghox-peptide.

complexed with p22phox-peptide.
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E712, N-SH3 AL D p22°* B EETRT. N-SH3 FASUIE, Trp193, Tyr167, Pro208,
Ser208, B LU Phe209 BEIZL-T, 10D SH3 FASVEABOEROESEEMRLTLS.
p22°"*PRR RFF R D Pro155 i\ Pro160 DIEBIMTSARM (USRI ALR) THRELT, RYT
YL AL T2AY D ZER LTS, p227 RTFED Pro152 (& N-SH3 O Trp193 B KUV
Trp204 DRI Ko THRENRryMBELTNS. KISRUE=ES(S, p227* RFFLED C
FKIGRISEIRD Ala161, Glu162, Ala163 5K Arg164 [X5EL @ AUV HIREA LT, N-SH3 KA
VEREERBLTULVA. heteronuclear NOE Oﬁ%?ﬁ\B, Lys165 LIBOBREIX, THOESENS
HBEOAVIAA—2aVER->TUORNEHTEEINS. p227 RIFED ¢ RinfIREE,
Ala163 (=& ZBKMAHERANERLLEST, N-SH3 [SRBLTLDE3E. £RHBIZRT,
p22phox RFFE(F N-SH3 [ZEZ K KSITHELTEY, N-SH3 & p227*RTFF D N Kinfll,
BRRER, HEUCKRFMDEBDTRTERBLTLS. OBAERL, pd77™ - p227 5 F
HEERIZHVT, C-SH3 kY% N-SH3 B ML REIZIB->TVWHILERATES.

- E8IT, C-SH3 RASY M p22” #EREERY. C-SH3 FASU(E, Trp263, Tyr237, Pro276 54
U Tyr279 BEIZkHT, p22” PRRRTFFHEEEEM ML TS, p22” PRRRIFFRIXK, 74
F+RERE (ISR L YHUR)EE5T Prol56 15 Arg158 DIEEAKESLTLVBAS, Pro152 H&U
Ser153 [Z#EBLTLVELY. Ser153 (&, N-SH3 & C-SH3 D EL L ELRUVVAE R AERK>TLVERLY.
Pro152 &, N-SH3 IS &L THY, C-SHI Mo M-I EIZHD. C-SH3 M Met278 DRLVAIEH
NI T, p22°” RTFFD N KiGfIFEER (L, C-SH3 (THBTHIENTET, N-SH3 (=

BLPTVERZESTIND. BLD SH3 FASLTIE, Met278 IZRET BRIEIZIE, Serine %
Asparagine 1 E QO LLEH/PMESONEAKEREZED7I/BARBEINhTWRIENSEL,. ZOME
ICHBRMXEVDBUKERIEEL D AFA = UNRAIK TS DI, p477 D C-SH3 HHE—DH
THD. p22”"RIFED Arg158 [&, C-SHI ICHT BB DT/ FREMERETITIERLE
FIEHBoTLVS. Argl58 RISHIE, Asp243, Glu244 F KU Tyr274 RISHERKBERLTLS.

LI T, C-SH3 I¥, p22”” RTFREMIZAL T, N-SH3 XYL DHVNEEERER->T
WaZledthinot-. '

Fig.7 p22phox-peptide binding sites of N-SH3 domain of p47phox, F19-8 $22phox-pepiide binding sites of C-SH3 domain of p47phox.
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F NMR Relaxation Study of Hemoprotem Reconstltuted _with
Fluorinated Hemes

OS Nagao Y. Hirai', H. Kimura', H. Mita', S. Nagatomo', Y. Yamamoto', and A. Suzuki’
'Graduate Schoo! of Pure and Applied Sci., Univ. of Tsukuba :
?Dept. of Materials Eng., Nagaoka Natl. Coll. of Tech.

'F NMR can be used for the structural characterization of active sites of various h-type hemoproteins

reconstituted with fluorinated heme. '°F NMR signals observed for reconstituted proteins possessmg a heme
"with a CF; group as a peripheral side-chain were much sharper than those for the proteins possessmg a heme

with F group directly bound to the porphyrin ring. Theoretical calculation using model molecules indicated

that fast internal rotation of CF; group greatly diminishes the chemical shift anisotropy(CSA) contribution to
_ ”F NMR relaxation.

F =& : '
A7 T (Mb) R ERIRD b Bl LZ /7B _7/$%31ﬁ 8-
b ONLEHEATHL, FNMR BB K~ L0 B DR
MM OBFEEOEILERBREICRHTAENRTES, fLik
IXRESEDIFFIZ LY, Fig. 11oRUT- CF, #4140 7-PF L F %4
> 2-MF ZBAL7- Mb k2 READIRREIZISTS F NMR 2
NIRRT RER, CR OV 7 Nt F LB Tl
Ty — P ICBHENAELZH LI L TWS, —fREIC, b2 -
LI NBRFHECSA) I IABIMOFEEN Ty EOBIICHLTX
BATHDH0, o HEEHNELHE, FREHRENRES L
2 CSA @%’%ﬁﬁ(g«ﬁ@ /7\7;_/1/@,%@ :}:i:%j(ﬁ"é %\_’C‘ Fig. 1 Molecular structure ofﬂuonnated
CF, £ 7 FAOBRIER F EE0bRBBEIS - Bz heme used in this study.
CF, ZED7vHEN F 210t CSA DREIMININEL . HBY \ti CF,; £y NEA BRIV Vﬂﬁ{s!ﬁlﬁﬁ
EEDS CSA ICLABRDOF LA WO ESETVBEREZ DN, AR TIL, 20 CF #L F %0 CSA
DHFEEERBELAD, EFAG T O THHEMOFEEIT o1z, SSICHIREHENS CF EoNEE
BB LT 0% FREEROBENR T - FO CSA BRI S 2 ABEPF N ENEML-, —hibnE
5 CFs DM 2 LY . B TFRO~LIL S VEOBERITC TS “F NMR @Tﬁaré ZONTE -
8L,

£z B
Fig. 1 \oR L7z 7 v#{b~2L7-PF & 2-MF %7/:”% 25 Mb @7?&//\?% x-i'ﬁﬂﬁ:@%‘ a(ﬁ

CO AELL7= MbCO(7-PF Mb, 2-MF Mb)4FH#4L . Bruker AVANCE DRX400 B0} 500 % FAV ‘9F
NMR RIEEIT o7z, MO BHE T, ERICHWZ 7 vy RIEA~LDOETNGF THS CF, HROF H240
BTHOBRAT AU 53 FITHOWT, FRIERSK B3LYP/6-311G %2\ - REiE R 81k, m?/vﬁF_“‘r%i%ﬁ
W7y REOERT L N O EEERD T, EHIT, BRICHRESH TV A EERF B A (William. - E. Hull,
Brian D. Sykes, J. Mol. Biol., 98, 121-153(1975))i= MO A x_JZo’C{vTrBz"Lt/\7;(»—§7§_»ﬁ )\L'( e
~PD CSAEMDEELHE L,

Keyword : "FNMR, ~250 08, SHEE, L3 7 RS, BTHEE
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BRLEE ' - o
7-PF Mb & 2-MF Mb % 376 , 376 MHz 470 MHz

MHz % (X 470 MHz 087255 :

PR T CRIELE "FNMR > o A4vy, = 68.5 Avy, = 93.1
I NEFg ICERLTRY, ' 2-MF MbCO

EFNFENhOLTFLOHEIR

(Anpiy 376 MHz ORI RE T
=BT 7-PF Mb i3 12.5 Hz,
2-MF Mb i3, 68.5 Hz 0. 470

Avy,=12.5 Avy, =193

MHz OREEHRE T Ciizhe : 7-PF MbCO X

N 193 Hz 93.1Hz Th-otz, ¥ - S S——— — —
BREDENWICEIBRIBEDOZEL, 500 co 0 500 -500 0 -500
2-MF L0 7-PF OF VRSN, *impurity (Ha) (Hz)

IORERIT. CREDTYRIZF Fig. 2 Linewidths of 376 and 470 MHz 19F NMR signals observed for

HInh k& CSA 25 TWA, MbCO reconstituted with 7-PF and 2-MF. -

F72% CF; o> P [EIRERD A

CSA BRIOF5&EWHEE TS TREIEETRIRL T3,

- ZZT CRELFEOT7RICOWTCSA 2 MO BHRICE- TR LA, BiE D CSA DIz kX
REIRBNRD T, WIC, MEIT CFy Eab DRIV 7 40 G FIZOWT, 4 F 0% EiRES) O8RS

BH(z) % Mb LRILZA L2 A0 1.0X10% s [ZEEL, CF; #0 NI ESES IO BERE(:) 2%

B> CFy D EHD 1.0X 1072 s pOIZISEBNR L F-TNBEELLNS 1.0's T TELERT CSA B

FODOBE~DFHAFH R L= (Table 1),

Table Calculated linéwidths of 19F relaxation due to CSA for perfluoromethylporphine at 376 and 470 MHz.

% (8)
°F NMR frequency = 7.ox102 1.0x10 1.0x100 1.0x10° 1.0x10®  1.0x107 1.0x106¢ 1.0
376 MHz ) 178 178 18.5 221 39.0. 63.6 71.6 72.8
470 MHz 27.9 28.0 28.9 34.2 60.9 99.3 1119 1137

The linewidths are given in Hz.

5 23 L.0s DA OBIBIL, 376 MHz Ti% 72.8 Hz, 470 MHz ¢l 1137 Hz LsRd Bz, —F ., 5 25 1.0
X107 s DPA ORI ZNTN 17.8 Hz, 27.9 Hz ERD I, ZORERAS S, CF; Eo B PSR EE
EHH CSA BRIOBRIB~DOF 5 2KIBICROSE TCOBRERHALNLR ST, T, BETERL TS
HEIE CSA BRI ARG RE OB NSOBERIL Lot RIS, CRERUF EEzh T
HRBHICL DR T 4 T D0T, AT OESEREENEE OBV CSA BRI S 2 508e
T HI, 4 % 10X 10" s [ZEEL, = & Mb ERLFA LR —AD 10X10° s 55 FR 10T
PUED L 7B OEBND XA LA — N ThD 10X 107 s FCEALER 7 H B 51T o7-(Table 2),

Table 2 Calculated linewidths of 19F relaxation due to CSA for perfluoromethylporphine and fluoroporphine.

, 7, (8)
Complex 1.0x10®  2.0x108 3.0x10® 4.0x10® 5.0x108 - 6.0x10¢ 7.0x10% 8.0x10® 9.0x10% 1.0x107
Perfluoromethyl-
porphine - - 279 857 .835 1113 139.2 167.0 194.8 2227 2505 2783

Fluoroporphine 841 1681 2521 3362 4202 504.2 588.3 672.3 7563 840.4
The linewidths are given in Hz at 470 MHz

CF; B2z DR T 405 F1 d’ob\'c CSA BRI L 5%BIL e 231.0x10%s 0)%/\ 279 Hz 1.0
x107 s 1 278.3 Hz Tho7-DizstL . F B2 RISICH SR 7005 T h2h 84.1 Hz 840.4
Hz &R bini-, BigdtEic k> TELNZRIEDELE Mb o NMR Bk AN EILIFIE—
LY, oM %ﬁb_mﬁmm%ﬁz@%f&)é%wénm ZOENS, Tv#EE CF geu-@b
DALEBRIXI RO~ SIECEALTEREIL, DF BN 10 FLUEDZ RIBIZBNTH ‘9F
NMR L7 41349300 Hz 03;‘%?&1‘1@517%1&;6;&7%@ A RELREN, CFgE%%]\TZaJ:
DREXEARAT AN ETREL 22 B LIRS NS,
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Three-dimensional Structure of Scorpion Toxin Peptide IsTX
B 'Suntory Institute for Bioorganic Research, 1-1-1, Wakayamadai, Shimamoto-cho,
Mishima-gun, Osaka, 618-8503,
*University of Antananarivo
Nahoko Yamaji', Li Dai', Kenji Sugase', Marta Andriantsiferana’, Terumi Nakajima_l,

Takashi Iwashita'

The peptide IsTX obtained from the venom of the Madagascar scorpion Opisthacanthus
madagascariensis, has 41 amino acid residues and 4 disulfide bridges. It has been found in
male venom but not in female Ven;)m. This peptide has high sequential similarity with HsTX1
(Heterometrus spinifer toxin 1), which has high affinity for voltage-gated potassium channel
(Kv1.3). However the affinity of IsTX is 10,000-fold lower than that of HsTX1. In order to
investigate the difference of the affinity, three-dimensional structure of IsTX was revealed

using solution NMR and compared with HsTX1.

(7]

ISTX (&~ & A2 /VEY Y Y (Opisthacanthus madagascariensis) OFBHRD D HEHES
NIeT VB 41 BEONTF RT, 4 ROPANVT 4 MEREH LTS, i,
ZORTF RFHEOTIRICHE L TR Y MOBRICITFEE L TW2RW, IsSTX IXEM
WHEHED ) VAF ¥R AKX L THEFICE VR E2 R T HsTXI
(Heterometrus spinifer toxin 1) & ¥ — 27 = ZADOMEIMEREV, LML, ISTX DB U
T AF e FOTRT BEFMERL HSTX1 O—FEHRV, EEOBRVORRZHFHS 7
DIZEIE NMR % T ISTX O EEIERIT 2170, HsTX1 OE L ik L7z,

F—U—=R: DYV ULFyRN, FJUVBXTF R, LEEE. BK NMR

BRESON RFE L2212, LiDai, 9238 A U. Marta Andriantsiferana,
RINCETDHH, WhlLllerlL
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[3=8%] : ,

BIEY v P b AR X 0 B L7 IsTX 2 FV ., 4.7 mM (1,0/D,0:9/1, pH3.9)
WHARL L 7=, 93T NMR HIEIZHE Bruker Biospin 8 DMX-750. DMX-500 3
& A, 298 K THHE 2 %kt 'H-NMR HIZE (DQF-COSY, TOCSY. NOESY)%1F
o7z, A7 MVORE., BEFEICIT Ansig,. X-PLOR % A\ 7z,

R BE]

ISTX OSEfhigE% Fig. 11TRT, BTORER, STX X 1 ADa~I v 7 2L 3 K0P
V= MBIV ANT 4 NEGTREENTAHHEE &> Tz, ISTX 137 X BRELF
OHEEIENS, Y IVEXTFRT77 I ) —Da-KTX6 777 I V—ICBT 5, %
DOFTH HsTX1 &i37 2 / BRMREE b @V, HsTX1 &G, IS T 5 &
B oS EEEIT HsTX1 & EEHOBENIZFER U Th o722, Kvl.3 [T 5
EEOBNIMUBEOEBOBE L IHERT VU Yy LOETHS LEZ LN,
Z@ L ISTX i3 HsTX1 12k, NKEER 4 BEEL, B — M2 1 RZL<BHRLTH
T, CRMOBKMED 2 BENEL WD, THERF ¥ XMIBEET HED

FEE|Z 7o TV,

@ ®)

Fig.1 Three-dimensional structure of IsSTX. (a) Superposition of 20 best structures.

(b) A ribbon diagram of the structure of the lowest energy.
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NMR analysis of a novel domain interactixig microtubuie
Hidekazy Hiroaki!, Naoko Iwayal, Natsuko Goda' and Masahiro Shirakawa!
!Graduate School of Integrated Science, Yokohama City University

The AAA ATPases, which contain conserved AAA ATPase domains, associate with diverse cellular
activities. The N-terminal regions of AAA ATPases are unique and may determine their specificities to the
substrates. To interprete the molecular mechanisms of specific recognition for substrates, we have started to
discover novel structural domains from the N-terminal regions. In this research, we selected the N-terminal
region of katanin p60 (kp60), a microtubule interacting enzyme, and the N-terminal region of nuclear
VCP-like protein (NVLP) 2, whose function is unknown. We have obtained soluble domains from both
proteins, however, the initial NMR trial showed HSQC spectra typical to self-associating proteins. The
program COILS predicted the regions of high coiled-coil-forming propensity. In case of kp60, the HSQC
spectrum was significantly improved by a mutation or deletion within the predicted coiled-coil region. We

propose a use of COILS analysis for rational design of mutant for improving spectra quality.

[F] :

AAA ATPase I3 Z N FNHBEBER R MBBECEE L CWAEBRBE TH LM, BERIEEI T
HD AAA F AL VEBIDETHHBENBEEHES, 20 AAA RAAL DT I ) BEFIIFER
EMPOREAEHE CREZBA TREESBEVS, REEFECN L CHERBREZ RIS
BALZREERTWARY, —F. AAA ATPase ® N RSEROBFIIZHETHY . ZOHLSRE
BREMEZHBOFLELHONT B, F0H, N REBEED HBEEMIT & BT T8
HARAL LV ERDITB N TENT, BEEZHFRNICEBRTI0TFREOAILSRPBLE
Zbhd, Brli, TTIZIDOBEZICESWT PEX] @ N RBIZ NSF/VCP D N K R AL V28

Bl AL U EFHRIZRR L, 2OMEEELREL TS D, AR TR, BIE-RSELDE

ELTHBN TV S katanin p60 (kp60) & 7R b — R IZEHE$ A AR D H B nuclear VCP-like

protein (NVLP) 2 DFEEIZ W TEEDORE 21T 272, S5IT, aA L Faf AVERFHT 2 /5

LTH B COILS & » I 2170 239, 7 X ) BESIICEREANB D ki koTaf L Fa

ANFERRDFREMED B A RO R E RS FBICNMR A7 M EARET D HFIEERN Lz,

%—U—K : AAAATPase. BUNE. a4 Rafl, HELE

%%&Uﬁ&:Ué%%UT#f\wb%ﬁﬁl\fﬁﬁ&o:\L%bbiévéy
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[ #]
LAV T =T 4 7 AWFEE :

kp60 & NVLP2 ZENO—REFNZIBT, AAA RAA VAR E N RBRICEET HE5
(2B L T PSI-Blast IZ & BB EITV, THENM 100 BEOREFEI N EHRE B, ZhbDF
TERRIRIZ kp60 & NVLP2 ZHEh DAV b S TCORMEFESH TV BEFITHY . thoBEE
KR SN ol, 72, SERAOES & BELLTWBZENnE, HRORALVTH
eI ND, RIZ, ClustalX IZ L W &A N b FEFIEOVFTINT I 4 A MEER L.
RIEMEDOE IS (kp60 & NVLP2 ZH N0 90 B & 100 BE) 2ED AL VHERE Lk,
2. 3L NMR #IE

D RAAL VESYD cDNA <7 X, & FHMED cDNA 7~/ L ¥ PCR THEIE L, HUIFFE=IZ
X ¥ BA% & iz PRESAT-vector 5 MZHEV, GST MAEAERERR LR Lz, Bbhlz GST#
AEHEIKBE BL2IDE)NCHEGRHR L, Mo ISP R L THRHA L, shiBga LT,
NMR (500 MHz, Bruker, BB EEBE : 0.1 mM) XY 'H-¥NHSQC 2~ N ZRE L%, Hl

CTEORERE., kp60 & NVLP2 £z FHI &Nz —2 B L0 b0 b 00, b0 EEEELEL

TV EEZBINBANRY MR —L 5B,
3. COILS T & B g7

D kp60 O NMR BIEFRERD S, RO KA L O—HOFERN/FER L 2 ) BHEOH KA
BoTWAFREMENRBRINE, T T, FAL VESOESIZ aA L Fasf VERTRIZ e o
F A COILS TR L Z A, FAL O CHRBANICEE Lo AV R A AR OTTREMN 2R T8
SBRBNE, Wi, BREEANERS 2 REER LT, F#IcES% COILS TR L1, %
ORER, FHIShizaA L FaA VEREZKBTAEFIEZRELE, £, NVLP2 {Z2OWTHE
BROBMBR Oheizd, BHEERGBEZETTH S,
4, BEREDERE NMR A7 hLOHER

kp60 (22T, COILS IZ L BN RICESE, oA VN2 VEROERGFDO A NF S
R EEBRITER Lz, Zhb0BEAEZFECEOEE B L, 'H-"N HSQC A2 MMz
ELTHEEZITo, TORE, BFI2HB LEEREIRBWTARY MARFEICSKEL, #
B L BERITICE L FAM L Da v AT 7 B ELNT, 4%, NVLP2 I oW T b [
ORPEITI FETH B,

[4#%oRE] .

HiE - MEEROD FAA Y OBRERBEZMBIT 220, FENCERGFERITOZ LI
NECHETH o, COILS IZ LB FH L HSQC A7 M EZIBBIZAV I RA OFIEL, #iE
RED P AL v ORBRICHEATEE BN D, '

(zE&3xR]
1) Shiozawa K., et al. J. Biol, Chem. 24, in press (2004)
2) Lupas A., Van Dyke M. and Stock J. Science 252, 1162-1164 (1991)
3) Lupas A. Methods Enzymol 266, 513-525 (1996)
4) Lupas A. Curr. Opin. Struct. Biol. 7, 388-393 (1997)
5) Goda N., Tenno T., Takasu H., Hiroaki H. ahd Shirakawa M. Protein Science 13, 652-658 (2004)
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O FIf—#5 !, PTHIHE, KEHZ?, WHFL " FILMET’,
RRZE?, GRLHER)?, OO, FEERT, IR MEEE,
AR, SRPUL?, WFHEMZE?, CREET Y FHEBEN
FEERY, RWE’, WA, BT RERE BIFY
w2, BRILGEZ 2, EEEE ‘

Studies on the structural - functional relationship of UBA domains -

Graduate School of Integrated Science, Yokohama City Univ.!, Genomics Scinece Center, RIKEN?,
Graduate School of Science, Tokyo Univ.?, Harima Institute, RIKEN*

OVYuichiro Higuchi', Takamasa Abe’, Hiroyuki Onuki®, Toshiyuki Hamada® %, Yukiko Katayama’,
Chenhua Zhao?, Yuji Kamatari®, Fumiaki Hayashi?, Kouhei Saito?, Tadashi Tomizawa?, Seizo Koshiba®,
Takanori Kigawa®, Kenya Izumi?, Mayumi Yoshida’, Mikako Shirouzu?, Takaho Terada’, Makoto
Inoue?, Takashi Yabuki?, Masaaki Aoki®, Eiko Seki’, Takayoshi Matsuda?, Tomoaki Seki’, Kazuo
Shinozaki’, Shigeyuki Yokoyama® **, Hiroshi Hirota" >

Ubiquitination is a key regulatory signal controlling protein activity and location.
Ubiquitin-associated (UBA) domains, which consist of approximately 45 residues, are found
in various proteins with diverse functions involved in ubiquitin/proteasome pathway, DNA
repair, cell signaling, and so on. Recent studies have indicated that the domains interact with
mono-ubiquitin and poly-ubiquitin in vitro, while their affinities for mono-ubiquitin are
different from each other. Although the structural information of the domains can provide
critical insights into the molecular basis for their function, their structures have been little
elucidated so far. In this study, we systematically performed structural determination of 10
UBA domains from various proteins by NMR spectroscopy. - The  structure-function

relationship will be discussed in this presentation.

WET T AIZ A, UBA FAA L, threehelix bundle, ubiquitin, #i&—BEEARIT

QULHEYINESS, HRE,hEE, BBOAXOHAWE, BEELLYE, HhEPEPED, brd LAk, »E
V93, BRLEADHE, VL5250, LARIDEEL, ZLEEWES, EBbEIr0Y, WTFRTA
R, KLEEDR, LHEITL,Z, THEEMNE, VOIXFEIL, REEXENLL, HBEFEIbE, &2 2,

E0ERPLL, BEbEHE, LOIESTE, LIRELTYE, 0AE0AL

— 168 —



BNy BOSEXF AR, FuTT Y bk B8 3 AR, DNA BH, V7T
MEE, =2 FA b= R, ZU_7 B BECRCTEELRRER LTS, o
FFUREEEF—7 & LTRES N ubiquitin associated (UBA) FAA i3# 45 BEM D
Y, BepF o BRRHERTHS L ZHET, W 25»D UBA FA4 X mono-
ubiquitin (mono-Ub) X° poly-ubiquitin (poly-Ub) & HEAEM T % Z L B35 b TV A%, mono-Ub
WAHTDBT 74 =F 4 —BBOTHENLDEREI LTS >3 UBA FAA VIEELD
BN HEE S, pfam F—F _— 2|2 692 BFINRBE SN TS, 2 32 BOEERFRIZ
BO%, TOBMEZES VUV THEMBT S Z L 3ERNLEROMAIT IR, HEELT
WT 5 ETHIHRWCEETHS., LLLRAED, UBA RAA YOBEZO>NTikb TN
{75 PDB BEENTNAOBLT * 5, MEIE SO REORIITILEL TORL, 22T
Fxlk, D UBA FAA /OD%L&%E%??»\ W35 Z L THMRBREN MR ERS
CEERAME LTERRITL. S ‘
¥, NMR THEHHTT 5 UBA FAA > 13 MEEEIMELE. Zhbo UBA FaL

ik, pfam F— & Re— 2T BEE N TV B 95%0D UBA KA 1 2 (654 BlF) 126 LT 30%
UEoHEMEEE LTS, T72bb, ZHUHHELENEFD UBA FAAL DWW THE
a7 ) L ABBOREETRATEL 2D, UBA FAA ORENRBATICHE
RATHDLMMBEEND. NMR OHIEC L DT TD UBA FAA L OMEREIE CPN
B E O TITo 7. PCSN BK UBA R A A L ORRICIEMIAS >0 BERRE
e, EBhbO# Y7 ERRE VT, Bruker, Varian, JEOL HH0% NMR %&% M
WTARATIC L ZE 72 2D, 3D-NMR % HI%E L7z, NMR 227 kit NMRpipe, NMRView, Kujira
ERAWTY S FAORBRORBIBEITV, “Cedited NOESY & U' “Nedited NOESY 27 k
N BT L7 NOE #MAW\C, CYANA-CANDID 2L % NOE HENRE & ik HE %17
ol TNET 138D UBA FAS DI H, 10 MIZOWTHEHFOBEZRELL. D
R, ABFIETRIEIRE LT RTD UBA FAA ¥ b ZhE TITRE S TW 5 88972 UBA
NAA 2L FAERIZ, three-helix bundle D7 4 —/b K %:fP:u HRENTVWAZ aybxﬁyfj Lk
7257, 10 O UBA FAA D three-helix bundle ¥4 % EhHA DT & X DFEHD RMSD
HIF 1L69A L B WMHT 52 Erb b, ZOWMMEENICE X BESN TV LEXS.
LHLANRD, 2E3Fr EOMERRIICES LTS EZEXLA TG, RIFESEVH
KRy FOBRIZIZETOERB ST, 7

ARERTIE, THECTICRE LKL 10 0 UBA KA A L OSIHMSIEICE S ol Bz
DNTHETS. S TRESORMBTOBRLIMEL, FMCHERTITETHD.
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NMR measurement of bovine p-lactoglobuiin under neutral pH.
(Inst. Protein Res., Osaka Univ.)
Kazumasa Sakurai’, Atsushi Kameda', Masaru Hoshino'?, Yuji Goto'.

’Inst._ Protein Res., Osaka Univ., > Grad. Sch. of Pharm. Sci., Kyoto Univ.

Bovine B-lactoglobulin (B-LG) is retaining its native structure over wide pH range from 2 to 8. It is
known that §-LG has many properties such as ligand binding, and these behaviors change as pH
changes. In order to assign regions on the protein molecule responsible for the change of the behavior,

- we attempted to measure NMR spectra at acid and neutral pH and compare these results. However, the
quality of spectrum acquired at neutral pH is significantly low because of signal broadening. As the
broadening is probably caused by the dimerization, we tried to make mutants in which two monomers
are disulfide-bonded. As a result, one of these mutants, A34C, was found to give a higher spectral
quality. Therefore, measurements under neutral pH wefe performed by using A34C mutant, and the

results were compared with those obtained on wild-type at acidic pH.

D¥pIZ N7 (BLG) &
SAXDBALTRADELIDDOTIVT
FANY I AN 572 5EHE Tfig.1),

TS pH2 5 8 EWNSJAVEIFIZRVTIZE
WEBKTE I LB ZDORRBELR
BLTVW3, LAL, BLGIRZON

g1 o st o ki ol (LSR5 DT, TR

this crystal structure, B-LG is in equilibrium between DOHEIT pH OBLIZHENVWELT S, #i

monomer and dimer in an aqueous solution. 213 BLG mﬁﬂ\(ﬁ\% U H> I\fﬁﬁ’%ﬁg

EE-S TV, ZOHANRIPHETIREL, BETIREY, £k, Y1726

F—-U—R:BF7 raTY . ZERER, pHKFE. U NES
XEVWNTEE, MOEHDL, BLOEZTS, TEH5050
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BELPHETIE <, BETIHEN, 22 TI0 pH ZMbIC L 2 BB OBEIRED &
OFALIERTEMNENMR THRSZ &I L,

B8 L G®NMR HEIEBLCRERETIITDONTNWS, LA LFHKETIES VT
VORI DS, ZNETHEIMTON TN 57, BLGIRFHETIIHER
EZBAEOTERBICHD, INDEBLLORERTHZEELSNBED, 200
T/ V—% SS EATRVWELRF, A34C 2EH Lz, ZOXEEKZRWTHER
Fol=&l B, YT FIVREDNKEYUBFL T, LAEOHETOREIL A34C
RV, BT ETo .

A34C ORBORNZ, HSQC AR MO T FIVIREZBEMO R ERE T
Teo BBOEDBECRIETOY 7 FVRBAZENTNE DT, pH 2HRAICELS
VT FINEBITEIET, FEROBREZBETERL, ZLTEORERZSE
- 1T A34C @ CBCA(CO)NH, HNCACB, HNCO, HNCACO Q& AR MV EHEL,
HIRB 2T o7, HR. é%g¢%%®ME#met
) BT, A34C @EF'IM;

' N J B EARTHERZTV,
BREDT I RAZOTSOF
0 0 w6 0 1’0 20 " 140 160 r¥ayIy sy —ERD,

®) == Resdue T = B AETRR MO RSB L /-,
(fig2A) FEAEFBRICHESEHE

g

g0 MTO HSQC LfkEET 7 ~
0.0 bue L“A“'AIMJ-:M“LAM ' EOZL DTN, (fig.2B)
60

80 esicis No. s O)ﬁ%’%ﬁ\ 5. BNV

Fig.2 (A) A superimposition of protection factors of wild-type, pH2.4 (open %W E’jz LTW3 ﬁ%g IZiE e
bar) and A34C, pH6.5 (gray bar), and (B) apparent chemical shift differences

g

on 'H-"N HSQC spectra between the two conditions. The bars and circles ’7’“’{ k yaR) E SN ho =D
on upper side of the graphs indicate secondary elements and dimer interface,
respectively. i 5@- L. pH DEALIHENT

BHR2ATE. NRIE~BA,
FGGH V—7, aNV v I A THRIEELRETNS LRI NI, pH OE{LIT
SR LGCOMEOEIIINS DHMOBICER L TWEHDEZZ 5N,
DR /O NIAERE D LI ORBREERT D, £/, BIE A34C pH6.5 TO
RN, BLOVT Y FEEROAXRT MAIEDT>TBD. ThH5OHRS
BbETRET B,
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Structural analysis of tandem repeat sequence of fibroin gene
transcriptional regulatory protein
Takeshi Yamaki!, Kyosuke Kawaguchi!, Tomoyasu Aizawal, Yasuhiro Kumakil,
Shigeharu Takiya2, Makoto Demural, Katsutoshi Nitta!
I1Graduate School of Science, Hokkaido University;, Sapporo 060-0810,Japan,
?Center for Advanced Science and Technology; Hokkaido University

Bombyx mort fibroin-heavy chain is a large protein (~391 kDa). The fibroin-H gene is a single
copy gene and consisting of two exons and one intron. The 5' flanking sequence of fibroin-H
gene is highly conserved and important for its expression. Recently it has been reported that
fibroin-modulator binding protein-1 (FMBP-1) consisting of 218 amino acid residues binds
these upstream and intron of the fibroin gene. Thus, FMBP-1 is one of the important elements
as transcriptional regulatory proteins. In this study, solution structure of the DNA binding
domain composed of four tandem repeats amino acid sequence was studied using two
dimensional 'H NMR techniques and circular dichroism measurements. All tandem repeat
units were prepared to assign NMR signals and to clear structural flexibility and stability of

these local conformation in water and trifluoroethanol aqueous solution.

[Fam '

H A L ORI A RO A TR SRS, DE, BE LKy, 7
g T aA OE Ry BRI, Y v # R B ER AR C OB R E
M. BB R R RERE Z S T\ B, Ele. TRBDYAY F Uy BARIERE
WA CE L LR RO HE L RBRICZ T 5, TOXIRT 4T ud VEBETREY SV UE
15T OMERE RAH ORI AR BT 212 DNA 70 5 mRNA 238K & 5 855 00 BB T4
INTWB, Bombyx mori7 4 7 1 A v HEEFOEBEREIE-#EH CH 5 fibroin-modulator
binding protein (FMBP-1)i% 218 BENHRY . 7« T A » HBIEFO LR A v b A
TUVAY MIREGTDH LRI ET, 747 aA CBRTF OB RO R R RAY 22 R,
WS L TWB EHESR TV S, FMBP-1 @ C KRB DR T 23 BiED 4
[ 0 IR LHEEDY DNA #8 FAL VAR LTS, S L HEEOE WMo S ) Ay
— 7 T RAFEE SNTROVA, DNA RS N A A > & ORI E 0 & LIBERK A, v
aUYavRT, v YA, b MUEFENR TS, LHL, ZhbDO@ETF O - G

X—TU— N 8ERT, DNARE FAAL ., BOELRS], b4z, 747041

FHESVB REETLTL, 2DBSBELITH, HNEDLHRT, (E& FT0VA,
TERLITFID, ThbHEZ &, ol dE L
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TR THRY, RFFE T . DNAFESR FAA L OIMEEERITR O DNA A FAA %
RERR T 54480 W LESIIC W T O E % o5 A ) B— MEEO DNA RS HEIZ >V T NMR
EROCD BIEN SR LTz,

(=51
4508 FRY E—ka=y b+ (R1, R2, R3, R4, % 23 BH) 122 2h Boc B L 5[
MARIZ L - TR L7z, 1H-NMR JIEiX TOCSY (mixing time: 80 msec), NOESY (mixing
time: 150, 250 msec), DQF-COSY H|iE 5 20°CTiF 72, NMR JIED~7F FIBEIX 1.5
mM & L, &% (10% D20/90% H:0, pH 6.2) & TFE %& (30% TFE-ds, 70% H20) @ &M
1T o0, MABHEEFHIL NOE HIfR. “ilAMIR, KREEHIREHAWT CNSLL TiTo 7,

. .CD #it3 TFE EBE % 0~50% :fz{xfzoo~zso nm TITo 77,

[fkﬁ'é %%] »
DNA #7#4£ FTHt, CD @Jm@ﬁ%i D428TOFFHY E— o=y MFig. Dl i7kEP’C
ETNEN helix /¥ — & Lic, EIZ TFE RE OB belix & BASERT 5 Z LR
&Niz, NMRIER LY 402 TOF U5 A Y B b=y FOAEEE 7 60N TFE W
(30% vIIZI1T D LR ZRE Uz, KBEEPICBWTII3ZEBOBREND 1 0FHOEE
HIEIC o -helix B Ly C RIMUBIRS 7 LX VT A ThH B DX LT, TFE B 13
FHOREND 2 0FHOBREMEICESEV a-helix 2T 5 2 L ANHPA LT,
KB TOD 3~ 1. 0 BENMED o -helix #EORENEROMHA & LTLFEY 7 MIHEBL
v 7:3: 25, BTOF T LAY E—bzmy MIRFER TS Arg 9 fIgID H e 23 RE AR
B 7 FLTWAZ &ﬁlﬁ(ﬂﬂéhﬁ_(ﬁg 2), EiZ N RBFIROEELENLICIE Glul & Arg9
@F'ﬂk?fxﬁﬁéﬂ’bé Salt bridge & 312 Ser/Thr 2 & Gln/Glu 5 I2/K £ L5 N-cap BEE- LT
LT EnfERIh,

R1 99 ETSEERAARLAKMSAYAAQRLAN 121
"R2 122 ESPEQRATRLKRMSEYAAKRLSS 144
- R3 - 145 ETREQRAIRLARMSAYAARRLAN 167
R4 168 ETPAQRQARLLRMSAYAAKRQAS 190

Fig.1 DNA binding domain of FMBP-1
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Fig.2 Extraordinary chemical shift of side-chain H ¢ of Arg 9 of all repeat-units (left) and
cooperative changes of H ¢ chemical shifts of Arg 9 (R4) as a function of pH (right).
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NMR analysis of the neuropeptlde PACAP
(Graduate School of Integrated Sclence Yokohama City Un1ver31ty1)
OYuk1h1ro Tateishi!, Hidehito 'I‘och1o1 :Masahiro Shirakawa! .

Pituitary adenylate cyclaSe'activating polypeptide (PACAP) is a neuropeptide, which
exists as two different forms, PACAP38 and PACAP27. Their C-terminal carboxyl groups
are amidated. By binding to membranous G-protein coupled receptors (GPCRs), PACAP
exerts pleiotropic effects. The structure of a truncated form of PACAP, PACAP(i-2 1)NHz,
bound to its reeeptor has been determined by trNOE teichnioue,‘ and that of one of the
naturally occurring form, PACAP27, in the presence of dodecylphosphocholiue (DPC) has
also been determined. In order to advance structural studies of PACAVPiby NMR, we
prepared isotopically labeled PACAPs, by expressing recombinant PACAP in E. coli as
fusion proteins, followed by efficient purification and amidation steps. The obtained
recombinant peptides, PACAP27 and PACAPS38, are biologically active (ICs0=pM order).
1H-15N HSQC spectra of free and DPC micelle- bound PACAPs proved the usefulness of
isotope-labeling. The structural propertles of the pept1des wﬂl be d1scussed

(=]

t MR TERETF =By 7 T —BEHELE_TF K (PACAP) 11, MR ROKM R
FTHHREARTF FThHB, EETTIL2TREL 38BENLRD 257 +— ARFEX
NTW5B, 2k PACAP 32 DZAKTH 2 GPCR ICHEET 2 E COEBEMH TS5
i, BERMIAE S~ L7z PACAP 2§58 L, DPC (dodecylphosphocholine) I EATEFETF
TN TE O LAMERIT % NMR 2B\ TfF o7, % LT PACAP A KBE ETa~y v
I ABHFREN, ~Y v I XA ETHERINDIBAEDY F 25— 'CH%&*HE{’EFﬁ LTW5AZ
L ETRBT AR B,

[=5:] v
2 77 PACAP (PACAP27, PACAP38)Id iz, FA L Ry k DBEBDE VI B
ELTRBEBL2)N TRE SN, BERBEREIT, TTBERSZERLE, #LT, =

F—U—F
GPCR, PACAP, PAM, DPC, NMR

EELD PR S : . o
=TWwWL WEOA, &5:}3 UTOE,  Lbhb - 2805
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VHINAT BERBOTHMAR Y V7 BEER U0 b, Factor Xa I X 5 RA 4 0 BT,
CRWEDDOT I MEREEITo 7. £ RIBEP LB L /22 D 220 PACAP @ PACAP
BRAOZEBCAC- DIzt 2E4EMEE , BIERMGEEZ AV HERAERIC LY (b%
A L7 PACAP X HE LTz,

SAHEERRAT D7 IZ 18C, 1N F~UL L7 PACAP38 ZFAS L, AEEELEE L T
% DPC I EABETIZBWT 3R NMR JIEE%1To7, F£7. PACAP # DPC Itk -
WKHEELTWANEREET 572912, DPC T B/ EREMSI R % E7 5 5-doxyl stearic acid,
16-doxyl stearic acid DERELZ RS L, H-1N HSQC HIE%1T- 7=,

(HR-BE]
FEAEERIEN D, RIBED 80
b ® L~ PACAP27 @
PACAP #EMZAKIIHTS %] e
 EATEMEREIX. LBEARLE § —O— PACAP2T (E.coli)
PACAP2T = HEE%VGJ&)O?@ §40- e S Pf;::;:(:r’:nemical synthesis)
%72, PACAP38 D#EATEMEE »0) et a5 y

1X PACAP27 X v b 5 {&RIEV
Z LR Ln(Fig. D, Zo& 0
& @ PACAP27, PACAP38 @ -2 -1t 10 -9 -8

. Ligand Concentration (logM)
ICeo fEIX. &H5HH 100 M DA o ' A
Tl o T, Fig.1 Binding assay for PACAPs to PAC-1

DPC micelle 727E T 12351} % PACAPS8 D LIAHEEMEAT ORER, BEHRD PACAP2T DIL{E
i L R ITEL L TV AENRD o7, PACAP3S i3 PACAP27 E#k, DPC 2 &/ LT
BN v 7 RAEBRLTVB Z EBELLND,

Tz, AL TVREE H - TH-15N HSQC Il & ¥ . PACAP27, PACAPS8 v 7
FAOMERBIIZ, 5-doxyl stearic acid DIFET CR LN (Fig.2). PACAP OB EAD
v 7 ZA# DPC I B ARE LICMBET 2 2 L asmmgEhi, ZOfRIE, PACAP X2 EEIZ
BATIE, —EBEEA L TOLZIREORY v NIHEATE LD 2BRY X NBE)

CETFARFELRVERTHDELERD, i
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Fig.2 tH-15N HSQC spectra for PACAP27 in DPC micelle with (a) stearic acid, (b) 5-doxyl

stearic acid, and (c) 16-doxyl stearic acid.
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Structure and Activity of ASABFdlSc, Antibacterial Peptide Isolated from a Nematode, Ascaris suum
Manabu Nakano!, Tomoyasu Aizawa!, Kazunori Miura?, Hirokazu Hoshino!, Mitsuhiro Miyazav;las,
Yuusuke Kato3, Yasuhiro Kumaki!, Makoto Demural, Sakae Tsuda?, Keiichi Kawanol, Katsutoshi Nittal,
Division of Biological Sciences,' Graduate School of Science, Hokkaido University,

2National Institute of Advanced Industrial Science and technology, ®National Institute of Agrobiological Science

Structural studies of ASABF, antimicrobial peptide consisting of 71 residues and containing
4 intramolecular disulfide bridées derived from the body fluid of the nematode Ascaris suum
have been performed using two-dimensional proton nuclear magnetic resonance. The
secondary structure of ASABF consists of one a-helix, two B-strands with an antiparallel
B-sheet and random coil region. Based on this solution structure, ASABF is likely to be
categorized into insect defensin family with Cysteine-Stabilized of(CSap) motif.
C-terminal region of ASABF has ﬂéxible region, which complicates the spectrum. In order to
improve thé congestion of éignals from C-terminal residues and the structural convergence,
recombinant ASABF of which C-terminal 18 residues were deleted was constructed. We
studied core structure of ASABF obtained from this mutant and the relationship between -

function and structure of C-terminal region.

GE
SRAEMBROTIEATF K13, TSR 2 LREVERN SRR SR T

BN, FTHEBAE VAT LAEFERWEFHSIMICIEW TR, FEREEGEEEE
HOTWBEEZOND, ZThbOREXTF FOSEEEMRITIL, SERGES 78
DHEEBZDIERTHHEKBEVWFEE L WX 5, ASABF(4scaris suum antibacterial
facton)ix 7 ¥ D/NBICFET B B (4dscaris suum) DFIRIZEEND TI BREOHE T F
FTHY 8D Cys BEARBL A RKDI AN T 4 FREEETHK L TV 5, ASABF £E D37

[F—U— ] HEEME, <X7F F, SL68E '
BPDERE, HNWEDLE LT, HIOPTOY  IZLDOVAENT ., AR ZTDHOVA,
MESIWITIF, K FERTOAH, TLLEI L, DEEDZX, PDLDITVINDG,
ook L. ‘ ‘
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IEREERRATH & NARESHIT N-terminal loop, «helix, #4T B sheet #H LERIZHBNT
JE L FEBH BTV 5 insect defesin D 7 /V—7 L3 L 7= 41, Cysteine-stabilized o
B(CSa B)YEF—TREOZLEBELMNTR o, LPLARBRL, CRIBMILIER LM
BEEHELTWRWEEZ OIS, BEEZTHLND insect defensin BRD . IAHEE 2 ot
BR7F FICTIFEETT. OO THEHNRBERE VWD, KR T, flexible & FHEX
N3 CKE 18 BEE RIMX¥7- ASABFd18c #EE L. NK#HEH 53 BED o 7{EED
S E R FHMICRTT 5 & L bIT. ASABF £ L HIEEEIC SV TR {TV. CK -
R OTEHEA~DFHOL RS & OB L ZRTIILEANLE LTS,

[=5] '

A& ) — VR Ppastoris & Fivy, CRUEM 18 FE % X & 87 ASABFd18c %
B X#7, NMRE|ZEN Varian Unity-Inova 500, Jeol alpha 600 HIBEEE % HV, @7](4]
T pH RRELZEIERORMET CREZITV, A7 MABHEITE 25642 BR LT,
EFRREREE S EDIC BN TV TORZE, BT b RE L, SHTIC ik, NMRPipe,
SPARKY, ARIAL.2 # M\ -, $£72 ASABF €& & ASABFd18c TOIEHED LB Z TV,
ASABF (25072 flexible & FARE N5 CRMBROFE 2Tz,

[ 2 - %5)
Fig Dk 5 Ic CRBMUERME RS Z LITk D, 227 MLOMMLET 5= & RTE T,
F RS RRETIC L Y ASABFd18c $ ASABF £ L BI#RIZ 1 KD o helix, 2 AGH¥EE
B — i b72B CSa BEF—Thboz ENbMD. CRIBEMAFELRES TH
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Fig. Fingerprint region from TOCSY spectra of ASABF (left) and ASABFd18c (right).
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Human Structural Proteomics: Solution structure of the N-terminal domain of human
microtubule associated serine/threonine kinase 3. ‘ )

(RIKEN Genomic Sciences Center', Kazusa DNA institute’, The University of Tokyo3, RIKEN
harima®)

N. Tochio!, S. Koshiba', M. Inoue', M. Yoshida', H: Hirota', M. Shzrouzu T Terada', M. Aoki’,
Tomo', E. Seki’, Y. Fujikura, T. Yabuki', A. Tanaka', T. Kigawa'; O. Ohard’, S. Yokoyama™>* -

Microtubule-associated serine/threonine kinase-205 kDa (MAST205) is required for the-synthesis
of proinflammatory cytokine subunit, IL-12 p40, induced after the stimulation with lipopolysaccharide
(LPS). The N-terminal domain of MAST205 has been reported to be importaiit for .the IL-12 p40
synthesis and the stability of MAST205. In this study, we determined the solution structure of the
N-terminal domain from human microtubule associated serine/threonine kinase 3 (MAST3), one of the

- MAST/SAST " (syntrophin-associated serine/threonine - kinase) family ~ members, using ' NMR
spectroscopy. Our results show that human MAST3 N-terminal domain adopts 4 new four-helix
bundle structure. Based on the analysis of the structure and the multiple sequence-alignment, the
specific region in a2 (FxHHQ motif) is suggested to be important for the function of this N-terminal

domain, named HHQ domain.

(FFim]

LPS %I ;orgl%ﬁ;énéﬁrﬁmﬂl%ﬁ;éhé IL-12 p40- D& REIZIZ
microtubule-associated serine/threonine kinase-205 kDa (MAST205)AS A ETHY . MAST205 0) N-
RIGFFRIFO RARICE ST IL-12 p40 DERAABESNSEVSIBESLGIN TS, ZD N KIHHH
15{( MAST/SAST (syntrophin-associated serine/threonine kinase)jj;f'i'} —ATERESRTEY,
ZDORALUHEET MAST205 O N Kiif 418 73 /BR4EIEHS tumor ng:éro‘sis fa’&or receptor associated

F—J— l\ BETOTAIVR, microtubule- associated serme/threomne k1nase~ #’ﬂﬂﬂﬂ’)"J/ \VE
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factor 6 (TRAF6)EHEEAL . MAST205 D AEFFL A —EEREICEEE LTINS, §ME.
MAST/SAST 273!)—0—"2 microubule associated serine/threonine kinase 3 (MAST3)® N Fimk
AU OHEE NMR #HVTREL, CORAIL DS EDRHHEERR DL ISR O
Eéﬁﬁﬁf:o ’

[5Fix)

| ROBERRIZEY., PC. PN B MAST3 N RIFR A (REEE 181-281) AL
=o NMR B3 Bruker Avance700 # & U Avance800 ZERUNTHT o1z, EB LU EIDIBEIZ
& NMRView &3ALERITY—ILTHS Kujira 2B =, NOE QD BBRBEI FHEEEX
CYANA ZAL., Boh-#EEDEMIZ PROCHECK-NMR %ML =, BERTEROMER I
MOLMOL #&Uf GRASP %, EZFIfRATIZ(& ClustalW. ConSurf, HMM Logos ALV TIT oz,

[#REEE] _

MAST3 N RIfRE AL DILEEEE 4 RKDa-helix MDHEZNAURILEETHY ., HRBETHD

SEMB Motz (Fig. 1) SHR AL DHEEIZRETIATH B, MAST/SAST 773U —THEH

IR EENT- FxHHQ BB FI2 S A THY . S0 FxHHQ EdliFo2 LGREES 213-217)IHFELT
WB(Fig. 1), $¥(Z. His216 BISHO A4V — LR ILBRICEHLTE Y. SOFEE A MAST/SAST
I73U—0 N RIER A QI BEETHDILEZ SN D, F2T. HHIILTND MAST/SAST

T7E)—N KIFR AV EHT=IT HHQ RAS @& LT,

Figure 1  The structure of the HHQ

domain of the human MAST3. ‘ ,
~ Ribbon representation of the HHQ

domain.. The side -chains of the

EYHHQ?' residues are stick model.
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Dynamical structure-of the Mediator binding domain of TFIIES subunit
--significance of transient protein folding and protein-protein interaction

Nobuhiro Kasai, Hiroshi Sakurai, and Shin-ichi Tate!
Biomolecular Engineering Research Institute (BERI)

Faculty of Medicine, Kanzawa University

- © Abstract

Galll subunit in the Mediator complex is 4 major interacting site to activator proteins in regulated
transcription. The Galll is also engaged.in the primal recruitment of general transcription factor
TFIIE. We determined the solution structure of the TFIIE binding site to Galll by NMR. The
binding fragment forms a LEM-domain like stiucture consisting of three a-helices. We found the
fragment is highly mobile in solution and, interestingly, it only transiently folds to specific structure.
The binding site of TFIIES to Galll is specifically located on this transiently folded part. This
result suggests that the transient folding of TFIIE fragment is required for the binding of Galll. In
the presentation, we will discuss the details of the transient folding of TFIIES biding site and its

significance in TFIIE recruitment to the Mediator.

Introduction

The Mediator complex of Saccharomyces cerevisiae is required for both general and regulated transcrip-
tion of RNA polymerase II (PolIl). Galll subunit in‘the Mediator (_;ompléx is a major interacting site to
activator proteins in regulated transcription. The Galll also roies as the primal recruitment of general
transcription factor TFIIE that consists of & and B subunits as hetero—tgtiamer. The TFIIE recruitment
to the Mediator complex is an essential step to the following THIIH, a PollI-CTD kinase, recruitment to
start the elongation. The structural details of TFIIE recruitment t6 the Mediator are little known. Saku-
rai and co-workers biochemically identified the binding sites of Galll to TFIIEx and ‘8 and vice versa.
They showed the C-terminal part of Galll interacts with TFIIES C-terminus and the N-terminal region
of Galll is involved in TFIIEa binding. In the present work, we focused on the TFIIES - Galll interac- '
tion to decipher the structural aspects of the genteral transcription factor recruitement to the Mediator

complex.

! Keywords : NMR, protein folding, general transcription factor, Mediator
PEN DEWE, IKbLW VAL, T LALSL
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Results and Discussion

We determined the solution struc-
ture of a fragment of TFIIES which
binds to Galll subunit in yeast Me-
diator complex. The fragment con-
tains the binding region, which was
identified by biochemical studies in-
cluding GST pull-down assays and in
vitro transcription analysis with a se-
ries of mutants, but it required addi-
tional N-terminal regions to stabilize
the structure and binding activity to
Galll fragment. Figure 1 shows the

‘NOE sequential connectivity for the

TFIIEQS fragment. Overall, the frag-
ment consists of three a-helices and
long apparently random C-terminal
regions.

As seen in the 'H-15N heteronu-
clear NOE profile, the TFIIES frag-
ment is very floppy, Figure 2. The we
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Figure 1: Sequential connectivity of TFIIEB Galll binding fragment

found significant difference in the NOE build-up profiles for protons with fixed distance in aromatic rings

and the neighboring amide-protons in a-helices. The NOE build-up between protons in aromatic ring

showed the maximum at approximately 120-150ms NOE mixing time, as found in normal NOE build-up

profile for this size of protein. The NOE build-up curves for the most neighboring amide protons in an

a-helical regions showed the maximum over 300ms mixing period. This unusual NOE build-up behavior

suggest that the TFIIES does not maintain fixed structure in solution but the structure, consisting of

three a-helices, is just transiently formed.

R THSSNROL proRe

-

i ﬂh,_{l

PHUSN NOE Hoosify

In the presentation, we will show the three-dimensional
strucrue of the TFIIES. We will also discuss the significance
of its transiently folding structure in respect to its binding
to Galll subunit.

Figure 2: 'H-'N heteronuclear NOE pro-

file of TFIIES
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Solution structure of rice phytochrome B nuclear localize signal domain

1 Graduate School of Biological Science, Nara Institute of Science and Technology, and *National Institute of
Agrobiological Sciences (NIAS)

O Toshitatsu Kobayashi', Ryo Tabata', Masaki Mishima®, Kayo Akagi, Shinya Sakai’, Etsuko Katoh?, Makoto
Takano?, Toshimasa Yamazaki? and Chojiro Kojima®

Phytochrom B (phyB) is a dimeric chromoprotein that detects the quantity, quality, and
duration of red or far-red light throughout the entire life cycle of plants. Upon absorption of red
light, phyB translocates from the cytoplasm to nucleus, and regulates gene expression through
interaction with transcription factors such as basic-helix-loop-helix proteins. The PAS domain
within the phyB C-terminal domain contains determinants necessary for nuclear translocation
and signal transduction. Here we show the solution structure of PASI domain, one of two PAS
domains, determined by multidimensional NMR spectroscopy. In addition, NMR and
biochemical experiments reveal that the N-terminal region of the PAS1 domain is necessary to
form homodimer, and the PAS1 domain does not interact with the other PAS domain, PAS2.
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T phyB(666-923)% . £ 2 NS UL 8C/N H—BHALE /32 LU CRIBIBEIN CRBL- i
L. EBRICAHVWE, NMR AEi: Bruker #5 AVANCES00 3 L1 DRX800 #fiv>, 308K 344
SRR, ~mEA - x 1 ABIOHEBERREO-DOZ SR THEE ST, Buffer 413 50
mM Phosphate(pH 6.8). 20 mM KCl, 5 mM DTT T2,
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EEHEEIT o7, ZORER. phyB (666-782)i% PAS-core, helical-connector 34 Ut § -scaffold 2367
DHIE7 PAS fold 24 TN (Fig. 1. —H, N Kl 666-670 ikt o
-helix B “IHREEEZHL WD ENS, ERTEL PAS1 FAS D N RKSEBIX 74 oey
LOV A LRBOMAELE BB 5 U iR L2 rTREIE S RSNz, 72, HSQC A~hvic
BOTHLESN 20 MOF T AE—213, B -scaffold HONL — 7, BLON L —TF 1T 5%
IR LTV, 270 NMR RIEZEL CoNSDORERKDLZFART T A —2 L CTHERSH
72513, phyB 666-782 2 /b— BT E B WT OB ERIL T A—Ta bW B ELR
T AR CIAY v — 2 R TR E 21T o T, . »

2, —RIHR hETOVEARXT T % AV IHRERBATH S, phyB O ~BATUHA KR A
ELCOBEMRL 7 MBI THEENELNLR2 TN, LLARRE, 20 ~ BT T
BTN TIE TR TdhoTo, SR 2 1T, phyB 647-782 i HSQC A7 NI TR AR
TR LA TR CLEMBMIC LT, £, S A LA BERVEZERICE N TH, ROTOS T
B EBRORERFHI 2 EACE TR Lic.. TR B OFRIT, phyB 647-782 SIKIZIVW TIREKFH

 RREF A —OBEBTRETH D Z L ETFT., SbIc. NRBREEORSORR S 4MHO =
VA NT Y N OEREEEH D, PAS] O NKBEANIFET 5 phyB 647-665 i ~ BATHIC
B 5457 L EB BN LT,

3. PAS1-PAS2 BIEEHR 7/h/i0d C KR AL, 42T MCAEAT o0 PAS KAA

v (PAS1, PAS2)IAF1ET %, 22T PAS1-PAS2 (666-923. 258 7£)0 8407 B 417\ . PAS1 &
U'PAS1-PAS2 ® HSQC A~ZI Db bZE DM EVER OF EA -, TODARIIORT
PAST RO 2 F AT FE AT RN, PAS1-PAS2 B4 F MR O FRMEE /ER I &L

LEZ u5n5Fig. 2),

Fig.1 Superposition of 20 calculated structures  Fig.2 'H-""N HSQC spectra of the phyB PAS1 (residues 666-782) (A)
of the phyB PAS1 domain (residues 666-782) and the PASI1-PAS2 (residues 666-923) (B). (pH 6.8, 50 mM
Phosphate, 20 mM KCl and 5 mM DTT, 500 MHz, 303K)
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Specific Interaction between Bovine Lactoferricin and Acidic Phospholipid Bilayeré :
as Studied by Solid State NMR Spectroscopy
Graduate School of Engineering, Yokohama National University
" Masako Umeyama, Katsuyuki Nishimura and Akira Naito

Bovine lactoferricin (LfcinB) is an antimicrobial peptide which consists of 25 amino acid
residues with the sequence FKCRR WQWRM KKLGA PSITC VRRAF forming the disulfide bond
‘between C3 and C20. In this work, we investigated the specific interaction between LfcinB and
acidic phospholipid bilayers (I) with the weight percentage of 65%DMPG, 10%CL (cardiolipin)
and 25%DMPC by means of solid state *'P, °C and 'H NMR spectroscopy.

'P NMR spectra indicated that there was specific interaction between LfcinB and 1, and
bilayer defect was appeared in the bilayer system. *C MAS NMR spectra indicated that LfcinB

 interacts with the part of glycerol group in phosphatidylglycerol of phospholipids. 'H MAS NMR
Vspectra indicated that Trp residues exist at the interfacial region of lipid bilayers. It is clearly
demonstrated that LfcinB interacts with acidic phospholipids bilayers at the membrane interface and
cause defects in the membrane. These defects may lead the permeability in the membrane to

express the antimicrobial activity.

Ri:S )
w527 7=V v (bovine lactoferricin : LfeinB) (X257 3/ 8% (LfcinB-25) 5

RBPERTF FTH D, —KHELE Phe-Lys-Cys-Arg-Arg-Trp-Gln-Trp-Arg-Met-Lys-Lys-Leu
-Gly-Ala-Pro-Ser-Ile-Thr-Cys-Val-Arg-Arg-Ala-Phe 1235V C, Cys’ & Cys” CS-S#HEH%E2 2D
BRMEEZ R L TV 5, LicinB ORBEIEM: % 77 B/ BALIT Arg'-Arg-Trp-Gln-Trp-Arg-NH:

(LfcinB-6) Th2 I LBHMBN TS, FFETIE, FENTTF FIZBEOMBE ORI
LTHERELEEZLDEEXONDZ E0D, BET FURE (Staphylococcus aureus) DRI
BV IEEMERE 2% L7~ DMPG65%, CL10%, DMPC25%DRAIE S LicinB-25 35 X
TR LfcinB-6 DZFNEh & OBRMHEEAZBEENMR A7 b AWTRT L, JUEE
mmﬁ}%ﬁ’%%ﬁﬁ LT HZEREHBE L,

[=58] ‘

LfcinB-25 & LfcinB-6 ZEEIC LY Fmoe 7 2 JBREZHAWVTREESR L, VWWrog)
DVHLET I BREOREEOHRZEL T > CH/AMBFE 2 HPLCIZ X W BRI L7,
LfcinB-25 (GBitA) oWk, Z&EEBLIC L 5FHN S-SHEAEFAR L T LcinB-25 (8
X—U—=F: 57 v 7Yy HETF R, BE B, BAKE, BAESHEE NMR
IOREEXZ, I b@%ﬁ‘?@é‘, e IbEDL
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LB %#4ARL, B HPLC ZHNTER L, BHORTF FABLAE D L 2 TR
BIC X DEER L, RIZ, LkinB-25 & LfcinB-6 & Z-2h I : DMPG (65%), CL (10%) , DMPC
(25%) DEBEIROIEN O 2 HEAMEE, 1 : DMPC BUCE#MR L7, pH7.5, 100mM NaCl,
20mM Tris SBEH & FAVOKTD - A8, R EIToCEER Y RY—2o (MLV) 2R
L, ELICEARBER LT NMR BIERELE Lz, NMR JI7EiX *'P static, °C MAS, 'H MAS
DEMAETHESFRIEER LGS NVAEIEE CNMR JIE 21T o7,

[HRLEE]

P static NMR A2 FA DAL S LicinB-25 1% DMPC B & lIHEEA 2R S o 7o
B, BEMLIIROBHEROMECESEL L X SHERAEZRLE (B1), ZOKR
LfcinB-25 X DMPC IR L D IBATRICHIFES L, MEOBIZHERESELZ bHZ Li¥bhol,
INIESEICE TN SBMIEHE & LicinB-25 DEEMET I/ BAISE L OB OB EHMEE
ik EELZOND, &5IT LicinB-25-8 & O LcinB-6-BA R CIlIKSEE CEH RS

~73‘Sﬁiﬁu Shiz, ZORRENG LicinB OEMIC L Y “EBEICKRBRE C-TRERE X bh

b, ZHIZL VA AV RREEFET 2R, %ﬂiﬁmﬁﬂw@ﬁm% I OREREBER TR ARY,
REERNRER T EEZLRS,

“C MAS NMR BIEREE DD LicinB i3V Ve E_ERD 7 Y v o — B 0ESE2Y 7 b
IRDZLHD, COMMEBROICHEERAZ L EBXR®B IR (F 1), £/ 'HMAS
NMR JFERR N S QMMEOR VAR MVNELN, Trp ORERDEZER X2 &
2o Trp BENS_EROREICHFEETHWHEESH DI EBNRB N (F2), 2hboD
FERIT LcinB 23V VIRE ZEBEOBKMER &L BAMEO REICHEEMTN (LicinB-6) 25
BELTWAZLERLTVD, ULEORER, IBEERICEBVTY YP static, °C MAS, 'H MAS

DOWTHNHESFREA FUVABRITCE, LicinB DY /HBE EEESRmERITIcET 2
HHLEEEEL D EBbho Tz,

I 1+ LfcinB-25 Table 1 “C chemical shift values for the
10 peaks with significant shifts in LfcinB-acidic
: phospholipids bilayer systems at 40 °C.
30°C Chemical shifts (ppm from 1MS)
/ Acidic bilayer(I) 60.37 60.6
20°C 1+ LfcinB-25 60.45 60.86
I+-LfcinB~-6 60.51 60.81
M\ we "\ ___
0% Table 2 'H chemical shift values for the
W e R e ‘peaks with significant shifts in LfcinB-acidic
phospholipids bilayer systems at 40 °C.
Fig.1 Temperature variation of P NMR spectra Chemical shifts (ppm from H,PO,)
. ‘g .. . ' idic bi ~7.44
of LfcinB-acidic phospholipids bilayer systems. ﬁ'_‘t:»,:c?,:g!;gm ' ~7.46
(peputide : lipid = 1 : 20) I+LfcinB—6 » -7.49
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NMR analysis Pex19p, a peroxin confr_’ibuting i;o the assembly of
the peroxisomal membraneous structure. )
(Graduaté School of Pharmaceutical Sciences, Nagoya City University', Riken
Harima Institute at Spring—8% Graduate School of Pharmaoeutical Scieno:es, Kyoto
University®) '
OHiroaki Sasakawa', Yoshiki Yamaguchi', Hiroyuki Shibata® Hiroaki Kato®®
Koichi Kato' ‘

Peroxisomes are components of virtually all eukaryotic cells and play critical roles in
_numerous metabolic pathways. Defects in peroxisome biogenesis cause human diseases such as
Zellweger syndrome by interfering with peroxisomal metabolic processes. Pex19p -is a 299-residue
partially structured protein involved in the initial stages of peroxixomal membrane formation. This
prétein binds and imports cytoplasmic newly synthesized peroxisomal membrane proteins (PMPs) into
peroxisome membrane. - For structural analyses of the globular domain of Pex19p by NMR spectroscopy,
unfolded regibn for Pex19p was digested by Proteinase K, giving rise to the 121-residue domain
(Met175-A1a296) designated as Pex19p;7s00. We prepared uniformly C- and *N-labeled Pex19p175-296

and completed assignments of the resonances originating from its backbone.

Pex19p IIHIMEP/NERE ~L A% O Y — A DB RABEIE Th 54 ¥ Y — AEERICEES LT
WAT I VB2 BENLRISDFERARDFIVAIETHD, HIRETF CESRENZ~ VLA F
VY —AEE 7 E (PMP) 13 Pex19p IZ & Y I, AR VY — AEAEE STIBA SH B (Fig.
la), Pex19p DA RIX Zellweger EHEHEOERLIBEMAMARORRL 225 2 LB I TOMEID
EVBBENERSTND, PexlOp ik b U FLic & VA SIT N RS (1-155) & C A (156-299)
D7 Z Ay MY &S (Fig. 1b), M@ Ptk ZONKRMT Z 7 A M3
BT 74— RIRBBIZH O CHRER T T 7 A Midan~l o7 RIZETeZ EWPREI N7 (1), Pexldp
A B RETH S PUP 13 N RIHT 5 7 A 2 MCHIET B IR T 5 2 LAF ML o TH
D, KEEOBEEEE N RBUERAEE AR, AT B AN XAEROMITH T L
R BIRIE, T DA D = R AOFREETRI A 2 I 5 72 D12 Pex19p DHKTE NI 12 & 52
WrERAR=,

F—T— K N/Vﬂ‘ﬂFVV—A‘ Zellweger JE{ERE. Pex19p

SEb 0AhE, RECH LLE, LIk 0A9E, hed UBhE, »E5 Z50b
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Fig.1 The function (a) and the domain structure (b) of Pex19p.

YV MBI Lo THELND CRMUT T T A L DAY PURZH, R E L'C%xa%:ﬁt
foﬁb‘ﬁﬁjﬁiCE}ﬂ%Téﬁ%ﬁl EThTBY, ZhoDRBEVFEEICEBE TH -, %I T Proteinase K
Lo T PexlOp iZMHERLIEEZ A, HTEN 14 KOT TR MBI, BEOSTORR.
IDTFTA M 1757296 iSRS T AT IV BEE L VEREhTVB L PRENT, £EZTE
SOERSNIC RIS T B Pexl9p 75 7 A 2 b (Pex19p,55.000) % GST A X L0 B E LCRET 5 REHER
L. &0 5N RO/ NAZRERZER LTz, BoN/y 7 BT LT H-9N HSQC 2H|E Lz =
ALRTZFTAIDLOLIZER—/ T~ TCRBPOEFOBRRART MVEBDLZERT
X 77, Pex19p, 5500 1250 L. SIRTTHEEIE D77 8 DA TEL KT MR HIE % 500MHz, 600MHz D43 IE8%1Z
THF o To, AR OFRER R L 0 BIR SN RBIEE Y 7 b Olivia % BV >T HNCO, HNCA, HN (CO) CA,

CBCANH, CBCA (CO)NH, HBHA (CO)NH D& A7 MV 21TH Z L C L D EHI I TADRBEIT,
HCCH-COSY, HCCH-TOCSY iz & W IgE> /" F N DIRB%1To7= (Fig. 2), CaDIbHI 7 FOEL Y. &
%S 182-188, 197-214, 219-241, 247-266 IXHET KB o~V v 7 XEWHKLTHBY, BR b
S5y NRFEELRVWI LR TFREN, BEBEHE OO NOB F#EBET TH 5, F72. Pexl9p
O N FEAIFEIRIZ >V T O NMR i BT - TV B,

L]
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Fig. 2 'H-""N HSQC spectrum of Pex19p;ss s

3Tk
1. Shibata, H., Kashiwayama, Y., Imanaka, T. and Kato, H. J. Biol. Chem. 279(37), 38486-94 (2004).
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SNARE Z_27E Vtila N KR AL DOiEE LR
(GBRBF-GSC', BUK - [52 8 2, BT - 3505 )
OFTEresg | M|, ek — |, BB /g | SFmER
FAEST | R Rk | EAKE L mEEE | BT L AR
AFEEHE L BPIET AR B F)IEE L P. Carninei', A4 1
AT R3E ', P.Guntert!, #EILBEE 23

Mouse structural proteomics:
Solution structure and function of N-terminal domain of SNARE protein Vtila

Genomic Science Center, RIKEN'; Graduate School of Science, University of Tokyo’; Harima
institute, RIKEN’ ,

Takamasa Abe', Hiroshi Hirota', Kenichi Yasumuro', Tadashi Tomizawa', Seizo Koshiba',
Takaho Terada!, Mikako Shirouzu', Makoto Inoue', Takashi Yabuki', Masaaki Aoki’,
Takayoshi Matsuda', Biko Seki', Takanori Kigawa', Mayumi Yoshida', Akiko Tanaka',

Yo Matsuol, Takahiro Arakawa!, Piero Carnincil, Jun Kawail, Yoshihide Hayashizakil,

Peter Giintert', and Shigeyuki Yokoyamal’ %3

In eukaryotes, SNARE proteins on transport vesicles and target membranes function at the
center of membrane fusion reactions by forming complexes with each other via their C-terminal
coiled-coil domains. Several SNAREs have N-terminal domains (NTDs), which precede the
coiled-coil domain and are considered to have critical functions in regulating the fusion cascade.
Recent structural analysises on some NTDs revealed that they form an antiparallel three-helix
bundle with a left-handed twist. However, precise functions of the NTDs have remained
unknown. In this study, we determined the solution structure of the NTD of mouse Vtila by
NMR spectroscopy. As a result, the NTD was found to have a similar structure to those of other

* NTDs. Details of its structure and function will be discussed.

[l
HEEMIRIZ W TEANA R ~OYEOERETRBHIZ/ MU LT T TRY, A
JVH RZ ORSEERERF O T2\ IXZ O/ NS S TEHE A T2 T TUTR B2V, 7 EhE
ThE, ETEWRESNADWE DA NH RT00HZETD/NERIZEDAEL, £ U7/ NEs R
@ﬁ/vjf/?\?f\&iﬁ%éﬂﬁ:@%\ INEDREEE 21— TR B A N AT DR EE L T
CRRONBEWDE DA NIRRT ~EBDIAEND, SNARE BREIL, ZORKEATYT, 372
bb/NAREA N T XFREDOBE LB W CEERZEE R L COBZERHALN LT
ETRY, IEEEHEW TS, SNARE EREIL C RIMAIIZ SNARE EF—7 LIFITH
HEEIRE RS /NEAIT 1 R, F VT RFEIT 3 A0 SNARE EF—7 08 coiled-coil FRDHE
BEEEFRT DI, ERAEBMEESNAEE 25N TS, 20 SNARE £F—7D

SNARE, Vtila, three-helix bundle, %77 % cDNA, i7" m5 4372 7
BHANZDES, OATZOAL, RTTLATANG, ERZDIEL, ZUTEWED, THRTZNE, LAYT
BN VDHZEZL, REFDL, HBIESHE, T L, LERWZ, EBDEADY, KLZ

FW@h, i EZ, £0BLD, HELIZN0A, CaminciP, 1OV Ew A, FERLEELLOT,
GiintertP, LZRFLITWE
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BiFizd0, SNARE & F& I3 syntaxin, SNAP25N, SNAP25C, 3L T VAMP @ 4 -2D7 7
W ZHEEN TS, _
%< ® SNARE & HE IR AT 7878 SNARE EF— 7 Ofth, N FKIRANCiEEE &
ST EIRBEELTNDEN, ZOEBEIXHEVIL Do TR, KT, W20
SNARE & HEIZ DWW TIOEIRD L AAEERENT M TodL, EhbIiE 3 KD o -helix 23
antiparallel {2/ N\ R LA ESR Lo CNBZERRLM e T, F72, BiFlEb eI Lz
WAL TR, syantaxin, SNAP25N KLU SNAP25C @ 3 D07 7IV—IZBT 5
SNARE E BE D N RKIHAIZIL, 2D X572 three-helix bundle %ﬁﬁrﬁ@iﬂﬂ BHETAEX
NTNB D UL, ZRHD N KIERAL DT BB IS BMEICEA TV
N JLE@I\ AL RETE BB OBEEE RI2L COBOMNEIDNIIEHR | _%%m \
FTTAINZE T, vV AHRED SNARE BEHED—>TH2 Vtila D N KR AL D
W& % NMR IZEDREL, EOBIEITHEDWAEBEIC OV TORET BERE{To72,

(5]
- POPNERERE R EMRE A EESE RV, 4 1mM O Viila O N KR
A% 20mM d-Tris-HCI buffer (pH 7.0), 100mM NaCl, ImM d-DTT, 0.02% NaNj, 10%
D,0 IZEAEL . NMR HI7E% Bruker £:8 AVANCE 800 3317} 700 {249 25°C TH7o77, &
TFNEREBT D7D, PN-HSQC, C-HSQC, HNCA, HN(CO)CA, HNCACB,
CBCA(CO)NH, HNCO, HN(CA)CO, HBHA(CO)NH, CC(CO)NNH, HCC(CO)NNH,
HCCH-TOCSY, HCCH-COSY ZllELTz, SHIZJFF RIS H2 55720, PNeedited
NOESY-HSQC BTt ®C-edited NOESY-HSQC DL Fo7r, ZHHDARZM DT 1
A LI7BIE NMRpipe, NMRview, Kujira %\, #iE#HE 1213 CYANA/CANDID % VY
: TfTO fuo :

[(FEREEL]

SNAP25N 773U —IZ/8& 95 Vtila D N KIER AL OEEIL antiparallel @ three-helix
bundle #ETHY, T/ BRES I —AD ZRIEETRIZZFT2bD Tholz, oK
ELRFD, BERERLANL SNARE B BHE D N KR AL LU T syntaxin 7 7IV—IZE T2
syntaxinla 2315 TVB, D N RKIER AL 1TH & D SNARE ©F—7 L5 FRFEE
ERT2Z LT U BEEBEETRL , BRA DA —R ORI EL TV 5 L
HXNTWAD, 22C, SEHEERELRTT o7 Viila D N KRR AL LD B AT 7280
A, éfdsmfocff%a_ IFEFITELL TN, ZOFREHEERBLOEROLSMILRR->TH
BIEDGYINoT, FRZ, syntaxinla D N RIHR AL SNARE £F—7 L4553 TN EAE
B9 572D DBKEIZ2 BWENRTEEL TWAM, Viila D N KR A AT DO X578
RbNipd otz, $E-7C, Vtila 23 H B D SNARE ©F—7 L4y FRAEEER A TR
BN ETFAENT-, B, Vtila D SNARE EF— 7% VTN RN AL OB ER
FEMT R TND, B CIER AT RB N TV Ve,

A EDOFERDS Viila @ N RUFR AL DF—57 v NI EL A FR TR EHERIS
nNd, 5%, F0F—FyNEREERETHIE _otb Vtila @D N KR AL > OFEl7 B
EREBALTZWEE 2 QNB,

(&3]
1) K. M. S. Misura, ef al. (2002) Proc. Natl. Acad. Sci. USA, 99, 9184-9189.
2) K. M. S. Misura, et al. (2000) Nature, 404, 355-362.
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'H NMR study on heme orientation of myoglobin from skeletal muscles of cetacean
OT. Yamaki', C. Abe', K. Iwanami?, Y. Fu)lse T. Yamada*, H. Mita', T. Suzuki®, Y. Yamamoto'
* 'Graduate school of Pure and Applied Sci., Univ. of Tsukuba, *Fac. of Sci., Kochi Univ., *Inst. of Cetacean Res.,

*Natl. Sci. Museum

'H NMR study of the myoglobins from skeletal muscles of a variety of cetacean, Mesoplodon stejnegeri,
Indopacetus pacificus, Balaenoptera borealis, Balaenoptera edeni, Balaenoptera-acutorostrata, Physeter
inacrocephalus, Kogia breviceps, Peponocephala electra, Phocoenoides dalli and Stenella attenuata,
revealed that the structural features of the profeins of cetaceans are highly alike, as expected from their
homologous amino acid sequences, and that heme in myoglobin possesses a unique orientation with respect
to the protein moiety, in contrast to the results from “ii vitro” reconstitution study of myoglobin, which

demonstrated that heme is incorporated into apoprotein in two different orientations.

F &
EMOBRGTICEENS A7 0EY (M) i, 73 IS3BENSRB S L THS
ENDLIHENDHAEN T 1 ) VR ERRSFHRE LTHO0F 8K 17000 ORI~ L F
VRIBETHD, BEOBEGTO Mb BERE . TOAIBERIEO LD LY bz Bk
WZEIEBRERTWS, LT, MlRPToO Mb OB&EZIFRT 55846, BEEO Mb i1k
BROWRMGEERD, o, vvaUrI50 Mb 2 <03 R EOBEMILIED Mb LV sz
BHEERRETH D Z EREROFRNLHONIT R TND, 2T, HEEO Mb &R
WD LICL Y Mb OWE L AMOEBIE L OBRR N LV LHENIRD EEXD
No, ABRETIE, FVFNT VT (Mesoplodon stejnegeri). F A ~A I VT HRYE ¥
(Indopacetus pacificus)\. A 7 %% 7 (Balaenoptera borealis). =% ) 7 5 (Balaenoptera edeni).
277 YT  (Balaenoptera acutorostrata), < v 2 7 T (Physeter macrocephalus), =< v 2
v (Kogia breviceps), 71 A~= 2 R (Peponocephala electra), - A V71 (Phocoenoides dalli).
< HGANT (Stenella attenuata) DEHRESH 5 /YMERERL L7 Mb % "HNMR 12 J ¥ FEMERRALO ST
Ui 2 AT L,

BREER

FS/BEHN AHFRETHCEZEMbOT I /@ﬁﬂﬁﬂ%tbﬁﬁébf_ﬁ% 88 %L OB EFMER B
o7, EEBMLOEHTOT I ) BBEEOHEIL N RN 5 45 BB OBE (Arg £ Lys) T
BOONT, ZOMOBETIERNT I BEEDIEE A LI, Mb O FREICHEE L T,

Keyword: I A7 mvy, ~ADRIM, HHENMR, ¥ 7 BEOmEmKEE

REEX FFL b BT bRA FATESD « HUE LLOD - RFH 2759
Bl EUW - TPFE LHOID REH L DTS
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Mb®DA K7 /4K (MbCN) o 'HNMR X~
Z Fov (1029 ppm) %5RY, BEED 'H NMR
YIFPNEVE UL EBEEMCBAR SN
i3, 7 = VEIANAGRORKBTIC L 5 HHMEY

T ROREDTHD, ZNLDYTFALDYT k-

ERZE-BLTWBZ Ehb, BEMb O
B IZBEVWICEWEEE 2 o2 XD
B, LML, His6d DNH & CH 7m b iz
BT BT FADY T MEICEBRT D LR
FEOBEITKE L THRA 1 ppm BEDOENE
HEND, Zhid~2izxt$ 5 His6d OEZAAS
FhERO Mb TRRBZ L ERELTVS,
His64 & NH i3, ~AIZENL L7z O, CN72E
LABEAEERT I LICLY, ZNHDE
frikEEERELTIZ EBMbA TS, Lz
NoT, 7T/ BEFOBWERMIZX LT,
TS O Mb TIXERR Bt L OBBEN AR
WERHZENRTFHRINS,

BEGRD W IZH1HALOEHE Md 125
~LEED H U7 apoMb IZ~ A% in vitro TH
TNz 2 e 2RI ERMFIT~LBERYAE
Ni-EHR Mb 3B 5h 5 (Fig 2), HRE
NMR {2 & % B8R Mb 0B322 5 (La Mar e
al., JACS (1984)), BHRIG CII~LBFK L
Ep 2 E Y T apoMb [ZE Y IAE s BUEER

ERT AT EWRENTVWS, Mb DBREL T -

FHEEICE SN TEET 258, ZO~LEER
AMEOFEEIIBRTE 2V, BHH»D Mb
ZHEELHEEL T in vivo DRBIZEV Mb D
'HNMR Z22 M ZRIE LR, invitro T
P XN - FHERMD ORRICBT AR L IT
B0, 1 >ORMEOHRICHET DT TV
DBR ST, T ORERIE, Mb AGHROKK
BBV TEHE TARIN~LBHRE
FCERR S L7 apoMb [THELABSAE N B EE, A~
LixHHBECEHNM THLAAEND Z L &R
LT3,

His93 2—

—Fe—Heme

C
i
N

Hydrogen bond "'H His64

‘"\\

H|564
k His64 NH CsH

Phocoenoides
dalli

* Peponocephala ;

electra

Mesaplodan “ ‘ ! l ”
o w
vacificus A !
Balaenoptera k i i

T T T T 1
18 16 14 12 10

T T Y
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1L

2 2 15
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Fig. 1 'H NMR spectra of various cetaceous
met-cyano Mbs. (pH 8.6, 25 °C)
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Fig. 2 Schematic representation of two different
orientations of heme relative to apoMb. N
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Approaches to the‘efficient global fold determination of TPR domain in p67°hox

,(Graduate School of Ph_armaceutica] Sci;nces, Hokkaido University', National Project on
Protein Structural and Functional Analysis®) '

(OShinichi Yoshida', Kenji Ogura!, Fuyuhiko Inagakl' 2 7
Although a number of methodologles to determine global folds of larger protein were proposed, we
still need general and efficient method. This prompted us to investigate and Qevelop the systematic
approaches for this purpose. TPR domain in p677* has a molecular weight of 24 kDa and its
structure determination using only '*C-, *N-labeled sample-is very difficult. So we selected the TPR
as target and carried out a structural analysis for global fold determination using a limited number of
‘data sets based on NMR experiments. At first we determined th_e “semi” global foldrusi'ng Val, Leu,
Ile (81) methyl 'H-, uniform 2H/"*C/"*N-labeled sample. As larg'e'quantities of T);r residues existed in
the region whose convergence was worse, we improved the precision and accuracy of the kstructure
using Tyr 'H/’C-, Val, Leu, Tle (81) methyl "H/*C-, uniform 2H/'*N-labeled -sample. The global

structure of TPR was much improved with the r.m.s.d. of approximately 2.5 A

1. ¢

mﬁ%%&/AﬁﬁwﬁmwAW7t»wb%&ﬁ?ét B S Nk e R RIS, Z
@ﬁﬁﬁ#%&éhoﬁﬁé T, Tle/Lew/Val O AFJVEI ‘H 25 L% HCPN ) TIVS
AV E BV TOHIERITIEERT TN TR B2, #5015 74— ROBIREER bR D

—HKRET I EBHENREINTV S, FERMKD NOE WREEHT 5 HIEPRS
ﬁ%ﬂmhtﬁgﬁﬁGwcmE)@ﬁ@%#&bf@ﬁﬁﬁ%ﬁ%éhtﬁ‘#ﬁté%?
BO. Fh. TNEOHEREKAL TEBO NMR 7 £EICHE L EFIRIES N T 5,
=R, BEARLABORMIIZABIANZETEED, ZHEORESNZFHEEZEA -
w&bﬁ#b PO LT 4=l RRECEGT. ROHRNAT IO FERMT S &1
#%kﬁ%f%é& A B '

F—D—K: BATRYLAVH, FO-NLT sV K, BAFEL, BROTD N ER, BREETHES
BEISL: OLLE Labib, BSH HAL. WANE 5000
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TOBBREIIRETH >/, MA T, TPR KA VIEBDHTaNU v T AREBEARES D RIE
THO, JO—NNT+ -V ROREVLEBRHELNWEEXSNE, £IT. 20 TPR EZHH
ELTERL, EBOD NMR ERDSEENEF—IORERIILZRBRENS, -1
7z~wF&%@t@@%%%%%@?im—?@&ﬁéﬁoto_

2. JO—1NT 4 - h;*ztu‘m‘#% BB Eﬁlt*ﬁﬂﬁﬁ@&i

[5:%] Ne(B1)/Lew/Val DAFIVEIZ 'H 25 L7 _- B o
HMCN RTINS EERNT, ERBET | ' -
AF)VEDIRE, BLUNOESY £ (600 MHz.
REHERT 50/ 200 msec) 171, NOE RE&MAH

3
a

3R B R B 3 E B N B R
s
-2
wid

EUF TALOS 12k B A T MO HM A E ER ke )
Liz. £z UN SRVARAWL, Pl 77 —T% | o '

B Aupf\:atic Region Methy! Region ’ )
BLIE ik & U T IPAP-HSQC B ZETT\, RDC 3 - &7 77 5T T e
FERMBER L. BEFHEITIE CNS ZHW. # Fg 1 HC CT-HSQC spectrum of 1 (S1YL/V methyl
Vg 6. SA BT DEERTF- - LY, PH/CSN-labeled TPR

4R - 8] NOESY OEHTIZ& D, & 808 fl (FREDHD 42{#) O NOE BHERTEZ, ¥
oo AFIVEMEET B NOE 137 4 —)b RIZ B B2 S M NOE 3t 192 DN 95%% 7z,
WRE TR, SA #HEICBITSEMAECHERRICBETINFEONRNT A -5 2 BUICHET S
Z&T, NOE WA EMHAZTHE (L 10 8./100 fHEHE) A5 bH7M, s %
LTWAEROEH rmsd 138 50 A BETH M, Wi@ﬂhﬁ@‘c&ﬁ%hﬁﬁﬁﬁﬁﬁ%’@aﬁj
feo ¥fo. TOBMETIE, RDC R#&H (H'N 0F) OHET. #ERKRCHEREIASN
RIND 7.

3 HEAMBER—RELASRMEORRESO~/NT 4~V RORE

[HE] WHROBWERIZIE Tyr BENSHFELEDT, KOHESE LT, Tyr 2 'HIC,
lle(51)/Leu/Val D A F)L# % THMC T~V LI t—H/PN 7 )UK Z AR U . NOESY 8 (600/800
MHz. BEFR 200 msec) %205 Tyr OHERT DM ORE. 5725 NOE @J%}E%‘:@zsb;
BEREHERT . ' ‘

[#8R - 28] 70 b AT BHERE Tyr REKRELEC
c‘:'(‘\-Tyr HERORBENEHIZET Uik, £/z, NOE ##id 1330
8 (x5, BEHED 6.9 . HERE NOE id 334 &) :
THole. FHMEOPHRIMEEIC LA L, BB TRMIEZ kg 2 superposition of the 5 best
BRLTWAEERO M rms.d 3N 25 ABETH 5. structures with the Jowest energy
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Photo-CIDNP analysis of the microtubule-associated protein light chain 3, MAP-LC3
! Faculty of Pharmaceutical Sciences, Toyama Medical and Pharmaceutical University, Toyama
930-0194, Japan

% Department of Biochemistry, Juntendo University of Medicine, Tokyo 113-8421, Japan

Microtubule~associated protein light chain-3 (MAP-LC3) is a human homologue of Apg8/Aut?
included in yeast Apg/Aut (autophagy) family. ~Apg/Aut family is involved in autophagy induced
under nutrient-starvation condition 1n ?east and is composed of a number of Apg/Aut mutants.
Apg8/Aut7 is cleaved at its C-terminal glycine residue by Apg4, cysteine protese. In additilon,
the cleaved Apg8/Aut7 is covalently attached to phosphatidylethanolamihe at the glycine residue
by interaction with Apg3 and Apg7. Thereby the modified Apg8/Aut? interacts directly with
membranes. )

In the present study, we report the solution structure of MAP-LC3 and the result of additional

analysis by means of photo-chemically induced dynamic nuclear polarization.

[izC®iz]) _
Autophagy ~HAIIPIIILIC R TR 2BRTHY . MENATEB D AAESL I DY Y Y — b
OWEE LTRESNS, BBEACLERARRICLY . COBRICINS ORARALETH
HIENHOHNI/LY | Apg/Aut  (autophagy) 77 I U— &I TV %, Microtuble-associated
protein light chain-3 (MAP-LC3) iX, M7 7 I U —iZ/B3 % Apg8/Aut? & MEBKTHY . #izh
GABA, receptor associated protein (GABARAP) X° Goldi-associated ATPase enhancer of 16 kDa
(GATE-16) MRIEIN T3,

ARBFFE UL MAP-LC3 OOWSHEHEE 2 HE L. & B I photo-CIDNP BEIE & BB ATV, SRR EET

MAP-LC3. Photo-CIDNP, WM&

IADENOT, HZIEFEOLEND, 3201, ZHERLBZNVE, ATECBLLhwE, hboTunn
+

— 194 —



$H D GABARAP THE XN TWA N RKHHEKROBHE(DICO>VWTEELE, Zhohb MAP-LC3 X
GABARAP & B72 0 | W CH—DMERHT S L ORME B,

[=8] v .
KIBEICRBE I/ MAP-LC3 BEAHE% ST BfEb T A, /23R u~ b7 7 41—k VIF
BT, HBLERAKITRIRE 0.8 nM (ZHAB L, HEHKL LT 0.4 nM flavin mononucleotide %
MX 7z, Photo-CIDNP BRI Kaptein B DKk (2, 3) It o7z, MEVE DM & Fig. 11TR Lk,

(R BE]

GABARAP &::m\f N RISGEEIY 2 O 7 + A—L 3, opened form & closed form, ¥Ef
RIBICH D Z EWRENTNS (1) 23, MAP-LC3 DEHE THE—OMAEELRF X, Z0 N KIHE
i Tyr110 %> TV 5, Photo-CIDNP %ﬁ@iﬁ&l%ﬁ%ﬁ@ His, Trp. Tyr 7RE %8R40 BT
B, MAP-LC3 I3 3 o His 75 (27, 57, 86), 3BL TN 4-OD Tyr A (38, 99, 110, 113) ##HM, His
BERTR G CINP R AR L b 00, Tyr BRI BT Tyr3s (KT 51 505 4 @1 (Fis.
2, ZDZ LMD Tyr BESBEEEAMII Sy X 7ERTVWHI LE2RLTEY AP Tyrilo

CREECEH LRI EEBERL TV D, & o T, MAP-LC3 O N RIBHUIZEIC Tyr110 28> THY |

GABARAP & 72 V) ST CRi— DI M 2B LT\ 5 = & AR SR,

optical fiber
(from laser)

inner tube ; .
(Wilmad coaxial Pyrex insert)

outer tube : P Hisss
(standard NMR tube) His86 o i

-

90 8.0 70 6.0
ppm

I/ MR coil Fig. 1. The sample tube used  Fig. 2. The normal 1D spectrum (upper)
for photo-CIDNP experiment. and the CIDNP difference spectrum
' (lower) of MAP-LC3.

25 30Hk]
1) J. E. Coyle, S. Qamar, K. R. Rajashankar, & D. B. Nikolov, Neuron 33, 63-74 (2002).
2) R. Kaptein, K. Dijkstra, & K. Nicolay, Nature 274, 293-294 (1978).

3) R. Kaptein, Biol. Magn. Reson. 4, 145-191 (1982).
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Protein structure and dynamics study by high pressure NMR

Ryo Kitaharal, Shigeyuki Yokoyamal2 and Kazuyuki Akasakals - . ‘
1Sz‘ructuralland. Molecular -Biology Laboratory, RIKEN -Harima Inst(tirte_rzt Spring-8, 1-1-1 Kouio,
Mikazuki-cho, Sayo, Hyogo 679—51 48, Japan }
*Department of Biophysics ans Blochemislrv, Graduate School of Scrence Unlverszty of Tokyo, 7- 3 1
Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
®Department of Biotechnological Science, Faculty of Biology-Oriented Science and Technology, Kinki
University, 930.Nishimitani, Uchita-cho, Wakayama 649-6493; Japan - L

Conformatlonal fluctuatlon is a kev for understandmg protem functlon, but we know httle about the
actual structural or shape changes assoclated with the ﬂuctuatlon Here we present a general method
for elucndatmg the shape change of a protem molecule in solutlon associated with a conformatlonal
fluctuation in atomic coordinates. We utilize multi-dimensional NMR spectroscopy and determine
average coordinates ai different pressures, which are to give “NMR snap shots” of a fluctuating
protein structure because of-the intimate relationship between.»conformotion and volume of a protein.
The first target protein chosen is ublqultm (pH 4.6 at 20 °C), whose average coordlnates were
determined at 30 bar and at 3 kbar using NOE dlstance and torsion angle constraints. The structure
at 3 kbar revealed that the helix swings out by ~3 A outwardly with a slmultaneous orientational
change of the C-termmal segment carrymg the reactive-site residue 76, tormmg an_“open” platform
suitable for enzyme recognition. Spin relaxation analyses at two pressures mdlcate that the

conformational ﬂuctuatlon takes place in the 10 microsécond time range.

%W¢@%EEﬁf%<%L%E%éﬁé*&’i@%@%%%iﬁmfytﬁbﬁéﬁbﬁﬁcﬁ
5 SLAEHEE DBALEN S YFR OB ERTF L~V TR B T &i%ﬁLL\NMRz;w@(&EPTEEE@
WE2RT L CIRITTTIR TR CH 578, TOMEELIENEE 0210° ) RIS (is-s)
Bic A% MBS S RBE BT B ML PRIL SN TLE 5, —F A EV@RORHI» 5
psms ETORVEETIC D 5 Wit ¥ OWRERS T & b TH S, MERNIENT
HROBALOBRIIB LAV, Fx O BHFENEBCTEARD “BHNTVRHE 75:;« v 7
Vay bOEIICHAB T EThE, ENRD L b e 5BATOSHBEMOLA:, 5
BAHIC, MEIC L 0BT BN S ABEDH~2 7 F DT LIC >, f%ﬁ%#%@
BB E RRILSE 5, ThICE Y BE T CRARPORNBRACSHS EoVEHE
AE T CEEITHIE SR I TR 72 5,

XU} [N, HEEEME, 2 URTF

EIELD XY, KIRE LR, @wészws
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B2 INE TN TR 2 F U EERLRRESBOES L B2 EXF LICONT,
ZOMEDEHRBERLNI, TROLRWENHETEEE L VL TORE WR Z5 (-21C~
35°C. 30 bar ~3.7 kbar) 479 T LI DT, 2ESFUEN, Ny 1 UOPAL L b 4001
MOLEREICH D Z L ZHBMIT LIS,

WEEE D MR 5542 T 30 bar (Nl:85%) & 3 kbar (N,:77%) DIEF THOF 1 hor—7 1 b2 NOE TR
I HS < B R T L DRI OV TRR BT o T, MG 2T L COBRBAMBEAIL, 21
FF DL S ITEEELAENEE OO0 ) | FIEER (ns-s) DRIZ A2 MRERLENB =
. BHNB NE FERLTHLENTLED, LoTEINbALNDMELEROEED, 0%
FRERIT G U7 T IRBICD, T E TOMERELO T ER TR TE RV R~ B EE
L o ole, RERED BGRE LIS, 72 L BRIEASE OREMITIE ORESTIZ Z N B
DNRIEOEERBEE RS EELLND,

- $ ,

'_«kﬁ IH/lH NOESY HNCA y:;—plsme‘qited HNHA % pH4. 6, 20°CC L bar 35 3 kbar % CHIE L7,
BRI AL NOE 75 ﬁ%(¢@ﬁﬁmﬁjw/fj/fﬁﬁ&w/7bﬁm%%t&%masmm
DIEFIFT, #1000 ﬂﬁl@ﬁE%ﬁf‘ﬁ'J KR & &Y 80 fHD = ﬁﬁa%ﬂﬁm% CYANA-Z AW TS B 21T 1,

3 kbar 'Cﬁi(%q‘if‘ﬁu G1y76 EE T C RIBERSE 70-76 Val70 DACEN bk X < EmeEz Ty,
T HIEVal?0 & Argd2 BIZBRE N D 2 DDKREHEIENFE L ValT0 SAOBICEET 5, ¥
2 B — MEALICRT B o ~Y v 2 ROERFEAIMUIC 38 BLEELL TR Y . 2L ORI% OB
F9.22-24 % 384l BREOEFH EHADERIZL - THHATE 3,

FLFr2HR patic Tl v

30 bar & 3 kbar 235135 BN-R, R, NOE EICHESNT, Modelfree SBATA D2 EFF L D& A
FI7 RAERAT, MEL LY ps~ns OFEVEE) (S, o) ICBHERBMITENRS, a~D v I REC
FHIFERAL T /f'zmlc“/*ﬁ&kct BEE Rex NFBW BALTZ, Vall0 N OIEI & 5 3 7% A FiRDLS
27 MELA B BB B 3 kbar (2B B N, (~23%), N, (~77%) DTFTELLE?, (¥ T MEdol
Modelfree ﬁ@*ﬁi DREL LN Rex B, N, & N, FIOALSE AR E DS 1 bar T 4. 12x10°(=4k,) &
0. 72x10° (=k,p) & BAES B, = EFF L i3s+ ps OBEIR I — T2 2D 7 4 —/b FHEEN 21T %
KLTVWB 2 ERB BN R, EAENCBY BAHEEEMOMEATH b ISR E DRI
N BEISENZ L bho T, EINIREREOTEMHILEEELEMED NoN, BERLOEEEHE
BT BT LI, METF TN, MEERELL TS T L2bholk, |

1. Kitahara and Akasaka PNAS 100, 3167-3172 (2003).
2. 'Kitahara et al. Biochemistry 40, 13556-13563 (2001).
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Comparison between TRF2 and TRF1 on their telomeric DNA-bound
structures and DNA-binding activities :

Shingo Hanaokal’z, ‘Aritaka, Nagadoi1 and Yoshifumi, Nishimura’

1 Graduate School of Integrated Science, Yokohama City University, 1-7-29, Suehiro-cho,
Tsurumi-ku, Yokohama, 230-0045, Japan,

2 Kihara Memorial Yokohama Foundation for the Advancement of Life Sciences, 1-7-29,
Suehiro-cho, Tsurumi-ku, Yokohama, 230-0045, Japan,

Mammalian telomeres consist of long tandem arrays of double-stranded telomeric
TTAGGG repeats packaged by the telomeric DNA-binding proteins, TRF1 and TRF2.
Both contain a similar C-terminal Myb domain that mediates sequence specific binding
to telomeric DNA. In a DNA complex of TRF1 only the single Myb-like domain
consisting of three helices can bind specifically to double-stranded telomeric DNA. Here
we have determined the DNA complex structure of TRFZL In addition, we have
examined telomeric DNA-binding activities of both DNA-binding domains of TRF1 and
TRF2 and found that TRF1 binds more strongly than TRF2. Based on the structural
differences of both domains, we created several mutants of the DNA-binding domain of
TRF2 with stronger binding activities compared to the wild type of TRF2.

(%)
EREYOREEREEET DA TILGIREICEAZEVE LEFIDODNA &4 V)8
DEDPLEBRINT VD, TOATIIREFBOREMEFICETHARTH b, REKRE
TOREPEE DNABERED S KB EHEE L T3, & b Tld TTAGGG @ 6 HEH:
» 572 5580 R US| D 2 484 DNA IZ TRF1 & TRF2 A9 %, TRF1 & TRF2 D
CRIZEHET Z2DNAFKERS R A D 1 RIEBEIXFERFITELLTE D, BLEFIOD 2
Z$H DNA Z 3889 %0 & 51T TRF2 I 3" RHKRIMD 1 484 DNA OREIZBS LT
%o TRF1 &5 10 X 7 DNA OEEIXEICTE) S IC L W EBErEh TV 5, K%
TiX TRF1 & TRF2 @ DNA & R X £ L DM 825 7-%. TRF2 D DNA
BEERASL LV DNA EDESEOHEERZ NMRICKDIRELE, SSICEEERE
f% L. TRF2 & TRF1 @ DNA &GS DENVNVE 7 I VBL NVTEE L,

F*—7— K : telomere, protein/DNA intéractions, NMR, Myb domain

BRBPLAI, BEEOH DR KLELHLLEA
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[5E5k]
TRF2 iﬁﬂ%i%ﬁ%&ﬁ%ufﬁz%ﬁé BHER U7z, TRF2 & 2 48K DNA(tr13:GTT
AGGGTTAGGG/CCCTAACCCTAAC) % 1:1 TiER L, 5mM KPB, pH6.9 IZ#8% L NMR
G & U 7= Bruker £ DMX-600, AVANCE-800 T#IzE L. CNS TREZ®RE Lo
TRF1, TRF2 }& U TRF2 Z£{KD DNA #5&1E14:1d 10mM HEPES - KOH(pH6.8), 3mM
EDTA, 180mM KCl, 0.003% Triton-100(v/v)D5&f4:C Biacore3000 i & b #lE U 2o

[#ER] _
TRF2 @ DNA S8 K A £ > OHE&EIX 3 ARDA) w7 25 b, DNA L DEAEKTIX 3
FEBOANY w7 A DNADEBIZELAD, & 512 TRF2 O N RICH 5 Lysdd7 HEIE
DPOEREERB LT VA, 20 INA LORARERIZUATICHME XNk TRFL & B <l
TWe UL U TRFL & TRF2 Tl 4 DD 7 I ) E(Lys447. A4T1. A484, R496)7s DNA
DRBICBNTRER ST W, 22 T TRF2 & TRF1 OF#l7Z: DNA Rk DB V2R3
I 6 FEEE D E (R (K44TR, AAT1S, A484S, RAI6K , QM(K44TR/A4T1S/A4845 /R496K ) , DM
(A4T1S/A4848)) BAERR LTz BANIC, BERKL INA ORARRERT 5010 1 ]t
MR BIETHEERD DN £ 3 70 b V4RBE NI,

4 TRF1, TRF2 R 0r TRF2 ZE{k & DNA & OfE &% % Biacore THIE LTz, 85
N7=fEEH» S TRF2 1% TRFL & b S REEEHD 4 £555 <. DNA L OBEFMEDT N2 L b
RENTo 2 LT TRF2 @*Eﬁiﬁ& 1% R496K % B4 & TRF2 OBF 4% L b & DNA & OFAM
D, QM & TRFLiZ, FIFRA UMBERTH o2 DT L5, Lys4d?, AladTl,
Alad84 @ 3 FBEH TRFl L OEFMEDBENMIBED > TH DRI LysddT Bk E B
LTWB I EWRENE, '

(A)

Lys447 ' Alad7) Alndsd Argd96

hTRF2 (440) ST'NITKKQKWTVEESEWVKAGVQKYGEGNWAAISMPFVNRTAVMIKDRWR’IMKRLGW
hTRF1.(373) EKHRARKROAWLHEEDKNLRSGVRKYGEGNHSK ILLHYKFNNRTSVMLXDRWRTMKKLKLISSDSED
S S SRR

©

#I3  asdsiravunun
5' -GTTAGGGTTAGGG-3"

3! ~-CAATCCCAATCCC-5"
W R eSS Y

hTRF2 complex KTRFI complex

(A) The amino sequences of DNA binding domains of TRF2 and TRF1. Three helical regions are underlined.
The four amino acids that interact with DNA shown by the arrow differ between TRF2 and TRF1.

(B) The DNA complex structures of TRF2 and TRF1.

(C) The base sequence of the telomeric DNA(tr13) used in this expenment
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CGEEF - GSC, BARBTF®0?. WE - WRFFIEHE s, 30K - BRse | JHRF -
1BEES) :
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HlATE 2, WAEE L AEE S FHEHE! BE ¥, AkEET.
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Structural proteomics of animals and a plant: A comprehénsive analysis of solution

structures of the zf~AN1 domain

(RIYKEN Genomic Sciences Centerl, JEOL Ltd.2, National Institute of Material Sciencess,
University of Tokyo?, RIKEN Harima Institutes)

OT. Tomizawal, S. Koshibal, M. Inouel, K. Saito!, K. Izumi!, N. Nemoto?, K. Asakura2,
K. Takasugi?, T. Kiyoshi3, M. Yoshida!, H. Hirota?, M. Shirouzﬁl, K. Teradal, M. Aokil,
Y. Tomol, E. Sekil, Y. Fujikufal, T. Yabuki!, A. Tanaka?, Y. Hayashizakil, M. Sekil,

K. Shinozaki!, T. Kigawal, S. Yokoyamal45 :

The zf~AN1 domain was first identified at the C-terminus of a ubiquitin fusion
protein AN1 from Xenopus laevis. Recently, Huang et al. (2004) indicate that the zf-AN1
domain of ZNF216 interacts with TRAF6 protein, suggesting that it functions as a protein
interaction module. In this study, we determined solution structures of zf-AN1 domains
from the mouse 2310008M20Rik, the mouse 2810002D23Rik, the Arabidopsis thaliana
At2g36320, and the A. thaliana F5011.17 proteins using multidimensional NMR
spectroscopy. Uniformly 13C-/15N- labeled protein samples were prepared by the cell-free
expression system. Automated NOE cross-peak assignment and structure calculations with - ‘

torsion angle dynamics were performed using the software pack-age CYANA 2.0.17.
fEE 754 I 7 A, zf-AN1 domain, EHIFL ¥ //\7’*/\& ﬁfﬁﬁ? 57 //\7E

O&&?btﬁbl‘thﬁmfﬁl\wmbii:kl\éW&ﬁlﬁNwL
WTARITAR 1, RDEDRHE 2, XL 0B 2, EhTETAL 2, 2XLohx 3,
FLETOHRL, UA-0ALL LAITHDPI L, THEPIEL, 2BEFSHE 1,
ERRTIL AELNI L AUCBWEI L RREALDLL RAPHEZ 1
HOLEELLOTL EbedE 1, LOSENTE L E8br0 1,
LZRFLITOE 14,5
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All of the zf-AN1 dbmain structures are composed of 40 residues with two zinc ions,
and the protein cores are formed mainly by the buried conserved Phe residue together with
the zinc ions. Sequence alignment shows that the zf:AN1 domain family is classified into

two classes ‘according to the difference of the N-terminal zinc binding residues (CX2C and
" CX4{C typéS).A In the CX:C type zfAN1 domain, highly conserved Phe, Arg, and Tyr
residues on the protein surface stack with each other, suggesting that these residues are

involved in protein interactions.

(=i :
2£ANL K AL Vi, 77V AV AHINVOLY *F VRS S V37 K AN1 O C KB CHET
HFXAYE LTHRESNESE Huang et al.(200412 & - T ZFP216 ¥ ¥ 73 7 B D 2f-AN1
F X4 Y3 TRAF6 & OHEERICEE L TWA I LATREENTVE, DI E»H zf:AN1
R, ¥ YN B OMEER RS TR B ERSEV. B4, Y7 A0 2310008M20Rik,
2810002D23Rik. ¥ T4 X+ XF D At2g36320 protein, F5011.17 protein @ zf-AN1 F 2 £
Y DM E SR NMR HIC & o Tisg L, ' o

(&
18C, N E# A 2fANL F 2 4 > ORBUC I\ Y » 37 BEEHR %AV NMR I I I,
Bruker ¥ AVANCES800, 700, 600, JEOL #L5 ECA920, 800, 600 % i/l L7z, NMR &
~Z b Vi, NMRpipe 12 & % 7 — 7 LB 272812/ S 2B % L7 Rujira 2 VTV 74
 VIRBRFF o7, CYANA2.0.17 12X % NOE HENWRIE & MBSt E 2470 700

[#5]
2ANL KA A4 Y OB 2 LI EDTHII L7zo 2£ANT F A £ Vi, 40 7 3/ Rk
TUBREBELRERLTWA, 2 DOHEEHA + ¥ ERFEROE Phe 785 Y7 BEOBEHHR L
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Figure ' Structure model of the zf-AN1 domain from the mouse 2810002D23Rik.
Ribbon model of the zf-AN1 domain (CX2C type) from the mouse 2810002D23Rik (751-793).
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Arabidopsis thaliana Structural Proteomics:
Solution structures of the two SWIB domains of the BAF60b homologue and a plant-speclﬁc protem
. encoded by gene AtSg08430

('RIKEN Genomic Sciences Center; *The University of Tokyo, *RIKEN Harima)
M. Yoneyama N. Namekx N. Tochio, S. Koshiba!, M. Inoue', M. Yoshida', H. Hirota!, M. Shirouzu', T. Terada', M. Aoki’,
Y. Tomo!, E. Seki', Y. Fujikura', T. Yabuki', A. Tanaka', M. Sek1 K. Shinozaki'. T Kigawa!, S. Yok'oyama123

| The SWIB domain consists of about 80 aﬁlino acids and is found in several proteins such as the eukaryotic
BRG1/Brm-associated factor 60kDa subunit (BAF60) of the SWI/SNF_ complex and the plani-specific SWIB
domain-irncvluding»proteins. The SWIB domain is referred to as the SWIB/MDM2 domainv,family in Pfam
database. The multiple sequence alignment of the SWIB/MDM2 doﬁain family shows that this family can be
divided into three groups; BAF60 type SWIB domains, plant-specific type SWIB domains, and the MDM2
domain. It-is known that the MDM2 domain is the p53-binding domain of the MDM2 oncoprotein thot acts as a
cellular inhibitor of p53 activity. ﬁowever the structure and the function of the SWIE domain remain unclear.
Here, we report the solutlon structures of the two SWIB domains of the BAF60 homologue and a plant-specific
protein encoded by gene At5g08430 from. Arabzdopszs thaltana by NMR spectroscopy. The structures of the two
SWIB domains are similar to that of the MDM?2 domain. Although the conserved residues are different among
three groups, these residues are clustered on the regions corresf)onding to the p53-binding site of the MDM2

domain. Our results suggest that each SWIB domain group, respectively, has a. different function.

[?%]$WBFX4>@%8673/@&%#6&65&¢%u%ﬁ&Fx4yﬁ%é.smBFx
47%@@7?N7EKH,7U7%?@ﬁ%$ﬁ%5T%SWMWF@%@%%&T%IM%Oﬁ%v
Y, F e, WHCIEEIERAIC S B HMOMMEA & SWIB K AL Y EHY VS BENb 5. SWIB

Fx{?@,Pmn?~yN—xou,MDM2Fx4ykt%uswmmmM2F34y7730~a

LTHEENRTWA, ZTOSWIBMDM2 FAAL»77 3 —i%, BEFIREIZL ) 3BEOH 77—
7, T%&bbL, BAF6O Bl SWIB, AR SWIB KUY, MDM2 i) 47z, MDM2 F 2 4 Vid,
MDM2 JE# 5 2 /S0 BD pS3 #EE FAA Y Th Y, p53 DESHEREBICHE TSI LICXY p53 D
EHEHET LI EPHMONT NS, if:, p53 MDM2 %ﬁ/\@mma%mﬁxi&%énfﬁ ), MDM2

SWIB domain, MDM2 domain, #:&E 7074 I 7 A, EMY ¥ N7 B

QLR FHEE, ZOEORNT, LbBEBe, JLIEEVE), woIzFEI L, LT
B UBLUBL, LAITAND, THELPIE, dBETEHE, LLRTI, ¥E10T, &
CLHWED, REELwA, t&#&ée,eéoa%% LOKENTE, Frot LT
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FX A YO ps3 EEHMIZe2 Lod MOETHEI LbhroTw5b, LeLEND, SWIB FA A
¥ ORI MR BRI L Tdb 2o Tk b, "

4, Y04 FXFD BAF60b FEW— (BAF60 Bl SWIB). BE U, Y14+ XFDRIEF
At5g08430 (20— F S NHEYIA & © 87 K (RYWISHER SWIB) O SWIB F XA ¥ O h#iEz
wiE L7z,

(5] #EMRL S > 3 2 EARRICE Y, 2 D0 BC/N #Ei# SWIB F X 1~ (BAF60 FET— 7,
At5g14170kEH5§57 VN2 315394 aa. B LU, At5g08430 HIE S X2 H25-112 aa.) FEREL L.
'NMR 51243, Bruker #:# Avance600 5 & U° Avance800 % Fi\r7:. E#B L UHISH0IRE X
NMRView & BEF GSC iIZ TR S N@HTH Y — v KUNIRA % H\/z. NOE HENRE L kst
#1212 CYANAL0.7 % w7z, ' '

R - #B] SEMEAT L7 2 BEO SWIB F X 4 Y OUEEREE Fig @B UOIERT. ¥55
DSWIB FA4 b, ;4 DODo-helix 75 % 5 open helix-bundle # . L TV 4. BAF60 & SWIB K X
4 ¥ Tlid, %D open helix-bundle iZ 2 D antiparallel B-sheet ZSAFRAGICE L, T/, WWEHE Y~
N7 SWIB F X A T3, 120D antiparallel B-sheet 5T 5. TN b DfFEIE, MDM2 FXA 4
~ (PDB code: IYCR) & X (il CH 5. ZNFROYT7V—THTREERTBY, »OHE
BWICEH LTV T I/ BREE, BAFG B SWIB F 1Y, HWHAR SWIB K4, i
MDM2 @ p53 A ELICAS T A FIMITITLALER LTnEL, 7 70— 7HToERIGEE
Hhiroiz, INGOFRDP S, BAF B SWIB, M4 AHE SWIB iX, MDM2 FA 4 ¥ &id#n ¥
R o IR O 2 LARBEND,

(PDB code, 1V31) (PDB code, 1V32) (PDB code, 1YCR)

‘Fig. 1 Comparison of the structures of the SWIB/MDM?2 domain

The structures of the SWIB domains of the BAF60 honiolog (a) and a plant-specific protein encoded
by gene At5g08430 (b) from Arabidopsis thaliana are shown in ribbon diagrams. The structure of the
MDM2 domain from human MDM2.oncoprotein is also shown (c). The color represent the conserved
residues(a, b) in two SWIB domains and the p53-binding residues (c) in the MDM2 domain.
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Determination of peptide orientation in membraneous environments using
spin labeled lipids o i
“Kazuo Hosoda', Shinji Noguchil, - Yoshihiko Inaoka', Toshiyuki- Kohno?, and
“Kaori Wakamatsu'

'Faculty of Engineering, Gunma University, *Mitsubishi Kagaku Institute of Life Sciences

The information of the orientation of peptides in membranous environment is important for
understanding the function of the peptides.” A transferred NOE (TRNOE) method, which has been
used. to' determine the conformation of peptides bound to vesicles, may be applied also to determine
-the orientation of peptides in the lipid bilayers. Last year, we reported that TRNOE signals of
peptides are quenched depth-specifically by spin label groups incorporated in vesicles, and
determined the orientation of mastoparan-X bound. to vesicles by such quenching of TRNOE signals.
Here we will report the precise determination of the orientation of the. peptides bound to vesicles by
quantitative analysis of the quenching, We will also pr‘esent; the application of the spin label-
mediated quenching for determining the orientation of peptides bound to bicelles. V
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/-\Lt«\7-’:° RoarrxA—varERETHEEE LTL, JBEL EH%Z’?ETT@E:-
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Fig. 1: 'H-""N HSQC spectrum of MP-X (3.75 mM) in the presence of DMPC/CHAPSO bicelle
(4 mM). Insets show signals in the presence of each spin labeled lipid (0.4 mM).
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Improvement of solution NMR spectra of proteins by the addition of NDSB
Takeshi Ishii!, Hiroyuki Kogure!, Yasuko lizuka!, Toshiyuki Khono?,
Kenji Kubota', Kaori Wakamatsu'

l'Facu.lty of Engineering, Gunma University, “Mitsubishi Kagaku Institute of Life Sciences

Non-detergent sulphobetaines (NDSBs) are a group of small zwitterionic molecules having a
hydrophilic sulphobetaine group and a short hydrophobic group. NDSBs are known to prevent
aggregation of proteins. They are also known to increase the solubility and thermal stability of
proteins. - These properties should be particularly useful for solution NMR measurements of
proteins. We confirmed that NDSB-195 increases the sensitivity of NMR signals of ubiquitin.
Improvements of NMR spectra of other proteins will also be presented.
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Fig. 2: HSQC spectrum of ubiquitin in the absence (A) and presence (B) of 0.5 M NDSB-195.
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Solution structure of the NifU-like protein from Oryza sativa

('Depatment of Structural Biology, Graduate School of Pharmaceutical Sciences, Hokkaido
University, *Laboratory of Molecular Genetics, College of Agriculture, Ibaraki University,
*Biochemistry Department, National Institute of Agrobiological Sciences)

OHiroyuki Kumeta', Kenji Ogura', Munehiko Asayama’,
Shizue Katoh®, Etsuko Katoh®, Fuyuhiko Inagaki'

The NifU/NifU-like protein is proposed to provide a molecular scaffold for. the assembly of
iron-sulfur cluster and is required for photosynthesis, electron transfer reaction and regulation of
gene expression. The chloroplastic NifU-like protein has a chloroplast targeting signal sequence
at the N-terminus and tandem-repeat of NFU domains. A CXXC motif in the NFU domain is
suggested to accept and transfer an iron-sulfur cluster to receptor protein, but the C-terminal
domain is devoid of this motif. This domain arrangement is unique to chloroplastic NifU-like
protein family. A NifU-like protein from Haemophilus influenzae (HiNifU) wés determined in this
protein family, but has low sequence similarity with disparity in the Cys residue location.

Here, -we describe the solution structure of the C-terminal domain (L.154-S226) of
NifU-like protein from Oryza sativa (OsNifU1l) by heteronuclear NMR spectroscopy -and discuss
structural differences between OsNifUl and HiNifU, which provides clues to biological function
of the C-terminal domain of OsNifU1, '
[ oic] .

SRR NifU-like > /<2 Bk, SEkEHICE 173 Feredoxin FESET 5 & EERHAH
B2 5 R 5 - RO BB L UCHRET 2, ¥ ERERER NifUlke ¥ >R 7 HIZ\N FKifi
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@ NifU-like ¥ v 37 % (HiNifU) O&ThH 2, 7. ERGBER NifU-like ¥ 32 E L HiNifUu
BEFIHEBAEICZ L, YA TA VRERED—RES LOMED B o Tw 3,

EHRERTIE, [ FHKEREBAEE NifU #2828 (OsNifUl) @ CXXC €F—7 %2 K/Rw
A4 v (L154-S226) icBL C. NMR &% H W ST 217, KE 2 ERIEBAER NifU-like
FYRIEDETFTNVELT HINU & ORBBEZTI 2L, BRURF AL v OBBICET 2588
2I7H 2 LEWEENE LT,

BE/uTAI VA AR/ 570Yy  SREY Vo H, NifU/NifU-like ¥ 828

(D7 VAYE, BCHTAL, HERE LRV, L) LTA 2L Z2Z,
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NMR BIEY ¥ 70t 0.8 mM "N 3L, 0.45 mM “C/°N I ~Lik% v, $HERIT
NMR i3, Varian #:%{ UNITY INOVA 800 MHz % X U8 600 MHz 43FHc & > TfF o7 A%
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Mﬁ%énto. e
(B2
85 N7 MG L BRI NifU-like > 82 8, HINIfU L OHiRET>7%, —KEFIL, R
Eﬁntuﬁu«‘ba Cys Bz, My R7HIKBOTa~Y v 7 ARMO—HAIHEELTHEELT
Wto%ﬁﬁ?7X7 Mo~V 2 ARMO—F AR INEENIHEREING, S IRY
RS L uihofEBE GRASP K X2 REBHRAIC L DB ZToRE 3,
OsNifU1L154-S226 13tk ic . HINifU 3B I B A Tz, OsNifUl O 525 —L & 7
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Fig. The solution structure of OsNifU1L154-8226.
(A) Superimposed of 20 structures (B) Ribbon diagram
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Studies on Vanabin2, a vanadium-binding protein in a vanadium-rich ascidian, Ascidia sydneiensis samea.
— solution structure and vanadmm-protem interaction —

RIKEN Genomzc Sciences Center'; Grad. Sch. Integrated Science, Yokohama City Univ.”; Grad. Sch. Sczence
Hiroshima Univ.}
OToshiyuki Hamada"?, Miwako Asanuma', Tatsuya Ueki®, Fumiaki Hayashi', Naohiro Kobayashi', Shigeyuki
Yokoyama', Hitoshi Michibata®, and Hiroshi Hirota'?

Ascidians belonging to the suborder Phlebobranchia are known to accumulate high levels of a transition-metal,
vanadium, in blood cells called vanadocytes, even though the mechanism for this biological phenomenon remains
unknown, Recently, we identified vanadium-binding proteins, named Vanabins, from a vanadium-accumulating
ascidian, Ascidia sydneiensis samea. _Here, we report the first 3D structure of Vanabin2 in agueous solution.
The structure consists of an overall bow-shaped conformation with four o-helices connected by nine disulfide
bonds. The N-HSQC perturbation experiments of Vanabin2 indicated that vanadyl cations are exclusively
localized on the same face of the molecule, and contact most of positively charged residucs. The present NMR
studies provide information that helps for understanding yet unknown mechanism of vanadium accumulatlon in
ascidians,

BREY O RV IIHBE D DBRINGIZ N D AZ B LTS, BINF P LRY (dscidia
gammata)DMERICTBNWT, FOBEIBARDONF T LBE 35nM) D 1,000 5 (100 HITHY TS
350mM I2389 5, MIRPOBEINENFITAINF DU LEEAR ONF RY1 b)) OBEAD
MEEEET (pH 1.9,500 mM HaSOy) T, ZME[VUINICETLENTEZL SN D, MHOEREIIHAE R
WIOREREEBRIL. €814 ORRNBERE2®ETS LTRIFOTTNTH D, LFH.
IZHEYRRICHRREN, BRAE Bl APFLRY scidia sydneiensis samea)D)NF FH -1 hip
5 5B Vanabin B (Vanabinl, 2,3,4 andP) ZFEL % TN 5I3LTESI LR 20%D 2 2T A
VEREEED. [C)-{x 2D} {CLEVIHBRNREF— T ORDEBELEFERL TV, ZhoD
Vanabin EOH T, Vanabin2 }d, Hummel-Dreyer I5iI2& 0. 1 9FH2Z 0 1020 BEFOEMHONF T
LVAVIERRT B EBHNoTND REETEHKIT 10°M BE) . £/, EPRBHTICL D, Vanabin2
DUPBEOERETE VAVBSEEZ BRI DI EHRRINTWS 3, BEOIE XKD, Vanabin
B, 2<HLNWIATTORBEARY O NIBETHY, NFITLMA L EORBEEAAN XA, £
LTHRVIZBFBNFTOT LA F L OBEETHIBEMIT 5 LT, Vanabin BOMAFBEORENR
ARTHB, T, R&4IL. NMR 2/ Vanabin2 D ZRTHEEDRE ZHA . £, PN-HSQC
AR BV ET VAV)T 7 > O titration RBRE 17721, Vanabin2 Q¥ FI2 BV 2 vV ETA Ot
{7007,

£9, ABEZAWARBERICLD, UN-BIUEN,BCERBO Vanabin2 )V N—A#&Y 2Ny
BEOMES P NIBEEUTHESHE, amylose resin 7 7 4 =5 1 — 1 T A, factor Xa {2 & 5 tag YIKT.
DWTRAF B I S LEAVTEE, BHLAZ, ChS50ERY >NV EE 20mM U BIEER

(pH6.9) IT. Z NV BEBRE 1mM BED 10% D,0 KBKE U THE L, EIZ, Varian Inova600 &
Inova800 {2 & D NMR BB 21772 -7z, E#HB L UEEEDIRBIZIZ NMRView B X VR GSC THE
2B 3 Nz Kujira(ver. 0.8995) & AWz, T T, Vanabin2 KEENZ 1I8EDOI AT VRED Cp
A—RDr /)7 M 36-48ppm TH 0, S TRLETH 5 Z &N o Fz. ZORFRIT, ESIMS
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NOESY K& U\ ®N-edited NOESY AR I )L £ THH L 7= 2,686 D NOE % CYANA(ver. 1.0.7)& AT,
BEERER LU AREHEET Aok, BohZ 20\ 07 0—NV 7 +—)V F#E (E#D RMSD
139A) RBWT, VA5 VEED C & S FEFHOERZRD, 9 BLTO SSEADOHAEDE(9-63,
13-59, 17-56, 23-49, 27-44, 31-40, 67-94, 72-89, and 76- 86)%:9%1/710 B, TNSOMAEHhEDD B
4D sSEEE. BESMERICLDBRINE,

Kiz, 2TO SS HAFREESD T, BKRNZBESEZEIT/8> 2, NOE » 5 &/~ EEHlK &AM
AT, Talos BHENSE SN/ 103 D o,y angles D "EAHIKFRMA. %L T, HNHB, HNCO)HB 2 5
"/ENZ 14 O y; angles DHAFRSGEEZ D 12, 100 BOTMEEDN 5 CYANA BEBSHE 2T
D7, EDKER, Vanabin2 i3, 4 FDaorhelices N 522 FHOMEEE D, SSHEMIL TRICEE
LTSI EPF o7 (Rig. 1) Vanabin2 i3, BEM rigid 185 NNV BIZRSN B X 3 ssikiEay
BRENBV, ZOED, ZHENO helix IF, BSIHRLTWS (E#ED RMSD 0.2-0.3 A) OIZH L,
DT 2EONEETPPMD (EHDO RMSD 1.14A) THhHol, £, Vanabin2 1E. 14 FO VU P UBRE,
SEOTNFVBREEEATHEN, TNEOREAENPTFREDOHRICKRIEL. positive charge
DRHERLTNE,

FiZ, Vanabin2 ENF IV LIV F > EOMEERZRRDS 0D, NMR &N titration EBREST
272, 0.15mM @ "N 3 Vanabin2 O NMR HIE#HEHT . VOSO, & iminodiacetic acid (IDA)® 1:1 mixture
ERLITMATHE, UNHSQC LD T FINOREBER R, ¥ 20 E  VAVIOTEIEE 1:02,1:1,
1:5,1:10, 1:20, 1:40 TfT o 7. IV 1:1 Tid. FHT D signal broadening %R L7243, signal D KRIZE
Siziofz. EIVE1:5 Tid. signal broadening & & 12, #1173 OBEMNMEE L=, HALRBEIL. 9,
K10, C13, T21, C23, K24, K38, R41, R42, C44, K45, D53, D57, A58, R60, M61, K62, C63, H64, K65, A66;
C67, R68, A69, N71,'C72, C76, E80, S83, T85, C86, R87, A88, M90, T92, C94 M 36 BETH o7z, TV,
L10 T, DROOITFINOBERIZIMA, I AN T BB TETHED, Lic‘:/uc‘:ojﬁifﬁ
EEARRETH >z, ENLLSORBT THALRRED, ZRTlE L TREL l/”Ca‘o 0. %@E’ﬂf
13, surface model M positive charge D7
HEMERESNE, 20T LR,
Vanabin2 13, fISHIcERFEFE2HEOUD
IRTNVFZ U EMEEALTNS
EMDMY, VAV)-N THELZERT 3
EWD ESR IR O#RZZHL =,

PAE, NMR ZH\\WT, Vanabin2 O=
RIBEEREL, NFPTAAVF
CEOHEERABuERSMILE, &
BOFERBMFAEIZ L o T, Vanabin2 &N
FOO LA T OMERR A Z XL
IDWT, ¥k, RYONF I LB
BIEAHZXAIZDWT, DR
RAVES N300 EEET S,

Figure 1. Structure of Vanabin2

(Left) The final 10 structures superposed over the backbone heavy
atoms of encompassing residues 18 to 70.  The side chains

of half-cystine residues are shown. (Rnght) Ribbon representation
of a gingle structure.
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2P056 I haURYT - FLESIZA Tom20-ALDH 7 LEFIEA KD
RS L ARTOAEAT '
VIR B EIE R FERT
2HEBRE - REGHEZEN R
O#m#Ez ', HFAHEmE' BERZ" AtPBE", EEEL 2 HEXH

Crystal structure and NMR backbone dynamics of the mitochondrial import receptor
Tom20-ALDH presequence complex |

! Medical Institute of Bioregulation, Kyushu University

2 Graduate School of Science, Nagoya University

OTakayuki Obita', Mayumi Igura', Toyoyuki Ose', Katsumi Maenaka', Toshiya Endo®
Daisuke Kohda'

Tom20, a general import receptor in the outer mitochondrial membrane, binds to
mitochondrial presequences, and distinguishes mitochondrial proteins from non-mitochondrial
ones. Based on the NMR structure of Tom20 in complex with the presequence of rat aldehyde
dehydrogenase (ALDH), we designed a new Tom20 construct by removing flexible tails at the
N-terminal and C-terminal ends for crystallization. Then, we succeeded to obtain crystals of a
complex of Tom20 witﬁ the ALDH presequence connected by a disulfide bond and determined
the structures at 1.9 A and 3.0 A resolution.é; The overall crystal structures. are similar to that
of the NMR structures. NMR relaxation analysis of'*N-labeled presequence peptide in the
disulfide bonded complex demonstrated residual mobility -of the presequence peptide in the

bound state.

SharRYITOw R v 7 REUAZBISHRE TARSEE, I
S RYTIBASRD, I hay FY ZICIREEF 3 ¥ o0 BESEBTEE
L. 29T Tom20 ZAME LIZFEL T VERIICEIICHEE T 2B/ E LTH
BELTWS, = U v RFZ U2 Eix N R VERFIDRAZAHN L 7= BiBR
BAEL LTAREND A, Tom20 N7 VEFI 2 RET 5 2 L THXSERMNIEE 3,

F—U— K ; fEREE. BRI, Tom20. 2 har FU T, # L 0 Blk

EESVDR  BOREPE, WSHEDH, B i@%\éfmm:o?f\-
RAED LR, ZHERVT |
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= Tom20 ﬁ%:ié#%ﬂl&f LECTIGREBM AT 572 D12, NMR
BEZbLLIZT7LVIFI TR N KL C KRERWEaTHEEICHIET S
Tom20core Z{ESE L, X#fERBMEEMNT 21T > 72, Tom20core & 7 LEEFI(7 V=2 —
VIR AKRBEFE K : ALDH) & OFEAIEH WD, FUEFIDO C Rz ALHIZHEA
LIV AT A4 &2 LT SS A 2R ST Tom20core-7 L EFIBE AR ORERIL
27 o7,

Tom20core (X XBFHE BL21(DE3)Z AAWVWTHRBA I, GS4B W T AICL
B L7z, ALDH ZLVEFIIRTF FARL, #MI T A7 uv b T 74 =2V
BRI L7, Tom20core & ALDH 7L Ei%|% pH8.0 IZTIRAHR., —M=BRIZHET S
ZEIZkY SS HAREHRESER, VDT BELEZBILET, 22
DRI DHERUTHMRRE SA L HMRE 1.9ADRERDZ LN TE, TRELD
Uk —BEIE YAGC & AAGC THY, Y UL i—BLUA UL b— LR LI
T5; Y U Uh—fEfidZ Mt C2 CHEMFHEMTIZ 74T, AV b —FERITZeR
B P2 C2AFHEENTVE, BL/ AFA=VFHHEEEANC Y Job—#
Ex MAD EEIZ L o TRBIRERZTT o2, DWT, ZOHEE2HAWVWT, SFERIE
L0 A YU —EERRE L. Y &R TIET T D Tom20 4 T4 7 L &SI~ 7 F
RERBL, AV F—VA L REA=— R LT\, 22hb, 62077
svatiasy FEYYVHLE,

NMR #3& (&b, 5 7R SS #&akL) &
3~ & . Tom20core #5312 iZIER—Tdh > 7= (rmsd
<25A), FVEFHI~Y v 7 ZADHE L FFIZ NMR #
BEHAEECTILER -7, Tom20 2B DHE
HO~TF FEEF (RULSRLL')
Fa~Y y 7 AEER LD LN
birole, L, ARRTIERE
DN X THRIZEY a~Y
ST APLDTNBRD LN,

' Figure 1. A schematic Figure 2. Superpositon

model structure of the NMR structure
of Tom20-ALDH complex and two X-ray structures

FUEFITF K& PN EHR L, SS HA TRHRARBICEE LIzRRIZBW
. T NMR BRI 2 B2 2o 72, ZORER, EFA7 U —BHICBV TRARE
28 D7 VEHIMS TIHLERRIZ L DR ERBT D R HOBARNKETH
. 20X LREAREBIZEVTRSF FICEBMESE > TWB I L ERLTWS,

A-linker %
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' (FEIFERE I¥FH EARENER)
O AR, LAilZ, BEHE, Fohy, WERT, AHES, EXLFRL, WK

Effect of Residual Dipolar Coupling Information on the Structure Determination of RNA by NMR
Taiichi Sakamoto, Tatsuhiko Someya, Seiki Baba, Satoko Noguchi, Kyoko Seimiya, Tomomi Kimura,
Kazuya Fujiwara and Gota Kawai’

Department of Life and Environmental Sciences, Faculty of Engmeermg, Chiba Institute of Technology

The global conformation of long RNA molecules containing bulge or internal loop is not well
characterized by conventional NMR methods that rely on NOE-derived distance restraints and
J-coupling derived torsion angle restraints. Recently, residual dipolar couplings (RDCs) that provide
long-range angular information have been used for structure determination of RNAs. In this study,
RDCs were used for structural determination of a model RNA including internal loop, and the effect of
RDCs on the structure determination was analyzed. The global structure of the model RNA was
improved by refinement with RDCs. Furthermore, the local structure of the internal loop was
significantly improved, despite RDCs in the internal loop region was not included in the refinement.

1. IXC®IC
NOE DFENTIC & 2GRS E J 7 v 7 ) V7 OBFIC L DR UNADERE HV TS
RETHHEROMITIETIE, BENHSE S L2ERIT 2 EENREEEREEBI L8
TERY, £D7), RNAZFOXLHIIZEML, EaFBITNMRoTVEHEEITIE, £
FHELERICRET D LIIRETH 7. LL, 20X ) RBEERETSFEE L
T, BRIEBFHEER RDC) &FHT 25 ENHRE SN, RNA OMEBERITICHIM S
NTWa. BTk 77 BE (25kDa) @ RNA X101 2% (33 kDa) @ RNA @ RDC Z
ti@%ﬁ%ﬁ%ﬁiéMka mm:HmAwiW%Lﬂ%;kWTMﬁ®%ﬁ&ﬁo
TETWS

HIV-1 D4 ) 5 RNA L, TANRKRFIT Ny br—
U ENBEIZRNA O " BENED B, B2

1 8,
W, %) 5 RNA ORI B =X BEB OIS G "””” sz
% BRYC, ZEA(LBRIAERALOD RNA OISR uuccug Y
iT-oTW5a. ZOZEME{LBRLBEALO RNA IX, JE 3Cc /// [T1T1] u
HFRDONEN— T %307 HIC, SEEEIITHHE 3,, ACGGC g®
BoTEY, 2EEELZRETHZHIZIE, RDCO 2 -
BROEABYLETHD. FHFETIE, TOEE internal loop

{LBAREEML DN — 7 % &1 ET L RNA (Fig. 1)
ZHWT, RDC OF#®RE M z_t#%ﬁﬁﬁﬁ 2150, F Fig. 1 Secondary structure of a
DB HOWNTHRERT L7 2, 34 mer model RNA.

Keywords: RNA, RDCs, bulge, conformation, convergency

A Efnnh, FHR7-o0Z, HIEENE, oChEED, BnLaErH D,
Zb bR, ST, hbnI o
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P
2. Fi . , - '
G, A, CBLUVU DETRTRIZOWTHERRNI "C/NERLERABZR/B L. &
FEREMIE B0, Pfl phage # V2. DRX-600 (Bruker) % T, 25CTHIER
TV, BB TV T FAORBEITo T2, ,
$EIZIX, 8 mg/ml pfl phage ® & & D RDC
Ex R,
3%@@%%F$k;ommﬁ@mbhﬁ%
W& HWT, discover IZ X ¥ simulated annealing
(SAYEATVY, 100 BoWELHE L. b
DOEEDOT TR RN —DE 18 BOHEE
ZFV T PALES IC X WELMT > Y VDR %
RD7=. RDC DE#RE LT, AT LHETD 26
EOWHE V=, EBIZ, CNS 2 VT, RDC
Q%ﬁ%ﬂﬂit’l’giﬁo)ﬁﬁﬂb%ﬁot *ﬂﬂ% Caloulation 3
L LT, discover IZJ ¥ EE L7z 100 EOHE
ED D BT RLX— DR S EO#EEE V.

CENENO RSOV T, RDC DFHRANM
AL EEMIANEET, ZREN 100 HD o
HEZTY, BREE L. :
3. BEBLUGER
PALES % fV /= grid search {Z& Y RDC %
fitting L7z & 25, R X —2MEV G
RDC O fitting & KV 2 L #sbhotz. 22T, | TR
REX X —RNEVEEEZ BT, BAT Y Fig 2. Comparison of the 10 refined ,
NOEH (D) LFFE (R BRI DEEZHE  structures between without and with RDCs.

L, TOEBELROELZAH, £NEh-13.4 The S calculations were performed with the 5
Hz, 034 L 72 o7, HEOREELEECIx, = differentinitial structures. Each 10
ho DEET v I NV OEER V. structures are superimposed for the stem2.”
woﬁmm%%Lwﬁwf%I*w%~@ﬁmsﬁwﬁmw%n%n%m%%&bbr
CNS %\, HHRAMIC RDC OEBEMX A LML R2VEE DZNEIITOVT 100
BOREET R, ZREAOHEC L > THLNEREILRNT, BXLF—0EN
10 EOEEL EREDE-HREL Fig. 21077, BiE, 2722 TEREbLETHS. RDC
DIEBREMZIRNBERITIIRENA— T BHRA T AT AOAEIIRE L BNTWVEA, RDC D
BREMZ DT Lo TATLAOAERZE—ELRY, BEHESPRL TS Z LR
Dot Efr, A7 LB D RDC OEBOLEMZIZT E b LT, NEL— 8BS D
BN LSRR T B Z eWbroTz. THhiL, ZTA@®ﬁﬂﬁ§#&ié LizkoT,
NEAL— TS LKL Z T ThEEEX NS,

4. SHROBE
RNA OILFEERTIZIN T RDC UDhaﬁzWﬁﬁﬁ’CﬁJZ) CERTZEBRTEER, B
FUINDEEERDDECEBBLETH S, SEINL, BHIO RDC OFRE M2 2VVE
EHEOBREEZFHALT, RDC OEJELZHEDL I BRTIEAT VI NVERLE. Z0%
A, AV 2HBENREROEE L XRE BRI, BOREAT VY VBB,
E, AEHAWEBEIIRNTY, HEIREOEBEDIIL2ERHY, ZOELHXIZLY
ERLERT VY VORFMERIELN TRV EBbNS. %1%, L0 EHLERT Y

CNVORSEE ED XD ICEHT AT OVTRE LY.

1) FAR—, RAHE HHHFE  49,257-258 (2000).
2) BRBEE fh, W% 53,171-176 (2004).

RDC _+RDC

Catculation 1

Calculation 2

Calcigation §
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; Specific Interaction of Human TRF2 with a G-quadruplex Structure
OvYuuka Hirao!, Tadateru Nishikawa® 2, Shingo Hanaoka®’ 2, Hideyasu Okamura'’ 2, Noriyuki Iwasaki', Satoko -
Akashi!, Mamoru Sato! and Yoshifumi Nishimtra! »
. (*Yokohama City University, Graduate School of Integrated Science, 2Kihiara Memorial Yokohama Foundation

for the Advancement of Life Sciences)

Telomeres are the ends of eukaryotic linear chromosomes. Human telomeres consist of long
tandem arrays. of a double-stranded TTAGGG/CCCTAA sequence followed by a éing]e—stranded
DNA with a TTAGGG sequence repeatedly at their 3° ends. The double-stranded DNA re’gibné
of human telomeres are specifically recognized by two proteins, hTRF1 and hTRF2, both of which
play an important role in the negative regulation of the elongation of telomeres. It is well known
that single-stranded DNA containing telomeric sequence could form a four-stranded structure,
G-quadruplex. Here, we have found that hTRF2 can bind to a parallel G-quaruplex structure
formed by single-stranded DNA with TTAGGGTTAGGG sequence in addition to the
double-stranded telomeric DNA. .

[+]

EEDORRPEEBERBIZITAT LRI, REERRECHEETIEDICEEREE
ERESTVD, 7UATIX TG Yy FRRVIRLE S| D — B 5 A DNA (FHE S 4 Tld TTAGGG) &
frL, 3’ RIBEANZ2H L 1 A4 DNA BA0S45, Fur7NIELEEETH-HIzidTaA
FEUNRIBIZRKELERTFET B, EFDTF AT Z L R EIZ1X hTRF1 £ hTRF2 BHY, =D 2 2D F
URIVEIIRTUAT 2 EHHA DNAIKHEETAILTTuAT DNA HRER T AT —EOEHE
AHHLTWA, hTRFL & hTRF2 X BT rATEFIIHE AL TWAD T, Tuir7 KD
ZREMRBEECESREITILCI-THRNRTOATRELZH R THEE XL TN,
o, TRATEREFREO | 28 DNA iXHThEgh T G4 B HABERER T2,

413 12mer DF0RA7 DNA, TTAGGGTTAGGG (tr12+) AT G-4 ELHAMEETH L.
hTRF2 @ DNA #E &N A/ (DBD) ¢HAEEATAHZLE NMRRMS ZHWVWTR AL, B Z6AH
FE L NMR JIEIZLD, tr12+08 KB T CHAT G4 ELHABEERTHR T2 2R L, £
NMR O EASHEIT G-4 EOLRAERF LTS tr12+X hTRF2-DBD 0 2 B H D ~Vy I G -
B THD V462~N4T76 LHEEAL, &SI trl2+liZ2TH G 7T HFH O T MHEEERICE&
TRIENTRBRENT, ZOBESEOLERBEIT X B/NARILERICIVER THILN TE,
G4 ELVABEDOTuATIZR I AR TRV, BHFREIZLY, TurTRKEMOBE
REEDOHRICBHE THAREMEINTRINE,

F—Uw—F: FuRA7, hTRF2, G-WELTAHEIE, FL37E-DNAEEE

EH SN 0LBDIM, KLhbiE T3, iXeBhLAZ, BhDLUTRT, WhEEnh
&, BHOLEEZ, EEIELD, KLBLLER
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[5=5%])

tr12+}% 75mM KCl %4 %e 50mM KPB(pH6.8) iR i R CHBIL . 7=—VUr S LIz, T=—Y
VB tr12H A LT, T G-WESRABEDOH R AR T B-HIZIRE 293K THZAH
EZITo7, T K EHBLT Na'iZBIT 2B ERTFEE 5702, 50mM NaPB(pHS.8),
75mM NaCl THBL 7 =—U 7L rl2HZH LT RIEDOREE 1T o7, 517, Bruker &Y
AVANCE~500MHz(cryo probe)Zf AL T, 2 KIL(H-*N HSQC, NOESY, 'H-13C ct-HSQC,
HCCH-COSY., HCCCH-COSY . HCCCCH-COSY, HCCCCCH-COSY. HCN., HCNCH)® #ll /&
ZITW.DNA OV 7 A DRBEIToT, BIEITRE 293K Tffof,

tr12+& hTRF2-DBD D & #4281 Tit. Bruker #-%! AVANCE-500MHz{cryo probe)%{E
LT, tri2+5L<ik hTRF2-DBD O BEMBELEAIED 1 KT -2 RO HFAEILEEE 293K
TERALE,

(R -BE]

M ZAJE IRV T, 12+ KEE T TFT G-NELEAMEE IR K2 (265nm &
EDHEK, 245nm IR DBK)ZRL, S5, tri2+¥imo 1 kT NMR HE 2BV T G-imino
proton DV 7 FARERBINILIEND, FIT G-HELHAMEDOH RARBENTE, .
50mM NaPB(pH6.8), 75mM NaCl TR L/ tri2+O M “AHEOHERIZ K FEE T O tr12+0
FRLITHLMNCERY, B FAT G- ELE A IS0 (295nm (ZIEDOME X, 265nm 1
ADBR) R LI, trl2HE KOFEEICIo CTET R EE TR T52 8 R eI,

tr12+& hTRF2-DBD & &7 NMR HIZ 2BV T, hTRF2-DBD LI trl12+ B L E A4 D
VPN BB LEEZA, TRICRTIICKREREARBERS N, Z0Zthb, VAT
MR L2 BB RS- hTRE2-DBD O 462~475 % H @iﬁ&& tri2+m TT~9A B E B I
BRLTWAEA THALEEZLND,

EBIT, ZOBEBEOLEHEEIT X B/ ABRELERICIVER THILNTE,

ABFZRIZLY, G-THELEAMIEN hTRF2 IZHATHILRBELMIRY, G-UELEARKEE
BT URAT RIGOBE R EEOT RIZHE 5T 2 RSN RSN,

TRF2DBDA12e=1:0 TRFZDBDA12¢=1:1
! ' c468. | ¢ ' o
[] ] . 11,
VG466 EI ' i

' il S
S$469sc mH {
Tﬁ N47é @‘:7756 % s E>
“. lﬁ Elw470
A4T1 El h ' len

V' ¢ Naso
[[] 3
C B I

] 1] 5 (] ] o
PR SRR T LA RAMR~AAR> SAAL" RAE" A" AREE AR AAR RS LA A A

P
A
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L) iy

Figure: The H-'*N HSQC spectrum of hTRF2-DBD was greatly changed after adding tr12+.
Left : The H-'*N HSQC spectrum of hTRF2-DBD, Right : hTRF2-DBD:tr12+ = 1:1
[d+++ Amino acid cross peaks shifted markedly after adding DNA
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TRNOE analysis of the single-stranded DNA structure induced by binding of the
yeast mitochondrial DNA recombination protein Mhrlp
Tokiha Masuda'?, Tsutomu Mikawal224, Masatoshi Yoshimasu®4, Feng Ling?,

Takehiko Shibatal23 and Yutaka Itol.234

"Molecular and Cellular Physiology Laboratory, Graduate School of Integrated Science, Yokohama City
Umverszly Japan; ?Research Group for Bio-supramolecular Structure-Function, RIKEN, -Japan;
3Cellular and Molecular Biology Laboratory, RIKEN, Japan; *CREST/JST

MHRI gene was isolated as being required for mitochondrial DNA recombination and
repair in Saccharomyces cerevisiae. Qur recent studies showed that Mhrl protein has a
homologous pairing activity to form heteroduplex joints from single-strarided and
‘double-stranded DNA in the ATP-independent manner (Ling and Shibata, 2002).

In this study, we analyzed the three dimensional structure of oligo ssDNA bound to Mhr1
by usmg the transferred NOE (TRNOE) approach, previously used for the structural
analyses of oligo ssDNA bound to RecA/Rad51 (Nishinaka et al, 1997 & 1998). The d(TACG)
bound to Mhrlp showed very similar TRNOE pattern as was previously observed for the
same oligo ssDNA bound to RecA. This result suggests that the unique structure of
RecA-bound ssDNA is also conserved in the Mhrl-bound state.

<F>

BRIEDOBHRX OBEI LD, HHFBBICBWTI M2 RU Y DNA OMFEM#EZICEDS
MHRIBETRREE SN, S5 MHRI BIZTHAHG T MAMBACEKFLLI ha >
K17 DNA O - HREBOEELH S MR TN S,

MHRIBEFFEYTH S Mhrl EEE, BB Z U AH DNA l:?ﬂ‘élﬁﬁéﬁ'@%%ﬁ,
FARISE ARSI 24 9 % B8 DNA SBR 43 DNA % ATP JEHKERICH& 38, [ DNA
M2 PRIRTH AT O ABERRT HHE DNA MEEHEERD. IhETRAERLE,
ATP &K#ZH)72AEF DNA 3E&¥EM 25D RecA/Radbl BHBEICH A L/ HE DNA 2o T
TRNOE %AW THERITET, BRAOSEEZL TV ZEZHSMILTER. 4H
&, ATP JEKFFH0724H R DNA HEWEE 2R D Mhrl &#546 L2 B8 DNA 1250 T TRNOE
EE RO FRRI BN 2170, RecA/Rad51 #E AR BLEH DNA ORE & DL AR A7z,

F—U—FR:Iba3>RUY, TRNOE, DNA MHE#HMEZ

TR LER, AadD DED, KLET F3EL, DA Aak
LR EWDZ, wES Ok

— 218 —



<EBR> .

0.5 mM d(TACG) & 0.05 mM Mhr1 (20 mM 2H-Tris-Cl pH7.1, 50mM NaCl, 6.7mM MgCls)
VIEERERER L 7218, TH2O IR L THSIEE L, <12 NMR BlE #2175 2. 2 X5t TRNOESY
1d Cryoprobe ##3% L /= Bruker DRX600 2335t 2 W THIE L=, HIEEE 298K Tiro
oo T=ANBEBXUTARYZ FVEFE Linux PC L TEFRNTFIN AZARA BX U
ANSIG-for-OpenGL V7 " U =7 &AW TiTo 7~

<HER - BE>

RecAFET @ dTACGEHT D Wczﬂu% bt TRNOESY 27 b )VD 2 DDERZ K A,
B ic& L. Mhrl 78 F O dA(TACHREHZ DWW TEEEIE L 72 TRNOESY X7 MMVOR L
2DOEERC, DIURLE. BOX5, Mhrl #7E FTH, RecA #&% A(TACGHIHH
7SI HET 2REMO NOE 702 E— 7 W END Z ENHS MR T2,

ZDOZ EMS Mhrl BEEEICHES LB DNAEHEYE O B-E DNA ® A- B DNA Qa7
A A—TarE3RZD, RecA BHHEICHEA LB DNA OBEEFAHTH D Z LAVRB S
N, HENOE BHRZ2HWTHEHEFEEZT>TWS.

PEDERMNS, ATP 7:;&@%ﬁ%l?@%ﬂéﬁ\ﬁf;%%é‘tmﬁﬂ DNA #ﬂ#ﬁxkﬁéba
EREIHA LB DNA OBENILETH 2N REI N,

1 mM d(TACG)+0.1 mM RecAp 0.5 mM d(TACG)+0.08 mM Mhrlp -
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Figure

‘Expansions of the H2'/H2"-H8/H6 and H1'/H3-H8/H6 regions of 2D TRNOE spectra of
d(TACG) in the presence of either RecA/ ATPyS (A and B) or Mhr1 (C and D).
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The Nature of the Hydrogen Bonds of the Watson-Crick Base Pairs in DNA Duplexes as
Studied by Stable-Isotope-Aided NMR spectroscopy ,
JST-CREST & Graduate School of Science, Tokyo Metropolitan University

“*National Food Research Institute, Biological Function Division
oRei Ishikawa, *Shun-ichi Kawahara, Chojiro Kojima, Akira Ono, and Masatsune

Kainosho

The effects on various NMR parameters of substitutions, which may influence the
hydrogen bond strengths of Watson-Crick-type base pairs, were investigated for DNA
dodecamers -containing 5-substituted-2'-deoxyuridine derivatives in oligomers,
5'-d(CGCGPATXCGCG)-3', where P and X were [ul-15N]-2‘-deoxyadenosine or
[ul-15N]- 2'-deoxynebraline, and [3-15N]-2'-de0xyuridine derivatives. The uridine
derivatives were designed to minimize the structural perturbations of the DNA duplexes
and to maximize the pKg range. The substitution effects on the NMR parameters were
linearly correlated with the pKa values of the 2'-deoxyuridine derivatives.

Loz
BN CRBIRAY B L 7B 2 571 —EDBEREE L EA L B STAEE DB B/l
BIZREEOORKMN LB LTEAT LI L V) EHN L EREZEMLLENT Tu—FI12L b,
Watson-Crick ® oA TH#i#x, BLXOUNTHEY (NIFFF AT V) BWIN—-H
S NEKRFEESER N L JEESEROBBEGR BB ICHETAETVARBE L, BERE
EE ORI KEESICHEET B4 %2 MR /3T X — ¥ — % EREICHIE L7 (Fig. laklh) 20
K8, Watson-Crick A THEMBIAZHES BT, N—H-NEAZEHES LA L AT
HIIAZKEONF— (H) OBBELEOTRVWHRBERTIEFELLE 2o,

R DNA 4 ) T — OFR

[N3-N]-5 (L E#e-2" -7+ o) VBRI THIEERR 2 LAY FEER L LTLEE
Bl7ze [BNs]-2" -FAF 777 vV 3RBECLDEL [SN] -7 7/ Vb bFELL,
T, [N -2 -FFFTRTIT) A [BN] -2 -FAEXLTF/ VU ERERBERE LTS
Bl7ze SNODEHX 7 LAY FREFECR-TTIFA MEEL, DNA HEIAREEIC X )
)T — AL AL 1 08D FF A~ —d Nati & L7294, 100 mMNaCl R UF 0. 01%Nal,
&G 10mM VU UEBRER H 7.0) WCEBLT MR BIEICE W, T4, oy g
NMR #ELMTREIC duplex 2L TWE I &, IFOMEBIIRELRB IRV L%
DQF-COSY RU'NOESYARYZ MVIZX VHERL 7,

S o SNEREREE, 7 LV - 2 ) v 2 ATHEN, KEREE L7 ] REEK B
PEME, ATHEL ¥ — OB

Widbh e, bits LwAnk, ZLE BxH059, BO &6, pvolsd
3214 '
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Watson-Crick AUy (B UFNUp 3EZE3F D NH-NEUKFEAIIB W TAZEREGD FF—oBtED
BILL EBNMRNST A~ — (A 3770y OEYT b, iy P HBEOTAF LT
T2V VIR TFAFIARATIY OB ED BN DL 7 V) OBICBIFE—ROMBE B,
Fig. 2 \T3KRFBEED FF—D pKa i & D12-AUy. DI2-NU IC B 2 KEREE M LI JHEEER

(") DOWBEERLIz, 72, BEREEICLVEHINA 2y BERERIC X VBRI S I

MWEEERICRS —B L7, (Fig.3)

a BRLIDNAF T —

H\
5'-d(CGCGAATXCGCG)-3' g (i y
3'-d(GCGCXTAAGCGC)-5' 15y L
¢ oewe {
rK, " N ju ,

D12-AT {. X=CH; 9.80 o

D12-AU X=H ° 930 ° °
D12-AUj, X=Br 842

D12-AUL X=F 7.66

D12-AUgy X=CN 647 g A Ux ¥

BREOBAICKYAREEGFFT—DoK, EHELTS [15N5]-2'-deoxyadenosine ¢ [N3-15N]}-5-X-2'-deoxyuridine

.

b S RELT-DNAF =TT —

(o]
5'-d(CGCGNATXCGCG)-3' . " X
3'-d(GCGCXTANGCGU)-5' | ("/\L//%SN' _______ W\ >
PK, " 5N P N/ p )\ (o]
DI2-NT X=CH; 9.80 o
D12-NU X= 9.30
D12-NU;, X=Br 842
D12-NUy X=F 7.66 ¢ g
12-NUCy X=CN 647 N Ux

[1*N5)-2'-deoxynebularine : [N3-1°N]-5-X-2'-deoxyuridine

Figure 1. Synthesized DNA sequences containing [N3-15N]'5'substituted -2'-deoxyuridine
derivatives and a) [1®N5]-2'-deoxyadenosine, b) 2'-deoxynebularine.
AX base pair and NX base pair are shown, respectively.
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Figure 2. Correlation plot of 2"/ in D,0 at 275 K Figure 8. The reproductivity of the theoretically

against the pKa values of U¥. Calculated  values  (®rANca)  for
experimentally observed values (22 exp)
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Dynamics of MBDI-MBD/Methylated_ DNA complex
Yokohama City University!, BERI2, Nara Institute of Science and Technology3 »
OKosuke Inomatal , Izuru Ohki 2, Nobuya Shimotake 3, Kenichiro Fu;xwaral Hidehito
Toch101 and Masahiro Sh1rakawa1 o '

We previously determined the structure of MBDl methyl-CpG binding domain
(MBD) in complex with a methylated DNA. As the complex is formed between
monomeric MBD and a symmetric: duplex DNA with a. pahndromlc sequence
each strand of the DNA interacts with the MBD in a d1st1nct1y different way,
exhibiting chemical shifts that are different to each other. For this complex, we
have found exchange of the orientation of MBD bound to the duplex DNA, based
on analysis of cross peaks in NOE spectra with various "mixing times. Iri order to
delineate this exchange phenomenon we analyzed thermodynamic and kinetic

properties.

BHBWICRONDWE—DEENTOLEERTHD  cowz |
DNA 2 FALiz CpG BEFIFR D b 2 ® B LIV T '
BZ Y, 7T U ABERIER E ORE CEERET 21T
9, kb MBDl XA F 4k CpG ffi'::/"‘ KA1 (MBD)
EALT77I)—D5 b0V L DT, DNADAFAAE
fir (A F AL CoG thskt) & BT 54/ EThS,  ®H
Z®> %, MBDI'MBD (B L CIEAFAAL DNA &0,
BABEBELRESNTWVWS, TOEAEEEIR 2 Ext Exchange . |
Pl & 5> 2 ARG A F AL CpG #BATIZ  Figure 1. Selected sections from a 2D F1 2
XL T,—BFD MBD BREETHZ & "cfiltered NOESY spectrum of the methylated DNA
BRINTWS, | in the MBD1-MBD / DNA complex, showing the region
for the chemical shifts of G8 / H1', G&' / H1'. The
, ~ sample containé 20mM potassium phosphate, 50mM
¥—U— 1} NOE, {b35c#, #EESE Kol 5mM DTT, 0.6mM: protein-DNA complex at pH
E. DNA#E/E2E 6.5 and 25%C, and the mixing time was 300ms. The
. ' o - internuclear distance between G8-H1' and G8-H1' is
WOERLZIFT, BBEWI3S, L 101A.
DL, SLhbbLiTAWHA S, ki
LBUOTOE, LbnbEEVS
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T AEEDNT £ MBD #8 DNA Ikt LT 180°BR 2 FH TRAT 5 2 »OBXNE
ETBHZERBHT S, NMR R~<7 MAORENH S, MBD & X F /14t DNA iZ
%t LT 2 oORSBRORBIALEZMNH B Z LR ENE, ThbLER - Bk
FIZEV T MBD i3 DNA IZ LT, RO EZ Y v ZLTWB R o7, =
DORBHEBITIT, D EHUTO 2 BEOERNTETHS, T74bLH, MBD
BAFAA DNA HHEEEL, 5 ¥ ARAE THEBETS, LV HMHEE - BiEe
EF 0L MBD i DNA AL DREE LABOHEEEXDRAREBET VT
BB, RAZZODEFNERIET 5720, NMR EIEIZ & o TR B HEE
LRETSTREVEBEBLOKBRET A7 0 ATV RBICE-TEDNS
MBD & # F 1k DNA OfES - BEEEE, &bz, SEREHREIIC X 28H%
HZARAT BTV, HBRE L7, TORR. LE2EOTHEED > b, 2ARBEFLTHS
CERBITRENTE, Ok AERIE. RAOHEMCRL TS, & bITIXEKSFRIC
BOTH, S TIRRHENBII R o7, EESFEOMEERTICRY 5TRELL L
THERCER LR THY . ZOEEMIEL OEBICRKS bl b,

A

soft binding . |

dissociation :
-dissociation -

stable binding @  Stable binding @ -

»
>

Figure 2. Thermodynamic states of MBD/DNA complex estimated from result of thermodynamic and
kinetic experiments. This diagram suggests that the protein flips on the duplex DNA without completely
~ detached from the DNA. - '
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~ Structure analysis of chlorosomal bacteriochlorophyll ¢ assembly
by 2D solid-state 13C-NMR

Ayako Egawal, Kengo Akibal, Tadashi MizoguchiZ, Kazukimi Hara3,
Yoshinori Kakitani3, Yasushi Koyama3, Toshimichi Fujiwara! and Hideo Akutsu!
!Institute for Protein Research; Osaka University 2College of Science and Engineering,
Ritsumeikan University 3Faculty of Science and Technology, Kwansei Gakuin University

The photosynthetic system of green bacteria has a unique antenna complex called
chlorosomes. Chlorosomes contain bacteriochlorophyll (BChl) ¢ as the major component.
We studied chlorosomes and model BChl ¢ assembly by high-resolution solid-state NMR.
We have completely assigned 13C signals of BChl ¢ by 13C correlation experiments using
RFDR and DQ dipolar recoupling sequences. 2D 13C—13C proton-driven spin diffusion
experiments were carried out to obtain the distance information. Intra- and
intermolecular correlations were discriminated by using a mixture of 100% 13C labeled
and non-labeled BChl ¢ molecules. We calculated a relaxation matrix from spin diffusion
spectra at a series of mixing times. Internuclear distances were estimated from the
matrix elements. The obtained intermolecular distance indicated that BChl ¢ forms a
dimer-based molecular assembly. The structure of the BChl ¢ complex were determined
by simulated annealing under the distance restrictions.

G BN .

BREXSHRMEOY > FHEAFI OO 23, N7 UFo 007 1)) ¢(BChl 9
DEREBET, P TEBORIRENLZEABEEARTH S, ZOXI BB TERNE
HBD T ORERATIL. XS SRR NMR B CIRREE TH 5. ZHUT L, Btk NMR
ETHE, COLIRERGHTNCEEBEBREB/BLZEITHEYNTH S, AHE T, E
KB REEE NMR 2> T, BCERLAZ7n0) —LEEFINHRELTBChl c 25K
SR &7 o 72, BT REET BChl c B RO EERD 27201213, £ < QR THES %
HWREETROZVENSH D, ZDEDIINFEL T BC LR E2 RN T, H B
EHBE 1 2EA Lz, £72, BERMICKELEZZ<DART MVNS T TFNREE
ERECIEEL . VUL —Iic L 2MENRREBEE L. BWERTOEEZENBBEHZXEIL
72o IHIZ, BEOENAEHRBEZANTOTRESFROMBEDKRIL ., 25 DK
ETHESNSHEEN M- TEREROBEIODVWTY I alL—FR - 72— UL TkEH
WTHEHBLZDT, ZhERET 5,
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HBHI, 13C R FAAER L /- 5 TR U7 Chlorobium limicola D7 T1 N7 % 7
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Flg 1. 'H-driven 3C spin diffusion spectra of fully 13C labeled BChl ¢ (a) 'and 50 % 13C
labeled BChl ¢ (b) at the mixing time of 115 ms.
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Fig. 2. Experimental (symbols) and simulated (llnes) cross peak intensities of the spin
diffusion spectra as a function of the mixing time for short distance of about 3.5 A (a),

" 4.5 A®)and 5.5 A(c).
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Fig. 3. BChl ¢ complex structure calculated with 31mulated anneahng under dlstance
constraints. - a:-side view. b: top view, : :
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Solution structure of a murine hypothetical protein from RIKEN cDNA 2310057]16
RIKEN Genomic Sciences Center, RIKEN Harima, Graduate School of Science, University of
Tokyo ’ 7
Toshio Nagashima'; Fumiaki Hayashi'; Mikako Shirouzu'; Takaho Terada'; Takanori
Kigawa!; Makoto Inoue'; Takashi Yabuki'; Masaaki Aoki'; Takayoshi Matsuda'; Eiko Seki’;

Hiroshi Hirota!; Mayumi Yoshida'; Akiko Tanaka!; Yoshihide Hayashizaki'; Phase I & Il team,
1,2,3 ’

Genome Exploration Research Group'; Shigeyuki, Yokoyama

Solution structure of a murine hypothetical protein from RIKEN cDNA 2310057]16 was
solved in a common way of analysis of 3D NMR and calculation by molecular dynamics
(CYANA). This protein was consisted of two alpha—-helixes aligned at N-terminus and seven
beta?strand at C—terminus, and was consequently the unique fold that has not been reported
in PDB yet. The function of this protein is unclear at all, even though the homologous
sequence of this protein is found at various species. On the other hand; the sequence is
quite similar to that of C-terminal domain in calmodulin regulated spectrin-associated
protein 1 (CAMSAP1) at 66% identity. The results lead to investigation about the function of
this protein or CAMSAP1. '

<FE> METBHOIRZ L 230 B DRESSIEITRFZE0 7 ¢, RIKEN cDNA(2310057]J16)0: 53 L7z
VO AHRDY B OWERIEEERA L, SERKRTDIZ N IEOTI/BESIX
FwM100%), Eh(dentity: 99%)RCIRY 7 7 (T10)EB VW FERIMEZ > THBHD D, BEEEIIR
TP FREAS N TV, — 5T, calmodulin regulated spectrin—associated protein 1 @ C 3K
RIS @V EIPEE6%) 235 Y, BELIRLIL TWDEHERITE S, 2310057]16 DLIE#EEL
RETHIEIZED, B CAMSAPL OBEERENT DBFFEIZ D7 BB L #IfF S B,

F—7—PF 27 R cDNA, a4 7378 A R, Calmodulin regulated spectrin-associated protein 1
BLE LB ITPL SHHE LAIT LI, THE Ehig, &b o), Wiz 2L, 08
& 7L, b TEHE, F0K hEL EE 20D, VAR OBL, ELE 0k, fokh HEZ X
BLEE LLOT DFANTALIIED EDITAEWICEI—5 Sz ThAbAE D—bH—fe, LIR
F Lifwpx
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CHIE> ~UABED BC/UN Zilx Lz 7 ROBEEMRS R EERRIZESTK
BRBSE NMR ARZMOBPEE L, FIEREHL 1.2mM (20mM phosphate buffer
(pH6.0), 100mM NaCl, 1mM DTT, 0.02% NaN,, 10%D,0) %V /=, BIE X Varian Unity
INOVA 600MHz & 800MHz %{# FiL 298K T1To7=, EFIREIZ ®N-HSQC. HN(CO)CA,
CBCA(CO)NH , HNCO , HNCACB . HCA(CO)CANH . i 84 /& J& = "“C-HSCQ ..
HBHA(CO)NH , HBHANH . C(CO)NH , HCCH-TOCSY , CCH-TOCSY . N-edited
NOESY, "C-edited NOESY Z##HiZ AV iz, 7 — X4 IZ NMRPipe, IV 7 NRB
iZ NMRView b CBi{E{ % B F 8D Kujira, %?@Jﬁ’%‘ HEIZ CYANA Z vz, 7, &
S50 " TE I TALOS ZHWTFRILE, o

GERLEE STAHEEMTORE R, N RS 2 KD~y 7R FD#%IZ anti-parallel &
parallel D 7 AP B ATV RIMEE T A—/VRC, Dali Server TOBERRENOLHH THD
ZEnbnrotz, 2310057i16 & CAMSAPI OREICEH L TOABAMBRENIIRFIN
TWAERLH B0, EHLOLRBROBEESZ RI-L QWA ATREEN DL EN b ol &
B DFERAE % D 231005716 R CAMSAP1 OHEEMRITIZ D73 BbDEE X b,

(@ o (b)

Fig. Ensemble of 20 structures of the lowest energy in 100 (a) and ribbon model (b).
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Mouse structural proteomics:

Practical aspect in high throughput structural analysis of MSP domain and DUF232

IRIKEN Genomic Sciences Center, 2RIKEN Harima Institute;, *Graduate School of Science,
University of Tokyo

H. Endo!, R. Hatta!, OF. Hayashil, M. Yoshidal, K. M. Shirouzu!, T. Terada! T. Kigawal, M.
Inoue!, T. Yabukit, M. Aokil, E. Sekil, T. Matsuda1 H. Hirotal, A. Tanaka!, Y. Hayashlzakl1

and S. Yokoyamal 23

High throughput structural analysis is an important issue to promote structural genomics.
Actually this year’s goal of the number of NMR structures is 300 in the comprehensive
analysis program of “Protein 3000 Project”. In addition to the request for the speed of
structural analysis, the quality of the structure is very important especially in the
pharmaceutical application like drug design. In order to fulfill the both demands, various
approaches have been tried and tested here at RIKEN. We will present practical aspect of
high throughput structural analysis of MSP domain énd DUFZ232 as examples.
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T CO NMR #lI7E1 L BC/1N ZEEREEEEZ BV TTo 7, EREREOARIIEMIRER
BRBARE R, BIEBAREOREHERE T MSP domain 28 0.99mM, DUF232 7% 1.05mM T
Hotr, Ny 77 —%MREFESE L b 20mMd-TrisHCI(pH7.0), 100mMNaCl, 1mMDTT.
0.02%NaN3., 10%D20 % fv /=, NMR #HIZE 1% Varian #8 UnityINOVA-600, -800. -900 # &
AN 2_571‘F T2, E#RERIZ BN-HSQC, HNCO, H(CA)CO(CA)NH, HN(CO)CA,
CBCA(CO)NH HNCACB, 181 %@Jﬂiﬁﬁﬁ I 18C-HSQC, HBHAHN HBHA(CO)NH,
HCCH-TOCSY, CCH-TOCSY., FEAgEHIRRAIZ 18C-edited 3D NOESY, 15N-edited 3D NOESY %
HiE Lz, 7‘*57 ﬁ&ﬁ&i NMRPlpe AT B VERTIE NMRView —KUJIRA (Kobayashl N.
unpublished) 2V, NOE ¥ —7 DRRA. _Lﬁ:’l%fé:ﬁ#ﬁ X CYANA 1.0.7 Z iV CiT o7,

FHRBEDHRE AT, TIRVA T2 DRVENVWRHANDOID ¥ —2 7 7 A
NEERTBZE, BLO, IDHFESSNMR A2 bk 7 hEBOY 27 BHROEE
NAL—=RZITADZ EBULEATHD,

RBRBOEE S NMR A2 MASLES T MEROY V7 REBEROIE 5 £ ThRVOA,
FhiZiz T, HN ORI OMOBBIC L > T, HN & BRI Ohiedo e —27 20
NRFBBELBB LTI EWSER DS, ZDEEFH 41T CCH-TOCSY IV v LT
EOBEEZHEL, BRERNTLHEER-TVD, b, NBURBOMBER L LTHFEIR
BRE, BB T2 2L DZ2WPHE ORBZEITHNLEVWIBERH LM, ZhICELT
1% HCCH-TOCSY.CCH-TOCSY ,NOESY OfERZ MR EHICHINr§5 LRV OBRBIRTH 5,

CYANA #BEHBICAWESE, BEOKELEZDRI AT DL, ETHREBLIFET
IRBOWER L TAHE—7 OBRENT LRDDT, NOESY A7 M EkiZ CYANA IZ L BIRBD
%E%%:i%mf% 5 LT OBIT & 725, FEE LI ESB L UHISEO “EADOUTAEERD Z
EREERD, OTHIAETIEE., BIEFHE OB van der Waals ¥REFEBE LD /I DI
BELTHETASLERDH L LICBRLTWALEZOND, ZOOTRERSFHEIN D
»E % 5B, NOESY fE8Hc 5\ TT 5 Fik e LTIk, NOE L) RS b /- ML v &
EB&ETE T 0 b rR7IZH L Clower limit 2 AN TEE T 5 HEBEZ b H, Z T,
ZOFBICTHEELEITV., BRATHDZ Elbhot,

A [EHEEEAENT L 72 MSP domain, DUF232 i3 FA A2 2 LTh, BEEE LT HHEIZHA L,
12725 T2V, MSP domain OREMTORR, NERIZB A FT LV FABML TV RER
W, immunoglobulin # 7 4+ —/V K% L7z MSP domain MO EE L > TN D Z L B¥bho
Too Elo, RESNEREBREICEKBA NIV FEES g — MERIKSHLTEY, Z0H
THORFEHEERA L THEERZRZL TS EE X b5, DUF232 iZEFIA#T & i3EEIE
DB B AL VIIRRENED o788, MG OSSR, winged-helix #iE% L > T 3B T LM
bhol, ., BFEEOEHOMEHRF L THELE IS, winged-helix B BA DO EEHITNAL
EEZONDIEHSY, ETRARKAOBWSA R L, TFIIE o ®° RAPT4 FE~T7F RS
TAHRDTRAROLETHREINE,
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B-grasp %%i‘&ﬁﬁ

(RIKEN GSC'. RIKEN 4888 *. RABRE )
OFMER'. A R'. BKRETF'. FHEM' RNEA' F L' ZRE', FARE'.
BT . RERE . RAX. FE KGR BHETF.E RH. ﬁ“ﬁ A (11) AR |

Solution structure of a B-grasp fold like domain At3g63000
from Arabidopsis thaliana

(RIKEN GSC'. RIKEN Harima Institute?and University of Tokyo®)
OXu-rong Qin', Fumiaki Hayashi', Mikako Shirouzu', Takaho Terada', Tékanori Kigawa',
Makoto Inoue', Takashi Yabuki', Masaaki Aoki', Eiko Seki', Takayoshi Matsuda', Hiroshi Hirota',
Mayumi Yoshida', Akiko Tanaka', Motoaki Seki', Kazuo Shinozaki', Shigeyuki Yokoyama'? '

Introduction

Arabidopsis thaliana is an important model system for identifyinyg genes and determining
their functions. A 94 amino acid domain from N-terminal was selected from the gehe
At3g63000 on chromosome 3, for which conventional sequence alignment revealed
significant homology with protein NPLA4. Human NPLA is a protein interacting with the
ubiquitin fusion-degradation protein (UFD1L), which related to DiGeorge syndrome(DGS)
and velocardiofacial syndrome(VCFES).

We solved the structure of the domain with- NMR. The result showed that the domain .
adopts a B-grasp fold which is similar to that found in ubiquitin and Ras-binding domains.

Keywords: Structural proteomics , E. coil cell-free protein synthesis system, ubiquitin and Ras-binding

domains, B-grasp fold
LAZ LAV, @3RLeSRHE, LAITHLI, THELME, EMRbELrDY, WO XED

L, REE1ML, bREEIHE, HEZNI, EOEMLL, OAZV0A L, KLEZWPH,
Teiah& ., ¥EbihaE, LOSENTE, KIPELITOE
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Materials and Methods

The ">C- and "N-labeled protein was produced by the E. coil cell-free synthesis system.
All NMR measuremens were performed at 298K under ambient pressure on varian INOVA
600 or, in the case of the NOESY expeﬁments, Varian INOVA 800 spectrometers.

The sequence-specific backbone - resonance = assignment was achieved through a
combination of standard triple resonances techniques using 2D 'H,'*N-HSQC and 3D HNCO,
HN(CA)CO, HNCA, HN(CO)CA, HNCACB and CBCA(CO)NH spectra. Side-chain
assignment was obtained using 2D 1H,ISC-HSQC and 3D H(CCCO)NH, (H)YCCH-TOCSY
and HCCH-TOCSY - spectra. Assignments were confirmed using 3D '°N-edited
('H,'H)-NOESY and '*C-edited ('H,'H)-NOESY spectra.

The programs NMRPipe, NMRView and Kujira were used for spectral processing and
- data analysis.

Structure calculation were performed w1th the program CYANA 1.0.7.

Resuit and Discussion

100 conformers were calculated, of those, 20 CYANA conformers with the lowest target
function were selected to represent the structure (Figure a).
There are four o-helices and four f-strands were detected by the program MolMol (Figure
b). helix ol (Val30 to GInd0) is rotated approximately 45° relative to the first two B-stands
(B1 and B2), and this arrangement represents the typical ubiquitin-like conformation. Except
the ubiquitin-like fold, there are two a—hchces o2 (Arg54 to Leu58) and 03 (Phe65 to Phe68)
insert into B3 and o4.

a ) b
Fig. Superposition of 20 calculated structures (a) and ribbon diagram (b) of the B-grasp fold like domain
Atg8300
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‘Intramolecular-interactions among alkyl chains in triglycerides
- Gaku Kobayashi, Kunio Nikki
(Graduate School, University of Electro-Communications)
1H and 13C NMR for-a series of triglycerides(n=10-20) and carboxylic acids(n=10-20)
were observed in toluene, 1‘chloronaphthalene and chloroform. - As the chain length
increases, methylene peaks for the middle of the chain of both triglycerides and carboxylic
acids showed low field shift in aromatic solvent. It means that aromatic solvent molecules
which induce high field shifts for methylene peaks are excluded around the middle of the
chains. The larger the low field shifts for triglycerides than for carboxylic acids suggests the

additional excluding of solvent molecules around the middle of the triglyceride chains.

(=] Co

Z R BORBREEOLELCHMBEOHE T, T TARVEROBVWEEE
DEEEIEH SN TVEN, £0REHBREEIZOWTERARANEV, MRELY VB
DREHENPLRY, TOBMEII EMROBE 20 FRTH D, TOBHEDOHRIZY VIFEN
DRILKBRERLOMEEABFEL TR LEXBNRD, - : '

ABFFEITRIA TSR L OMEIER IOV T DR RS & U T, triglyceride #EF LA
Bl L TRY, MBSV TEZ LN DBKERERERORWEBREE S T, triglyceride DR
ALARRSEB < BVHEEERICOWTRE LT,

(8] ) ,

BEE L TRIEABHORELED n=10,12,14,16,18,20 @ triglyceride (3 FH) B LV
carboxylic acid (1 A8 ZH\., BEIZIX toluen‘e,1-chloronaphfhalene,chloroform PRV,
Varian Unity Plus 500FT-NMR Spectrometer ZH L, H (VSR8 : 4.8us, REES : 100
E) RO BC (#ULAME: T.0us, BEESK : 1000 ) NMR % 293~353K ORI CHIE
L, o : ' A
CH:00C-(CH2)a"CHs

| L , :
CHOOC (CH2)a"CH3 =~ HOOC-(CH2).-CH3

! , carboxylic acid. -
CH:00C -(CH2)o-CHs .

triglyceride.

F—U— ] RICKESEOFIAGHERER. P 7Y RV R, HEREE

BELYMN; IERPL B, Kok KB
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Fig.. 1.1% trilaurin(n=10) % ¥%& E L LB

toluene,1-chloronaphthalene,chloroform % fiv iz &

&0 TH-NMR A7 MVv&ER LT, methyl HEoe—. -

7 B EBEOQOppm)E L, - i

-chloroform; {Z le X THBFIRBEH EP.'C“ . éf 28
methylene @ ™= 7 SEREER (ROLEH) ~>7 b

U 7= ; carbonyl > b 3\ methylene # % X

chloroform Ti& 1 ADV E™—2(0.3-0.5ppm) 1228,

HEBBETIX, EOBEHRIC Lo TERES 7 b
T5 LN OO -7 R LT, T OB
Bt BESTFOFERICBIT IBEEFEDHRICE
D, FEROVELIGESS LWBEEY 7 bETRT L

VOIBRTHB, TOE—I BHBETHLNIER

i, FIL methylene THHEFNIC & 0 BEORIRS
HHENRRBZLERLTVS
% & . methylene @ IHNMR RA~2Z kAR 0
<7%4/T%5kw9ﬂﬁ#%é

% LT, 1-chloronaphthalene < ‘J: toluene & bt’\‘
<, Wﬁ%jﬂixﬁ%k_i LEBEE Y 7 H?ljt% <\,

methylene #5yDOE—27 OHFBEERE o7,
Fig, 2.

methylene ﬁnﬁr}i%‘m%/7 R LT & bizE—7
BB L, £2TOE— A2 I\G)Kﬂ:li

chain 2% n=10 2> n=20 /\kﬁé?ﬁbﬁéxé k%’t |

— T{Ej%%/7 FERLE ( o =0.002ppm, B
=0.049ppm, v =0.009ppm, § =0.001ppm),
methylene £ D H T b LB ERERMO L —2

(B) 1 chain DRFBEDH X5 L ERBRA~EED
K& VT MLy BOESCILREE S &

WKLo THRENESE IR Y | FHEEREIC LD
BEREFHSE (FREET 7 1) B icd <ol
DT, BB 7 FERLEEEZONS, —FH. B
RBBICH B E—2 (v) 13 chain ORFEHHZ T
HbibEY T FOBIINEL -7 OB ELEDD
ahofz, chain DRFREISE X TH v OEFOIIH L
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Vl-chlbrdnaph‘thalene

. Fig. 1. 'H NMR spectra of trilaurin(n=10) in

5, CORBEFAT

IZi2. 1484 Cdh 5 carboxylic acid @ toluene
WHEHICHBTS H NMR 227 hAEFRLE,
chloroform 4 ik 1 EOGFNE—I Lol

“methylene methyl
AL

» toluene

L

00(pm) B

chloroform,toluene and l-chloronaphtpalene .

- at 203K.

. ~00C-CH,~CHy~(CH2)3~(CHz)n-5-CHg

8§ v B a

ass1gnment of alkyl group
methylene _
'f*;fkf—w:
o
6 'l&\ oy
n—ZOJA\,Jj‘ \\‘jk_.__j L
=18 I I
1n: N //”»\\ \\_/\\WJI\,\‘&
N
= i \‘\ )
n }16 ;,\ AN l“\«f_
n:}:lf/\ / a N }j"\_
_}}_?_]_'_2)/“\\, A \‘*J\\h J‘J} .
E}Ow\___/'d —\ w__,,\,mju
6 14 12 1o

Fig. 2. 'H NMR spectra of a series of
carboxylic acids in toluene at 293K,

(Reference : TMS)



P, BEOHSERT XL, HEVEDLLRVWEEZI LIS, 7

72, n=16 TP 2ARICHE L (B: BEBM. 8 7 EEEM), ZOHRSKIT. Winnik®
BIZ & o THE SN TV S EFFEREHEPIZRIT 5 nalkane ® 1H NMR A7 h AR, n=15
FETHRTIENVIRBLARTHBLEBLZLNS, BAIXZOBRRIZOWVWT, ROBBIZE
Z Tz, chain DRFEEASE 2722 & T, chain XN OE%E L V< hoT, [
U methylene OH THBEENSIT-IEIT VISR TE, BB EI R IERTWVWELS LE
SEZLOBED 2 DORBIZH PN EEXBND, £ LT, BEISESEIT OB,
EERREC L OREREFEDERE @BREY 7 1) BHEI < RB0T, BRERICE—
MR L EZBNB, £ LT B DHEKIL. chain DREESRZ B & B b FIITIERES
VI RELBELE—IOBINE LTV o, B 7 iky LRRIIEZEL 7 FHE—I DR
SHIRLALBILLRhoTe, ZDOBLE B  DE—I DT LY. BORE%IL chain DRE
BHH2 5L, chain DHTHBEENESZ IS WEABHE L TWB Z L BRSNS,

—%. Fig. 342133 AYETH B triglyceride ® '

toluene M1 3517 5 1H NMR 2~2 k%R LI, methylene

chloroform YA#f & .~ T methylene MR K& < & ' B ﬁ

RS 7 b LT, =2 OHZUEIE carboxylic acid | "

LD EBIZREER o, RTOE—7 DfLEES T f% ‘ .

FOZEALI, chain 2% n=10 2°5 n=20 ~E RFEHED  n=20 /'! LJ

MABLEC—/ CERBY T PERLE (@ — o I o

=0.00lppm, B =0.077ppm, v =0.017ppm, 8 —o o’ ih \k ..... e

=0.009ppm)., | ~ = S \?Q\\ B, W
Fig. 2. Fig. 3.1041} 5 triglyceride & carboxylic _“jli,____//’l AN | wlL_

acid DF B REEVE, BDODIRORTFTHD, n=12 j} \\’4\\‘______”,«.!"‘&%
triglyceride TIiX n=14 THE LB D -, =10 /f\\-.,.____,,,klkm_

carboxylic acid TiZ n=16 TH% L1k 7z, carboxylic - T T

acid & Y triglyceride ™45, chain D REENRD 72
<T ‘6 v BEBVWTHRESESE VBB TEM ) triglycerides in toluene at 293K. (Referencé :
HBENS ZERHERIENR S, T™S) ‘

Fig. 3. 'H NMR spectra of a series of

723, 1-chloronaphthalene B H TiX X 52K & < methylene D &'~ 7 NERBESH L 7 b &
LT, toluene & ¥ £ £ D —7 ~L5H L 7= (Fig.1), triglyceride @ methylene 231 3,
HERB%EO=2000 8- MOIFELT FDEIX, toluene BT L LLEEZ T B L,
1-chloronaphthalene YAt D HFBK 2 fERK & oz, BEBFEYDRN toluene LV HX¥E
BN TWBEEXLNS,
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& B ITHN < triglyceride & carboxylic acid O H#% 1T - 7z,

(8 n=10 Tk, triglyceride & carboxylic acid % &+ 5 & | triglyceride » 5 AMERLEMIZ &
V-7 37 (Fig. 4), Z D triglyceride & carboxylic acid D{LEL 7 FDE WL Y,
triglyceride M5 MBIEMEIFE % Z1F1T << ¢ toluene ‘(B L SEIZ VDT, ERES R
e BB L EADND, ZOREELTEZOND DR, triglyceride ¢ chain i

< B AMBIEE AT D,
., triglyceride & carboxylic acid ™{ l:%‘/7 }\ 0)%}:}: v (0.035ppm) > B (0. 002ppm)
'CXbo 7’L(F1g 4), = 0)4[3%‘/7 k @%%TI chain [} < é'ljJB(in*EE{’ﬁfﬁ DETHDLE
. K Eﬁ}’béo nk U tnglycende 0)[1:"@{) B J: Y v 0)7573> cham Fﬁ@*ﬁﬁ1’ﬁfﬂ7§>§ﬁ< @J‘/‘
TNBEEX BN, :
) n=10 75 n=16 I chain DRBEREL B &\ triglyceride Ty PERHES 7 15 (Fig.
' :2. y=0.016ppm); LML, carboxylic acid CILFIBICRBEH I X TYH, v IHEEA YK
CREY TR L Figs 3). JOBRBY T Moot BEMROTLERB LTS
LEZBNS, Lo, triglyceride ® v Tik chain DRFE NI % 5 &, toluene (HH)
BEYVESEIZLLKRY, yIZBIT 5 chain IOMEERANRL 2B EEL NS,

triglyceride
" —~00G-CHy~CH3~(CH3)3~(CH2)n-5-CH3 & *

& r B
assignmenf 6f alj{yl.gfoup '

’/ﬂu 7 U"L F1g 4, 'HNMR spectra of trllaumn and

1..8 ' 1‘.6 ‘. 14 112 ' 1. 0 (p m lauric acid in toluene at 293K.

carf)oxyhc acid

[#w]

(a)tnglycerlde Tid. 2 FAO chain fIZE < ?flﬁlﬁ‘]ii%‘?‘lf‘]*ﬁfdfﬁfﬁ 28 chain & toluene
DI Sy TEMEER ITHBE T toluene HERT5 X 5 s-f’FFﬁ LTnd&&EXLR
By WE T, HTFHO chain MW < 317789725 FRAREIEMIL, chain ORREASHLD &
methyl £ X VEEN /NS LR RD LWV ZLBEZ LN D,

(BE 3R
(1)M.A.Winnik,A. Mar,W.F.Reynolds, Ph.Dais,B.Clin and B.Caussade, J .Am.Chem.Soc.,12,25'7 (1979)

— 237 —



1P067 ERBEHDOLF /A VEHEEDOBRTTO
aAVRA—2 3 R
(FFEAX) OMWERET BREME MEBE P

Conformational Analyses of Retinoic Acid Derivatives
’ containing Heterocycles in Solution.
_ Kobe Pharmaceutical University
Makiko Sugiura, Yumi Asami, Akimori Wada, Masayoshi Ito

Conformations of several retinoic acid derivatives containing heterocycles (I - VI) have
been investigated by means of the selective relaxation method. Using the H-H distances
obtained, the dihedral angles defined by B and y have been estimated as shown in Table 1. On
the other hand, the conformation defined by « is difficult to estimate for all derivatives
because of the conformational equi_librium between two or more conformers. Now, the

conformational analysis under the equilibrium model is applied for this conformation.

U] LF /o1 BRI, B0 .
MeEEETBRAL LTI —DT T FVHTFD—
DTHBHMN, TOVMEREEICEI S TLETS -2t
B, MEEEEDSRA—T 3 S OBRICIE
SRS =N TN B, FEZDOKN LT Y —OREERINEN D T2, AIEOBEANS S,
LTy — ERRMBEERT I VDFELT, LF /A VBT FasOamntan
EBRTO S, " s :

VF /A B BRER aXBA—Ta VB BRERRE RRER

TES SEXZ BIB WA b BELD  WED FILL
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SEINSDN, P7OAFHUEEED 8§ NETE2IEIERERBICLEA =T O
TEHOEWETTOARA— a Ve, EITRAREZES BROEMEERNT
ﬁotoﬁ@%ﬁmﬂ%abt@m,ler1~v1®b%/4/@$%W@amE%%
&ngﬁfé%;:h%%ﬁwm o B,y CRINDZHEBEOOIVERA—Ta A
FERONRICRDN, ZOLETI-LOMBREE#ERT S LT, COEIBAERA—Y
a v OBRIRIATREEDNS, ERBOME - TALFOBVICED, Th5Da2HFA
—¥ary, Bl o TRIND C8-C9 (C7-C9) FABMDDIHFA—T 37 ?b::é:‘\@cl:fﬁtt
ﬁmﬂﬁenaw,%m%@ﬁt@%&ﬁé,@m%ﬁoto "
(5]

ENENOHERAKE CDCY, 17 ﬁfp’b (7~13 selcigo” 180" - 90°
mM), A - B LU CTBNRENERY S
- v&U7.  NMR BN, Varian INOVA-500 (H:

499.8 MHz, C: 125.7MH2) 2\, T, KU ¥C "‘ /
rom Fig.1 Pulse Sequence for :
! Measurement of T,™

T, 3@ % @ - Inversion-recovery  i% T,
(Selective Non-inversion T,) 1, Fig. 1 D)%) v
x>~&>xt&of%n%hw%btomg1®91~7kmthbfm,MMB3
(inversion type of selective excitation for biochemical applicétions) RS 10N “/7‘?‘)1/'115?:;%
bETNY KBRS ETAVE, |
(R EE] :

HHICLD, ﬁ?ﬁﬂé?ﬂﬁ_ 7, & 1N DEDQENTNHROEN SREREM (o) %fwr,'
FhE BCT, » 5B 5 N5 HEHENR (1) EhS5ENENORRERE Table 1 OX>
85 Z &R, AUABMEBEHICOWTHEAMTRIENTAS L, B R ij(
ERAVRA—Va YORNERET LS ARERERESNAEN 722, BlICES &,
W ZTERHR, ZOWBRENIHRA—T 3 ‘/@ﬁﬁﬁ'}‘ﬁ’zﬂb’&ﬁﬂﬂ% b’CV}%)ANJ:E&b
nr. |

INSDKRMPEEREEWME T 53 VR A—2 3 CEBIILTSD Z EBNHRL, %hi)\%
DFEBHEOBMIKRA— a3 END T EIIRD, Table 2 1T B, ’C%éﬂéf*"ﬂ@
DAVKRA—a A DNTH bhtﬁ%érbtoﬁkowrm Itlva>9z¢1
30~40° i&@ﬁ@#b@mbm#ﬁﬁéh,ykomrm,ImauE%,92%%L_
*%0‘:!2@75\ S0RCnNMERE Nz,

~% a IKDOWTR, WEhoFEES, ?ﬁbﬂf\_miﬁﬁﬁ%ﬁ“f’\f%‘:?ﬁﬂ?%éiﬁﬁﬂ
DERA—Y 8 LR R RD D T EMHRRN S, TOT &, :ZT@:/ﬁi,/
a>ﬁ~9®m%t@ﬁéMTwémfua<,2oit%ﬂuL@:y¢7—@:y$x
—a VB BB LEART BHREEA SN, BIED Y RA— 3 L PHEFIC
AT PEFT, o T DAZEA—Ta X OFMERNTTH 2.
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Table 1. The H-H Distances (A) Estimated by the Selective Relaxation Method for Retinoic Acid Derivatives

| all-E 9.z _
| I m v v vi | i m v | v Vi
NMe - H10 3.0 |
NMe - H11 ‘ ' 3.6
H1 - 9Me >4 3.9
H6 - 9Me 3.4 >4 . >4 3.4
H7-9Me | 35 3.6 3.2 >4 3.7 3.7
H8 - 9Me - .37 3.4 - 3.7 >4 3.6
H1-H10 26-28
H1 - H11 3.1-3.4
HB - H10 24-25/25-25 _,
H6 - H11 27-2.9|28-3.0
H7-H10  |27-84| 37 |29-31| _
H7 - H11 | | [81-33(35-35|28-29
H8 - H10 33-33|29-32| 25 |
H8 - H11 i | 3.0-3.4|3.0-30/28-29
oMe-H11 | 20 | 29 | 29 |.29 | 30 | 27 | . | |
H10-H11 |~ >4 |31-.38(32-32/32-33|82-82|8.1-33| |32-32(31-33/80-32] - 181-3.113.0-30
©OHI0-H12 | - |24:25|25-26|25-27|24-24|2.4-25| |26-26|23-23|24-24 26-26 23-24|24-24
CHi1-13Me | 32 | 28 2.9 30 | 29 | 27 3.0 2.9 2.8 30 | 28 29
" H12-13Me | 38 39 | >35 | 40 4.0 >4 >4 | 40 3.9 40 |. 40 >4
__Hi2-H14 |27-28|22.23 23-25124-25|23-24]22-24] |25-26|22.22]22.23]23.25|22.23| 22.24




Table 2. The Proposed Prefer Conformations defined by B and y for all Derivatives

all-E 9z
BC) v BC) 1)
C9-10-11-12  C11-12-13-14 C9-10-11-12  C11-12-13-14
1 180 . . 135 144 . 150
1 179 167 167 165
] 178 179 179 177
v 179 170 142 167
v 178 , 165 171 171

vi 170 167 - 166 178

(&)
1) E. Kupce, J. Boyd, 1.D. Campbell, J. Magn. Resn., B, 106, 300 (1995).
2) M. Sugiura, A.V.Vashchenko, A.Kimura, H, Fujiwara, J. Chem. Soc., Perkin 2, 1489 (2000). -
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27P0O68 2,5-Dicyclopentylcyclopentanone @ cyclopentyl AT
FRIRIZTHBEIOVWTOER

BOEHTEEORSTIAF OFRD A%, A% T

The olfactory influence of the stereochemistry of the two cyclopentyl groups in
2,5-Dicyclopentylcyclopentanone. : ' :

- TAKASAGO INTERNATIONAL CORPORATION Central Research Laboratory

OHisae Kasuga, Fumiharu Shirai, .

The relation of the stereochemistry & odor was well investigated in 2,3-disubstituted
cyclopentanone analogues like Methyl jasmonate & Methyl dihydrojasmonate. On the other
hand, the stereochemistry of 2,5-disubstituted cyclopentanone-analogues was not studied. In
this experiment, the relation of the stereochemistry & the odor of the isomers of
2,5-Dicyclopentylcyclopentanone was .discussed. The odors are different between three
isomers. One of the isomers has stronger floral fragrance than the others. One isomer has bad
oily smell. The other isomer has strong woody-green odor.

[ELwic] YouRyy ) yHEECEERE LTERRLE

Yitd B S L AIS TV 5, Bl 212, methyl dihydrojasmonate (1)7% & 25

BERVYAIVPOLREEN, VY A3 7u0—5VEEZHFTHER L

FELAWE LTECHDRTEY, 2R 23 "BHR 70Ny 5 )Y mcoue
2

DN L ZOFZDOBRE 1980 ERP LR EN TV D,

UL, ¥270Ryy ) CBRO 2L 5 ALICKRE RERREN :
Ao TZILEWMIEOVWTOEREOYERLEFRAOBEEIZIOWTERAREESNTEL S, BHIRIFND,
2,56-Dicyclopentylcyclopentanone(2) Tt .2 2Dy 2 uR v -
DI L o T, MESFEEANOERNRE L2 EFER ORI,
BRIZOKIREN DS LFEEND, Lo L, ZOLEWEHHR P %
BEZALTRY, BHAEL2BICELFDEREFRO T M VHE T
FIANTT BRSNS D, @F D NOE EERTIdHH &
RELZHOMCTAILRBATETH L, 22T, KERTE, LAY 2 OFRMEGD 25 O 7 TR F )V
HOMM LB E % HSQC-NOESY 2 & Y 3 L72o HSQC-NOESY i3 °C 1A L2710 b w25 1 2C ICH
L7279 by~ NOE B B4 2 HETH Y WH bSO I ARB L ROSDIHEL TVb, 1k
W2 0B, 250AF 70 b Y ELO NOEHEEZBM T2 Z ESTRETH D, V7 axXVFVEDIE
EHOPKT LI N TELEFHENST, FLEH L -EREROTROBCEHRL .

Methy! dihydrojasmonate(1)

2_5-Nicvelonantvicvelonentanona(2)

Key word : 2,5-Dicyclopentylcyclopentanone, Cyclopentyl group, Floral fragrance, HSQC-NOESY

S04 THE V2R LbWw sARES
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kW2 y Ak, I VAKDI Y 75 A= 3y OEW(FE)

(928835 & O] % 5 LS IUHPLC %W, %2 7 iEAed 5 3 O BH % Bl L 7 (FRBH). & 4

O¥—27D'H-NMR, !'3C-NMR. COSY. HSQC, HMBC sel-CTHMBC AR M VIZL D, %/7*}‘)\/0)7

YA v Efiol $, EE—sDFERERA L,
(HPLC 4% ; Chiralpak IA 20mm>< 25cm, HEHETE 1.5%AcOEt/Hexane 8ml/min)

. Peakl __.1  Peak3
y Oily, . - ‘ . Pea
: _ solgent hke Peak 2 "~ Woody, Green ]
o Gvea . ' (strong) - S
) . Fsloral Frulty T ; _
o l trong : R i SR
. S . i
m‘”‘"‘u—_' ) ’, 3 M -.‘ I L ,N'." P .
e ,‘_J:}% : 1.’. oy \\ ' : #f A \_"“N o AT
: remed o NG TN T T e e L

. P

<'H-NMR spectrum of Peak1> < 'H-NMR spectrum.of Peak2 & 3> v

Bl S N7 SRR O ARRE IO\ T HSQC-NOESY THREH THh S, 72, 7 Y AKOaEEIcD

W, S5% X ESRERTE VW TRETAFETH 5,

[5%H]
J.Am.Chem.Soc.,Vol.114,N0.3,1992 Ji[¥. 181, K&
Aroma Research No. 9(Vol 3/No.1 2002) Kraft Bajgrowmz,Denls Frater

APFRFAM  2001-261609  ILIH,
Tetrahedron: Asymmetry 14(2003)1-42 Brenna,Fuganti,Serra
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3P069 CAST/CNMR 3 A5 A D5 H :
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BB, EEEERY
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Applications of CAST/CNMR System to Chemical Shift As31gnments
and Structural Rev151ons

- (RIKEN', NIP)
H. Koshino' and H. Satoh®

We have developed a new computer system CAST/CNMR for " C-NMR
chemical shift prediction using a structure-NMR database considering
stereochemistry. The accuracy of the predicted ® C-NMR chemical shift
values is enough for the applications to chemical shift assignments and
structure determinations including stereochemistry. We describe advanced

- applications to structural revisions of recently reported some terpenoids
together with the concepts of a CAST/CNMR system application
methodology

CAST/CNMRIZMAA L ¥ 2 HEHIC R TE HCASTO— REEE L ULy
BE-NMRILHES T b F—FR—=ZAZ2TFRDOFTF—FV)—AELUTHBL, L%z
MREICERT 2, BREC-NMRIL¥S 7 S PRIZZATLTH . ™ FHAHKX TR
FTIZCAST/CNMRIV AFADKBAE LT, MR DOILEDIZHNT DI 4EH#
EREUE & 1 RTT C-NMRT—F ICE T < "C-NMROBRBHIEICDOWT, *EkiL
B ERET 2 WOMEEICE LMD D 2 2T HREEDLES 7 F THEE
UC-NMROERE & DLBRIC K > TaABLEERET HHEC OV THREL TS
7z. * 4ENICAST/CNMRY AT LDBAEL TEONDOTF IR/ A RRLEHD
BC-NMR7—#% DWRE L EEDTIEICEL THET 5. ’

ITERIB ARSIV A2 WS 2RITTNMRIEOE RIZLD, %ﬁﬁ@#ﬁ@%ﬂ%f
2<TH, NMREAWAREZ OBBEREOWMENRENS ISR K. —F
T, NMRTF— Y ORBRAFEBEDITECETIHEL DR ENVONERTD
5., FT=HINR—ABEELLZCAST/CNMRYV AT LIZEST, BETBET—FD
BRIEOTEETHS. TIT, RECEBEREICHEM TE 5CAST/CNMRD FHI
REOEIZFALRET—F OFEDIT> TS, BEFNICE, F—FR—2AA

CAST/CNMR, Wil MEITIE. F—&~—2, L% 7 b T

ZLOUVAYE, TESVAC
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DOBREGRIT/ILEY DL 7 b FHIZTY, FHEEFETHHEENE S N-BICILH
NIZRBS NEE, BEREPRBOFHEIZDWTHMICRNL TWS. %,
BERICZ O LEBENRRVWHINZWES TS, 7 M FRIZTSBRICTHEICH
RA3INTF—FEOT 7 MEDEBKEWES, TORRZRNTEZETRED
FERWARWHIND., £, YT NFHRBRNSEERICE o RREIHEZ N
EER, BEOHEL/BEITHLTHSNIERSZ Y 7 MENEBRINTVWSEEI
13, EFBEPEB TWAHEEDH D DR ETo>TNS,

ZDEDITBRGET —F DM 1T o 7-kER, 2 KILNMR, HICHMBCR E 4 ik
RORB A RFENEKRT 5 UM ORIITIIREOMBNARL S RnHEN
7o, ALEBEICERNOSDTFEENZEZ SNFHEIZIE, HHICRICERFLT
RO D 2L EEERRL, TORRBEITH L TCAST/CNMRY AT L EH
WTY 7 M PRIZITVEREREBEOZYMZHML 2. B> B ELSDFHELED
BWEOEECEL TR, TOFREOEDICEL 2T —INEELRNES D
12 < WD, CAST/CNMRY AT AL DELMERFBMEZFIAL THRNITRBB L
UBEOEMEITY, BIATLADEHEEZHESMNITEE, UTITRLAED
OBBEITDODNWTRMLZER, ﬁ*éhfméﬁﬁkﬁﬁm@ﬁmméhtwf%
@%ﬁJE@ﬁﬂrﬁwT%§?5

amentotaxin BB (1)’ peribysin C (2)8 peribysin D (3)% -

H3C

daurichromene D (4)° HsC OH ChHs
BE R
1) H. Satoh, H. Koshino, K. Funatsu, and T. Nakata, J. Chem. Inf. Compnit. Sci., 40, 622-630 (2000).
2) H. Satoh, H. Koshino, K. Funatsu, and T. Nakata, J. Chem. Inf. Compnit.-Sci., 41, 1106-1112 (2001).
3) H. Satoh, H. Koshino, and T. Nakata, J. Comput. Aid. Chem., 3, 48-55 (2002).
4) H. Satoh, H. Koshino, J. Uzawa, and T. Nakata, Tetrahedron, 59, 4539-4547 (2003).
5) BEFRE, EHREY, FJENRMBSEEEESR, pplds-149 (2002).
6) WEFILE, EBRT, FL2ENRMNHSEBEESSE, pp380-381 (2003).
7) H.-J. Su et al, Helv. Chim. Acta., 86, 2645-2652 (2003).
‘8) T. Yamada et al, Org. Biomol, Chem., 2,2131-2135 (2004).
9 N.lIwataetal, J. Nat. Prod., 67, 1106-1109 (2004).
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Usefulness of DOSY method for the analysis of labile and unisolable compound

in the synthetic reaction

The DOSY (Diffusion-ordered NMR spectroscopy) method is received much aﬁention as a technique for
separating NMR spectrum in a mixed sample using the difference of the self-diffusion coefficient. However,
these are limited to the application to the intentionally mixed samples and the practiéal example was few. Thus,
-we have confirmed the usefulness by applying the DOSY method to the analysis. of the labile and unisolable
intermediate in a newly found and useful synthetic reaction via radical species. )

~ We tried the analysis of the reaction intermediate in the synthesis of amines. In triethylborane (Et;B) mediated
radical addition reactions to oxime ethers that give amine derivatives in good yields, a borane complex is
proposed as a key intermediate. However, the isolation is quite hard and the analysis by the general analyzing
method is difficult. Then, we tried the analysis of the intermediate by the DOSY method and succeeded in the

detection for the first time.

=) '

DOSY (Diffusion-ordered NMR spectroscopy) Held, 43F 0 B EIEERMOELFIF LT, BARKE
FHONR A7 ML ESEET D FEL LTHERZBOTVD ', LaLads, ThE TREEICR
A LERBICHT AN E L, ERAMREANZ LroT, £2C4HEE, ARIEFICBITHE
BEATTRE e PRROMRATIC DOSY IE2 AT 5 Z L C, £ OFRELHER L,

AT R Tz D%, 7 I VEOARIE BT 2R CH D, T I VEDL I ORENS OFERE (7
L BERT ) T VR AERERICLATH I MRIGEDE. ST VR L0EL
DRKEWESEDEOWERS & L CEERMEYL 5D THBY, LOAREORRER XU E
EThb, NIZFART Y EtB) EAF L AT—FUERRIGSES &, Bt &5 U L EAH
LLTT7IVEAZENECHBIENTER LN, 20 L &R UREEE BN 2P EEOTEERH
BENTHD Fig. 1), LOLRBDL, ZOPREIZEBERTRETSH Y . —BRAVRANTIE T ORI
FREE LYY, F 2T, DOSY AR BT I BABER R AR 2R T RR O R B BT

Ha_NOBn EtsB . M _ANHOBn

| ~_
FHFEVLI-FTIL

Fig.1 The reaction pathway of amine synthetic from oxime ether

DOSY, IRAFEL. FRME

ELBVWEEL, IZREESSH, IDRVALHE, BPILESHL, HRBEL, BW0EHitbhE
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BIFIZ 1 INM-ECX400 :;EaJ:U JNM-ECA500 %\ 7e, BUBHZ. EtB o CHCL Y& & MABUS % Bith
SEB, BETTREE2HE LT, RISEELSET\ A, BT CDCL, AL TEY
REREIRAEE S 27 22 AT, 5CIRRERE 2T o7, Fik, xn‘o"i%fiﬁ< tm_%fx
3mm DFEEIEE R NTVS,

. DOSY ALBHIZ 1 Delta 7145 5@ SPLMOD (SPLine MODel) % JH\ 7=,

(RER)

Fig. 2 iz H- DOSY ARY PVETT, BOHBREOKREVIEC, l@ﬁiﬁ Et,B, £, EFI%'WS
D 4 DD E’Eéﬂ’bfb\é EBRDB, ENTROEHFREICBT BATA AT~ 5 %
Fig.3 iz, 'H- DOSY COSY A3 BHMIED R T4 25— % Fig 4107, M. COSY D— /km:vﬂﬁ
FIZiE, H-DOSY A% M/ :roﬁétPFEJﬁs(DX747<7 &%EMH 3 TNB,

b A A_ll s CREESY

. JA: by Aﬂ____ |

- MEET
s \ TTAEtB :
és 1 \ ‘ \‘> — . " ‘ tx
E . B: £/ Ty
s | A PR - » kl 7
f PN B + (.0 B C : PRk C n
} a— { { c : _

S B o [ Y
B T T e Fig.3 'H spectra of reaction mixture and each slice
Fig.2' 'H-DOSY spectrum of reaction mixture .
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BLE® & 512 2D, 3D-DOSY B & I = & G MBER T MR A I C & 5 = 2 Hi iyt
AREOREIINC, FHEOMFERSEREE25 LCEETHD, LrLens, 