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Analysis of interaction sites of curcumin with the fibrils of 42-residue
amyloid B-protein (AB42) using solid-state NMR
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and K. Takegoshi'

'Graduate School of Science, Kyoto University, Japan. *Graduate School of Agriculture,
Kyoto University, Japan.

Aggregation of 42-residue amyloid-3 protein (AP42) plays a crucial role in the pathogenesis
of Alzheimer’s disease. Since curcumin, the yellow pigment in the rhizome of turmeric,
interacts with the aggregates (fibrils) of AB42 and dissolve them, interaction sites of curcumin
in the AP42 fibrils were analyzed by solid-state NMR using dipolar-assisted rotational
resonance (DARR). To improve the quality of 2D spectrum, covariance processing was
applied to the 2D data. Our present data indicated that curcumin has a greater tendency to
interact with B-sheet at positions 17-21 of the AB42 fibrils than random coil at N-terminus.
Moreover, the importance of methoxy and hydroxyl groups of curcumin for its interaction
with the AB42 fibrils was also suggested.
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1 17 21 42
AB42 (17-21 label): DAEFRHDSGYEVHHQKLVEFAEDVGSNKGAIIGLMVGGVVIA

2 4 9 12
AB42 (N-terminal label): DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA

Curcumin (3C4-ring):
* : labeled with 3C

Fig. 2. Selective labeling of AB42 and curcumin with 13C. Labeling scheme in the AB42 sequence: bold
letter, uniformly labeled with 1*C; underlined letter, only Cy is labeled with '3C. Curcumin was
labeled at its aromatic carbons with 1*C.

D5y F- NI T B PR~ PR -1-F0 FAE ) % [E R NMR (2 & 0 fight L=, &fiRE LT,
T X MR & D N RGO R EIR 1% PCHEik L7z AP Btk 7 v I v
OIRAAE G [FERICTHEL LT L7z, 7V 2 & AR DAL 7 RINER D L fif
FRIEC R 2 DT, 207 S VRBEROH LR L, AP2 I FBRLSO R
ZAEa L 7= (Fig. 2).

BCHERE L7 AB42 & ) VU IREET T 37°C T48h A v Fa—a T4 LIk
DEHEIR (74 7 V) AP LT, F Z~BCHER L=V S & 5SRIML,
EBHIC1ThArFa—T gy L B0 E SN BERZ D BEL TR L,
WUE T TR LT,

3. EfK NMR 2k B ILIAMEE BT

—WRILD CP/IMAS A7 MVEHIE LT & Z A, 100~ 150 ppm Tz 7 v 7 I v
D BC T FNERHERT D Z N TE (Fig. 3), £TD PC A k45 CP iR
WELWERET D E, E—JBERND AR BEEKR~D I V7 I v OfEGEIT
025 HFEREELHEINZ, 2, 747 I URNE S FE) I Th7R b
AN

Sy o PC-BC BObR-- MR 1-AH BAVEF 285 HAY T, PC -'H dipolar-assisted
rotational resonance (DARR)” %1757, DARR I3 Fig. 4 lZ/” 9 L 512, MAS &
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Fig. 3. 1D 3C CP/MAS spectra of the curcumin (*3C4-ring)-bound AB42 (17-21 label) fibrils (A) and
the curcumin (13C-ring)-bound AB42 (N-terminal label) fibrils (B).

—107—



AT L WBRE D T VA 2 H IR E o
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Mixing time 500 ms ® ¥kt DARR 3k %
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AR RMVTILABL2 L7 V7 X Doy
Mor o2 —7 3l Enzmnoi- Fig. 4. Pulse sequence of 2D DARR experiments.?)

(Fig. 5), ZHUE, 7 L7 22D BC & Ap42
D PCRALAHAINEL Z > TR W, 3 D WIEA LA I B0 - TV B 45 15548 2D
FT A7 FVICKBRENZRUVNEED RN L EZEKRL TV 5,

Z 2T, WML BRO T2 L0 SRIE T A D 2 £ N T&E 53558 (covariance) *)
ZHWT, AL DARR EBROT— X 20T % = L 2lkAiz, H58IT50 C 1.
C=F"F)"? oL vkdiz, 22T, FITQItBLT7—V o84 I1FL 2 L= 1D
A7 MVOH, FTIX F OEEEFTHIC, EHRIFTINCH L CHELZ LD TH 5.
ISR AT o> T B, 717 S 0L APA2 BEEEIRD Leu-17 ~ Ala-21 DR & DR
27 0 A — 7 INSEBI Sz (Fig. 6A), ZHH D7 1 A —7 1 mixing time &
EBITREL o> T2 Z Evh . DARR I KL W ETE L 7= AU - SR -FH AR A
kT DD ThDHLEEZBND, —J, 77 I & NREBHEHBROKED BC Mo
7 n A — 7 BREIT )N & v 72 (Fig. 6B), ARG RIZ. 707 2 U0 N KD
TURLEEL DS Leu-17 ~ Ala-21 D B-2— F EMAEEA LT VWIZ L 2RIEB LT
AV

IV I UDEFRRO PCOHTTH, 7,7 BELOE, 8 Lo PCizEnlisto Bz
T ABA2 BEEIRDIRSE & ORIZERW Y 1 A ¥ — 27 BNEJHI X7z (Fig. 6C, D), 24
 COREEMIZENS, A7 30D Rux i LiEeE A F T 5 L AR DEE
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Fig. 5. 2D FT DARR spectra of the curcumin (13C-ring)-bound AB42 (17-21 label) fibrils. (A) and (B) are
the same spectra, but the lower limit of the shown spectra are 3% (A) and 1% (B) of the highest peak.
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Fig. 6. 2D covariance-processed DARR spectra of the curcumin (3C,-ring)-bound AB42 (17-21 label) fibrils
(A and C) and the curcumin (13C-ring)-bound AP42 (N-terminal label) fibrils (B and D). Spectra C and
D are enlarged displays of the spectra framed by dotted line in spectra A and B, respectively.
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A Solid-state NMR study of structural alteration and function of the PH
domain induced at the membrane surface

oNaomi Tokuda!, Katsuhisa Kawai!, Hitoshi Yagisawa', Yasuhisa Fukui?, Satoru Tuzi'
!Grad. Schl. Life Sci., Univ. Hyogo, *Natl. Hith. Res. Inst., Taiwan

SWAP-70 acts as GEF in the signal transduction pathway at the plasma membrane surface
and as a component of Ig class switching complex in the nucleus. The localizations of
SWAP-70 to the plasma membrane and the nucleus are dominated by PI(3,4,5)P3 specific
binding site and a nuclear localization signal sequence, respectively, both of witch are located
in the PH domain. In this study, we investigated a structural alteration of SWAP-70 PH
domain induced at the membrane surface by using solid-state NMR. The '3C NMR spectra of
the membrane associated SWAP-70 PH domain revealed that a conformational transition of
the C-terminal a-helix to a random coil like structure and a structural alteration of the -
sandwich occur at the membrane surface. The conformational alteration would expose NLS

involved in the C-terminal a-helix to water and facilitate recognition by Importin-a.

1. 13C®IC
Switch associated protein—70(SWAP-70) 3%y 70 kDa®D/KIAMERHE TH Y .

MO EREICIB W T, FT7 =2 X7 LAF RSN+ (GEF) & L CHII NS s
WCEET L EHIC, BRNICBWTBY U RERofE /a7 ) VEEO 7 7 A AL
FIZBEETAHZ LMo Tn5, —IREEFIOHIIALE T HPleckstrin homology
(PH) RAA E, A4 /7 b=V U VIBETHHPI(3,4,5)Ps & OBIRIRFESE I L
T, SWAP-TODAE 7> & M ~D JTE A HIT 5 & & HI2, SWAP-T0DO AT %
2 > 7P AESINLS) 2 3 te Z EHE I TS, Fig. IANIEERFICET
ZHSWAP=70 PH R A A > ONARKEEET VAR LTz, SWAP-70 PH R A A > DL
L. CREia~V v 7 ZAEBKMEaT Z KT 5 B A v FHEENH2SH, PHR
AA L A=R=T 7 IV —|ZHEDONAREE L RS, AW TIL, EARNR LiE L
FAWT, BEEE EICHES L7ZBROSWAP-T0 PH R A A OEhAgREE 2 B8 L, K
IR BT B LR E & OEWEENTT 2 & & b, MlaEs S~ DT Ol
TN B D M & et L 72,

¥—U—NR: PHRAA Y, JEE_EHE, SWAP-70

OLTE pBdr, DOV 1HOUE, RESD DL, SN RTOE, DU L5
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Fig. 1. The three-dimensional model structure (PDB#

LY | 2DN6) (A) and the primary and the secondary
— . . structures (B) of SWAP-70 PH domain in solution.
PI{3,4,5)P: binding site Positions of Ala and Val residues are shown in (B).

2. FEEI5E

KIGHE KRERBEZZ AT, [3-18CJAlaB L ON[1-13C]Val Z & A L 72GST@E&
SWAP-70 PH R A A v DFBLEIT>7-, GSTREEAEA2T 74 =T 4 —L Vv LiEE
L7z, thrombinGJBriZ KOPHR A A ZEIL L, A AT T K% v CHEE
L7, 5 DI72SWAP-70 PHR A A > % P1(3,4,5)P 2% & telfE — EBIRMEIK &
RE LIk, mEORMICKVIFERICHES LIEPHR A A 2B LTz, G b/l
FBHZ, B OIRRE TREIANMREE FA 4 > 7 V& IS E L, 3¢ NMREIE ISV 2,
71, Chemagnetics CMX Infinity—400(1*C: 100.6 MHz) Z T, 25 "CT, DD-MAS
BB LUCP-MASIEIZ L 1T o7,
3. A RLELR

[3-13C]Alads L ON1-18C]ValAEFKRSWAP-70 PH R A A > 0> 13C NMRA Y b L& &5
FOERE~DIFEE L BT, Fig. 28X OB R LT, BT AEERIZEWNT,
Ala300i1ZCRUE a ~Y v 7 A, Val233, 262, 277 B L Ala288i% B ¥ KA v FHE
1, Val243(FPI (3, 4, 5) PsfE & A MZALET 5,

IKIRHE 2 31T HSWAP-70 PH R A A > D ST AKRAE

Fig. 2A, 3AMIZRTHRIC, FEEIERAIRIEIC IV T2 o DAlafk Ak (A1a288, 300) 1ZH
I D2ARD B2 (g5 (18.6, 15.9 ppm) B LN, 5-oDValfEhk (Val2ll, 233, 243,
262, 2TT)\ZHKHINT 5RO HE L= e85 5 (174.1, 172.2, 173.8, 171.5,
171.6 ppm) BZNZENEBR STz, ZHUE, KEEEFIZBWTPHR A A > 23Fig. 1A
DIFREEE T WAZKET DB — DN AEEZTER L TVWD Z & Z R LTS,
Fig. 2B,3BIZ, PHR XA »DPI(3,4,5)PsfEATNLIC, PI(3, 4, 5) PsEEAS O KIEMET
a7 CTohHIns (1, 3,4, 5) PadifhES LI REDC NMRAXZ ML &R L7, Ins
(1,3, 4, 5) PaDFERIC L 0 . HEREE T A MIALiE T HVal243ik D5 512, 173.8
ppm7>5173. 6 ppm~D @S> 7 RBBRI S NTZ, By KA v FHEEICEEND
Val233, 262, 2773 L UNM1a288HRDE B IZIIRERZITA b T, EEMEE
MEBRLS BH v A v FREEIZIns (1, 3,4, 5) PADFEARIC L W (L LAgWnZ L 3o
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%o Flo, CRUGa~Y v 7 ZAOHFRITNAET HA1a300015 51, FEIEFESIRIE &
[ C15.9 ppmiZBLAI S TE Y, CRUia~Y v 7 2EEICH BT R 5/,
A5 MRS A1 K D SWAP=70 PH R A A o DT ARKEEZE L,

IKERIE T DR & el L, EAISC NMRIZ L W B S A SWAP-70 PHR A A > DB
FEREEIX, IRERRE~OREGICL Y RES BT 5 Z LR ST, Fig. 2C,
Clz, IRERIZHEA L7oRRED [3- 13C]A1a:FaJZU\[1 BCIVal fZFRSWAP-70 PH R £ A >
DDD-MASARZ RLZRT, Fig. 2CICBWT, WK O ARHEE IZRHET 515.9
ppmDAE ZIZHNZ T, 16.7-16.9 ppm:Bct(}“Zl 2 ppmlZH - RE BBl SN, =
NHEDOEZFDH B, 16.7-16.9 ppmlZBHI A5 51L, CP-MASAXZ kL (Fig.
2D) FIZEB W THRIREN KR E <35 2 &0 n | EE3ERE L, ZHADP L X
MRENT U F LI NWAREEZ R L TV D EE X B, CRIBIZITVA1a30012 07
BIND, ZALEIFRAYIZ, 21,2 ppmll B S AL H1E 51X, CP-MASA~Z hvh
(Fig. 2D) B W THERITRE DN KR E < | {bFET 7 FOEMEBSAIIZS 7 F LTS
ZEnn, EERHIRSNZ B — MEEEZ TR LTS, ZOFEFIE, BTANT
RCRIGIZNLE T HA1a288DIEEZEICH KT H B2 B D, 16.7-16.9 ppmlZH]
MMEND T 2 H L MEEEDFBIL, SWAP-70 PH R A A > OCEKHH 2 G E A~

Na2a2
ne Vw233
300 V243 1722

+ Fig. 2. 13C NMR spectra of f
[3-13C]Ala-labeled SWAP-70 i ’ f
PH domain. unliganded PH
domain in solution (A), PH [
f ‘ " domain forming complex with |.'H . 3 j
Ins(1,3,4,5)P4 in solution (B), , i} .‘) |
DD-MAS (C) and CP-MAS (D) <"t '
13C NMR spectra of PH
B domain bound to PI(3,4,5)P3 |y ra——
embedded in POPC/PI(3,4,5) '
Ps vesicles. B

— Fig. 3. 13C NMR spectra of
e ‘ c [1-3C]val-labeled SWAP-70
| PH domain. unliganded PH c )
domain in solution (A), PH B (1A
- V domain forming complex with 1 31
Ins(1,3,4,5)P4 in solution (B),
DD-MAS (C) and CP-MAS (D)
13C NMR spectra of PH
domain bound to PI(3,4,5)P3
D embedded in Di-O-DMPC/PI D
(3,4,5)Ps vesicles.

v lipd @l
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DFEEICEY a~V v 7 AEENL T X La A VEE~LBEBETHZ 2R
TWb, —J7, Fig. 3CIZBW T, B#VF49?%%Kaih6%M%,%Hﬂ:
V2TTIZHR T 2EFI1T. BEBE~OHEAIZ BT O172.2, 17168 LW
171.5 ppm(Fig. 3A) D DARSHMIZKE v 7 Fl, 170-176 ppmlZfEELDAE 52 HE
DB STMEDIRNARY ARG 270, ZOZEnb, ETAMERO BV R
A v TG, IBEREGEARICRESHEEELT 22 L0 bnd, £o, HiEE{L
% OValFRIED(E BIICP-MAS A~ kL (Fig. 3D) P TIFBIHI SN, b HE Nk
SCPRHENMEIWEE THDL L EX DD, MgCl

omw

SR 5 A LIZPH I A A 25T BMeCLd R N
B BT 351) DPH R A A > OREEZALITH T 5 '

FEM AN O G 2§ 5720, MgClo3fF T T
EE RS AR D [3-13C]Alads L N[ 1-183C] Val FE3ik

SWAP-70 PH K A A > DA 13C  NMREIE 24T > 72,

MgClolBE %0, 5, 10 MEZB LSBT TRIEEZIT-T-

LT A, PHR A A OREEZEAL D MCLi FE DT 1omM |

P THIHIE 2L, 10 mM MgCl ofF(E F Tl

(Fig. 2A,3A) ERIUALF > 7 &R L7z (Fig. 4),

IOZlnb, IRECEBEPH R A A CHOMBELER = o e s s o @
2 K DHEIEZAEAY . IRERKE EPHR A A VIO Fig. 4. Bffect of MgClz on the solid-state 1C

BRI S > CHREND 2 EARRENT. L5 kbeld SWAPT0 P dorin

bound to PI(3,4,5)P; in vesicles.

JEEME B GBI SN D X9 72PH R A A DR & etEE 2 bix, IRERAYA b~
DY Hy REGETTEFERESN Y, 202 &b, BEEDRERE/NIC
X, PHR A A > L IREBE T & OFBHEERANARAIRTHD EWVZDH, SWAP-T0
PHR A A E, CR¥Ga~Y v 7 ARITERBATY 7T VS (NLS) 2 LT 5 (Fig.
D, TRERBEECBITACKa~Y v 7 ADT U haf WVEEEE~OEBIT, s
B H'E (Importin-a) 2 X HANLSOGFRFK A2 L, SWAP-T0DBAT A HIHT 2 A1 »
FLLTEHCEEXLND, ZTOFMAEIF, BY U NERKICBWTRB I TV
SWAP-TOD P ~D JGTEIZfot < BE~DFEIT D ZEHE) (Masat, L. et al., Proc. Natl. Acad.
Sci. USA (2000) 97 2180-4) & —F L T\ %, F£72. Importin-a ENLSOFEAET LTI
TIINLSI I OV 43 CImportin- a \ZFE S 9D (Fontes, M. R et al., J. Mol. Biol. (2000)
207 1183-94) Z EAVRENTEY . RIFETREINACK o~V v 7 A DOHEEEA
73, NLSOImportin-a ~DiEA & {ehd 252 & %i% LTW%, BHEEDRE 2
ZBAIX, BBER AL LD R AL VRIMBEERICOEELZRITT EEZOND,
WMJOMHM%B@M&LT%%?é_EﬁE ”T@Méhﬁ%g%kﬁ
— KBS E TR & 5 bl B 2 A > OIEMALIZ S A5 L TV D ATREEDR & 5,
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YP3 A NMR % & & U gauge-including projector
augmented-wave (GIPAW)EIC K 2B EBRREEDEN &
BERELL
O, 17 5L
FHS R FAC AR FE T

Structural analysis and refinement of aggregation structure in organic
molecules by the combined use of solid-state NMR spectroscopy and
gauge-including projector augmented-wave (GIPAW) calculations

OFuritsu Suzuki and Hironori Kaji

Institute for Chemical Research, Kyoto University, Uji, Japan.

The structure refinement for the crystals of tris(8-hydroxyquinoline) aluminum(III) in the &
form (8-Alqs) was carried out through the combined use of solid-state NMR spectroscopy and
the gauge-including projector augmented-wave (GIPAW) method. Although it was difficult to
distinguish two previously proposed structures by X-ray powder diffraction measurements,
they were clearly distinguished by the isotropic chemical shifts calculated by GIPAW method.
However, neither structure could reproduce the experimental chemical shifts. Therefore, we
carried out geometry optimization under the periodic boundary condition for all the atoms of
the crystal structure proposed by X-ray diffraction experiments, and calculated chemical shifts
for the optimized structure. The calculated chemical shifts well reproduced the experimental
result. From the study, we found that the combined use of these methods can be a powerful
method for the structure refinement of organic aggregates, which cannot be accessed by the
conventional X-ray diffraction analysis.

<kiE>

T X, BUE, BT A AMBHIBT 20582 8D TV 5, AR RO B s
Btha LUV TS5 Z L, /bbb, YO X )RS+ 2 E0 X 5 ek
THOIUZEN - BRSNS LN ONZHALNCT 5 2 Lid, Bh AT
NA ZRFEDOBAE DL TR | R EOBANS L EETHD, LLENE, i
iafbz TE 27200325 Z L AR SN D EREELT A AMEHZ BT, FEAIR
BIXbHAALDZ L fEERETHS THENLEZR L TND T ENEL, £ OISR
FrxXMEFiEcCERERGENZ v, flxiX, Er@XMeEcb s
tris(8-hydroxyquinoline) aluminum(IIl) (Algs)iZ (%o, B. 7. 8. e DS ODFE R BFIE
FTAHZERPLNICINTVEN, FOREEHEEICOWTIER 2 D7 L —T 5 Bip
HI|ENRENTEY, ELTWARWV[I-6], 2D XKD T, AFFETIE, &
BRI T Oy 7 MRS ATHEZRGIPAWIA[7] 2 FV, 2F O E R ST
W 5 8-Algsiit i ok L TNMREE Ly 7 MlZ KD, 8-AlgsCP/MAS “C NMR 2

GIPAWIE, E{ANMRIE, {52 7 b

OFF&50D, NLUADY
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NI MV BAG LIV FRIES] & O HRiRE 2 A T,

< R >

Colle 5[2]. # LU, Rajeswaran & 312 £ W 2 Z G S 472 2FE D 8-Algsfis A
BIZOWT, BT A—=FBLTAL C, O, NEFE T DHEEZ %K % Ok THE S
NTWBICETE L, ABERSMEO T CHER - OERED W CREE R L 21T
Stz, £z, Colle b DIRE LIZFEHEEIC W TIE, ST O 106§ S HidE i
WALFE BT o7z, Z OfERE(ICIE, PR EEEZ AWZDFTICE S &, 23H#U4H
BART vy iz — b B EIE (GGA) AW, GGAULEH & LTI
Perdew-Burke-Ernzerhof (PBE) ZZHAHBSILBEIS A o, PR = RV —h » b A
713279 Ry(380eV) & L 7=,

Colle >, ¥ XN, Rajeswaran 512 L 0 #iE S/l KO, Bl o bitEiC
Lo THELNIHEEIZHOW T, GIPAWIEIZESENMRILFE Y 7 FatE &7 o712, &8
PARBAAR T v % WIZGGAZ HVY, GGALEI% & U CTIEXPBEASHAFABAIN.BA% & -\ 7,
W kL X — A v b A 71380 Ry (1088 eV)& L7z, 7ok, HEEmdbatFicix
CASTEP, GIPAWIEIZHS ALy 7 b EHEIZIXQuantum-Espresso & iV 72, FyRX
BRIET 7 1 7 7 A L OFHRIZ I IMercury & V2,

<HER -« BEE>
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3-Alqs DFE b5 12 53 ENMRZE (b Fig. 2. Calculated X-ray profiles for crystal
U7 MEEFHE LIz A, Mk l  structures of 8-Algs; (a) proposed by Célle et
L ATORWIEEICIX, FEENFEH  al, (b) proposed by Rajeswaran, et al., and (c)
AL =Ll olz, £7-, Colle © after the optimization of all the atomic
DEER LT B I ZITHIE 723& 41TV coordinates for the Colle’s structure.
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Fig. 3. Experimental CP/MAS “C NMR spectra
of (a) y-Alg; and (b) 8-Algs. See Fig. 1 for the
assignments of resonance lines.
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Fig. 4. NMR isotropic chemical shifts calculated
from the crystal structures of (a) 6-Alq; proposed
by Colle et al., (b) that by Rajeswaran et al., and
(c) that after the optimization of all the atomic

coordinates for the Colle’s structure.
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Fig. 5. Comparison of experimental and calculated isotropic chemical shifts of 8-Alqs crystals.
For the chemical shift calculations, the structures proposed by Célle et al. and by Rajeswaran et al.
are used in (a) and (b), respectively. In (c), all the atomic coordinates are optimized for the

Colle’s structure.  Error bars indicate the line widths of respective experimental resonance lines.
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< BEE> Fig. 6. Crystal structures of §-Alq;. Grey
ARAFFEIE . B ARFEIT RS O & feimtfF 755 lines show the structure proposed by Célle
REETI0 7T LE0 A ESZIF7-H D etal. Black lines show the structure after
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v o — & LEINFEHIE (G ORI 12 K %, coordinates for the Célle’s structure.
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Analysis of local dynamical and structural change at Tyrl74 of
photoreceptor protein ppR-pHtrII complex in relation to the negative
phototaxis by in situ photo-irradiated solid-state NMR

OTetsurou Hidaka', Yuya Tomonagal, Izuru Kawamura', Akimori Wada?, Yuki Sudo®,
Naoki Kamo®, Akira Naito'

! Graduate School of Engineering, Yokohama National University, Yokohama, Japan.
?College of Pharmaceutical Sciences, Kobe Pharmaceutical University, Hyogo, Japan.
3Division of Biological Science, Graduate School of Science, Nagoya University, Nagoya,
Japan. *College of Pharmaceutical Sciences, Matsuyama University, Matsuyama, Japan.

Pharaonis phoborhodopsin (ppR) functions as a negative phototaxis receptor in
N.pharaonis. ppR forms a complex with pHtrll, and this complex transmits the photosignal
into cytoplasm. However, initial step of the signal transduction mechanism induced by the
retinal photoisomerization of ppR, has not yet well understood. In this study, we focused on
the property at Tyrl174 of F-helix in ppR and investigated dynamic structure of [1-*C]Tyr-,
['>N]Pro-ppR and ppR/pHtrIl complex in the dark and light states by means of in situ
photo-irradiated solid state NMR. We observed that dynamics and/or conformation of Tyr174
moiety significantly changed to a more flexible state when ppR changed to the M
intermediate. Furthermore, it was observed that a local rather than overall structure of ppR
was changed in the M intermediate.

Ui

EANMRHE I HEFEHI S U TN 217 9 2 E 3 ATRE7R “In situ )G FRGSEIA
NMRAEEZBFE L., Znx W TRIEDRITISE T D2 LFF—nZ "I ED—
i C & 5 pharaonis phoborhodopsin (ppR or SRII: Sensory Rhodopsin 1) JtJhid fR7E %
e L T, UF T — BN X DR T D Z 87 H o BRI
EALZBIT 5 Z LICHE) LTe D TEORR A MET 5,

PPRIIN.pharaonist K DIZ RS L X7 ETHY . VFF— NV ERaAE 357
AKEE @B~V v 7 A6 5, ppRIZEKEES CidpHtrll (pharaonis Halobacterial

in situCFRSH-[EIANMR, L FF—v & 8T, SeiE M AR

OQUEMNTSH I, L NP IR, LoV LH bEHET LY, TEIDPI X,
MbIRBE, W EIHEH
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transducer II) L2220 BEREZKT 5, ZOEAKRIT, HIEDSDNAGEZ 72D
ICHRRBEOIENGRBET DADOEREEHBET 08— U THIEET 5, 2t
LFF— L ONEMENE N T —E L TppRDD 8T VAT 2—H—X X7 ETH
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ERRZEDOHYNEBRRIZB W TR TS & 5 LT — St B LI 5 ppROE
ZALDSEREICEE D > THE Y | FFIZppROF helix DB GEEL N EE L STV 5D,

FETE MR HE O HEEAE S O FEA 2 B9~ 5 BRI, D /3 BT A TR B m O L1
I fRGE R B OBEARNMR B “In sitCFRES” S AIREIZ 72 iR SR prEh S & 2 b
BN FIREIZ 22 B 720 in situCFRS EARNMRIAE 1 I REMR I IE R ICEE CTH 5,

ARFZETIE, ADOEEMERBEN JIE L 7= T204A % B fAppRI-H & B A7 ppR 0D HLg /)
HAE SR ERAE O W HIEFRIC BT D F-helix DEH « WEEZAL 2B U, in sitw)CHRES
[EARNMRHE L Z W CTROERMEICHE /2T I 7 BRFREETyr1 74815 O H R HE &
FEIEPELIRRE T H DM RO BN « HEEZEL DT 21TV, ppROE FAREA B =
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ppR -Histag”' 7 A I R, pHull-His tag”7" 7 A I R&EEEHIC L 0 KRIGEITEA L
720 MOKEH A FHVN T RIBEBL21(DE3) & 5428 L. [15, 20-"*C]retinal, [1-"*C]Tyr. ['*N]Pro
ZUWMLUTUIPTGIZ L W RBFEAIT 9 2 & T 2/ BRI L E RN AR LT
PPROFEHE 1T - 7=, pHUIITLBE; H1Z N C 170 & RIEED TIE CIEIER Ok 2 45
Too B U ST ENRBL U T KIGE A 50 Wik, N5 5y O AvE{, Ni°“-AgaroselZ &
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7=o [1-BCITyr. [P N]JPro-T204APPRiZ ST b _EFE & [FEEDHME TH =,

WA ppR/pHtrIl complex DAEE — EEA~DOFHERL 21TV, EIANMREIERE & Lz,
[ X EggPC% F\V TppR: EggPC=1:30(E /L L) DEIA THEAERL L. I E FBuffer(pH7.0,
HEPES 5 mM, NaCl 10 mM) Tl L, OB X 0ol vy N &R EHE IcE
A L7, [15, 20-CJretinal, [1-*C]Tyr. ["*N]Pro-ppR/pHtrIliZ->\»T"C,>SN REDOR
(Rotational Echo DOuble Resonance) filter™, in situ /RS2 CF L N CP-MAS NMR
ExAT > 72, ppRONFIILIZIZS2nm, SmWD T U —> L—F—FEFEHL, LFF
—VODIE B LM RO B A Rl L7z,

Grean Laser

In situJe FRSH E ANMR I 15 0O B % SRR

7 = =Y = & ERNMREE O RE
~RETDeDIC, FTHEOIMUNE T —T
DRNTTAT 47 Ty AN—FE LT, &5
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[ZIEH T A% WV, Fig. IO X 5 ICH T AF ¥ »
TOEAE T IRTEHI LTS Y — L—WF—3¢  Fig 1 The schematic of in situ photo-
rotorPN CTEEL L. HIERBHZEE I T4 B & irradiated solid-state NMR.
SINHEHIThE L,
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Fig. 2 REDOR filtered ">C, "N NMR spectra of [1-"*C]Tyr, [ *°N]Pro-ppR and ppR/pHtrIl. Top, middle and
bottom spectra are UNREDOR, REDOR and UNREDOR minus REDOR, respectively. (a), (b): ppR
monomer. (c), (d) : ppR/pHtrll complex.
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s bz LR EE E M PERIRE T2 2 L AW FRE L 72 5 72, Fig. 3 IZ[15,
20-"*C]retinal-ppR monomer 3 & U8 ppR/pHtrIl complex (23515 5 L FF—/L-0D Cyp D *C
CP-MAS [Ef& NMR A7 NV &R LTz, SRS H Tk, ZEEREET 13.5 ppm (I >
7= Coo DA 5 DY All-trans %75 13-cis, 15-anti BLA~FEERMEALIZ LV #5F L, 22~24 ppm
RISz e — 7 B8z, 280 EAE NMR JIE 12 M PR i Sh iz 2
EERMER LTz, FloE— 08D LIFAEELTWAZ D M FEETIZO
EODIRIETII R, X oI OWEEE GO TL 7R &b 2 2L EOIRIEN T2
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Tyr, ['*N]Pro-ppR 3 & OY[1-"*C]Tyr, ['*N]Pro—ppR/pHtrll @ in situ Y&FRES *C DD, CP MAS

NMR I %17 - 7=, Fig. 42 DOFER%
7~9, ppR monomer ® Tyrl74 D551
175.5 ppm T& Y . Fig. 4 (a)® DD MAS
TIX 175.6 ppm D E—27 3EK L. (b) D
CP MAS TIX 175.2 ppm O B — 27 H3 /)
LTCW5b, 2% Y ppR L monomer IRHE T
IXIERRSTIRE I Tyr174 Z & 10 F helix O
HEREF L TNWDH I EERBTH, F
72(c) & (d)IZ7~7 ppR/pHtrIl complex @D
[1-°C]Tyr174 @ 175.1 ppm OE—7 L
[*N]Pro175 @ 114.1 ppm i D &' — 27 73
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PIREEEENEZ D EEZE2 bLD, T
L VG BREIRAERFIC Tyrl74 STEEANE
A& 725 F helix @ pHtrll ]~ tilt 234
CHZ & EMENRHD Z LRI,

r13d.5

]

lppen]
Fig. 3 In situ photo-irradiated *C CP MAS NMR
spectra of [15, 20-°C] retinal-ppR (left),
ppR/pHtrIl complex (right) at 253 K. Gray and
black lines are ground states and M
intermediate. The bottom spectra are difference

spectra of ground state minus M intermediate.
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Fig. 4 In situ photo-irradiated ' C CP DD MAS spectra of [1-' C]Tyr, ['*N]Pro-ppR monomer and

ppR/pHtrll complex. (a) and (b) are DD and CP MAS spectra of ppR monomer, respectively. (c) and
(d) are °C and "N CP MAS NMR spectra of ppR/pHtrll, respectively. The bottom spectra are

difference spectra of ground state minus M intermediate.
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Li MAS NMR of LiCoO, from a microscopic viewpoint:
ion diffusion and spin diffusion
OYasuto Noda', Takashi Mizuno®, and K. Takegoshi'
'Graduate School of Science, Kyoto University, Kyoto, Japan.
’JEOL Itd., Japan.

Lithium ion diffusion in cathode materials of lithium-ion batteries plays important roles
in properties such as high-rate and high-energy density. Lithium cobaltate containing excess
lithium ions, Li,CoO, (x>1), is widely used as a cathode material in commercial lithium-ion
batteries. However the local structure and ion diffusion mechanism are under discussions. In
this presentation, we report ion diffusion and spin diffusion investigated with exchange
NMR measured by Cryocoil MAS NMR probe, which was recently developed to enhance
the S/N about 4 times, and variable temperature MAS NMR.
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Fig. 2 Spectra of variable temperature MAS
Fig. 1 Contour plot of 2D exchange °Li NMR NMR measured with echo sequence
obtained by Cryocoil MAS probe. from 50 °C to 120 °C.
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Screening bottled liquids using Earth’s Field NMR
(OShota Watanabe, Hideo Sato-Akaba, and Hideo Itozaki
Graduate School of Engineering Science, Osaka University.

It is possible to screen liquids by measuring relaxation times, because they are unique to the
material. In low magnetic field NMR the differences are more distinct, as the relaxation time
is influenced by molecular movement. We developed an Earth’s Field NMR device which
uses a pre-polarization field. We measured the relaxation times both during and after the
pre-polarization pulse. In the case of some liquids these relaxation times differ. By measuring
these two relaxation times the screening of bottled liquids should be possible.
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Pre-palarization coil
Fig.1 Schematic diagram of Earth’s Field NMR Spectrometer. A TTL output from a
multifunction data-acquisition (DAQ) board was used to control the pre-polarization coil. An
analog voltage signal (DC source) from the DAQ was connected to a tank circuit via a buffer
amplifier. A TTL output was used to control a mechanical relay (SIL05-1A72-71D, MEDER
electronic AG) for disconnecting the DC source from the tank circuit. Data acquisition is also
started at this point. FID signals detected in the resonator coil were amplified and led to the DAQ
board.
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Fig.4 T, curve of NMR signal for Wine, Ethanol(95%) and Water during Pre-polarization
pulse (35.2mT) (a), and in Earth’s Field (31.7 1 T) (b).The lines represent the fitted results.
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Electromagnetic simulation of NQR remote detection
oYu Nakahara', Junichiro Shinohara', Hideo Itozaki' and Hideo Akaba'
'Graduate School of Science Engineering, Osaka University

Abstract

Nuclear quadrupole resonance (NQR) spectroscopy can be applied to the detection of illicit
substances. In this paper we developed a simulator to estimate the sensitivity of NQR
remote detection. We first obtain the distribution of the transmission field using Biot-Savart’s
law. The NQR signal strength is then calculated by assuming radiation to be created by ideal
dipoles throughout the sample. The magnitude and orientation of these dipoles are
calculated from the transmission field. By shifting the position of the virtual sample, the
NQR signal strength distribution can be obtained. We compare the simulation results with
the results of an experiment measuring the free induction decay (FID) signal of 100g of HMT.
Both the simulation and experiment produced similar NQR signal strength distributions.
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Fig.5 Pulse width dependence of NQR signal intensity
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Data mining of solid to solution dynamics during *C crystal cellulose
degradation in the waste disposal bioprocess

OTomohiro Iikural’z, Yasuhiro Datel’z, Akira Yamazawa3, Jun Kikuchi
!Grad. Sch. NanobioSci., Yokohama City Univ., ’RIKEN PSC, 3Kajima Corp., ‘RIKEN BMEP,

’Grad. Sch. Bioagr. Sci., Nagoya Univ.
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Degradation processes of chemical compounds in various microbial ecosystems are
influenced by the variations of types, qualities and quantities of the chemical components.
However, the metabolic dynamics with the biomass degradation has remained unclear.
Therefore, we added "*C cellulose as a substrate into high temperature methane fermentation
sludge used for residual food processing, and measured the sludge by solid NMR
(*C-CP/MAS and "C-'H HETCOR) and by solution NMR (‘H and "C) to track the
variations of biomass degradation and metabolic dynamics in the solid/solution state.
Furthermore, we processed the data of NMR spectra to a data matrix, and investigated the
data mining method to understand the comprehensive process.
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Fig.1 Strategy of data mining for biomass
degradation in waste disposal bioprocess.
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Correlation exploration of pretreatment conditions for application of
biomass profiling.

OAmiu Shino', Yuuri Tsuboi’, Hiroshi Hayashi3, Jun Kikuchi®**?

" RIKEN PSC, ° RIKEN ASI, ° Grad. Sch. NanoBio., Yokohama City Univ., * Grad. Sch.
Bioagri., Nagoya Univ., ’ RIKEN BMEP

Understanding chemical compositions and structures of lignocellulose could be contributed
for effective use of plant biomass. We are exploring a new technique to calculate correlation
between chemical composition of plant biomass mixture and their physicochemical characters.
In the present study, we pretreated Napiergrass and Guineagrass (2 type) with a variety of
mechanical and chemical conditions for dissolution, and then measured 'H-">C HSQC spectra.
2D-NMR signals were transformed into numerical value matrices, and they were calculated
principal component analysis for correlation exploration between chemical composition

changes and pretreatment conditions.
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PRAF 7 ADBE I REFE L B D TR THEBIR AR L C0D > Y. SN, Widfis
WHA L2 R 7R AT ALER S 2 ERE AU I TR SR L, 1D, 2D-NMR > 27 L2~ R v 7 24k )
THZET, BEBMMT LSV /2L a—2AD NMR 7 F LB LA O ZE B oD
L e W S Nl By

Fig. 1 Scheme of our biomass profiling strategy.
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AT AR LI DREM IR Z BORE R L, I — &4 — MUVIZ I %, R —L
IV EE ORI B LW, B T NIV EIZ LD L F IR AT LR A T o 7. SHITLE
BNAFT AP T NORG FRAMHREL, RETHLIHBEME NN~ 2%
DMSO-Pyridine J&A K IZ AL S, "H NMR 33500 'H-C HSQC A~ MLV ZHlELT-.
K12, 2D-NMR 5 —41X7 2775 fNMR? # W\ C~h) w7 2{bL, KD
(Principal Components Analysis; PCA) (ZX5% 2 BT Z1T 77,

[FERBLOER

INHERET 7T [A], WHEX =T 7 T2 [O], MikinF =777 [O] @ 3 fEpi
TZONWT, 9 FUEORTLEEEZITV, INMR (25D 164 {E HSQC ) /L% ROI
(Region Of Interest) &L CIH7-. ZiHd 3 Flix9 Zef:x164RO1 %7 —#~ K7 ZA{bL,
PCA f#tra1T-7= (Fig. 2). PCA Du—7 17 7 rynb, Y7 =2 [L] I£PCIl ST,
SR [S] 1X PC2 FHNICEB T HEM RO SN, AaT Ty hEDH#ING, R—/L
UCEDIE N T = DR R E D, BEEBT-OL TWDEE X Iz, £z, BRI
FRZ T U & DAL FRILEL CIE PC2 T ANC AT T EBIS BN 2805, {LSFRRIULELIC
FDLHHAD RO HIZ LD 2 L T D EE 2 bz,

AT TeRTLERSEIZIBNT, VT =0 MR NE BB A~ 33 7 F V037
ETHIENEOLITZ. ZDIEND, /A4~ AHi] N @
WFRLY 7 ) v — AR L O FE BT I 31T 5
~—H—RFORENAREEIFFTED. 7T e
DEFBNTHEY 7D HSQC ATMLMBBIEZ /%) A\%L
BB, I RARHT TS = L TR, B e
AL BEDIERHEDLIENTES. > THEMET L ’
DV e —AfHE - e, RILEIZLDZE D~ s

®

'

PC2 (3.0%)
o

A

-20 -10 0 10 20 30 40 50

D BN T8 e FiEEEZOND. 5% PCL (94.4%)
W TR  2 8D ITR L, SAA~AD B
BN RS 7T L OB R BT . y I
:% O'Z sS u LS L sl v
(2% k] Ll ﬁiHJWLMmMH$
1) E. M. Rubin, Nature, 454, 841-845 (2008). o L
D) BT, RS RO IEAFLIHIM,
Sci&Tech. it (in press). e m w m e

3¢ chemical shift (ppm)
3) HHED, TLq 72 /=2 —X,124,16-21 (2007).  Fig. 2 PCA of 2D HSQC-derived 27 data
4) %i{ﬁﬁ, ﬁ%@#jﬁﬁ%ﬁ 43, 144-155 (2008). N Sc:::tp:ilgis for pretreated plant biomass.
5) Y. Sekiyama, et al., Anal. Chem., 82, 1643-1652 (2010). ~ B? Loading plot. (S:Saccharide, L:Lignin, Usunknown)

6) I. A. Lewis, et al., Magn. Reson. Chem., 47, s123-s126 (2009).
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Application of nuclear magnetic relaxation to elucidation of proton transfer
potential of N:--H-:-O type hydrogen bond

OTomoko Nakano', and Yuichi Masuda'

'Department of Chemistry, Faculty of Science, Ochanomizu University, Tokyo, Japan.

Intramolecular proton transfer (PT) along hydrogen bond has played an important role in wide
variety of chemical and biological reaction systems. The purpose of this study is to establish
an experimental procedure for elucidation of PT potentials of N---H---O type hydrogen bond
systems by a combination of multiple NMR measurements. The method is applied to Schiff
bases with asymmetric double-well PT potentials. The PT rates were evaluated, considering
the '"N-'H magnetic dipolar couplings. The substituent exerts a few orders difference in the
obtained PT rates. The proposed PT potential surfaces sensitively respond to distortion of the
hydrogen bond by the steric repulsion and to size of the conjugate system.

- HiW]

KFEFREGHEET 571w b BENPT)IX, BRSO FEfE & LT ALFRR
AMBERISIZB N TR Z2EE Th 5, BE ., B TIEERREM COPTIBED X
JEBERE L SUSR SR ORISR X —FRE TH D720, OB EN K% K
BLT A RERERERD, 20D, PTRICHE AT v 7 AT 5, KIIGHRT v
YU DD, PR EER O, EELIZER L7z b EORICE LT, fix
DETNADRBEIND L LB, ZLOHBEHK Y I 2L —varnBIRbhTak
D, =07, 2Ok 2 RBRMRGEL, SRIERIEZ N L7 UVIEB R % F 7= A
FNCE B HLDITROENT VD, LOLARS, 20X RKZTIIZ L DBHE, 200
FLVER TR & 72 driving force(AG)DMEIET 5 Z &b | IRENEIREDB 5, & 5\
IXEBE O IFIEHISE D Z 0 | SOSD FHERRIBIC & 5 B TR EM OPT & 1IXE
HINCHERR D LB Z DD, T, WIRKIGY « RN T—iHI T H 2 29 IR
REIZ® 2 TR EIRIERI OPTIZ % LT, E &N « BN RERNT 7 n—F %725
ZLEMETHDEE XD,

Schemel (27" 4 Xk 972 —N"-H--O — 5 —N---H-O— D A 28 BN 7 A R4k 3B
FEARIT, B X R B OKFEREEEEETT V& LTEL OFERTHOIL TN D
— 5T, ORI DY A B AR R O IE OB L - IR RICBE D S b
DTHY | PTRILRT ¥ ¥ VITOWTERNZR T 7o —F 2B 27 >7-H OIIH/D
FRLAEZFIH L7 b OICR S, EBRIGISRT v /L OTIRIC B 5 B

Relaxation time, intramolecular hydrogen bond, Proton Transfer

Ol Z, FTEPINE
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WMEBONTHIR, PTEEICE A L TWD L OIXRY =520, RFETIEH, v 7
ML ARG E & L CORASERM 2T LW < DO D A BV A& FARFNRER], T)
DHIEZMHAEDLEDLZLICEY N H - ORICBIT D KREREOHE, 7o b
AT Iy I A BEXOPTRT v Va2t L, 206 & FEBRICTAE T 2 TiEx
fesi 4562 EHHME LT,

CH, LHy
H N._.H H /N:H
peaiys
B By Br Br
OH-form NH-form

Schemel : Tautomeric equilibrium of Schiff bases

[ 5]

BUARE LrBi 7 a b o L OZERIMELE N LT 5 2 L1 X0 A U7 OB 7--
WA EAERORED 13, HHEKEMINIICE YV E=F—F D52 LN TE D, ZOFE
B XTI DA, T EEECIEBETIC L > T 725 S50, [BlEES) I PTEcs
% 80N PTBENFET DA, TOXA T v 7 ALEMICHEST 5, PT &
[FHEE O RNAHRI N 235 L. HAKEM t 12T 57 v bz L 5 RS
HOOHBIRSIE, kDO X H IR TE S,

(H(0)H (1)) = (7(0)y(0)h(t) (1)) = (h(0)h(1) ¥(0) y (1))

Z 2T, h(t)if PT I2& D r DEALIZHE - Tl Z 2 R PT LR B D2 Eh,  y(t) i A AR
F_7 M OEESEE) > TR Z /TS OEMIC L2 F 54K T, ZbDOH
BARSERIZ )T U TSR ZIE L, TN ENOEMEMEZ pr,m & TH L, T)
IS ERIE 1 CTh D r(eE VAR WA A AEEH LTV A 2 DDA B DR & |
@JE’]%T%% TR, TPT &:J: ’)T%%i"%—é—: & f;y’(‘% 60

AAFFE T, B OIS OBREERIC L > TED PT RT ¥ ¥ LOTRRDBE
ZITZEAL L, £72. Double well DI PT RTF v L axfoL FHlENS YT
(Scheme 2)D 3 FHIHD "N 2T~V Licy y 7HIEZ RS E Lz, T LT, T OHE
735 BN-TH RSP~ R 7-FE FLAE S 1 2 AR, TYYONH) &2 kb5 Z L2 kv |
AR TIZ BT 2 BEHIECIRIEEOEWN PT RNT ¥ v M RIFTHE L EBRHH5
5D KEREAHEES PT ) SR~ 7,

By | ,,j:, " E”; 1 N-(4,6-dimethoxysalicylidene)-methylamine
! 1My ; |
Mg ® E:ér.; Eic'r 2 ""N-(1-methylnitrilomethy-lidyne)-2-naphthalenol
ﬁ‘* Bl 3 ’N-(3,5-dibromosalicyliden)-methylamine
1 2 3

Scheme 2 : Structures of the studied compounds

'H & OBR IR T-- PR TAHEAERIC X % PN o T(TY(NH)E, 72 sk 5)5
FTRE S (™ 1) & Z D & T OB b b, IKFET 5, w (22T
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N-H 27 h DWW T O EHEFHBIRFEN Y pr ITHER Tl W & X (r<opp). BED
Z D3 (rpr L ) DREIR D HFE D TYNH)E, FREERFUL DI T TENLF N eq 1 B
Weq2 TETZENTE D, 12720, w'=Pni -formTReviyt Por-formTrN.. i & T D6

- H
Tldd(NH) (4()) 7H7Nh Tr (PNH FomrNH + Fou_ f(rmrN6--H) (1]

- H
Tldd(NH) ! _[4;:) 7H7Nh TR (PNH fcrmrNH + FPou- former«»H)z (2]

(R - B8]

CD,Cl, CDsCN 1 C 'H,°C, 5N B> NMR # JI7E L7z, F20ME T, 99NH)E, N 12
L=kl Lo 2D @#vko SN o Ty oRlEE Sk 7=, —J7. NH-form &
OH-form Z1LZEH D N-H X2 VORISR run.mlE. PC O T kA —
/\~/\r747‘~)d3%@(ﬁ' TEMED S 7DD B2 5 E LT, N-H FEBE rna e

X, O FELEFR(MP2/6-311G(d,p)) /> & vibrational averaging D& H: % &8 L THE
uio 7. NH-form & OH-form DO E/L4533R Py, Pould. B S 72 Al D
NH-form & OH-form [E4 @ Jyy % ZHFH-90 Hz, 0 Hz & L TR 7= 9, Jmo@
filiz v eq 1, 2 ORERRRD S Pl S5 TONHYE & | F2ME & & i d % = & T,
1—8DOEERFIZEBITS PT ATy, HDHWE PT @HEITxET 5 BBV I
DONFIZONWTHRF LTz, EEAeT — X % Table 1 IZF & 7z,

Table 1 : Summary of data

Comopund 1 2 3
solvent CD,Cl, CDs;CN CD,Cl, CD,Cl,
'Jxi (Hz) -49.8 -46.4 -60.6 -14.4
P 0.55 0.51 0.67 0.16
e (A) 1.068 1.068 1.046 1.085
om0 (A) 1.689 1.689 1.655 1.698
Tronm) (5) 1.43E-11  1.23E-11 1.23E-11 9.19E-12
R, (9) 1.45E-11  1.24E-11 1.25E-11 8.96E-12
Observed values of T:%(NH) (s) 326 432 42.0 107
Expected values of 73%(NH) **¢(s)[g € 7pr] 35.8 442 31.0 151
Expected values of 7,“(NH) ** < (s)[x ] 7pr] 44.7 56.3 36.4 206

2 obtained by ab initio MO calculations : MP2(6-311++G(d,p)).
*b calculated with 7wy and 7 according to equation [1] or [2].

e corrected by considering the vibrational averaging effect on the magnetic dipolar coupling.

CD,ClL, 1123\ T, 1 1% NH-form & OH-form @ driving force(AG)23MFIEE R TH D
K& 7 b RVHENPEFEIND I ‘675 M5, FEHNE 32.6 1% TR<<TPT WD
TTOTHNE 358 L 0/hs< | PTICHARTHFORBREEO 03 H N, T7hbb
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pr>1.43x10" s THHZ Loz, —H. 21E2~3kl/mol D AG & &N, E
HE 420 1 X > opr E WO FETTOTFHRIME 364 LV b REL, 3 FOEELEE)ICH
NPT OHRHE, EHIT, ramid 1 T 143x10M s, 2 T1.23x10" s TH Y, [Ffe

ETHHZ END, 20FBE0 PTHENRHENESZDH, ZOZ &, 1OPTH

T2 X JVIERE DS LR A i < B RE 7R double well LD PT ART > v v L& (DI L &
2 ISR PTRERER H D, 2 D0 HAZ BRI TR s CTH PT AL Z - TV DD,
7 FOEREAREL TNBZEERLTNWD, 2L 2185, resonance

assist DR LD EFOIEREMICER T O THL B2 LND, —FH, 3T
X, TYNHOBREIL, w<pr DFETTPHENAMELY BHELI/ASNEND
R A1E7-, ZiE. NH-form 2> 5 OH-form ~DRT > ¥ /LERE) N-H $REH DO
AT RLF—L0 13D M/ E < NH-form | DR T > 3 v /L h#RIC K & 22 FE7
FER S D Z LITHEEIA LT, NH-form (2811 5 7' 1 b v OFAENLE LW 34 T
TWAHEDTHDLEEZLND, ZOZ LN FiEHREORERICHL KM EN TV 5,
VL EOFERNS FRISN D SALAWD PT RT > v X VO %, Figure 1 12/~ L7z,

OH-form NH-form OH-form NH-tform OH-form NH-form
4 ¥ '- . 3
N ~ .:I."— %i\hi\-{_
Mo
'%‘ '@’é/ =
i 2 3

Figure 1 : Proposed PT potentials

12OV TIX CDCL T A, FEFEOE LD CD:CN FTHHIEEIT- T2, — iK1
(2 MRPEAE IR BT 24 5 NH-form % X 0 2T 5 L BEZ HILDHN, AWFSE
WZRBWT, B L2 BEERRIZIA SN o7, T, vy 7HETIE, BAE
FPERR OG- — A v MBI OE VOIS L PT @REICB T SO H
BB = L X —~D G R HE/ N SN T & B LIRS T & NHO RAKERES.
HHNNInEFREDRIIRHEEEROTEEZRELTWD EE I LILD,
AIFFEIZ L0 . BB EFMIT PT 2 Z % heteronuclear /K EFES 2% LT, IR
I COKBFREAREECE FHIEERER O PT # 4 F 3 v 7 ZZHT A 15H &2 R
WD Z N TETZ, T ORESER)OME S & OFFF BRSO PT A 2 EHE
B, S DICEBEOEIIC L > TEDEN 1,2 DA — X —TETHZ &%
SN LTz, 26 ORRIT, BEHIEOSTIARCHE R DOE S EOILAE M O
OOT NI, PTHESCPT AT U ¥ VOIBRIC K& 2 Ba 5.2 b 2 &
ZRLTWD,
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A method developed for analysis of salt bridges mediated by lysine side
chains using 13C-methyl groups as probes

OYoshikazu Hattori'?, Izuru Ohki?, Kyoko Furuita!, Takahisa Ikegamil, Harumi Fukada’®,
Masahiro Shirakawa®, Toshimichi F uj iwara', Chojiro Koj ima'?

!Insititute for Protein Research, Osaka University, *Graduate School of Biological Sciences,
Nara Institute of Science and Technology, *Graduate School of Life and Environmental
Sciences, Osaka Prefecture University, * Graduate School of Engineering, Kyoto University.

C-methylation of lysines is known as an effective chemical modification for introduction
of *C-methyl groups into proteins. Methylated lysines are protonated at neutral pH such as
unmodified lysines and significant structural changes are hardly induced by methylation.
Therefore *C-methyl groups can be used as probes to study electrostatic interactions of
lysines. Here we show the correlation between the chemical shift values of *C-methyl groups
and the distance to the pair of lysines in the crystal structures. In addition, pH titration of
methylated ubiquitin reveals that methylated K11, which is close to carboxylate in the case of
the natural structure, also involves in the salt bridge interaction. These results indicate that the
methylated lysines with up-field chemical shift values form strong salt bridges.

[E5 VY ralcx Fuikix, (LEEs +1CHO

Lk ) Ui o0 ex F ke R-NH R o R=N- (3CH,),
M9 2K TH 5 (Figure 1) , X F L A e .T.l
ftanzy L viddEEHioy Yy LFEL b

EpHTIZ 78 P oAfbE Tz, 72, RNHY R—NH* - (*CH,),
A F A X 2 EAE OB /N Lys dimethyl-Lys

VBT A, KRR s R E T T P-4

Ml < DI Be FHATO—T L L Figure 1. Methylation of lysine side chain

T VPN L EENHAER ZMENCRE T 2 2 L3R Th %, BEOU
ZeTlE, pHY A FL—2 a ik Dflic DX FIULEHEY ¥ ¥ DpK 03K & iz
[2,3)1F %>, JL TIEGPCRD V) 'Y PRI 2 ¥k X — 3 a Y EALDSIENT S 1L72[4],
L L, XFIMMEEHEDONMRARY b L EY P v DiLAEBREE., RIS & Xt
HOMPIZZoTELT, AT FILDOYE— 75545k 5 EERERICOWTERT 2 2 &
FHEEL Vv,

PNt N (e 5

Ol XY, BEBZEWVWT S, H20AZL) I, WIBALIPDE, 59K
224, Lorbi3VA, SUb6ELAL, ZLEBEILAY)
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AFFETIE, XA FMEEAHEDONMRT — ¥ & BEHIOARGE S X O & AR A
ERZR L, B2 AN T E2HNE L, ShFETIR, ETVEAEELT
Ubiquitin (Ub) % X F )AL L. "H-CHSQCA X7 ML DJiE. L UYUHD Y A b
L=y a vERZTo L, AFRETIE, ZOMOMEERBITE X O X F LB EA
BRMAERICE Z 2828, 2 F LD IGHE E ) 2 v b b, 2 L by 7
il & SERGOMBIC D W T T 5,

[Jiik] Ub (BB E X OKRESA7RE) & FKBP12 (BFAEME X KRAE{ASHE) @
NEZk{R . YUH, Dsk2pusa 35 & Op62uss D FEEZ kA 2 KNG O FeB AR THELL 72, °C
A FVALKIEIZIZ, [PC]-formaldehyde & borane dimethylamine complex FH\>7z, K
BOY v TOVIERINEEE X OENT OB L 'H-PC HSQCA R Y RV EHIE L 72,
VP Y DE—7 DIRIEIZFKRE S A Z X FNALT 2 2 LI &k D Wik L TiTo 7,
NMRHIZE % Bruker 4008 X TN500 MHz% FH\> 7z, ITCHI%E I3 Microcal Omega% FH\ 27z,

[ & £
X F W AbUb% Hw 72 CENELEER i

X F AL DOUbIZR LT, MHAAMEHEFTH % YUH, Dsk2pupa & & Op62usa PNMR
A4 bL—variiiolk, ZOME, BHEREEOSATICET 2 Y v D'Hik
27 POYEEIC (> 0.01 ppm) Z{L L7 (Figure 2) . ¥ 7 YUH® X U'Dsk2pypa®
Y4 bL—=aryTidbRKEAEY 7 PBZAUL 2K11E L OK6 13 & HE T
EEERT 2V Tholz,

A YUH Dsk2p,,.. P62,..
_ 0.06 0.06 0.06
;‘ 0.04 0.04
£ | 0.02
-1 0.02 -
N ||
L A, o

L I o

e =
B : K

Figure 2. (A) NMR titration experiments (B) Lysines with significant
chemical shift changes were mapped onto the structures (PDB
1CMX, TWR1 and 1WR1+2JY7).
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X HIZYUHIZDOWTIE, X FUALEIEOUbICR T 25568 %Z . ITCE L 'NMR
ZHOWTHK L2, Z0Of%, ITCTOMAMERICE b %) BEZLIFERETH D
(Table 1) . NMRTO E#NHOLFY 7 FELIZEWTH X WHBELE S Lk
(Figure 3) ., 2N 5 DFERPS, A F
WEEHEZH\VW7NMRY A FL—
a V2 X o THAE R AL o [ E 237 81
e TdH D IEEHIIRIE DM A E I G 04 |

06

=
THIERINT, 2 03 |
Table 1. Thermodynamic parameters of the interactio :g 02 1
between YUH and Ub or methylated Ub obtained from
ITC 01
R'=03
Uk methylated Ub Q
0 o1 02 03 04 05 08 07 08
M 0.85 +0.05 0.0 + 0.07
A6 (methylated Ub)
Ky /pM 94+03 57£01
AH fkcal mol! —-40+03 —4.0+0.3 Figure 3. Correlation plots of chemical shift changes of
backbone NH of Ub and methylated Ub caused by the
A5fcal K mol' 9.5 10.5 presence of YUH

A FMEDKIEHR E VY 2 v DA FERES

UbD X FIALIZ BT, KIGIZH 3 [PC)-formaldehydeD B %2 2L I ¥ 72 L 2 A,
BT L DE—IEEOEITE VDR S e, NI F UL L7y 7LD
'H-"C HSQCAXRZ ML D E—=ZEEN 6, £ P v ofEfiiEzHH Lz 25,
VYV DIRBEFRHENECIZE, EpKMEVIZE, X F LI NRT VLI LR
iz (Figure 4) . ZUd— MR LA RIGICE T 20k EE L . X FIOULKIEDS
i7a b oAbl 72V v ERORT 2 ROGHERIC X > T, FERSFHHTE %,

A 100 B oo
‘%\Hﬂ .
80 - 80 —
g E L ﬂ\\
5 1] -'E 1] e
o § o
20 1 20
- B =078 R =081
o T o T
L1 20 40 a0 B0 9.4 98 102 106
solvent accesibility (%) pk,

Figure 4. Correlation plots between reactivity of methylation and solvent accessibility (A) or pKa values of
methylated lysines (B)

fbets 7 b fiE & GO B

UbIZ /il Z TFKBP12I22W T H 'H-"C HSQCA X7 M LD JifE735¢ T L7 (Figure
5) . FKBPI12?D'H-"C HSQCA X7 /)L b Ub & IZIEFFLEDHIPHICEL L T\a7z, [
FO'HILEY 7 b DA LR ERSERROMBIIC O W L7 L 25, VP v DR
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7 (<6 A) ITAHANVKEXFINVEDEFET 2546, ZOHEMEOERE (COO™NH;") 12
7L T, HIR2EY 7 P DSEREGINC Y 7 R LT, BRESGMEEY 7 MICEZ B
HIZWEO “RICKIHIT Z EEZOND D, 2Dy bR EokEZ A, kv
MBI otz ISR L DLV (<4 A) THERINIEHTIE, =20
A FNFEDTHADNZ S, W DD Py TE =7 DaABR T,
UblC DWW TCpHY A FL— a v %fTo7 & 2 A, HHEEHTHHL TWKIIDE
— 7%, BRVESRE (pH <3) F 7o I 3EEENESEME (pH > 8) Tl #D % < %> 7 (Figure
6A) . ZHuE, MG X 2EENMHAEHDTSE 2 2 LIk D X FIOLID ZHuHH
(B EBRBT S, IICHBEHADPHY A FL—2 3 VIZBWTIKIIDE—7
X, K11 EVTEET BE34D A VR X 2 IVEEDpK, 4. 5[51MHEDpHTHE L ZLZ R L 72
(Figure 6B) . 2D Z £ 6 X F AR B ARKDIEGHIRI- N TwB EEZ SN,

am bl ape iR 03 iy =70 apl_ BES_ FFD @3 EB@ EFR TR
“ Ub © = FKBP12 kasa M2 [0
& Ella A a ':%,I i
wlos o .
2 B 5 35 . -
&= Eag Kad 3 A5 K1e ) : E -

@ :
= N
- -
= - -
§ v E (gh
e 1o . 3 i ] K=l rrs
o, X2 7h
*, ¥3ED
u :

Herny LTS

HEzTm e

) zis ab els 280 2l 7D a B3 2ED 18 A7 FX [
iy = H [ppe i~ VM ipp

Figure 5. "H-">*C HSQC spectra of methylated Ub and methylated FKBP12 (500 MHz, 303 K, pH 6.8)

A 435 B 29
o DD 2.88 R
.E. N EE¥0 OO 0O E 286 .
& 425 "R L & 284
ﬁ ) F 282 *
4 *K11a » : - *
OKi1b *ase 28 -
415 T 278
1 2z 3 4 5 & 7 8 9 1 2 i 4 5 & 7 8
pH pH

Figure 6. °C (A) and 'H (B) chemical shift changes of methylated K11 of Ub induced by pH changes

[Z% k]
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Structural Analysis with RDC induced by Host-Guest Chemistry

OOsamu Morohara', Daishi Fujita', Sota Sato', Yoshiki Yamaguchiz, Koichi Kato>*, and
Makoto Fujita'”

'Department of Engineering, The University of Tokyo, Tokyo, Japan. *Riken, Saitama, Japan.
’Graduate School of Pharmaceutical Sciences, Nagoya City University, Aichi, Japan.
‘Okazaki Institute for Integrative Bioscience, Aichi, Japan. > CREST

Residual dipolar coupling (RDC) can be observed by NMR when molecules are
anisotropically oriented in magnetic field and provides useful information for structural
analysis. However, conventional polymeric alignment media such as liquid crystals are
seldom applied to small molecules due to small interaction. We report that discrete host
with aromatic panels were diamagnetically oriented in magnetic field and showed RDC. We
also confirmed encapsulation of small molecules into the magnetically oriented host
complexes induced guest orientation and detectable RDC.
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Fig. 1 Energy difference of aromatic Fig. 2 Concept of the research. RO

molecule in a magnetic field.

RDCIZ. 30075920 MHz E TONMREEE 2 H L, "“C-coupled 'H-"°C HSQCF 7= 1%
'H-coupled "C—'H HETCORMIEIZ & ¥ 'H-VCIH OFEE % B 72 H W 8E CHIET 5 Z &
TR L7z, Z OWE T SN DA O, BRI LR WEE () &
A TR |\ AR A DROCAE (D) & DFITH 5, "Dy I XBESGIREBO2F LI 5 Z &
DELNTEY, BHINEEOENREIZS U T TG Lz Wz b,

—144—



2D R E 7pn- Ay F 2 Fi OB A MR (Fig. 3) 1%, a2 sz S
NIRRT LV BGELMT 5 Z E MR S5, a—c TR L723 DD H-"Cle DWW\ THS
BT Dy & B E ORNZIZ R WEMRBRASF DA, AR MER1BRSGE R L T D 2
kﬁb#otWQQOﬁ A Ny OREGEL A 2 MG Lo, AR D3H

@@ 1 & A ERDCITEM E N2 0o 7= DIk U, 3&MGEC AL R A N SR
a&bt AAIIRDCABI STz, & DICa— A% Fim OEREE N L £ 2+(3),

iiwk%&m%mﬂmxhg& Z O XD ITHEGRLITER A N SEIRINER~Dal B
2L, FAMIEERNBLORCEZFETELZ N7,

L 73 7‘_
T e
M‘\t\i‘.’w——.,__ ‘ i \\.
ol TR B ol Y I P T sinte
Fan \\ s ao \
as - H-C 4D \'\‘
. Seo  3in243),
5 M e 0 0 e e e me e e =
#e Ll
Fig. 3 Structures of 1-3. Fig. 4 'Dey vs. B plot  Fig. 5 'Dey vs. B? plot for 3.
for 1. Averaged values are plotted.
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Fig. 6 Structures of 4 and 5. Fig. 7 ("Jey + 'Dey) vs. B plot for 4 in 5.
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Application of nonlinear sampling and 3D MaxEnt processing to
4D NOESY experiments
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of Glasgow

Despite its potential advantages in analysis, 4D NMR experiments are infrequently
used as a routine tool in protein NMR projects due to long duration of measurement and
limited digital resolution in indirectly observed dimensions. Applications of recently
proposed new acquisition techniques for speeding up multidimensional NMR experiments are
therefore expected to be extremely beneficial for 4D experiments. Nonlinear sampling
(NLS) for indirectly acquired dimensions in combination with maximum entropy (MaxEnt)
processing has been shown to provide significant time savings in the measurement of
multidimensional NMR experiments. We applied various nonlinear sampling schedules and
3D MaxEnt processing to 4D BC/"N-separated NOESY, and then evaluated the expected
artifacts in 4D spectra, such as the mis-calibration of intensities and the emergence or disappearance

of cross peaks, by calculating protein structures on the basis of NOE-derived distance restrains.
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Ral—varOF —AEER U E T 72, fERRLTZ3 2L —v a7 —4#1%, 512%('HY) x

L a b c j d
20 R o el
’ b b i ‘
25~ ! qu "k L ¢
BC 0= ... ¢ LI .
I (5] =] 1 h |
(Ppm)35_ [ .¢ L @ [, e . ]
40= b L LB f B
45 - ' a !
{ IV FEPVEPY PRPR PPN PPIL PYPPOTY PO PR | { P (YPYRP U UPY PSS T YR o | 1 I, P UL PP L PPPRTY YL A | PR, PP [ FOPPIY VNP, PPN IO, PPN |
987654321 9876354321 987654321 98763524321
H (ppm)

20l e f g
I a I
25— " a0 -
BC 30~ '
ppm) & b
40= &4 0
45~ 4
| TP YUY, PO, PO, . WY, UL L IR | TP VIS OV T T DN VI U PO | PR YL Y TV TV (PO PO PO PO,
98 7654321 987654321 98763524321
'H (ppm)

Figure 1: Contour plots of "H/"C slices (‘"HY chemical shift: 7.678 ppm, "N chemical shift: 121.16
ppm) from seven 4D "C/"N separated NOESY spectra processed with 3D MaxEnt from full
(reference) data (a), simulated data with 1/4 (b), 1/16 (c), 1/64 (d) nonlinearly sampling points and
simulated data with 1/4 (e), 1/16(f) and 1/64 (g) linearly sampling points.
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3072 random sampling complex points (7 —4@), 1/4), 512*('"H") x 768 random sampling complex
points(7 —#®), 1/16), 512*("HY) x 192 random sampling complex points(7 —% @), 1/64)?D 3 FikH
Thb.

FrbE D=, T —XDO)5 linear sampling D> =l — 2 OFT —HEEREICIERL, #EHT
1ot AERLIZY 22— ar o7 — &% 512*('HY) x 21*('H) x 15%(PC) x 5*%(°N)(F —4®),
1/4), 512%('HY) x 13*('H) x 10%("C) x 3*("N)(T—#®, 1/16), 512*('"H") x 8*('H) x 6*("C) x
22(ON)F —FD, 1/64)D 3T THD. IFIEDOONZINSY Iz —a T —F DT F LD
ExTayhl, 7 —2Q0DT 7 FIVIBEED AT o7, £, iR D-DU 2 NOE & 38 4
D EE WD CYANA 7077 b W TENZIUEEFHE ATV, BEIZ PDBICE GRS TV D
TTHA1718 @ in vitro DREEL D & T 7=
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Figure 2: NOE cross peak intensities in various 4D "*C/"°N separated NOESY spectra. a. Comparison
of NOE cross peak intensities between reference (data(D) and various nonlinearly sampled data sets. b.
Comparison of NOE cross peak intensities between reference (data) and valious linearly sampled
data sets. The horizontal axis represents cross peak intensities in the reference spectrum and the
vertical axis indicates intensities of corresponding cross peaks in various spectra with nonlinearly or
linearly reduced sampling points. Open circles, open quadrangles, open diamond and open triangles
indicate intensity of the reference spectrum, spectra with 1/4 sampling points, spectra with 1/16

sampling points and spectra with 1/64 sampling points, respectively.
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L, BIET —ZHRA L MR BIZ o T, PERIETOE =7 MEMENBOIFE, B — TR
FOIE BAEL SNARE A S b7 (Figure 2a, 2b). ZOHIE, T —ZRA L MMl ALK
JRAE D NOE BERIS UL D FERIBL TN, ZOMEM I linear sampling &2 AN 2o 32—
Talr CIVBHE IR NI, TV TR ORESEDLDIFEDLLTELZEDOH DT =R A
M/ S5 nonlinear sampling &40 7" 7 22 % D% D A3/ NL TV < linear sampling D&V
23, linear sampling CTXVEEIZ LFLOMEM N RONDIRRIZESE 2 TD. SHITHEFEAT-
7-%E 5L, nonlinear sampling & i\ 72332l —a1d, SElR KR EE O NOE 28 A 2725
RN KRB MEAME T L TS0 0, JIERFRHICLTHY 7.5 RERIZF Y 975 1/16 IZETT —4
RAPEHIRL Th, 28> RMSD 728 1.5 A DIPNITINED BAFRFE R FHIZ. — 7, linear
sampling % VT 1/16 (&7 —ZRA L MeERL oS Il —rar Of s EOR R, F#HO
RMSD 78 5 A ZHx b DL7eoTz. ZHUESEIZiR <72 nonlinear sampling DY I=l— a3t
IRFREED NOE 2350 RA UL LR DM M XY, 2 IR R O 2 8LE 9201 BB oD
NOE 7372725 CL EoT220 ThHEEZ TS, BLEDKERA S, NLS % V7= NOESY I E
& MaxEnt (2857 — 2B Z ST 29 T, MEERMOE QE O AHEIEZ R E T DERIC RN
M CHERFHPVZE/OLNIFENHFFTED.

Figure 3: Superposition of 20 final structures calculated based on the NOE-derived distance restraints
from seven 4D "*C/"N separated NOESY spectra processed with 3D MaxEnt from full (reference)
data (a), simulated data with 1/4 (b), 1/16 (¢), 1/64 (d) nonlinear sampling points and simulated data
with 1/4 (e), 1/16(f) and 1/64 (g) linear sampling points. Thick lines represent the solution structure
of TTHA1718 in vitro (PDB ID: 2roe).

—149—



YP14 A7 b= VIEBEMRARALEF /T4 R OFEER
£ B LY E- B E R~ DR A

O RELHE |, /MBI %, JRM 4 MBS, BT
RS

B - AR

Ak - et

Phosphoinositide-incorporated Nanodisc: A tool for studying protein-
membrane interactions

oNaoki Yoshida', Yoshihiro Kobashigawa®, Kohsuke Harada', Kenji Ogura®,
Mariko Yokogawa®, and Fuyuhiko Inagaki®
" Lab. Struct. Biol. Grad. Sch. Life Sci. Hokkaido Univ.
? Lab. Advanced Life Sci. Hokkaido Univ.

Protein-lipid interactions have been studied using lipid bilayer mimetics; micelles, bicelles
and liposomes. Micelles and bicelles contain detergents which denature the target proteins,
while liposomes are insoluble to the aqueous solution which limits applications of analytical
methods. Here we used a discoidal lipid bilayer model, Nanodisc for studying protein-
phosphoinositedes (PIs) interactions. We established the protocol for incorporating
phosphoinositides (PIs) into Nanodisc. PI-incorporated Nanodisc was applied to pull down
binding assay, fluorescence polarization and solution NMR studies, thereby affording fast,
quantitative and residue-specific evaluation of the protein-PI interactions, respectively. The
Pl-incorporated Nanodisc could be used as a versatile tool for studying the protein-lipid
interactions by various biochemical and biophysical techniques.
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Fig2. (1) Schematic representation of preparation of PI-incorporated Nanodisc.
(2) *'P NMR spectrum of PI(4)P-incorporated Nanodisc.
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Fig3.
(1) Schematic representation of the pull down binding assay using Pls-incorporated Nanodisc
(2) Pull down binding assay of p47*"** PX domain.
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(1) Fluorescence polarization measurement of Alexa488 labeled p47”"** PX domain
(2)'H-""N HSQC-based-NMR titration experiment. The residues whose signal intensity was
reduced upon the addition of PI(3,4)P, Nanodisc were mapped on the structure of p47”"** PX
domain(black). (PDB ID:1KQ6)
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The Role of C-terminal Residues of Calmodulin on Its Structure and
Function

ODasol Hwang', Chihiro Kitagawa®, Akiko Nakatomi”, and S. Ohki'

! Japan Advanced Institute of Science and Technology (JAIST), *Hokkaido University

Calmodulin (CaM) is a Ca2+-binding protein to regulate various enzymes. Normally, one
CaM molecule binds four Ca*" ions with increasing Ca®" concentration in cells. However,
Saccharomyces cerevisiae (yCaM) binds only three Ca”>" ions due to lacking two residues in
EF4 at C-terminus. Nevertheless, yCaM has the ability to interact with target proteins, and
F-helix of EF4 in yCaM is essential for target activation. To clarify biophysical role of the
C-terminal residues of CaM, we prepared a series of deletion mutants of chicken CaM
(CCMO0), and characterized their structural and functional properties. Here we present the
results of their 'H-">’N HSQC, 'H-"*C HSQC, and '"*Cd-NMR.
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IFERIZE VT FEEREEZ RN TWND, ZRUCHED LT, yCaMDEFADF~Y » 7 A
(AR EER OIEMELICVATH D, £ 2 TARIFIE TIECaMDCRImFRFEIZIER L, £
ORI EEIZMANLZ LT Lic, ETRBPERK (Fig. 1) 2R L, £ b DCa™
FEARE EEMEERIEMALRE 2 E LT, ZORER. CRER H6FRILL E A4 RIE S H 7=
GEICHELBER TN A ORI, AR ZOMEEZIT T, 4L 5B EKEO2RIED
R Z WA FENRANE 21TV, 2 OB KOREE & Ca® fi &, BER~TF FD
WA LB BHEE IOV TR EET,

employed in this study. Only EF4 is summarized in this figure.
Boxes indicate Ca**-binding loop.

[EB] 2EDCaEB LI OFDERMKIT, KIGEORERA W CER L, Bl
BfEra~ 7T 7 4 2O, BT TF RIS V-, NMROJELS

O Sbph 22D, b bOA, héeHh HE I, BBE LAX
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{¥Bruker AVANCEII500, AVANCEII800, Varian INOVA750% F\ >,

;&% Ef%)fk_ \—\ j:/j

298K CTIT o 7=, HEid

PNEE R RUE O TH-N HSQC & [PC-methyl Met] B HURRRRUEL

1H 13C HSQCZMIE LTz, F£7=. EE Ny RELZ Uo7 ONMRIFZE T LIE LiXCa* Df% b
WD TWBPCdZE AW TR IENREIE 1T > 7=, WET — % OB 1T
NMRpipe%\ AT N VERHTIZ X Sparky & FAV M=,

[FEE - ZB£] COMA4LCOMASHFEST S
Ca® D & BT ML TR 2 A, 3

ME > % feE 3 D IR 7265 35 B a7z
o7y Ll CCMA4 & CCMA BT ECal &
[ FE P OAE R RTE AL RE D 2R Lz, & 2
THA T PCA-NRFEBRZITV, T ZFEMIC
F~7- (Fig.2) .

Fig. 20 /Ml & ARNEZE N E AR~
F REGET EHFETDODART ML THD,
R CaMiX4fl D' Cd & FE BT D A3, AT
F RIEHFAE T D'"CAd-NMRA 2 kL CldCa™
EHFIYEDEFS L EF4ICHE S L72Cd* B D
Froiriz@illsng (Fig.2a) , &2KCal

EERRTTF REOBESETITANT O
Ca® TERBEN B D DT, 4KRDIEENHE
HmaEns Fig 2 d),

CCMA4D 2227 k)L (Fig.2 b, e) N4
FCaMd A7 kb (Fig. 2 a, d) &1FIEF—
B35 Lnb . COMA 4FAH DCa® ZfE S
T 5L MENAT T RefEa Lo e
FCaMDOB AR & U2 & BB ST 7
S77e —J . CCMASD 227 kL (Fig2 e, f)

AECaRCMA 4D 27 ML & FkEL
B D EMALMNZ ST, ZORERIT
CAR IR 2> 557 B OFEEE Met144) 73:Ca2“
ARENR EORERIZE S TEHETHD
T L ERBRLTND,

FBERTIH, BH—

(al o |
|
fn*'J l”m‘w \w

il iel

o

bV g

! (f

|

U

B0 A0 A -100 A&

113~

Cd (ppm)

Fig. 2. '"Cd-NMR spectra of CaM and its
variants. Left (a, b, and ¢) and right (d, e, and
f) indicate CaM (or variant) without and with
skMLCK peptide, respectively. CCMO (a and
d), CCM A4 (b and ¢), and CCM A5 (¢ and

).

PNIEEREEF O H-""N HSQC & [PC-methyl Met ]S RAR R D H-"C

HSQCOHO T —# H &b T, CRIRAFRIENH S BENZ O\ Tilia T D,

[(2Z@wx]

[1] Luan, Y., Matsuura, 1., Yazawa, M., Nakamura, T. & Yagi, K. (1987) J.Biochem. 102,

1531-1537.

[2] Yazawa, M., Nakashima, K. & Yagi, K. (1999) Mol. Cell. Biochem.190, 47-54.
[3] Forsén, S., Thulin, E., Drakenberg, T., Krebs, J. & Seamon, K. (1980) FEBS Lett. 117,

189-194.
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Structural basis underlying the dual gate properties of KcsA
(OShunsuke Imai', Masanori Osawa', Koh Takeuchi?, and Ichio Shimada'*
"' Grad. Sch. Pharm., The Univ. of Tokyo

? BIRC/AIST

KcsA is a prokaryotic pH-dependent potassium (K ") channel. Its activation, by a decrease in
the intracellular pH, is coupled with its subsequent inactivation, but the underlying
mechanisms remain elusive. We investigated the conformational changes and equilibrium of
KcsA. Controlling the temperature and pH produced three distinct methyl-TROSY spectra of
KcsA, corresponding to the closed, activated, and inactivated states. The pH-dependence of
the signals from the extracellular side was affected by the mutation of H25 on the intracellular
side, indicating the coupled conformational changes of the extra- and intra- cellular gates. K
titration experiment revealed that the activated and inactivated states correspond to the
K'-bound and unbound states. Furthermore, an NOE to water was observed for V76 only in
the inactivated state, suggesting the importance of bound water in the inactivated state.

(]
TR B S D)7 BF ¥ 1L KesA T

AU pH ICSELTIART 5. T evacotuar oy %

T E A E B S 7 W ERIR RE u._,%““l I_w—:ni-— - Selectivity filter
Eﬁéb)\ pH b J’/LT@@&“ %U{%{%’é‘x_ék\ Transmembrans :iﬁ" _'J:ht.“"' WTE
—i@ll\$®t&—7a§{m®?& 1~3 B "C{ﬂ -r:bl:-_'__l—.._ _ Helix bundle crossing
FL, E—7EBRO I5%EEDOEBERET  Inracsiar - e S L N
THRIEICIET D, 20 KesA OEAM N °

ORI LU M B P WV,

U BT R (KWICh LB LT R b1, K

BEEAOHENZE DL EERME Th W

Do "

FAR B8 2 B A HP M T O KesAD s ik Fig.1 Structural model of KcsA
if;?scl:()i‘/ﬁ ﬁ{zl_va} FH NI B R AR PR AT For clarity, only two subunits of a tetramer
D R ESRAE IR SN AK i ik are shown. Gray balls are carbon atoms of
FIZK' o 15 %A Tehelix bundle Ile, Leu, Val methyl groups.

fei 22 2R VT BT R AFILTROSY

O WENLpATI, BBIHEIDOY, 72795525, LELZWHE
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crossing &% DEFRMAEFE I selectivity filterdD2- DDA A 7 — " PELET HIENREINT
W5 (Fig.1), BIREETIL. BRI Z /2 L Chelix bundle crossingZ3fiZ ., K'&%im94 5
IEMEALARRE LT L 72 W ARTE A IR BE D R O 2 D Z E R RIBEI N TS, BIIZ L
HE—27EIE, IETE LR AR EARTE AR RE D R O Sl 3 | B & I TIE AL IR BB D
BT 272D THHEMESILTVDN, ZOEII R AR THD,

ZZTARMIETIR, @ T &Z S E T BRSO B 0 iE72 NMR A7 BV H3EL |
AJREZR AT /L TROSY {E&4HWT, (1) EMHARIRREE ANTEYEIRAE A X1 3 D i 2 K]
A, (2) FNRIEAZ Y — 7 BN RAD 0 I T b g LR g
ARIEPEEIRRE D [ O S ATE AR BB BB AT 2D, EWVD VT AT % RV DO EE
WA BEiE 92 L CHEER 2 SDOMBEEMRATZE4 BHELT, (ref.1)

[#E3]
1. KesADAFILTROSY A7 MVHIEES 7 F L DIFE

A4 ClE. dodecyl maltoside (DDM)IE/AZFHERR 7= KesA D AT L EEDEHE NMR
BINEIT T, PRIRIEIZHIG T2 pH 6.7, BLOBHIREEIZX IR T 2 pH 3.2, 45°C DS

TIZTHRIELTZ KesA D A B

AF )L TROSY AT ML Bl e ™ -

% Fig.2 |\, Blxt Y ek F o

SBlrpd Leu, Val, lle @ V- ——— { o
ATV (G 83 ) DI, A g NV Y
%/E\:%)\ka¢:io\ pH F '.1'51-.? .1‘;?%;;1 L8 Tvamm g-;?zlm -3 ’

6.7 TIL 61 {lil, pH3.2T S AV i ? .
I3 66 [HO> 7T LA S RG-S (A '
RLTz, BRABIC RS T ~ Lot

% pH 3.2 128 Wi, 7 o il N

592 DOV T FNVEEZ ' . o

AT IBBHS . Fig.2 Methyl-TROSY spectra of KcsA

SOBFLY KesA 135 Methyl-TROSY spectra acquired at pH 6.7 (A) and 3.2

R TH7edEs 2 (B) at 45°C in the presence of 120 mM K are shown.
LLEDEZE->TND At acidic pH, some methyl groups exhibited two
ZEDBWBEMNER ST signals, indicating conformational equilibrium under
(Fig.2B, inset), the acidic condition (B, inset).

2. BRIRREIZ IS 1T DM T

BRARBEIZ TP HIZHD2FED IR BED ER A LN ET 57280 B TR IR IED 2%
EHETIAZBAR B AR X0 RIEME(LIRRE DB B 3 KZ W Y82AK BAKD AF )L TROSY
AT WV BT L LG T, E St A B SR BT O SR A b DT, £
AR D AT ML DR FER M A7 ~7-(Fig.3A), pH 3.21C TIREA45°CH55°CHl A TIK
TERLEZA A5 CIT TS NIZT9) o 7 T L DFREE LR IR FICfE->THERL ., 58
WL OFREE XA LT, WA 1E30°CTIRIE — L., 25°CTIdfilizL 7=, 2T, &
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KRAEBMAT M THOID RN
25°CIZC, WA LETIAZ AR

Y82AZE AR D 27 F )L S % L i
L7 FOFER | selectivity filteriZ
FAETDHVIODAF LI D2HODY
7FdHrBH: -0.13 ppm, C:

17.7 ppmiZBLHIENLHH DO D AE % i
FEDS, ETIAZE BARTL.0, BpARIT
0.31, Y82AZEHLARTO0.17THY, &
RAEFMENTIZ BT DIEMEALIREED
HeEtzhEFhni< %L
(Fig.3B), ZALHDHE Fmb . Bk HE
TEISNA2 SO 7 F EZEN
ZIEMEALIR BB EARTE M LR BB B

DLDTHDHIEN RSN, T,
RO AR A AR AL T, pH
3.2, K'JEEE120 mMOD S T Tl
45°CTIEMEALIRREDS, 256°C TAE
PEALAR BE 232 2 LR LB
SNAZENHBALT-,

3.

4570 40 50 R e 2570 2070
144 . L | - .
[1E . - . L5#at . ) .

Todidw a Y i El il
Zo=1.8 0.0 -1, B.b -t b o@.s =1, b.0 -1 0 @.8 0 -1,
Hirr W ppr 4= o “Hippr: ¥ ppn; “HipET
J Wil by pe ET1a A
.- — -
. B L [HRCH] [LEE TR
. EL 10T e
L r:nﬁ?ﬂ _—_‘i -
- - = :
EERY - -
III:I 2.2 GIZI 0.5 . ill'

A g F E i

Fig.3 Conformational equilibrium under the acidic
condition.

(A) Temperature dependence of methyl TROSY
spectra at pH 3.2 and in the presence of 120 mM
K.

(B) Comparison of the spectra with the mutants at
pH 3.2 and 25°C, in the presence of 120 mM K.
Numbers in the parenthesis exhibit the population
of each conformation.

Selectivity filter&K*,H,0& AR A AT
wIZ, BREELBIR BRI ISIT D selectivity filter

V761

& K EDHABAEMEMRNT+ 2720, K i€ FERE
1Tole, TORER, BREICRITSD K LD ASE
I AT VAL RIEVEILIRRE DTS
PEALIRBE~DBATICED AT IV L — T
BIENHBNE RS T2, ZORERIT, TEME IR RE
23 KA, RIEME(IRREADS K IERE BRI ZE
ZNRNGETHZEERLTND, Fi2, V76 41 DV
T VBRED KYREARFEMEND, 45°C I28B1T5
selectivity filter & K& DO AE A AEH O fEEE E XD
REBIZIBWT 6 mM, BIIRAEIZISUVYT 50 mM Th
. FRIRERIC W T PAIRRE L Ml L TRl
8 HREE DT HZENHLNERSTZ, BT,
120 mM K'OfFE(E T, #liEZ 100% D,0 75 10%
D,0 / 90 % H,0 {22 F LT NOESY fi#tlrz41-7=
FEF. AD NOE 7 FunEillanizznn,
RIEHEALIRREIZIB W TODHA, VT6 y1 OUTEE 5 A LL
WIZ 300 ps LA EEEEDKG FRMEETHIEDN
G EZr o 7= (ref. 2)(Fig.4),
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Fig.4 NOE strips from V76 71
NOE strips from V76 v1 in the
closed, activated, and inactivated

states in the presence of 120 mM
K" and 90% H,O are shown.



4. Selectivity filterOFEEEAIZE 5457 b AN ORI E

B 7R EALB LY NOE /& —2 DG, BIRENSEIRRE ~DBITHZ
selectivity filter OAEIENZAL T DI LD IREITZ, VT6 D7 F VRO pH A7
Wb, ZOMIELA DB &4 L7257 BRALELA Glu, Asp, His 3 ThHHZENVRIEE
NcT= | BEEGEFEIO Glu, Asp, His %% 1 D7 D Ala ICEHLI- S FEL BARD AT
JV TROSY AT IVEFRIT LT, £ DR helix bundle crossing J&31Z ™D H25 % Ala [T {&E
U728 Bk H25A 123U, selectivity filter IO 7 F 00 pH &S MEDME T4 224
B NEZ R o7, H25 D7 1 AE )3 helix bundle crossing DR IE LD G| &4 L72 D L0
BWFFEE O FTATHRE (el B DOED L ZOHE FIX, helix bundle crossing ¢ B P23
selectivity filter DIFIEZ(L LI L TNDHIEARL TV D,

[B%]

AWFZEDORRZ T, [FENCRLZ 2 SORBEICSWTEE T,

(1) IZ2OWTIL, IEHARIRRE L RIEMEALIRRE DI S selectivity filter @ K BL UK Sy
FLDOFEAREUCHY  FEMESAE T2 T selectivity filter |2 K™ 23 A LTIRBEANIEME
{BRAE, K DMRBELIK 77 7 D3R <GS LTRBE A ARTEPEALIR BB I XS T2 2 LS B e
o7,

QDB —7 &I OMHEIZEL TlL, PRIRRELBLIRIEIZISIT D selectivity filter D K™ BLFN
PEDFENIG, LLUT ORIEZ IS LT, PHIRAE Tl selectivity filter D K" BIFIMED E <
K" I mM SRV ASMIAIZD KT 24 T 5720 AAFERYZR 5 FIZ W\ Tt
i selectivity filter 1Z K235 L TN, BRI IZ X - T helix bundle crossing 25BA< &
THEIAE LT selectivity filter ORFIEZEALIZ ST KT BAMWEIME T L, IHHE(LIRAEE R
TEMEALIRRED S 3B AG 5, D& selectivity filter 23 K' fEANRIEICHDTZDIT, ZD
L K RS IREECTHAIEMEALIREEN G T 5, 2B — 7B DB S D
ThD, iz, TDHDBEIZHOWN TS, TEHE(LIRIENOBRMA LT Z O P28, REEITATE
PALIRREDO RIS D KREWEFIREICET D7D AT NG5 T,

52T ARNRZF R 55 DD  KesA DESAEFLFHINEE L O selectivity filter DED
FIERgEE Ky Frab EREEIL TRY, UL RO AIZZNODTF ¥ R/UIChEH T&ED
EWIRFES LD,

(E =8N

1) Imai S et al. (2010) Proc Nat! Acad Sci USA 107:6216-6221
2) Clore GM et al. (1994) Structure 2: 89-94

3) Takeuchi et al. (2007) J Bio/ Chem 282: 15179-15186
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NMR spin-label analysis on the interactions between an oxidative
translocator Tim40 and a FAD-linked sulfhydryl oxidase Ervl in yeast
mitochondria

OTakahro Anzai', Shin Kawano', Kayoko Terao' and Toshiya Endo'

"Department of Chemistry, Graduate School of Science, Nagoya University, Aichi, Japan.

Mitochondria has outer and inner membranes. The compartment between them, the
intermembrane space (IMS), has many proteins that contain disulfide bond. Recently, a
disulfide relay system in the IMS has been identified which consists of two essential proteins,
the redox-regulated translocator Tim40 and the flavin adenine dinucleotide (FAD)-linked
sulthydryl oxidase Ervl. The disulfide relay system drives the import of these
cysteine-containing proteins into the IMS by the folding trap mechanism. In order to reveal
structural basis of the disulfide relay system in mitochondria, we determined the X-ray
structures of Tim40 and Ervl. Furthermore, we performed NMR spin-label experiments to
analyze the interaction between Tim40, its substrate and Erv1.

R RYTEMEOZ X BEOELIE, BILET N7 v A —4
Tim40/Mia40 & FADFE SR VL EEREVIIC LV . AL T 4 RiEEEEASh> D4
A iR 5, Timd0ITIEE % o "7 E O & k% | ErviXTimd0D B ER{b 245 5

EEZON TS, UHFFEE TIETim40 & Ervl DHERE DI E AR 2T 5720,
Tim40:?5J:U“Ervl@ﬁﬁiﬁiﬁ%)ﬁ’ﬁ%%%ﬁﬁﬁﬁﬁJ: DPE L, LivL, mx o8

27 B DA ENER EALCFRFREAE I DWW TR TH 5, ABFFE TlE, ErviZ X 5 Tim40
RAHHEE OfERA 2 B8 L NMR A B 7 ~ULiE A VW CH A ME R SEIR O [ E 2 38 7=,

Ervli®DC30, C331EP AN T  FiEEZF L., 2OV 27 ¢ RiES A Tim407 5

B EZITERY | FADNZITET LW O BT ABRB I TS, A[El Ervl23Tim40

TR T O A O NCT B0, C308 | U BT D Z L TIEERLICIOD

FA—NVEOLNFET DL IICL, EBICEDCIBOFA—VEEIL, AT~
HIMTSL((S-(2,2,5,5-tetramethyl-2,5-dihydro-1H-pyrrol-3-yl)methyl methanesulfonothioate))
BEANLT, AU TULEIDT AN TIE, BT AR OB ERE L,
FI20ALLINICALE T DA B ONMR Y 7 %/I/@Eﬁfﬁ%iﬂw SHHDT, NMRV
FIOBBELNS ., AL TV EORESHETX 5,

F, PN L7-Timd0D =17 R A A 2284-353DC296 & C298% & U NI EH#HL L 7=

Mitochondria, Disulfide bond, NMR spin—label

OHAZINTINOA, oD LA, THhENELZ, 2AEI LR
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ZEEAR (LU FTim40CoreC296/298S) IZ AL T ~YL A A LT-Ervl Z MM Z 1273, KR
HI72 s 7 AR TR S e o 7o, —F5 . Timd0DFE TH 2 Tim9 D FEF%AC
5|7 F RMSP1(NLVERCEF) & NK#{H |2 F & = 4 72 MSP1-Tim40CoreC296S % F \»

T [FEE ONMR3E
BRaiTolz b =
%, MSPIB LY
Tim40 O 37 & 1
EECTEEDR
PRICALE T D%
ECRREN R
7 )V B BE R D
VAY =Rl R W
ZnHoZ L
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B AT D
O T 2 <
Tim40 & H'& L
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THIE, B
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Structural study of interactions between mouse pheromone ESP1 and ESP1

receptor

oMakoto Hirakane', Sosuke Yoshinagal, Toru Sato®, Sachiko Hagaz, Ichio Shimada®,
Kazushige Touhara®, Hiroaki Terasawa'

"Faculty of Life Sciences, Kumamoto University,

Graduate School of Agricultural and Life Sciences, The University of Tokyo,

Graduate School of Pharmaceutical Sciences, The University of Tokyo

Pheromones are species-specific chemical signals that regulate a wide range of social
and sexual behaviours in many animals. The vomeronasal organ (VNO) mediates the
pheromonal information via vomeronasal sensory neurons (VSNs) in mice. We identified a
male-specific peptide ESP1 (exocrine-gland-secreting peptide 1) secreted into tear fluids that
stimulates female's VSNs. In addition, ESP1 turns out to be a member of a multigene family
(ESP family). The aim of this study is the elucidation of the mechanism to discriminate
among individuals via the pheromone reception system. We report here a three-dimensional
structure of ESP1 with solution NMR analyses. The structure-activity relationship of ESP1
based on the structural data and the mutational effects on the VSN-stimulating activity will be
discussed.

- B

7 xuEUE, HAMEEPF L, RO BNEARIZS T E S AL TRIE O TEICA B
ZALERTME CTh D, HREICHB W T, BNV IAENTZ 7 = v 3l Ea
BOZEIRICHAE L, 2O 7 FIVFEIMREREZ N L TM~Efaxbnd, BEmD 7 =
2EDOIFE AL, ROTFICE ENLHHBEDE ST TH LN, HFEHIE, A~
TADIRE Y A A~ T 2D EMIER EIEHLT B ORFERMESTT R &2 FRE
L. ESP1&fn% LizY, ESP1 #2— R4 AEEFIE, ~7ATIE3 S, 7 vk
T 1 OFENSARDHHMOLERE 7 7 I U =& L TWEY, £/, HFL
I%. ESP1 ZFIKD G # /37 B2 551K V2RpS (vomeronasal type 2 receptor p5)
ThHhodZEEHALMNTLEY,

¥—U—R: w7 A7 xaEL, ESPl. ESPl ZHK

OUbL i £Z &, LLAad 2590, &9 LBL, 3B &b,
LEZ Wbk, &250EF6 2L, Tbab UAhE
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T x| NG EE ZIATENS, RRDOBRIZA ANRA AT AND RS E LD —
R AN 5, ESPl 1dn— R AZEIEBENH L2 L2, i, x5
L72Y, ESP1 (U A > REZEIK, £ L THEEE THAB LR > TV AIHFLIEICE
FHHOTORTF KET7 caE L THD,

AL, ESP1—V2RpS OGS 2 EAMFN FIEEZ WA+ 2 &
T, ESPl OZFARTHMELZHL L, 70T BN ENT2EEKM 2 2=
—a OEEFENEE AT AR RN ET D,

[ 5]

KIGE ORKEFHBLRIZIBNT, BERNMKER S o7 BERET 57290, M9 1
il kv RER#EZTTo72, BEREEZESPL X VB2 =T NT 7 4 =T 4 —
ru<w N7 4 —CCHBRLZE, boreErz2fnCTe 2AF V02 720k L
oo ZO%, BA UM, FAAME, FHOKF v~ N7 T 7 4 —%{T\, ESP1
OAERLL 2157, I L 723BHZ W TR DO 2% Lkt NMR Il E %17 - 72, NMR
AT NIVOFENTIZIE Olivia, ESP1 O NLAREEEMITICIE CYANA W=, F7=.
MOE #H\C, V2RpS DET VU > 7 %4T->7-, ESP1 O#hstiil RfilBiE = LaED
REIT, ARESHI D c-Fos Z L /237 OB F LA I LT,

[ R & &%)

PN B X0 BCPN HEi#k ESP1 % AW THERED = RITilE R X ORI 2470 NMR
T FADIRBEET Lz, £7-. NOESY Z2~<Z ML L0 ESND 'H oS
WL, HNHA A7 MUVBIOMEFEY 7 MEOLEON D EH _HADOHEHE L &
IZ ESP1 DONLARKEEREZIT2, 3ARDANY v 7 A5Gl EAHLMNI LT,

ESP1 ONLARIEED D, 3 FREICE T DEMOMCER LIz 2 A, FFEneE
TIDAAMHE BT, TNHORIRITERZEAN LT ESP1 ZREZHUL, vU 2%
FNT= in vivo SEER CHy SRR RRIEIE L DOFEIE & 725 c-Fos DB EAITIH
KL &b, ESPL Ol S R IS M 0B 70 7k SE O R S HE I S 7z,
V2Rp5 & [A L GPCR 7 7 A C \Z@T 2R 7 & I sz SR O s gk o
f g 2 #58C LC V2RpS ONI{EMEEZET U > 7 Lz, ESP1 OEEKMATC
HER S o7 8 S A RIS PR\ L B e faf BB AR JE & V2RpS B 7 /L D K B Aaf 47
#i & %f s &, ESP1—V2Rp5 HAKET LV EIER LT,

TRIE NMR FRHT . 28 BLRMEAT D5 8. £ 72, ESPI—V2Rp5 BHA&EET /L LV | ESP1
DOREETEMEAEIC S\ T 2,

[R]

ESP1 274k V2Rp5 OM#LA1T\U N, ¥ NMR % VT, ESP1 O A1
NZFET D, ESP1 & V2RpS OMHAAFRBEME LR 7 L~V TR L, #iEiERs
HEWCLET TR T U FZ T=A FOBFITIGH -« BBIL T <,
=T
1) Kimoto H. et al., Nature, 437, 898-901 (2005)

2) Kimoto H. et al., Current Biology, 17, 1879-1884 (2007)
3) Haga S. et al., Pure and Applied Chemistry, 79, 775-783 (2007)
4) Haga S. et al., Nature, 466, 118-122 (2010)
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Structural studies on the transcriptional corepressor complex
SHARP/SMRT and its preparation
oSuzuka Mikami, Yutaka Ito, Masaki Mishima

Graduate school of science and engineering, Tokyo Metropolitan University

SHARP is known as a component of transcriptional repressor complexes functions in nuclear
receptor and Notch signaling pathways. SPOC domain of SHARP binds to the C terminus of
corepressor SMRT. SPR, ITC and NMR experiments clearly showed that phosphorylated
SMRT peptide (2492-2517) tightly bound to SPOC domain of SHARP. In contrast, the
affinity was decreased with 1000 fold without phosphorylations. We introduced "*C and "°N
labeled amino acids into SMRT peptide and solved ambiguities for the resonance assignments.
The determined complex structure provided structural basis for the SHARP-SMRT interaction.
Sample preparation of recombinant SMRT as chimera protein with CKII kinase domain will

be also discussed in the conference.

[(BFse = - BH]

SHARP (FAT A RAENLELD 17B-=A T UF— /LD 7L< Notch
T FIAREERIZ BT DGR T E A RORREFE TH 5, SHARP O C RKigHIZAT
1E3 % SPOC KA A /(7 2/ iR EE 3496~3664) 1 X854 #IK 1 CT& 5 SMRT & C
KT X BRI 2492-2517) EFEGT D 2 EABIL, SMRT (Xt A M7 &5
JALEESE D HDAC EEEREZIAT 5 Z L5, SHARP & SMRT MfEGT 25 2 &
IZE T v~ F UG L~V TOEEMHIPAITHONTND B X LTV D, A
%% ClE SPOC/SMRT #EANKD 43 T HEEIZEE DWW T OREREZ BR324 Z & BIUIZ A&
@ TEAIRICE LU CTlix e i3S 5405 NMR 5% T SPOC/SMRT D 7K
& 2 IR E LT, WEEMRNT OBIZ SMRT OV VLA Z O E/ERICEE CTH D =
EERRH UL, E£72. PCUN R LA SMRT <7 F R W= lIER, fit
MOREERSZLET DDA THS TN ALFEERTIE O T I/ BRI LOME
WAETLHZENTE WD, B —IZAMAERRTE 5 X 5 SMRT OFBLRDIER
(IR FATE, Al FRHZ Y O UER 21T 2 2 %8R & LT SMRT & X —F
DXAFGHUNRIEDOTHFA v - o AT ST HATE O THET 5,

Key words;  complex, phosphorylation, sample preparation

OHZpH T, WekoH Wk, ALE £I&E
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BSPOC & SMRT 7' F KOfEH £k

pGEX 6P-3 X7 % —_ Ki5H# BL21 Rosetta % i\ T SPOC K A A > DFBLAEE
R 20 °C CT—WRIFHEZ 1 PC,PN 55k L 7= SPOC % KEFEHL S 7=, DEAE
sepharose, GSH 77 4 =7 4 —H 7 LWL, ZFVERI F Lo a~ NI T 7 4 —
LR EITo T, Fonl-Y o7 E(LEE R LT SMRT X7 F K(2492-2517)
ZHWTNMRIEIZ KV EGFEREIT o7, 7o, MBMOMEEEERZHTHRD7-0F
117" 7 X AESPR)R IR E B EFITC) W ek & 2B & 1T - 7o,
B SPOC/SMRT -G AR D LA IEIR E

SPOC/SMRT #HARIZIZ, SMRT @ S2514, S2516 12V U ER{L(EHAT % Jiti L 72 SMRT
B AT F R(CAFE pSMRT & til) & fviz, &% ROt NMR 5 HNCACB,
CBCA(CO)NH, HN(CA)CO., HNCO, C(CO)NH, H(CCO)NH, 4D HC(CO)NH .,
HCCH-TOCSY. "“C-CT-HSQC (for 15% "*C labeled sample). "*C separated NOESY, N
separeted NOESY. ®2-2D "*C,"N filtered NOESY & TOCSY. 'H-*'P HSQC., HNHB,
HN(CO)HB %717\ > SPOC/SMRT & 1R D ST & 4 R E L 7, fiE R IX CYANA ver.
3.0 2 W=, ZOBD Y UMbt U > O library file 13 Legge G.B. (J. Bio. NMR 2005, 33,
1524) B kD b D&V,
WX ATH LT EOTYA o - {ERL - R

D-TOPO 7 v—=273% v R(Invitrogen fL)ZHW\Tx A7 ¥ L /X7'H D DNA fid
5% pET151/D-TOPO (ZHLAMA AT, FEBL 2 Z —|3 BL21 Rosetta(DE3) I JEE Haf L
72o IPTGIZ LV 20 °C T—BuBLFHEGE A M T 7=, WIRZ 1%, DEAE sepharose,
Ni-NTA sepharose (2 L7=d & FNIER A T L7 va~ 7T 7 4 —IZ X DR AELT

ST,

[RER - BE]

BSPOC L SMRT ~*7'F FOfEA EER

W, NMR 7E%2 HOTECPNIERE L7 SPOC L {b2%A K L7z SMRT <7 F K
(2492-2517)DFER ERAAT o Te DNV HIFF SN D RNFE A 2T A7 ST RS
niginotz, = Z CHAEERZ ER&MITHENTT 5725 SPR IEIZ L 0 ffEER %2 R
LA MERIZI0Y M THYVIRL THRVERZ LTS LTV ZRVMETH - 72,
FHET X BRES 2T~/ 25 SMRT @ S2514 KO8 S2516 NZN 24 Caseine
kinase I (CKII) . Caseine kinase I (CK I {24 > TV U ER{LAEA #5215 Al HEME N &
WZ ERbholz, FI T, ZTIHDEREIZ
U U ke i L72 SMRT /-2 7F K%  Table 1 Summary of SPR analysis

JAVY SPOC & OfiRift %% SPR J%IC L VW skep | Phosphoryation site ke (M)
i o]

FAER. S2514 DU LEEIC X VI 100 {5 o T
S2514, S2516 @V »ER{LTH 1000 f%. FHALE 52516 25X 108
52514,52516 4.0 10

NGRS 70D 2 3Ny - 7=(Table 1), 7=,
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ITC WETH U U@k LONTF R TIEHEENIZ
N EBIIE NI D o T2 DITHF L, pSMRT Tl 107
M TH Y SPR & [AERDE % 1572 (Fig. 1). NMR {£%
WERE R RO B Y VB ED 720y SMRT TiEE— = 5]
227 N5 fast exchange TH S DIZK L, pSMRT T 71
Id slow exchange TH -7z, ol R

B SPOC/pSMRT AR DIEEIRTE « 53 FR ik it
SPOC HUh, KMb¥AaR L7 pSMRT RTF R

G RRRE ®%h%ﬂ ZONWTAT - 7= EHOIRE D> :

5 SPOC (21T 2 EMIERICEE T I/ R €0 85 10 15 20 26 a0 a8

EHEE . %, HHC R3552 L ZORICIEF Y Fig 1 ITC measurement

7 NEEBLN S 47z, R3552, R3554 [THEAAEAL  Raw ITC data and binding

W2k "H B L TRE BRI ~DY 7 L THE  isotherms for titration of

D EEMPIAEFIC EBIC KD KFRE DR TH SPOC with pSMRT.

N,

(A)

KCalkale of Injectn

=
o
=
[ ]

Fig.2 Structure of the
SPOC/pSMRT complex
(A) Ensemble of 20
lowest energy structure
(B) Close up view for
the pSMRT recognition
by SPOC

REERTE L, A FEZROC NMR EEBR2D UL L7- 3500 UL EOREEE @A T 7o
72 (Fig. 2), SMRT @ Y2510 O ¥ &£ 1L SPOC ¢ M3553, 13611 [ & BR/K A 7240 HAE
ZIE L Tz, F72, SMRT @ L2513 |% SPOC @ Y3515, 13549, Y3602 O =&k
WL THEREINDBKMERY v OFIZAY ZTehi= b TH@E L TUz, SMRT
@ E2511 {l#Hi% SPOC @ R3552,R3554 & | £ 72 pS2514 DV k1% SPOC D R3552
DRI & KFEFEA 2T DALE I H - 7= (Fig. 2), L7 NEHLHEE Sz
R3552 DKFBREGILEBRICRE L= EHAE RO SEF L R bnT,

WX ATH I EOTYA - {ERL - R

LA L7z pSMRT O 7' 1 ko OB OIE RIS CIHIMERRITIC 50 72 W DE &
Nhinotz, 22T, AFARER PCUN k7 2/ WA H CEBA AR A M L
72 pSMRT A7 F F(2510-251) & AW CHIE 24T~ 72 & Z A AR ER 55 2
&N TE(Fig. 3), MEMATOBIR S A UGET L Z LN TET,
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PSMRT %) 1 kXA WIETS 5 LT RRRRE | ey

#WENT2 pSMRT X7 F FOLEMEZE U770, | mﬁ.f” e

SMRT F&H A DRI U $1A 7278, SMRT BT ' "

DRREWRT 5 LIXTERPoT FMELT | i
R LIRS 25 BB LS . RBLTLS | -
RSN TLED TEENEZ bz, £2T, Vaii i

SMRT |25 L CRRAERE U B LEz 0% | | -

IL<ATHOFHELE LTI AT XU RN EORBICEH T

Y RATE, Fig. 3 "H-""N HSQC spectrum of

FAT S BIINALG LY His-tag . CKIL. [ GMRT in complex with SPOC
GS V 71—, TEV i@#HZ, SMRT(2492-2516)D
JII/EJ: & ~‘/:71-Z>\ G:@% é “@_—713 %) D] %:7‘”5-/( Ve L/(Flg | Hiz mag | Frotease reconnition site

4), TORBEMRTHENTET, [Estinker | | srTpaasa.2517)
ZOXATH LRI EEMNT SPOC L OfER |

TR AT o7, N L7z SPOC BUEHC % —ASH e
ATGHUATEEMA, FOBTEVICEDF A5 )
ZUNRTENLX T —BEYW L, FOART ML

DI EB -T2, SPOCICEBEDXF AT X LRI E
MR T2 ZAT T FIRERLTZ, 2T SPOC &4 F 45 KDa DF AT & X
TIPS LI T — OfBIENR T e — R 7 L tick b e EZ LN,
FEBETEV ZMA THXFFT—E RAAS VEZRMVRS LT v — =07 LT ey 7 I
DEIEL, SHICE—7 BEAERI AT R IZZA L7z (Fig. 5).

Fig. 4 Schematic drawing of
the chimera protein

(A) (B) ©
e ) / ’ "R tne
I 1 F] L {
| L T iF 5'. l‘]r' Ins
i g R _-‘"*I' T __ :&
b " L {12
= P 1=
I =2 = | P | £
P - .
. | _;.4';.“ i P
3 ' t'.‘: L
i 1w nea ‘ o 15
i L i 1 E ? W 2 a [ ¥ 3
H ipem) H ippry TH paa

Fig. 5 Binding analysis of SPOC and chimera (A)SPOC (B)SPOC:chimera=1:1
(C)overlay of SPOC/digested chimera complex with free SPOC. (black : free, gray :
complex)

(4% DT E]

Stk HEEROBNRMEE 2L T ORMAEZIT 5, TORDIIH—ITE#HR S
72V VAL SMRT BNLETH Y | FEIRDOMENLBBH Th D, BUE, bH—o>D I v~
iR CKI ORBREREZRKAL T XA T X NI H - LRI RE i
pSMRT FEHFREYEDHESLIZI Y LA TV FETH 5,
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