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Studies on the structure of horse myoglobin dimer by NMR spectroscopy
(OSatoshi Nagao, Makoto Amagai, Takeshi Uni, and Shun Hirota

Graduate School of Materials Science, Nara Institute of Science and Technology, Nara,
Japan.

Dimerization of myoglobin (Mb) has been reported, but the structure of dimeric Mb is still
unclear. In this study, we investigated the structure of dimeric Mb under various states by
NMR spectroscopy. Although most of the signals of the amino acid protons nearby heme
were similar between the corresponding CN°, deoxy, CO-bound forms of monomeric and
dimeric Mbs, significant shifts of Trpl4 NgH and Vall7 C,H; signals were observed for the
CO-bound complex. These results suggest that the A-helix structure of Mb is perturbed by
dimerization, whereas the active site structure is similar between monomeric and dimeric
Mbs.
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VRV, £ 2T, REFSE TR, HNMR Heme and amino acid residues (Trpl4
FEIZ LY 7~ Mb DRk 2 ZRBEUNIRRBICHIT  and Vall7) are represented with stick
U~ Mb _EROMEE LT, and space-filling models, respectively.
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Structural characterization of heme-DNA complex possessing CO molecule

as an exogenous ligand

OKaori Saito', Hulin Tai', Shigenori Nagatomo', Yasuhiko Yamamoto', and Hikaru Hemmi®
'Dept. of Chem., Univ. of Tsukuba, ° Dept. of Life, Environ. and Materials Sci., Fukuoka Inst.

of Tech., and *Natl. Food Res. Inst.

A single repeat sequence of the human telomere, d(TTAGGG), has been shown to form all
parallel G-quadruplex DNA in the presence of K'. We have previously demonstrated that
heme, iron(Ill)-protoporphyrin IX complex, and G-quadruplex DNA assembled from
d(TTAGGG) form a stable complex, “heme-DNA complex”. It has been also suggested that,
as in the cases of hemoproteins, carbon monoxide (CO) can be bound, as an exogenous ligand,
to iron atom of the heme-DNA complex in its reduced state. In this study, we have
characterized the solution structure of the CO adduct of the heme-DNA complex using 'H
NMR. Guanine imino protons were ranked as G4 < G5 < G6, in order of increasing shift
difference between G-quadruplex DNA and the CO adduct, revealing that heme stacks onto
the 3’-terminal G-quartet of G-quadruplex DNA in the CO adduct.
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Fig. 2. "H NMR spectra of CO adduct of heme-DNA complex (top) and G-quadruplex DNA (bottom) in
90%H,0/10%D,0, at 298K. Heme-DNA complex was reduced by Na,S,04, and dithiothreitol was added
to maintain the CO adduct throughout the measurements. Signal assignments of guanine imino protons are
shown with the spectra.
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Applications of nonlinear sampling scheme to 3D "°C or '"N-separated NOESY
experiments
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Nonlinear sampling for indirectly acquired dimensions in combination with
maximum entropy (MaxEnt) processing has been shown to provide significant time saving in
the measurement of multidimensional NMR experiments. We applied this nonlinear
sampling and 2D MaxEnt processing to 3D BC or ISN-separated NOESY experiments of
T.thermophilus HB8 TTHA1718 and Sinorhizobium meliloti Fix] C-terminal domain. The
effect of the artefacts arising by employing nonlinear sampling and 2D MaxEnt processing,
such as mis-calibration of intensities and the emergence or disappearance of cross peaks, to
3D NOESY-type spectra was evaluated by calculating structures with distance restraints
obtained from simulated 3D NOESY spectra with various amounts of nonlinear sampling
points.

[Fim]

NMRIZ LD E HE DO SLARRSERENT OBRIIE, IR B OBRS 2R T 5720 DR TS,
F IR E A AR DT D IR R OB M B THY, SDHEEITEL B EF DLVl
BT, 1o TC, WEMDIRWVE EIINMREIEISHES 2N EE 2 BN TE-. AFZETIE,
IR RSN T D) D B fiREE/ R E & FIREIZ T Dk 4 72 FED — D> THAHIEE
oAV EDRIES R R b aE —(MaxEnt) k2857 —2UPLICERL, 70
B EE 20N D SEARAE I TR e b B B AR L AT BRI A B - DO NOESY I E ~ik a5 2 &
T, & AE DN AREERNT I BT AZ0T Fa—FOF OB To7-.

MaxEntiE (2 LD T — XA TIE, FFICE— 2 EDX A FIvIL U R RENAT K
JUIZEBUNT, 7 FIVIREEDEERCL 7 F IV OV ERE DT —F 47 77 "MMERE T
BN, ZNONEEOHEEH RICE NI TREL 5 X 500X N ETRIN TV
MoTo. RAFZETIE, TOHAMEOKGEEIT-720 T, #5175,

F—U—R: 3% IENOESY, I 7V 7, g K= hae—ik

OBBIZL 7»BY, LiFAh> XLE, obzx @O0, 72i1czxb 12—L0d41Eo13,
FLE FEX, WTP ToX, WEH i

—218—



[325%]
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ZRELTZ. :@%“~§7>&ﬁﬁu\f R L TV T LS TT —2RA U M 1/2, 1/4,
1/8, 1/16 \ZHEIL 7= F T — 2 & ERIL 7=, SRllT — X B L OFEAE T — 2 138 dhi 2
DNTT7—Y I/T ZHaT-1% 2D MaxEnt JLBEZ{THZ L CAY MLE ST, ZNDAXI MLV E
fRATL, BEBERS A INEETHZEICE- T, *%EH“EAE’TTOK T —Z BT Azara v2.7 &,
fENTIZIE ANSIG-for-OpenGL v1.0.6 %, mikfEiatHiZid CYANA v3.0 2 -,

G Syc) |

3D NOESY A~ NVOENTIZ L > TR BHEEE @A LICHH R Lo mikiE L, <
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(@ (b) (©) (d

Figure 1 Superposition of 20 final structures of TTHA1718 from full (reference) data (a)
and simulated data with 1/8 nonlinear sampling (b), respectively. Superposition of 20 final
structures of FixJC from full (reference) data (¢) and simulated data with 1/8 nonlinear

sampling (d), respectively.

Table 1 RMSD of ensembles and RMSD to references.

TTHA1718 FixJC
reference 1/8 reference 1/8
Backbone RMSD 0.28+0.04A 045+0.11A[0.33+0.07A 062+0.14 A
Heavy atom RMSD 0.78+0.05A 0.96=0.09A|0.75+0.04A 1.10=+0.15A
Backbone RMSD to reference - 1.11A - 1.15 A
Heavy atom RMSD to reference - 1.30 A - 1.53 A
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The structural analysis of the nucleosome core by NMR spectroscopy
OYoshihito Moriwaki', Masahiko Sato', Aritaka Nagadoil, Hiroaki Tachiwana?, Hitoshi
Kurumizakaz, Yoshifumi Nishimura'

"Lab. of Struct. Biol., Grad. Sch. of Supermol. Biol, Yokohama City University, Kanagawa,
Japan.
’Grad. She. Of Adv. Sci. and Eng./RISE., Waseda Unib.

In eukaryotic cells, DNA is stably stored in a highly ordered structure, chromatin. Its
fundamental repeating structural unit is a nucleosome core, which is comprised of 147 bp of
DNA and a histone octamer, consisting of two copies of four kinds of histones, H2A, H2B,
H3 and H4. Here, we try to clarify the structure of the H2A/H2B complex in solution by
NMR; each molecular weight of H2A and H2B is about 14kDa. At first we prepared the
recombinant H2A and H2B proteins in E. coli by labeling 5N or "*N and "C, however the
backbone assignments of the complex was very difficult. So we prepared the *H , "°C, °N-
labeled H2A/ *H- labeled H2B complex and obtained the good quality spectra with the
TROSY technique. Now we are conducting the backbone assignments of H2A in the
H2A/H2B complex.

BEEEY O n~F U REEOBAN THDH X7 LA Y — A a7 X 147 %o DNA
L AT DO A v H2A, H2B, H3, H4 D% 2 BIA) B2 58 A h v 8 BIKTIEAL
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HxtA4EEV IR LA ) <=—0DX 7 LAY — b a7 OMNEEEITEEICE Ty
Do L2 L, X7 VA Y —Lha7 OERP COFMBIEL T+ 52 21X, e A b
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R OBENOARAIRTH D, Lo T, FxILETHAMH2B~T 22EKOIIEHF T
DOIEEZIRE L, 7 a~vTF U HBROBEM~L SRF 52 L # B E Lz,

KIGHE LR TIX H2A & H2B 13RI EI S /=0T, Ak L C H2A/H2B
~T a2 BIRAERL L7, 4], PN, PC-labeled H2A/nonlabeled H2B Z 764 L, 'H-"N
HSQC HI7E. 3 &t NMR HIEZITo72M, B AT MR E LR o T,
H2A/H2B AKX H2A, H2B £ 656 K& I 034 14kDa TH VD, #HAIKTIX 28kDa
272 %, D= BC, PN F R TaREDREZIT DT, 7 FLo7n
— R r%pEZ > TLE S, £2T, H,"C, "N-labeled H2A/*H-labeled H2B % 7
fI 1L, TROSY-'H-"N HSQC HIiEZITo7=& 2 A, A7 MANKESH, 2T FA
ANTHKT D EEDND DB LTV 7T blido & ) EEIHIT & 7= (Figure 1.), BLfE,
TROSY % AW 724 FE2 5t NMR JIE 217\, H2A/H2B ~7 1 2 &R D H2A |2
B EHEL MO 7 FIVIGBEED TS, £72 PN FUL{k H2A 25T X
LAY —ha7 2R L, 'H-"NHSQC JIiE 24T » - B, — DR EDOT I B
0 hATHFRET A I FANBRIENTZ, ZOZ EnD, WIREESEE2TRTHZ L
TXZ LAY —2a7 OFEENMRIZ K DT L AlREIC /R D E B2 bLD,

Atk H2A/H2B ~T 11 2 BROREEE DA EZED 5 —FH T, BT —4%%2b &
IZL. NAPl R° FACT °X 7 L A7 4 AIVEDE A b vy ~m & H2A/H2B ~
T 2 BEREOHMEERZHTTS, £7-. BRI TOX 7 VA Y —haT &
H2A/H2B ~7 1 2 B KD NMR > 7 F L&l L, X7 LA Y — L a T I DR
HFTOE RN T —/LOIRBEDIRIAZ R A5,
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Figure 1. "H-""N HSQC spectrum of the *H,"’C,"’N -labeled H2A/*H-labeled H2B complex.
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Structural analysis of the tyubulin tyrosine ligase from human by solution
NMR spectroscopy

OKunimichi Saekil, Ryoko Maesaki’,Yutaka Ito',and Masaki Mishima!

! Graduate school of science and engineering, Tokyo Metoropolitan University.

’Nara Institute Science and T echnology.

Tubulin tyrosine ligase (TTL) is the enzyme that adds tyrosine to the C-terminal end of
o-tubulin. It is interesting that CLIP170 protein specifically recognizes tyrosine at the
C-terminal end of a-tubulin and binds to it (Mishima M., et .al. (2007) PN.4.S. 104 10346).
CLIP-170 bound to C-terminus of o-tubulin accumulates on microtubule and promotes its
polymerization. Thus, this tyrosination is one of the key modifications to regulate microtube
dynamics. In physiological aspect, it is known that this tyrosination involves in organization
of neuron.

In this study, our purpose is to elucidate the detail of this tyrosination based on the TTL
structure using NMR technique. We will report our progress about binding assay between
TTL and o-tubulin, and the resonance assignments of NMR signals of TTL.

(s
Tubulin tyrosine ligase(TTL) I pls and
o—tubulin C RKEHIZTF 1 o 24 r“"':_ﬁ _:- e
HEEFE T, ZoF v ALFHUNE D a-‘l‘"“ e T _/“"i )

fEHEIC kx < b5, CLIP170 1T =
o—tubulin C KD F > o Zik L
THETr2ZERNMLENLTHEDY

(Mishima M., et.al. (2007) P V. A. S gl Fge tm b oy
o p el ki W

224 1o§§6>\Lﬁ’D L7 CLIP}?O m%ﬁzi ovppass {i 2T T

EDT T AICEET H 2 & THEA Jrjr:'ahl Msiirs B ol s (FOT) PALA. 04 D

itk . TD%. a-tubuli . HE

PSS, £Df%, a-tubulin X «?-e._.i"!mﬂ

HANRF LRI F L —=RIZL>TCR
O F v Yl &4, CLIP170 7' Fig.1 Scheme of polymerization of microtubule
Az, ZoFarrngFrn:
o—tubulin {Z, TTLIZX>TFuai v

Key word ; tubulin, B#37
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DHEOfINENS Z & T, tubulin [Z CLIP170 L fEATEX A L 910725 (Fig. 1), A4#R
FHIIZITo-tubulin C KMGIZT 1 > > ZAHINT 2 SS 23R MR O gk b ~D i 523
BHOMNIR->TEY, TTL IXESEIC L > TR TEHEERZ VNIV ED—DEER
LTV 5,

ARBFFECIL, tubulin tyrosine ligase ONLARKEE . K Roa—tubulin C K& DOFH
HAERZMET 2 2 & T, JUMEEOREMZH LT 2 L2 HIE LTV D, 3
BIRZERC L, 78 - R U723t ORIESRM 2 MG L7z, 1T LT, a-tubulin C
K & OfEG L& Fa v bz MR IZ K > THERR L7o, A%ZE CTIESE R 75 0)FE
ROREEIRAT . WIESAEOREF. F7-. o-tubulin C Kk & DRSS EBRIZ OV TR
Do

(BIFE 7 14]

WNMR JIE RE O 7 Y

cDNA mixture (Clonetch) 75 H A& - 2 #90%E L. pET151/D-TOPO {ZHHAIA I TTL
HB T T A REERk L=, K@ BL21 & AW CRBLRE/ER L, 20°CT—Br¥EH,
FEENTRKERBAEToT, 2O, v ¥ar 7523 K p6-KJES(TAKARA ) &
DOIFEH 24T 572, RUWT DEAE sepharose, Ni 77 4 =T 4 — BT LIZH@L, 7L
s biera~ N7 77 4 —IZ X DM AEITo7-, Lol HiE, BRI TTL
TEELEZ Lo < MERTEORFNMLETH T,

W E S O R

TIL DY H RELTHLNTWS, Mg¥, ATP, Tyr % buffer |Z/N% . buffer @
pH &ty 2 28 S, TTL OREMDT=Z ) v P 5 iTFo72, . X7 ED
LBEICDIENG D ESONTWVDET AT = MM HE bR,

W 22 E M D S BAR D VER

TTL D4y FRIECEH LT\ 5 B % m=
Frolo ik n 25 &L 2 T HR D —

oOREEZ, BEROBANCELUELR

Trtz, TIL OREE IR 220, 5y R {

IS L TW AR EITH RS, &

BAROHDMED R BNIIRER 2303005, /
% ZC.GFP 0t % b B W HIBIEDE w
FRAZHEL D fLATZ,

GFP & TTL 23F—7'7 A3 K EIZAFfE Fig.2 GFP+TTL expression plasmid

T B85 XA I F%& ., InTusion

Advantage PCR Cloning Kit & HUWTHE

L (Fig. 2), KW BL21 IS B AT - 7, HEIRFOSMEELE 2, GFP OE D
X AL TTL OME 2/t Lz,

BTTL (2 X Do-tubulin CRIGFEHIBA~DTF 1 o AHNOELH]

pGEX 6P-3 X7 % —_ K BL21 Z T, "N HE#k L7-a~tubulin C RimaEikD
RERHFZITW, GHT 7 A =T 4 — AT L, FVIERBD T L2 a~ N FT57
4= RV A TS, SN T TIL # Mz, NMRICE > TED ALY
MLOZEALE B ST,

—223—



B2, TTL OIEHZTRR L7012, BV 7z, ORI L S D ATP,
Tyr, Mg?, ZMZ TFu s ALKIEZEEZ L, MR 12X 5 Ta-tubulin D 7 F 10
ZElbAaB T,

(R &%)
WNVR I EFE O 7R Y

TTIL D RERBEZITT2BE, TTL DELINA 7N —V a VR T 4 2 L, RR
MBI CFEL TN, T2 Ty _Xu 77 A3 REDIBEHEIT 72, T ORER,
INEIX 6 fFiIce#E LT,
W E S O R

BAE buffer SEDOFER, U A FE LT M2+MFE(E L, 99k, SR T o
FENWFET D2 ENbnotz, UL, HBENES W &3 MR JIEDREEIZR S,
Lo T MR BIESME | TTL NLEEITHFIETE DRMIDOFRELEIT - To, & DRER.
TBEDRWARY MV ESS Z ENTE 2 (Fig 3), £/27 /0¥ =% buffer (2%
%2 ETITL OZEMOUGEITHE TIEd o7,

(a) (©) (e)

110 & - 0.25 mM TTL

1 T e | 50 mM Bis-Tris
115 £ .

1 . 4 {‘ﬁ’_ - 50 mM KClI
120 o et ' pH 7.0

| B . _
125 ; %r | NS 128
. i |
G

Temperature 298K

(b) (d) ®

0.37mM TTL

50 mM Bis-Tris
200 mM KCl1

5 mM MgCl,

pH 6.0

NS 32
Temperature 298K

3 8 7
o~ )

Fig.3 TROSY HSQC before optimization (a) and after optimization (b). Observed
aggregations of NMR samples before optimization (c¢) and after optimization (d).
Conditions of measurements (e) and (f).
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W22 TE M D OV BR DVERL
HESREORFN S, TTIL OEEOER D —o L LT, M OEEHE L/EHAN
E 2 bz, TTLICIZEBM 2 E - 755 86 FAET S, T/ X =N TIL OZZEED
FICBRERN BT D, ABENE D S TEREICEREITOZEBNAHTH D L
BxTe, o, M@ PIEMEICHEERZ L0, BANOT T4 A2~ HEE P —N—
I-TASSAR T X 0 Z#EEE 1 ZMK

VAR LEBLRETFL T
WS L 52107 3 B L )m u*"»;-
WO e 2 1R A T

72 RO L \EREKD

HBID 181275 A 2 L } o) A
GFP @&~ 7 A F& 1B 7 .:{_ﬁ % * _)

L— h ETHEIEEZLED
A, TTL 7% inclusion body ) ]

Lhs ot rogmapcy D ek & e
HOEZ BT DT D
DAL T 5 25 FEClTE

% HZEEMER L )
j(lglg%ij‘ O F ik %\_ﬁﬁ)%b\f form. However, it gives no green fluorescence, if TTL

SRR RIED A S ) — = forms inclusion body and  folds into non native
VI R T TNL, structures.

Fig.4 Scheme of monitoring system using GFP
GFP gives green fluorescence, if TTL folds into native

BTTL (2 X Do-tubulin CRUGFHIBA~DF 1 o AN OB

NMR B DOFESR. TTL & o—tubulin C KugfEEK & OEEG 2R L=, TIL 12k 5
a—tubulin C K ~D Tyr DA EZ MR THIE L7- & 2 A, BEMZEICBIT 5 A
7 MVOEALBLIITE T2,

(a) (b) (©

.r._.-- = 1 ,l'...._._“\‘ ] ll I:_.-

' ..
E'I\:I-. =)

Fig.5 Observation of tyrosination in NMR tube
HSQCs of C-terminus of a-tubulin at 0 h (a),4 h(b),and 12 h after reaction (c).

(5% DT IE]

L IEIHEEE LTz GFP 2 W2 k& ffio C, BERERMKOIENREIT O, Hoi%
FARZ F T NMR JE 2 AT WNAARREISE 2 fRir+ 5, £ T LT AR L DD,
REERRAT HitED T,
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High-energy state mutant of ubiquitin

Soichiro Kitazawa', Maho Yagi2’3, Kenji Sugase4, Koichi Kato>?, Ryo Kitahara'

'College of Pharmaceutical Sciences, Ritsumeikan University, Kusatsu, Japan, “Graduate
School of Pharmaceutical Sciences, Nagoya-City University, Nagoya, Japan, *IMS Okazaki
National Institute, Okazaki, Japan, 4Suntry Institute for Bioorganic Research, Osaka, Japan

High pressure NMR studies have revealed that ubiquitin exists in conformational equilibria
among the basic folded (N;), alternatively folded (N3), locally disordered (I) and totally
unfolded (U) conformers. Here, we show NMR characterizations of the ubiquitin mutants in
which the high-energy states are highly populated. A breaking of hydrogen bond, salt bridge
or a replacement of Pro-Pro sequence to Ala-Ala (K11A, E34A, Q41N, Q41A and
P37A/P38A) brought about significant changes in chemical shifts, BN spin-spin relaxation
rates R, and amide proton-water exchange rates at many residues in o-helix and some
B-strand regions, indicating a large increase in population of high-energy states in those
mutants. In addition, we studied the binding constants of ubiquitin-interacting-motif UIM to

ubiquitin and its mutants.

WE: v 74 A—va rFHEOMRICENTZRIEAINMRIECEY, ZhETIZ
2B F KT NEDD8, SUMO2 7 EEHD = & % F L ARE HH T O it 217
VW E1-E2-E3 W A — REHTHEXT UREr ZHIICORRGE SN/ L
XAl (ELZEME No, RITEMERE D) OFEZH LN L, B X —i
EOMREM B R 2 AL FMICHIZET 72012, BT RAF—HEENEZL T HET
VIR DVERL AT o T2, No 0 T Af1E CHEIEZL A U 20 0 EMICHER L
No, IHEEOLZENT VA &2 ToT,

EEB . 136C°0 & Q41NeH o/kFEREA. K11 & E34 ISHR O I BB 2 5 2 724
HARK11A, E34A, Q41A, Q41IN)Z1ERR L= (Fig. 1), I #Ed&Esh CRFTZEMS 5 EN0L

mE, R aexF o, HERLE

QI xH, X - HIDHFIFE, TNRHITAL, MEHIZHNE, TIEHY
X9
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(AT % PP ELSI A AA ICiEHL L 7= P3TA/P3SA
AR L72, 20°C, pH 7.2 12T WT KOV C DR
{RIZ>W T 1N-HSQC MI7E, 15N-Th KR Fnifl)iE |
CLEANEX-PM (water-amide proton chemical
exchange)ll| &€ % 1T > 72, ubiquitin-interacting-motif
UIM OfFEIC & b 72 927 RS UIM O
fRBEE A RS o T2,

fER LR Kl1A, E34A, Q41A, Q41N 2RI X
DONY > 7 2 EBs LUPs B4 T BN, H LT 7
MRS RIMEDBI SNz, ZNHDMAITIEL. Fig 1. NMR  structure of
REDHM (~5 Hz, Fig. 2) 28I S4U7-ffl, F:84  ubiquitin-UIM complex (PDB
73 R EROSHRBFHIHEE >TOBD LB g sbatuued by Al
Finolz, a7 A EBs LUBs HLIEL, Ni—Ng  represented by sticks.

AR CREIEZ LA R E WIS T H 2 &b, Z

A DEFIZ IV ESERRIZ Ne EO S AN LI LB 2 65, K11A, E34A,
Q41A, Q41N, P37A/P38A |25\ C UIM Ofifffi ez i~z L = A, WT (250+60
uM) D L RIFRED D 2 ERRERE A2 5o, WThOZRETH WT REDS
259< UIM EREARTTEETH D Z Lo Tz, ZOFEENS Notrkiz, UIM 24
D% DIERI T OFEE AL T o DBUK /Sy FOMEIZITHE R EL 527202
EWFIo T RIZAY v 7 ARGy e CRA T v RICEERGT 5 E1FE2-E3 7 A
r— RICHER Lz, B, 285 F 2 ALT v A I1C X DHERERHTEBR 21T > T\ 5,

— —  e—— -_— > — —

5_|||'|||||||| TTTrrTrrrTrTrTrrT T ITrT T T T T T e T T e T e aTrTeT TTTTTTTTTTTT |||||||F|||_
— 4= N
w30 T I ]
5 2 I i
=
o1 |
i)
= 1
=
g -1
=2
_3'||||I|||.|I|| Llipa il e n il o i boiinbinrobitpabipa bl pnrpborpririielinenli
a g 10 15 20 25 a0 35 40 45 a0 it aa [53] va 7o

Fig. 2 Differences of Rz values between Q41A and WT. NMR measurements are
carried out at 'H 600 MHz and 20 °C.
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Development of Isotope Labeling Strategy using Yeast Expression System
—for a structural analysis of difficult to express large molecular weight proteins-
OMayumi Ohnami', Toshihiko Sugiki', Koh Takeuchi’, Ichio Shimada® °, and Hideo
Takahashi®*

! JBiC, ? BIRC, AIST, 3 Grad. Sch. Pharm. Sci., The Univ. of Tokyo, *Grad. Sch. Nanobiosic.,
Yokohama City Univ.

In a structural analysis of proteins using NMR spectroscopy, we often experience proteins that
are large and derived from eukaryote are difficult to express in Escherichia coli. Recently, we
established a protein expression system using hemiascomycete yeast Kluyveromyces lactis
(K.lactis), which enable the preparation of labeled proteins using glucose and ammonium
chloride as a stable isotope source. The yeast expression system expresses some eukaryotic
target proteins in larger quantity than in E.coli with a comparable amount of stable isotopes.

In this presentation, we established a method to deuterate proteins in K./actis, which
would be beneficial for a structural analysis of large molecular weight proteins. We also
examined the selective labeling strategy of methyl groups of the Ile (61), Leu, and Val
residues using amino-acid precursors under highly deuterated background. These new
techniques open up the way for the structural analyses of large and eukaryotic proteins that
are important but hard tackle with current prokaryote based-expression systems.

NMRIZ L B # 237 OREERHTIC B W XL ERMAIER L - EAE 2 K&
2% 2 EREEEZITT DY METH D, EAE OLE RN ARSI @ K
BERH OO0, BB RED X X7 g EH Y VR0 E OB K
TIHRETH LA, BREHAWEREANGTH D, THE, A= CTIXRERIEK
lactis\ZiFE B L, BICRHEERO M 2T NTE 2, K lactislI 7 /v a— A& R W55
B2 BINARETH D . BEFEL LTORAMREWZ N RENTWS, K
WHIETIL, K lactisZ W Te 2 8B 5EBLR 2 LD @ RO X 37 ENLIRE
ERATICHEIR T 27280, ¥ 7 EOEKFLEFH DML Z 1T o7z, S HIZHKFHE
S FTDlle, Leuds L UNWValD IR A F VLG O E N % fit Lz,

[(FiEdk LOHRER]  BEAREREEES K ONRIRE A F AR O FHCIEK. lactis 12
B TEWIEBL A 5 41 % maltose-binding protein (MBP) % V72,

Yeast Expression System, Isotope Labeling, large molecular weight proteins

OBBRAEDHR, TEEXLLOZ, ZF5HT9, LEEWVWDLE, NILOTE
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HKEER S OGS
FP RO EK~DNELOFE B L LT, BKEREREM T3 BIATEEE L mE
FEDK. lactisD K % KD BN B AT~ 2 ik il A Tz, BOK SR E R 2 )
O BEAK DR A~ DR BT KRG E O BARFE DN L — BRI A e Rk TH D, L
MURN G, K lactis THEH OFEARISERHWTIRE SR AZFEM L= 2 A, FHK
e/ D B B~ D B I 22 H3 4% 12 B R O HFE 23 2

WA U MM@%%%%bMé’kﬁ%% l

Lto;® ENOEROEFTIIT 7R
FIZMAZ T, BOIRGFBREBRENEETH D
:&ﬁ%ﬂéhto%lf\@M%*&%&

TZER A A B LR D =7 5 % N
:TEEIEI%% L., e EATEEREZ S B - I T ’H MBP
HRKBDERICE LEATT 7 — A2 —T o on e W T .

B Lz, TORE, MBPORELZMHRT 5
ZEMTE, KL 72MBP®D'HNMR A~
Mot EHOFEARZHME T 1 b N E T deuterated MBP
Eﬂ@%ﬂiéﬂ’(b\é L ERR X 7= (Fig.l) .

Fo, BB EATo TR R, EAFIEERIT2.1%

Thotz, TOXIICLUTHER LI-EAFEILY "

N IE S 2 KBNS MEAR AZ = A K BRI o

ﬁjfﬁT ETHoT, 6 b8 o
B A FOVAE G DR ET %g o *

FROEKEREEEAWT, BEAKELEETTO

Ile. Leuds K OWValDI®IRNH A F- /AL & frat L=,

F . HK 3 B IS BT BE IA [methyl-"C, 3,3-D,]

a-Ketobutyrate 3 J O [3-methyl-"C, 3,4,4,4- Dy

o-Ketoisovalerate Z IR L 72, & OFER, lleddl A

F U EIRMNTEE TR 4D — . Leuds L U'Vald

AFNVIFTELAEEB SN RVFRE o T2
(Fig.2) . —7/. [3-"°C] Sodium PyruvateZ ¥ L H (ppm)

72 & 2 A, Leu, Val, Ile(y2), Ala, Met?® A F /L35 Fig 2 'H-"C HSQC Spectrum of MBP

SNTWD EW D KIGE & REORR L 72 o7,

[(BRBIOEYE] BEEEMTH IR TIET X/ BAERSHRED A2 57, Ik

ay RUTHTHITONDL Z ERMENT VD, lleld 2 RUTHTHLER S
DIZxF LT, LeuB X OWVallZX b RYUTHTORBGRIND Z LD, SEO

IEE N E Leuio‘JZU“Val@ﬁﬁ%ﬁWﬁ?j]%E& KT har RITIEBVIAENRNT L 2R

LTW5, —FH, EAEVEIZI b2 R TRICEV AT L, Leuds L OVallZAH#H

ézhfb\é Nl NN ﬁfﬁe?‘ié%ﬁ%ﬁﬁi@ﬁﬁ%ﬁo TW5,
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Roles of Multi-Binding Sites of Conjugating Enzyme E2 in SUMOylation in
Rice

(OWataru Tsuchiya, Heisaburo Shindo, Rintaro Suzuki, Zui Fujimoto, and Toshimasa
Yamazaki

Protein Research Unit, National Institute of Agrobiological Sciences, Tsukuba, Japan.

Posttranslational modification of target proteins by the small ubiquitin-like modifier (SUMO)
regulates many important cellular pathways. SUMOylation of target proteins requires a
multistep process mediated by E1 (the activating enzyme), E2 (conjugating enzyme), and E3
(ligase) enzymes similar to those in the ubiquitinylation machinery. In this process, the
transfer mechanism of SUMO from E1 to E2 has not been well clarified. In this study, to
reveal the functional roles of interaction network among E1, E2 and SUMO, we performed
the structure analysis of E2 binding domain (Ubl domain) of E1, E2 and SUMO1 from rice
(Oriza sativa), and identified the binding sites to each of Ubl and SUMO1 on E2.

[F#] Small ubiquitin-like modifier (SUMO) %, ubiquitin & #1ERIZFEEL L 7= FHaR 4
BRI GT2 X2 7 8THY , BEEEMIILSRFEEN TS, ZIKIChT- HiE
4 X7 8 @SUMOﬂ: X, EREHIGE, HIRRE B, DNABE IS LR vxmﬁwe‘
Bk 2 7R AR REFA S IC B W CERE & E 2 H > TS, SUMOSKIX3 B ST
TEZ 5, ATPﬁ% TIZB W TEMEALEEREEL B SUMO D CAES ﬁ/vfffr/n/%%m%
B OIEVEEANLC T A AT NVAER SE T2 E1D DS ABERE2~D T A4 = A7 ViR
G Z 5, FiEBRIET, E#EHDWELY H—FE3%Z/ LT, SUMODCAKY I /L
R IVIEEDER & o R RO E DLysifEDe-7 2 Vb 4 VAT F NS %
RS %,

E2/ZSUMOI, El, E3B X OHER & X7 BEDZNF &M AAEH LSUMOR 4
2BV TSUMOAL Z g3 2 LR B 2 o TW A 23, BITEE TIZZE DORUL A T
= XL EFEHT 5 f_&>0>+/\fm%:_$4:@%é’3%u% IESLN TV, LoT, E2&%4%
LR TEEDOMOMAEEREZH LTS Z Lk, SUMOLD Sy 1A =R Az»:»ﬁ%ﬁq:
T 5 ETEETHD, AFEICEBVTH A IXELD HE2~DSUMOHLE RS 2 BF & 7z
THZEEHME L, A X (Oriza sativa) HIRE2, EIOB2FEA KA A > (Ubl R A A V)
B L USUMO1 DAEEREAT 72 & ONTHE B EBAL D[R E 2 1T 72\, E1-E2-SUMO O FH A1
Hxy bU—27 ORI ENC OV TRET LT,

SUMOALEIER % ERG, FF = 2T IVEE G, ZEAE S ET

O 26D, LAEIANNEES), TFEVALASD, SLHETV, X
JTELLEZ
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[#ERLEZL] o/ NEE#H LA HROE2% AV TR IENMRIEIZ L W 287 K
JVIRIEZ AT > 2, BT 5 SUMOI O EAERENL 2 K E T 572, PNEEG#%k L7
E2125%59 5 SUMO R EIZ & % 'H-"N HSQC Db 7 R 28k 2 & Lto Z DRGSR,
E2/ZSUMOIZ %} L THREARED J 72 B HMNE L 722D DFE AL & £ 2 k73§%é2@7‘:o
WL OFHAAE  fast exchange limit T - 7223, S 1HE (/ﬁ%ﬁlﬁ‘jE BROL) IXIEIF2Y &
DOSUMO1DEINTHAFRAEIZ T 2 DITkt L, F28E CE2RE A | ;‘rz“E‘a‘:ﬁx
T OHRAICECE R LTc, BE2ONKERAHEICFATET 5 8 1R &AL B8V T,
Argl4, Lys15, Argl8, Lys1972 & DFEN A3 2 —77 T, E20SUMOTE MR Cys94
VBRI IR D 2 A EALIZ. Lys75, Ser90. Thr92, Glnl31, Tyrl35D5EENFEAIC
HHELTWD (Fig. 1)s BIFEAEBAIZONTIZE FORICE W TEEICHA Sk
BV —FF 50, EAEA AL OIAEIL T E TS T L | 42‘&351@15275%%%@
FHRTH D, F1EB LOEMEE ALK T 5 B MEEERZ 55720, FH22HEE
NDFEBRE R KIB SHT-E2 [K75A/S90A/TO2ATZEBAK, B LN, FiIfEA pf%i@f%\ﬁ%
%R SH7-E2 [RISA/KIOAE AR Z IV CNMRIFHEEBR 21T~ 72, TOFER. F
BILOEREA ALK T AMEEES L LT, ZNEFNKy = 2.6 WMB LUKy = 840

UMDER G BTz,

E2LUbl K A A 250\ C %, UblIZE2 .
WL CHWRE S 2R L, £ OMAEIER s WL o
Hislow exchange limitTdH S Z & DNMR e ycaq = ;,:f' ﬁ o %{?;‘]
ko THOMNE o7, HAMFHIZK f| Lh_.ﬁ\&-’ o
BILE T MGG Ul Ebirly  SWomadm2 ;’ib%’?@aﬂ A
E21C 35 1) % SUMOI 0 45 1 fif & L & 72 *fi,ﬁgmg p==d 4{\ S
IR R 5 = & BB E Ao T, S e SR )
W, EXBIR AR ERE A LT, I(—?l“ e N
EFEDE2 [RIBA/KI9ATE BARIZ RS LT M= ﬁ._f_fznj_:-r.. :
Ubl& SUMOID WL b a2 7R S 72 TN Hmf B
W2 EBITCHIEIZ L > TH BN E R D, r@@g RIS sUoE M 1
S BIZ, E2LSUMOIHEARIZUbI % RN . % g
T % & SUMOLIZUbICE# T % 2 & 3 K “”

\ZE2 & fEA L 72UblIZSUMOLIZ k- C
BXHbOLARNWT LB RENT,
FROX I, NMR HIEIC L > TA

SR E2 11X 2 DD R D SUMOL #i

BEALAFEIE L, WA RE /Tﬁ"él%lrf***mj_ Tk EPEFREE Cys94 7 B BT AL

ElZHDHZ &, SUMOIL & Ubl &35 1 A EALICEB W THEA L. Ubl OFEA DM

THHZENHLNE o=, BTE, :ﬂ%@#% WKL, ITC HIE & X B s

FENTIZ K> TH e DAL A D 5 &L FAIRFIZ, SUMO 5B 125325 E1-E2-SUMO

MOMEERX Yy NU—27&E %2 . A4 32D in vitro SUMO LD T v & A Z A5 Uk

MPTh D,

Fig. 1 Mapping of the residues on E2 that
showed large chemical shift perturbation upon
complex formation with SUMO.

3CHk1) M. H. Tatham et al., Biochemistry, 42, 9959-9969 (2003).
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Structural Elucidation of the Sequential Signal Transduction Mechanism in
Bacterial Chemotaxis

OYuichi Minato', Asako Machiyamal, Takumi Ueda', and Ichio Shimada'?

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

’BIRC, AIST, Tokyo, Japan.

The autophosphorylation of the P1 domain by the P4 domain in CheA, and the subsequent
phosphotransfer from the P1 domain to CheY bound to CheA on the P2 domain, are important
for the rapid signal transduction in bacterial chemotaxis. Here, to clarify the mechanism
underlying the rapid sequential signalling, we performed cross-saturation (CS) experiments on
the full-length CheA-CheY complex. The resonances from residues located around the
catalytic residues of the P1 domain and CheY were significantly affected by the irradiation, in
addition to those on the binding surface in the crystal structure of the P2 domain-CheY complex.
These results suggest that the P1 domain and CheY interact with each other on their catalytic
sites. The intensity reduction of the P1 domain caused by CS was about half of that of the P2
domain, suggesting that the P1 domain is under equilibrium between the CheY -bound state and
unbound state, in the full-length CheA-CheY complex. This equilibrium might be important
for the P1 domain to interact with both CheY and the P4 domain.

(] s i o st U CGRIFICISE T 2 72 0I12id, 2505 1 THF F < #gHm
W T FNERET HZENEETH D, FEAEMOEIETIZ, ATP 238546 LT
D H48 ZHCY VLT HR06, BE
VH48 28 P2 KA A ITHES L7z CheY
Eo D57 12V VEEE AR T D KGO
T, FBREBEMICRE 5 2 LT, .

SR 72 7 AR TR FERR LT B chev?")"““""“"a“mr

Fig.1 Schematic diagram of the domain structure of CheA and its phosphorylation reactions.
The P4 domain binds to ATP, and donates an phosphate to H48 in the Pl domain
(autophosphorylation). CheY binds to the P2 domain, and accept an phosphate from the
phosphorylated P1 domain (phosphotransfer).

two—component system, cross—saturation, segmental isotope labeling

OBl donG, £H°EHST, IRALESH, LELWDLE
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AHFIETIE CheA & CheY DREAHENAHERE B A 1 LA TIE L <Hi» 72IRIETH &
PCTHZ TR Y R EPIR S YT IMEEOMIHEE T 5 2 L 2 AL L
7o

[ 7ik]

K BB KIBE R4 E CheA, CheY % KB K ERBRICTHRE L., 2okt
LR, TR a~ NI T 40— BAA VR a~w NI T T 0 —IZTHERIL
72, Mn*"-phos-tag"™ SDS-PAGE fi##r (2 & ¥ . FHH L7z CheA, CheY 33 L Y ATP DFFEAE
T, Uk CheY DA T 5 Z L 2R LT,

K RATHERRIE > Che A D Pl R A A L D 7 F N Z RIRICBLIIT 5 72, [U-H, °N]
TERA ML L2 Pl RAA v &2ELEZ AR (aa 1-153) I8 X OFEE#RO P2-5 KA A
aEtee 7 A b (aa. 154-654) OEBAETA 5 —a w2700, 8T A b
R \CRBL S, K& 7 AL MTAHIN L 7= chitin binding domain (CBD) % V=7
T4=T7 44—, BXO CBD OUIEO#%, 200 mM 2-mercaptoethanesulfonate

(MESNA) fFEFIC T L., A4 X = a VIS EIT> 72, 72750, Pl RAA
Eaick 7 AL bOC K, BEXOP2-5 RAAS U EEGTek 7 A hO N KL, %
N1 QI53G, A154C ZEBAKZ V=,

< CS ZEBR > CheA B CS %8RI, [U-H, *N] CheA 100 uM (2%} L . FEFE3E CheY 200
uM Z TR L 7= 7S TIT - 72, CheY BLAIFY CS 328213, [U-"H, °N] CheY 100 uM
WZxf L, FEEERR CheA 200 uM 2SN L 72V o 7V T T o 72,

[F553]
[1] £ CheA O NMR A7 hVO LS
CheA £2F- D NMR A7 MLEHE LI Z A, FA~—TR 14 TOHFETH
HIZH b BT, K150 O > 7V EEE TR S v, REaks & —E
LR ZHAEDE T /T A ERIRE LR, Bl Shizs 7 EICPLP2 B
AA NZHEKT D Z EnRENT,

[2] CheA-CheY [ CS Bk

CheA & CheY ODAHAEAEH M ZH 5T 572910, 2F CheA, CheY T FN %
BRI SR & T D28 75T R 2 W 51T > 72, T OFER, P2 KA A > -CheY HAIKDE
AR 23T DG A St L OFREE ORI T, T O¥SREDRE I OME
BB, Pl KA A 0 HA8 & CheY O D57 ORI LB Sz (Fig.2),

[3] CheA 72 5 NI P1 R A A KT % CheY i iE 526k

CS EBRCTHIH Sz, 22K CheA-CheY HEKRIZEIT D, Pl RAA & CheY D
AREROFEMEZ T RD 72912, 2F CheA 72 5 TNT P1 KA A 2% L C CheY & E
THEREIT T2, TOREE, P1 KA A 720 TIEREEEE)Y 100 uM % FE 5 A
ERITBR SN2 o 7z—J5, &K CheA D Pl RAA OV 7 FMTiX, e
B uM B ICxHS T 2bF s 7 N LBl ST,
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Il

A 030405 out of analysis

(B)

I:’ D219

A 0250304 out of analysis

Fig. 2 Results of the affected residues in the CS experiments.

(A) Mapping of the affected residues in the CheY-observed CS experiments.

(B)(C) Mapping of the affected residues in the CheA-observed CS experiments. (B) and
(C) are the mapping of the P2 and P1 domains, respectively.

The darker color indicates stronger reduction of signal intensity for corresponding
residues. The strongly affected residues are labeled.

In (A) and (B), the ribbon diagrams represent CheY and the P2 domain, respectively.

The residues surrounded by the squares (D57 in (A) and H48 in (C)) are the catalytic
residues of CheY and the P1 domain, respectively.
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[B%]

TEFEBRICEBWNT, Pl RAA & CheY DHAENEAN, 25K CheA TiX U THEIM
ENTZ ENnD, AEBRTBII SN, Pl KAA & CheY OFUGHEILFE £ DOF A AE
X, PI RAA L P2 RAAL YV EIZHEA LTz CheY & DORID, HAKRNIEIER
ThdZ ENmmeIniz (Figld), ZDOXI7, AL VHMTIIBMPEN R+ T
boHN, BETIE, BERNTHEERT S Z ik, APROEMT COMAEIER
NARE L 725, LWV I FEERESUZ. P1 KA A & CheY DS - ffBHEZ U (248 0 X
LT, TORPERSROKIEZRHET D ETEETHD EE 2T,

F72. CheA-CheY ] CS FEBRIZE VT, Pl RAA LV DIRERDRNP2 KA A D
ENFRETH-T22 EnD,. 2K CheA-CheY BAMKIZEIT D, P1 KAA L CheY
DOFEERIFNEEIL S0%RETH D Z L 3w s (Fig3), P1 RAA & CheY O
BB LTV X, Pl RAA U2, CheY 7217 T7< P4 RAA V&b G
2179 ECHETHD EEZT,

BAE, RKOMESEZFIH L, CheY & Pl RAAL L, P2 RAAL U ENFRE DA
YEFIZ 3T % CheY E~DBREEJRD Z Bl 2 (ZHH 35 2 & Z2RA TV 5,

P1 domain-Che¥Y P1 domain-CheY
unbound state bound state

Fig.3 Proposed CheA-CheY interaction model.

We propose that the P1 domain is under equilibrium between the CheY-bound state and
unbound state in the full-length Che A-CheY complex, and about half of the P1 domain
is under the CheY-bound state (Keq ~1).
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Structural characterization of A-quartet formed in all-parallel
G-quadruplex DNA
OYusuke Nakano, Hulin Tai, Shigenori Nagatomo, and Yasuhiko Yamamoto
Dept. of Chem., Univ. of Tsukuba

A G-quadruplex DNA is composed of stacked G-quartets, each of which involves the planar
association of four guanine bases. In the center of each G-quartet, electrostatic repulsions
among four closely-spaced carbonyl groups are reduced by a nearby cation. Similarly to the
case of G-quartet, four adenine bases have been shown to be associated to form A-quartets in
G-quadruplex DNAs. We have characterized the molecular structures of G-quadruplex DNAs
formed from various DNA sequences such as d(TTAGGG), d(TTGAGG), and d(TTGAGGT),
in order to elucidate the effects of the sequence on the G-quadruplex DNA structure
possessing an A-quartet. In addition, NMR chracterization using ’NH," revealed the cation
binding sites in the G-quadruplex DNAs.

F?—‘?

WEHSHDN AL, 77 =2k 280504 & 2D N AIZ LV B S 25 Fr St rHg
ETHDH, WEEHDNATIE, /7 =245» Hoogsteen™Ith Fxt|Z X 0 [Fl— P
N CBRIRICHERE L7 7 7 = W EERHERE (G-quartet(Fig. 1)) 23K &1, G-quartet
DEBAEET 2HEI10E, ZNHOREERO AL v %20 7R IUESHD N A O IRIEE
DEEIZHF G L TWD, £z, WEHEDNAD FEKGEIG- I LT v 8BFET S

ZiE. FERWDG-quartetfil LD A X v F 72k, MEHDNAN Bz
T 52 E LMo TS, X 6IC, BiET 5 G-quartetfICiT A F4 223
FE LT = DO JE%F%M%*E’J&%%M&@W& CIZR Y EHEDNADL
TEALIZRNL > TV D, RIFFETIE, B F T A TR 540 K LES O FARHAL T
HHATTAGGR) ZEF—7 & L Taxat L7z d(TTGAGG) & d(TTGAGGDIZ X v
R ENDFATRINESHDNA T, 77 = NEREE (A-quartet(Fig. 1)) 2T
HZEEWALMNIT LI, hTF AL LTBNHAZ WS Z LT, WEHDN
AWNED I F A UREEEHALZ R E L, A-quartetz HOMUEHEDN A & I F 4 DOFF
HAERIZ DWW THEAT L T2, H

4 /I i Ny M H
r T N Sy H N\(N I H4<\N | /\N( N/*N/e
; Sgres T~
H
(o]

T2 \ " oy \N /
] e3 H—}iN\H H _}““ %2—1:« » %”
H o \ N>4;§>»N\ MM
o~ A4 é«l(ﬁ\ H — 'R
| g \ H
7 G5 y N/lr'l’" N T )\ >_
- H
G6 Fig. 1. Schematic drawings of G-quadruplex DNA (left), molecular
3

structure of G-quartet (center), and A-quartet (right).
G-quartet, A-quartet, n—=n stacking

ORNDPITIF, 2NV A, BRELLITDD, FH ERTOZ
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FER - B8 G NH signals A3H2
W= DNAFFIOH NMR A2 kLT T Gls T I ‘ ‘ “M
I, /7= ONHZ' v b kT D7
(Gn) 3 273,10 - 12 ppmic B &+ (Fig. 2) .
WTHLD DN AT b Bl D S T8 DY E 8
D N A ((dTTAGGG))s . ((TTGAGG))s .

G3G5 G6

-
A4H2

(d(TTGAGGT))s) M5 Z & D3RI Pocsey o
77 E72. (ATTGAGG))4 & (A(TTGAGGT))4D 77 12 11 R 3 7
7 = H2 (AHD)IZHKT D 7, 2D Chemical shift (opm)

ST FLOMHED Y7 MEHATH) 12 ppm [ 2 [ NWE spectrs of Gaquadruplex
DRSS 7 FE R LTz, ZOMEND. dTTGAGG) (middle), and d(TTGAGGT)
(d(TTGAGG))s & (A(TTGAGGT)s D 7 7 = L 1%, fﬁfé&‘g) & lglé 6(5&(?;(; f:sﬁcffjgyand
Mtz 9 D5 G-quartet E DA X v X 7280 ' ' '
A-quartetZ k95 Z LRI STz, F7z,  (A(TTGAGE)-"*NH:

(TTGAGGT))s®D A7 FTlt, Gy 7T
JWEAH2 T T VOS5 EPNBR ST,
NOESYIZ L it DFER, nH LT EnZEho
Gy 7 T VO TR LD 7 A —
7 DBl S A, RHET HA4H2 ENOEDMELHI <
Ni=Z &b, (ATTGAGGT)) &, HH A ZE#a
?5:0@2/7¢% va VOFENREN
oo Fo. KHREOHKIHEW, FHAEHS
DPHNZ AR AE LT b, Ziboay

15N-filtered spectrum

Free ">NH* GSpGG G6-G6

Chemical shift (ppm)
7 A A= a CiE KOG ERMLOENIT L5 pig, 3.'H NMR spectra of (d(TTGAGG)),
THEENTZLDTHD Z EIFR ST,  in200 mM "NH,Clat pH 6.30 and 5°C.

RIZ, BNH#Z O CHENMRIIEZATVY, pattern1 . Pattern 2
PUES D N AWNERD I F A S EAL 2 TR E L @ G3
7=, (A(TTGAGG))4-15NH+D1H NMR A7 | o "l A --
L& 15N-filtered A<~ kL. NOESY, 15N-1H
HSQC I= & 5 fi# B o #& % 7> & (Fig. 3) . @ s
(A(TTGAGG)) 4D 1 F A > DFEAEBALIC 1% 2 # G6
DRI BRERAAEET B = & 28 B s Ao T 2 2
(Fig. 4), Fig. 4. Schematic drawings of the G3-G6

region of (d(TTGAGG)),and NH;" binding
sites. Two different binding patterns were
KEEm determined.

ASWFECTHWED N A RSN X0 A U 5 RN EHD N A Tk, G-quartet
EDr-—n AKX TIZE Y A-quartet MR T D Z ERBH LMo T, £,
BNH 2 W2 fHTIC X 0 . A-quartetZ & DV EED N A DB F 4 GG HEAL % TR
ETAHZ LIRS LT,

Reference
1.Y. Kato, T. Ohyama, H. Mita, and Y. Yamamoto, J. Am. Chem. Soc.,2005, 127, 9980-9981
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Structural studies of the regulation of microtubule dynamics by EB1
OTeppei Kanaba', Tomoyuki Mori?, Ryoko Maesaki’, Yutaka Ito', Toshio Hakoshima® and
Masaki Mishima'

'Department of Science and Engineering, Tokyo Metropolitan University

ZDepartment of Information Science, Nara Institute of Science and Technology

End-binding 1(EB1) is a key molecule in the regulation of microtubule(MT) dynamics. EB1
binds to MT with its N-terminal CH domain. Further, EB1 is thought to lead MTs to cell
peripherals by interactions between its C-terminal domain and other plus-end tracking
proteins, APC and CLIPs and cytoskeletal proteins that locate cell membrane.

We have attempted to reveal the molecular basis of MT-regulating mechanisms by EB1
using NMR. Chemical shift perturbation experiments of CH domain with tubulin, we found
that CH domain bound to only polymerized tubulin specifically in solution. To identify the
binding interface of EB1 CH domain with tubulin, we conducted the transferred-cross
saturation measurements. In addition, we performed chemical shift perturbation experiments
of EB1 C-terminal domain with APC C-terminal region and identified their binding regions.

GE

EB LI/ INEEFE R 7 (+TIPS)IZ L D2 PUINE X A F 2 7 AOHIFIEEAE 2\ THL
W72 8 2 Fo7= LT, EBUHINKUROCH R A A N2 X 0 #%/NE 2 K RANIC R L.
AT D, MKEE PMEIC L2800 5, EBUI/INE OV B Y72 DA T
RIS RE A BT D 2 TINE 2R R REIL LTS EEZ BTN DY,
FIMNE LHES LIZEBHEE OCKE K A A 12 K Y APCRCCLIPZ: & Dl O+TIPs
SRR I ET OMREHREAE LA T2 Z LIV MUNE R E Z DM E
DOHBHO—>TH D MREICE L (T DY 7)), LML ZHHEBIT X AHUNE
DFETEEC, T U BV o TR ORI T IIIR T D N E 725 TR0,

AAFFED HHNIEBIC X AP/ INE & A F 2 7 2 DOHIEIRERE OFEM 72 0y FHtE 2 11 &
MZTHZETHD, EBUS L DPUNE OFETEEBICOW TS0, b7 7 b
BBk SCtransferred-cross  saturationiEPIZ X AEBIOCH R A A o & MUINE 2 REp% T %
& H'Etubulin & O EAERBNT 21T > 72, FEBUZ X D/NET > ) o 7 HEREIC
SWTHHRD 72, EBLEFSAT 5 +TIPs & L CREIMEEIE FEMAPCICER L., 1k
27 NMEENEIC X DM EER OT 21T o 72,

EB1 +TIPs #HAAEHfENT

O DRFTTHNN, BV L&, FRAIEV LI, VLD,
FZLFEELB, ALEFSE
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-EB1(MCHR A1 > LtubulinD B £ AT

EBIOCH R A A »(1-130)D 7 v —=2 T %
1TV, BERAEMER LTz, 1B L= 3815 %
WTRKEFRBL, R AT ONMRY > 7L % i fl
L72, CH R A A T L D0 INE GRS O FEH
5728, tubulinfiii 85 FHE Altaxol 12 XL -
THEA S ~tubulin & OFEEEER, BEAFLEHA

colchicinel k> THE A S ¥ 7-tubulin& DFEA L

FEBR & 1T o 7=, F7-transferred-cross saturationi®
WZ L DA R EOREEIT- T2,

-EB1&APCOAHE {E FRfiE#T

EBI DCAR U K A A 2 (189-268) & APCHOCK
URBEIG(2781-2819) 12OV, {kFy 7 ME@hE
(2 K D W OF EAE RO R E 21T > 72,

EB1DCHE A > LtubulinD H E VE R

CH R A A v &taxollZ & 0 A S+ 7-tubulin
L OB FEREITHT2E A, T FILDOWHK
DRONTZZ ENbMEFEORAEEZHR LT, £
7- i B A S 7~ tubulin & O G A EBR CILIER
BRIDOARYT MANELNTZ, 202 ENDHIR
RIKICBWTHLCHRN A A VITEALE
tubulinl ZRFERAICHE AT 5 2 & &2 NMR%Z HW
THEEHALNIT S Z LK,

Fig.1 transferred-cross saturation
experiment

(top)'H-""N HSQC spectra of CH domain
with irradiation (right) and without
irradiation (left). (bottom) The plot of signal
intensity ratio.

IHteHSity ratio = Isaturation / lrcfcrcncc

Fig.2 3D structures of CH domain
Crystal structure of EB1 CH domain®.

The binding regions are dark.

BHAKFILLZCHR A A > OH 7% A Ttransferred-cross  saturationi 12 K 5
tubulin & OFE G S DRFE 21T > 72(Fig.1), € ORERZEZCH N A A v OfE &I~ >

vy 7 EIT o TFT(Fig2), fEA R ILy REa

RIZ 3 HEE L T2, i ZE O mutation

FEEBRIZBWTHCH K A A > Dtubulin & OFEAICEE 2R3 0 F 2RI HEIEL TV
N HY CHR A A V3D FRESEEZ AN TES L-tubulinE fEA LTS &F

BENnb,
-EB1&:APCO I E 1 FAfRAT

NMR % W 7= 55 A 2B 2> SEBIOCKSG K A A & APC D CAR U REIK ok & fE ik %
BEET D LN TE 2, £7EBIOAPCE OfEAMHEIIL, /& L2BET5E—%
— & [ Edynactind ¥ 7 == v kpl508 L OFEAEE — B LT\, 202 0D
APC & p1508 YT FEAMIITEBL L5 L WA HREMEN H D L W2 5, ZH B AAEH
OWTIES B T AR EREICL VAL L T BERH D08, AIFZED
it F X dynactin O EBBHAE D A D= X LZOWTOHRZ X 5 BEHRERTH 5,

(1)Sandblad, L., et al. (2006). Cell 127, 1415-1424

(2)Takahashi, H., et al. (2000). Nat. Struct. Biol. 1,53-58
(3)Hayashi, 1. and Tkura, M. (2003). J. Biol. Chem. 278, 36430-36434
(4)Slep, K. C. and Vale, R. D. (2007). Mol. Cell 27, 976-991
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Structural studies of the MBF1/Jun/Fos/DNA transcription factor complex
by solution NMR

OXumiko Kawasaki',Yoshitaka Nagail, Susumu Hirose?, Masahiro Shirakawa’, Yutaka Ito’
and Masaki Mishima'

!Graduated School of Science and Engineering, Tokyo Metropolitan University, Hachioji,
Japan.

’National Institute of genetics, Mishima, Japan.

3 Graduated School of Engineering, Kyoto University, Kyoto, Japan.

Transcriptional coactivator MBF1 interacts with bZIP-type transcription factor and general
transcription factor TBP. From recent studies, it is revealed that mbf1-null Drosophila mutants
became shorter lifetime under conditions of oxidative stress.

In the present study, we performed structural studies of Drosophila MBF1/Jun/Fos/DNA
quaternary complex. Our purpose is to reveal how MBF1 protects Jun from oxidation and
interacts with Jun/fos/DNA and TBP. At present, we have succeeded to reconstruct the
Jun/Fos/DNA complex and obtain its NMR spectra. We will discuss investigation of
preparation quaternary complex sample, and MBF1 interaction with Jun/Fos/DNA and with
TBP by NMR.

SO L B

5 a7 7 F_X—% —MBF1 (X, bZIP BURE N T LM EEHAT 5, HmIEOWEN D
MBF1 RO 5 7Y a U R IEEA b L RBREE F CHEMIIRD Z EXbhoT
BY . MBF1 238 A b L ARG O&E| %2 F5o L RB X TW 5, Jun, Fos & HEIE~
Fu " Bik% & A bZIP B ER 1T, = —FEI T D DNA D AP-1site ~fE
AL, BBEZEM LS EL28, Jun D 229 FBH DT AT A VU NbEMI S5 & DNA
~DOFEGTE L 720 {EEE KD, MBFL OfF(E FClE, MBFL 23229 HH DY AT
A OELEFSE, Jun @ DNA ~DOFERTEEEZ RS E WO HENRDH S,

AWFSETlE, MBF1/Jun/Fos/DNA O 4 FEEEIRD SARKEERRNT 21TV 1 L ~UL T
MBF1 2% Jun OE{LZBHET o2 fRHT 5 Z L 2 B & 55, F72 MBFL 1349,
FEAHR G TBP & HE R S TBP L EHAM AT 2T & LTRRINTED
TBP & DA AAEM & BRZEV, & Z TMBF1 & TBPFHA/EMZ MR IC X 0 BUAIL, D
FEHNCE LT A E B HE LTV S,

Transcriptional coactivator, Transcription Factor Complex

ONbLIEL A, BBWVWELEER, OAET T, LohbEIOVA, WE I
D, HRLEFSE
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BAE F T2 MBF1 BAK D STARKEEFENT & Jun/Fos/DNA O FRERL & NMR 2227 R JLERL
B Fig DITKII LT\ 5,

@ Jun/Fos/DNAHE &R D7

va 7Y a N H KO Jun/Fos/DNAKE L
ARRE Fig. ) OB TES, ™ R T i
ERRAT RO BRI 2 33 T X 5 £ 9 Z2ANR AL
WIEXREECToH - 72, FrCFosDORA I 3 DO _
Chote, %2, FosORBAOTME L ,%5;1.@,5”; .
WY o, FALRFL 7 L O %ﬁﬁﬁ v
BEMEL LTHRASYE, FosOMliEx LY R Rt .
REIESERED < 2 & a2, b

F7°, fosiBE T A pET-48_7 ¥ —~ 1
—=v 7L, HisZ 7 FA L FxT s : :
FATRACE D RER AR LT, e

FORR, FAL REF L UMADFosE RS ! géslr\lngaRg,lSS;-labeledJumFos/CRE

NDE L RTENEELTEY ., AlErEmESIc
FETDZEDPMERTE -, 5%, BB P MAAENTZTTAI REILITK
WHEE N ~FLAIAFL, Fos & MILFEHL, DNA & O IHFRL AT > T <,

@ TBPOFAEIFHAL, MBF1 & O AH AT F28k
ZUDIZY g 7Y a 73l RTBP D% __

B AT o728 2 A, TBPOL L BARENE o | &

BT EE L. BAICEE, AR LE

FE ORI AR CHEETH 7=, & T,

TBPOZEAL %K D 7= 8, DNA & D ksl % 5K

Friz, TBPZ KEGEWN CTGSTH J G % v /3y

B L UTHRBLSE, KIGEEBERBARL,

AEMEE Sy AR CCREA AU e~ NS o

T4 —, TI7A4=T4—a~v T T77 4

—&ATo7c, GSTH JRGTBPFES D0l |

Z L L, TATAboxDELF % & d e\ 2 AEHDNA T—

EMZ Tz, DNME/SY > R Sy 7 e lid 5l % A Fig.2 "H'NHSQC

W\ VRO URBDNAR - C2RBE O S 120 0005 mvt PNoabeled MBFI with

B NMROIDJIE TA 2/ fEIK D > 7 VA3 CTUy  TBPDNA(L:D).

DT L EEICHERE A TH D, D%, GSTX 7 %

UL, SRS v~ 7T T 4 —&{ToTc, DNAZINZ 72V GA CTIE &K DSy

F B DAY ENCAFAE LTV = TBPZY, DNA L O FRERLCIE, & AR 7 B D4 BT FF/E L,

TBP/DNAE AR DHEEIR L LTINS 5D Z LTk Lz, "NT~UWBFLEEL, PNT X

JWMBF1 & TBP/DNAZ 1: 10D bb TR U 72 3084 #Efi L. NMRC'H-"N HSQCZ HI7E L 7=,
MBF1 & TBP/DNADIL: 1 CIFAET Dk Cld, AT MUy 7 Vi E 2 b L by

7 NEER R ST (Fig. 2), fERA YT L. MBF125TBP/DNA & AR LR 3 % B % 7

_RTWNL,

oy 1 dppan
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Dynamics Study of Aromatic Rings by the SAIL-NMR Method upon
Ligand Binding

OChun-Jiun Yangl, Mitsuhiro Takeda?, JunGoo Jee', Akira Mei Ono®, Tsutomu Terauchi’,
and Masatsune Kainosho'

'Graduate School of Science and Engineering, Tokyo Metropolitan University. ’Graduate
School of Science, University of Nagoya. ISAIL T echnologies.

Abstract

SAIL (Stereo-Array Isotope Labeling) provides new opportunities for studies of
biomolecules by NMR. For instance, considerable information can be obtained by studying
aromatic side-chains. Besides simplifying the signals, SAIL can suppress unwanted tight
couplings, which are difficult to avoid with conventional labeling. The resultant superb
qualities facilitate the characterization of the ring flipping in Phe and Tyr. Here, we report
the application of the SAIL method to study protein-ligand interactions. Using proteins
labeled by various SAIL-Phe and SAIL-Tyr residues, we observed the changes of the NMR
signals upon ligand binding. The underlying dynamics will also be discussed.

An intimate relationship exists between the dynamics O'H o'
and the biological functions of proteins. NMR is an ™ ..__,____..-~J::;:::_V___..'" . POy M
excellent tool for studying protein dynamics. NMR ,,(F__ _,:.(l_. J
experiments can detect site-specific motions over a large ®~ [ W W Ty m
timescale, ranging from picoseconds to seconds, with the =P H—C—H

aid of isotope labeling. However, studies of aromatic
side-chain dynamics by NMR have been difficult, ‘

although non-covalent interactions through aromatic ,
Fig. 1 5-SAIL Tyr (left) and {-SAIL

side-chains are crucial for structural stability and .
Tyr (right)

protein-ligand recognition. Insufficient chemical shift
dispersion hampers the analysis or even the assignment of chemical shifts with conventional
uniformly-labeled samples. The existence of tight couplings further hinders unambiguous
interpretation. SAIL (Stereo-Array Isotope Labeling), which is well-known as an optimal
isotope labeling strategy for protein structure determination by NMR, provides excellent
probes to study protein motion. In the case of aromatic amino acids, the alternative ’H,
13C-lalbeling patterns (Fig. 1) lead to not only NMR signal simplification, but also superb

Keywords: SAIL, Protein-ligand interaction

ORABYWAI LA, 2T TELESOA, Lo —U—, BOHEXH, THIBOETe,
PO L XY FIOR
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spectral qualities, by removing the tight couplings. By taking full advantage of SAIL-Phe and
SAIL-Tyr, we have studied aromatic motions upon ligand binding. We analyzed
FK506-binding protein 12.6 (FKBP12.6) in this study. FKBP12.6 is a member of the FKBP
family, and it also exhibits peptidyl-prolyl isomerase activity. It shares 83% sequence identity
to FKBP12, has a nearly identical structure, and binds to the same immunosuppressive drugs
(e.g. FK506 and rapamycin) with comparable affinities. Samples labeled with various types of
SAIL-Phe or SAIL-Tyr were prepared, and we monitored the signal changes upon binding to
two ligands, FK506 and rapamycin. Interestingly, the two ligands caused different changes in
the aromatic flipping rates of a Tyr residue, although they showed almost identical binding
modes in the crystal structures with FKBP12 (Fig. 2). Even though we observed line
broadening in the case of rapamycin, FK506 generated separated peaks in
"Hs1-Cs1/'Hs2-°Cs2 and 'H,1-°C.1/'H2-°C2 spectra, even at ambient temperature,
suggesting a slower flipping rate. On the other hand, both ligands considerably reduced the
hydroxyl proton exchange rates in all of the Tyr residues (Fig. 3). The complexes in H,O/D,0O
(1:1) caused splitting in the C¢ chemical shifts, originating from the two-bond isotope effect,
which was not averaged due to the slow H-D exchange. We will discuss the relationship
between the motions of the aromatic side-chains and the ligand binding.

. ‘ Fig. 2 'H-C HSQC spectra of
FKBP12.6, labeled with &-SAIL

¥l [ <

© N #% Ty, binding to FK506 (left panel)

ws ws | w or rapamycin (right panel). The
4 flipping of one tyrosine became

s o“"l ws s = =: slow enough to observe two

distinct peaks at room temperature

{ o after binding to FK506; a single

& f} ™ peak  still  remained  upon
' rapamycin binding.

ol : 5 Ja

wa @ Lt - ;" .

14 ."-y. e

(1 3 X s E") e it
i

- ‘.« ¥ . g'j 3

" . 3 e Y
=5 35 i e 0 I7 R ¥ T L o .

Fig. 3 'H-C HSQC spectra of FKBP12.6 labeled with {-SAIL Tyr in an H,0/D,0 (1:1) solution, at 30
degrees. Cross peaks indicate correlations through long-range coupling between 'Hs and 13Cg. Left and

right panels represent free and FK506-complexed FKBP12.6, respectively.
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Structural analysis of Tachyplesin-LPS complex
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Tachyplesin (TP) is an antimicrobial peptide found in hemocytes of the horseshoe crab
Tachypleus tridentatus. TP is a 17-residue peptide containing six cationic residues and two
dislfide bonds, amidated its C termini. It has been reported that TP binds to
lipopolysaccharide (LPS), a major component of Gram-negative bacteria. LPS-binding
antimicrobial peptides can neutralize LPS-induced toxicity and thus are potentially useful for
treatment of septic shock. To gain a better understanding of the LPS recognition of TP, we
performed the structural analysis of TP in the presence of LPS.

In this study, we performed CD, fluorescence and NMR spectroscopies for TP with LPS.
Based on these results, the model structure of TP-LPS complex was proposed by docking
simulation.

(5] 77 ARMEEOMEITIL) R
FELPS) & TR Y | UE % 5] &
TTZENHLENTWD, HSE R
FNZERAI R IRR CTH 0 . RIEF R IRE
BTN STV, D728, LPS
A=y hELTWAHETTF K
DWFFEIE. Bric R IBREDOHIIZENR 5 Fig. 1 Primary structure of tachyplesin I
STV S, LarL, FLEA~TTF

RO & TEMEDOFBIF K OLPSIZ KT~ 2 AFE B O FEMNIC DUV TIE AR ZR S8 20,
BRI TIIA T N H=HKDOHEHTTF FTHDHZF7 L1 (TP) (Fig. 1) ELPSD
A RO STARREIERRNT 21T\, FLEH T F RO L EREDFEMZ2BIfR 2B & iz L,
HEICKHT DHE T T ROERAEFO—ER OGN THZ a2 HMET 5,

Antimicrobial peptide, LPS, trNOE

O LUOEENDA, PHREIND, HNIDE LT, CEFERTOA, &L<»
DML, TOHLEZE, bIETELevAVnEASS | PoDITF VNG
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[3287] LPSIC X D TPOREEEAL 2D 72012,

SR AN R BRI (190-250 nm) DCDHIE 21T - 72, IR
WTPOWNF R P R 7 7 oot L OT 7V
VT X RICLDEIEOENE ., LPSIFIE T « FEAF
ETFTTHELE, EHICTPICLPS T E L.
ID-NMR ¥ X ONTr-NOESY @ #l] &£ & 17 » 7=,
Tr-NOESY D& %2 F v CLPSHE & RBE TOTPD
SERHEEEFE L, Ky 7Y 7 M(AutoDock)
\Z X VLPS & TPOE GG Z KD T2,

[FEF & B L] TPOEINHBCD AT h VL
TRV — R & —HEEZ T, LPSOWRINC &
D, AT MVITZELT 505, CDN RO E
IEBBZ LAKOMAER LT, 202 EIELPSTF
ETFCTPOMEEECIT NS N D L 2RI T 5, K
WZHA AT MV ERIE LT, TPOHEIEAS |k
JUILPSOFINZ L V30 nmiE &7 v— 7 b L
7o ZOZEE, TPO MU N7 7 VFRIENLPS
LOMEMERICEb> TWAS Z L E2RT, £/-.
77 UNNT I RIZ L DEEHENFERORE R IXTP
DRI T 7 BEEDRT 7 VAT I RoER
EINTREICHD Z AR L, LPST B/LNED
RV v 77 UERENELNTREIZS D 2
L ERR L7, NMRIZ X ALPSOEEFERIC LD,
TPON, CRURGEIE O T 2/ RO 278
IND E— 7 DNEIRWITHRIAAL L, TP O ] A i
57 DFEKDLPS & DFE ST T D Z & DI/RIE S
A7, LPSTETE F COuNOEMIEIZ LV LPSHEAIR
RECOTPOAEIEHHE 21T > 7=(Fig. 2). Hf&miz =
B Oft A JTTICTP-LPSEAIAD K v % o 75
HEiT-o0,

Ry %o 7HETHE LN B IEHEEN S TP
DHFIHEMFRILDLPS DFEER 4312, Trp2X°Phed 23
IASHIZEL 32 2 & A3RIE X7z (Fig. 3).
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Fig. 2 NOESY spectra for TP and TP-LPS.

Fig. 3 Model structure of TP-LPS complex.
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Structure and specific ligand-receptor recognition mechanism of mouse

peptide ESP4 based on NMR analyses
OMasahiro Taniguchi', Sosuke Yoshinaga', Sachiko Haga®, Kazushige Touhara’,
Hiroaki Terasawa'

! Graduate School of Pharmaceutical Sciences, Kumamoto University
? Graduate School of Agricultural and Life Sciences, The University of Tokyo

Pheromones are defined as chemical substances that convey information about social
and reproductive behaviours in the same species. Recently, we identified a male-specific 7
kDa peptide from the extraorbital lacrimal gland (ELG) and named the peptide exocrine
gland-secreting peptide 1 (ESP1). ESP1 is a member of a new multigene family, which

consists of 38 genes”.

ESP4 is expressed in ELG, Harderian gland and submaxillary gland
of both male and female. The aim of this study is to elucidate a ligand-receptor recognition
mechanism of the ESP family based on structural analyses. We found that distribution of
electrostatic surface potential of ESP4 is quite different from that of ESP1, which is important
for the VSNs-stimulating activity of ESP1. We discuss about structure-activity relationship

of ESP4 and ESP1 based on NMR analyses.

(73]

ZxrErEE, FUEOR T, STEERITENCEEE 52X 2METH 5,
%< OWHALEMIL, BETEHICHLIWABHE CT7 =T ZENTLEEZ LT
b, 7xuErOEELMEE E LT, FEOBEAREZ ERICE#RT 2 EE RS 5, [
R DA Z BT 5 BT, ZFERNED L DI L TT = 1T 2 & BBk
LIRS D Z L ITHETH L0, FrRMEFBLO A T = X L OBRIT+5 TRV,

HFELIX, AAYTRAORL D DPWENDLFHAATF RERELEZ Y, ZOXTF
NEAYARS) \YM\H;'% W EILH Z &, ESP (exocrine gland-secreting peptide) 1 & @4
L. 38FHENGLRLFHOLEEBL 77V — (ESP 77 IV —) 2T 5Z
EERLNCLTZ Y, ESP4 IR, AMIWIRD 5 B IREANFERR. B IR, ~— 2 —RIC
FWEITEY, ESP1 £ DT 2/ BRESIOFREMEN BV, Fx (X, ESP4 7% ESP1 &
BRI DZRR TR ESND Z &L 2R T 25 RE2E TV 5D,

ZxuaEl, ESP7 7 I U —, BB

OB EEOA, KLBREI T IINSH I LI T LT, ThEbUhHE
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ARWFFEIE, ESP4 DSLIAHEIE T K O A Bt 2 i L. W& M7 O8LR)
5, XEROEHER ) T NiBIEELHO NI T2 2 L2 N ET D,

[3=5r]

BC/SN 155 L7~ ESP4 2 KIGE OFERIC LY KEBICRESE, v /LT 7 4=
Taruvw NI 74— CXVHBEREITWY, SAEEs v~ N T T 00— WY
0~ b7 74— OB Lz, BRLUZREZHWT, SEOZEEZRIT NMR H
EXATW, BEORBEIToTo, £, SR EES R AL 7212, HEERED
'HEINOEE52H5T5Z L2 HME LT, a7 FiEZ VT Ile/Val/Leu D A F /L
Z BN I EERR U 7= 5k A 5L L 3D-NOESY | iE 247 - 7=, NMR | %E 1% Bruker £EH
7 7 A A7 a—Tff@ AVANCE600 Z i\, A7 RVIEHTIZIE Olivia 24 L7,

(K53 & B 52]

KW 2 AW THBL LR R, BSP4 [THEEKRE DALV T 40 NEEGICERT 2 Z&
EEER L T\ e, W7 r~ M7 T 7 0 —ICTHERE Z8&RZ 08 - KR, ~
U AR E SR D SRR R RIE M A T & 2 A HEIRO B NEME RO
ZEWyhot, Fio, HMEKESPA IZ X DRI A S o AIlRIE, BSP1 AR AR EL
LTCWHHIME L TR D 2 enh, TNOOZRIRNRIND Z LR RB Sz,

ESP4 Hi KD SLAREERE AT T, PC/PN G L7 ESP4 2 VT #HD =&
FTHEZFTV. NMR > 7 FADIgEE5e T Lz, "N B I "C-NOESY A~ kL
NHESND HBOERE®H L . HNHA 27 MABLMMEFE S 7 MEMLE L
L FEH A OERE b & A NLAREE AT 21T o 7245 B ESP4 13 C RimfHIZ ESP1
ZIER BN NANY v 7 AREEZFFO 2 L OVRIR ST, YHFESE CILIREE A I E
L7- ESP1 & tb#d 2% & ESP4 OREIZEIT D EM /AL, ESP1 OZFIKFEAHIC
B AEMOMERE ERDZ ERHELRE ST, ESP4 IR C Rk D
~U w7 AEEDFAE L | TREICBT 2B DM OENOEEZH LT 57
DI, BSP4 DOSLAMEEREIZMIT T NMR fiffT 2 8D T\ 5,

[R¥]

S%IE 150V Ty RIZRH L TEZEERIZILIOTHS ] &) 7T U gRkic
B A D E T 5 72912, ESP4 & ESP1 TS FIRERE D 75 5 % Fe s A 521y
BEMNGHL ML TV,

[Z%&3Cik]
DKimoto H. et al., Nature, 437, 898-901 (2005)
Y Kimoto H. et al., Current biology, 17, 1879-1884 (2007)
9 Luo M. et al., Current Opinion in Neurobiology, 14, 428-434 (2004)
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Structural study for oligomerization of pyroglutamyl-amyloid beta peptides
oShigeto Iwamoto', Takashi Saito’, Toshiyuki Kohno®, Takaomi C. Saido®, Hiroaki
Terasawa'

'Facul. of Life Sci., Kumamoto Univ., ’RIKEN BSI, *Mitsubishi Kagaku Inst., Life Sciences

Amyloid beta peptides (AP) are thought to be neurotoxic polypeptide in
Alzheimer’s disease (AD), one of the most common pathology of late-onset dementia.
Previously, it was said that neurotoxicity of AD was caused by amyloid fibrils. However,
recent physiological studies indicate that AP oligomers, intermediates in the formation of
amyloid fibrils, may be potent neurotoxins in AD patients. N-terminal pyroglutamyl-Af
peptides (AP (3pE)) have been reported to be resistant to degradation and prone to
aggregation. Moreover, AR (3pE) predominantly comprises senile plaques in AD patients.
In order to elucidate the role of AR (3pE) on the formation of AP oligomers, we performed
solution NMR analyses of Ap (3pE) and AB. Our results indicate that AR (3pE) may play a
critical role in the formation of A oligomers by forming a B-sheet at the N-terminal regions.

- HiW]

a0t s & HIic, RBAEDOBREEITHEMO R E 7= L > TW\Wb, FERFRM
JEDO—DTHDHT VYA ~<—F (AD) 1L, BEENSIRTIS00 T AZELTEY .,
FHIDOBWE « T « IGBEDOHLNRD BN TVWDE, T RR—=ZXTFF (A
B) 1%, T/ A ~—% (AD) FBEFITHAFREL L LTGRO b5 E ANBEORE T
KCTH D, ik, BABEERT DT 04 FEHES, ADOMREMEOFRIN &% %
BITE7z, LaL, i, 7IvA NMEEZERT 2RO FFEATHLABAY 2
=N, KVHROEEEETDHENI T ENRINTEE[L], ABIEEIL, BLRF
VIVRIROR SINEIR DAL (1-40) EAB (1-42) 75720 AR (1-42) 1ZEEEMEN
EWNWZ ERMBENTWD, £72, ABIET I /R ufkick ., X 5I1I2HERN A
FHEVOHMELHH[2], B rILABIZ, T KDL 2FBOT I VBN T X )
RTFH—=BIZ Lo TUWr &, 3FERICMET D7 VZ I VBORAIEN 7 V2 L
VI T—BIZKVBR{EENDS Z ETAL D, EHIT, BEAKAMHKRT DA B IITEA
ROy FRENFAET D5, B kA BIEREFF IR TADBFIZZ W LA b TV
5[3]e AWFEIX, BHEDNFRVE D B LA BIZ OV TNMRAFT 21TV, AU I+
—RRICB T A E (LA B DRI THEZH NI THZ BN ET S,

F—U—F:73I0f FR=ZXTF R, 7LV A ~—HF, NMR

OWbbELiTE, SNEINL, Z2H5DLLDE, SWNEHTEhBA,
THEbUOAhE
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[55x]

PN RERE, PC, PN A B 2B n A KIBEZ O T RERR S, =v /7
NT T4 =T —rua~ 7774 =1L H5HEMO#%, YUH (Yeast Ubiquitin
Hydrolase) (2 K> CTH 7zl L, WitH 7 n~ ~ 277 7 4 — & W CTHEREZIT- 72,
O N LE RN AR A B % AV T 'H-"N HSQC #l7& %% 3 kocillE 217 - 72,
Fo, BEREOSVERLABIZONTY, [FERICHERIEZEY Lz, SHIT, BE
FNAARERE L7- e afk A B Z T, "H-"N HSQC HIl7E. £ 3 ool & % 184
IR @ 2 7=, NMR HIE X, Bruker #:0> 500 MHz, 600 MHz (CRYOPROBE f}) @
NMR % &2 W TTT . A7 B VAERTIZ 1L NMRPipe, Olivia ZfiH L 7=,
[R5 - B%]

ZERNMAER LI AR 2 KREIZHFLI-D, 28X F U @EZ /X 7ELE LTAB
ZRERFCEXLRBERAEE L, T LT @AY 7 ELE LTABERETS
Z & T, AR OEEMG - BB EEMEEK L, AR, vufbickoT, 7/
KGO BRI« BOKEDOB RN AL B AL, ZOEERBHE KT 2 Z L6 TN D,
DT MR Th HIRFBEEREME TN X A B DEEZME T2 2 LN TET,
IHIZ, T RO e b2 RET DRSOV T B RET 21T o 72,

ZERNAREE A B & W B L2000 NMR JlEDFER, Erfb AR DT/
~v—MREDOI LT A= aE, TOFMEICESBEE LW ERRBR I, S
LIz, b7 MEICES ZUEE TN EITo72L 2 A, Er{k ABTid, AB &
BB LT, 7 RISEIEAS B A T FMERICKE S 2L L TWD Z &3 oT,
F7o. B RIRESMET T H-P"NHSQC 27 " ZHELT-E Z A, Erfb AR T
LA BT, 77 2 RKIEEIR D & 7 VRN IR BRIV E LS L,
INDLORERNS, Bafb ABIX, 7KK IT D B — MEEOEEKE, T2
J KGR L0 FRHEERICL > TR T ) I~—%2 B LT < hoTD
AIREME DS RIB X Tz,

S HIT, 2B TH D PICUP (Photo-Induced Cross-linking of Unmodified Proteins)
[4] Z1To 72/, AB (1-40) TiE, B fbic k> TRD T4V I~ — DB
ENDZENGhol=, TDO—J, AB (1-42) TIE. @ FEDOA U I~—B M
Hil S, 4 "IRLLF OIRS 74V T~ =3 8009 2 AIREMED R S vz, £72., PICUP
WX oTEBELIZAB (1-40) AV IT~w—|ZO\WT, Wi/~ 777 0 —ZHW
HIET, BI/Iv—b¥A~v—, "IA~—ZRBETHZENTEXT,

[EBZ]

PICUP |IZ L » TZEL LT AR A Y I~ —IZ 2T NMR JIEEITV, AB DAY =
~— G T 257 X VIR EARET D, 7o, AR Lk AR, BEUME A A
Va~v—%7 vy MERNIZERE L%, 178156 & MRI JIEIC L - T, Mtk %%
B2 AB o FHELFET 5, SHIC, MREELHIESEZT AR AV I~—DH A
A& EET 5,

(&35 3R]

[1] Hardy, J. et al., Science, 297, 353-356, (2002)
[2] Saido, T.C. et al., Neuron, 14, 457-466, (1995)
[3] Piccini, A. et al., J. Biol. Chem., 280, 3418634192, (2005)
[4] Bitan, G. et al., J. Biol. Chem., 276, 35176-35184, (2001)
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Solution structure of Mal TIR domain.

Hirotaka Kanou', Yoshiaki Enokizono®, OHiroyuki Kumeta?, Kenji Ogura?,
Tsukasa Seya®, and Fuyuhiko Inagaki’

'Lab. Struct. Biol., Grad. Sch. Life Sci., Hokkaido Univ.

’Lab. Struct. Biol., Advanced Life Sci., Hokkaido Univ.

3Dep. Microbiol. Immunol., Grad. Sch. Med.

Toll / interleukin-1 receptor (TIR) domain is a key mediator in the Toll-like receptor (TLR)
signaling. The adaptor protein MyD88 adapter-like (Mal) is involved in the
MyD88-dependent pathway downstream of TLR2 and TLR4. It acts as a bridging adapter
between the receptor and the sorting adapter MyD88. The homo- and hetero-oligomerization
of the TIR domains of these receptors and adaptors brings about the activation of NF-kB and
IRF-3, which regulate the synthesis of pro-inflammatory cytokines and IFN-f, respectively.
Here, we solved the solution structure of the homo-oligomerization defective mutant of TIR
domain of Mal, and will discuss the TIR-TIR interaction of the TLRs and adaptor proteins.

Toll / interleukin-1 receptor (TIR) K A A /I HRGEILE T 5 Toll-like receptor
(TLR)Y 7' F B W CEHEERZE A H - TN D, IR EEL TS R B Skl 2 2 1
7= TLR 1%, FNSEFICAREEIT~T v B8R E R L, TORE, MiaPNaEk
IZ&H D TIR R AA T 2F CIEMALT 2. EM(L L7 TLR @ TIR FA A %
MIRANT X7 2 —3FDTIR RAS v be~Tatd ) I~v—%2FlkL, Fii~& 77
NEIRET D.

TIR KA A &GN T %7 % —431121%, Myeloid differentiation primary
response gene88 (MyD88), MyD88 adaptor-like (Mal & 7= |ZTIRAP), TIR containing adaptor
molecule-1 (TICAM-1F 72 ILTRIF)¥ L U2 (TICAM-2¥£ 72IZTRAM) , & sterile a-motif
and HEAT/armadillo repeats (SARM) ® 5 f& 7% & % . Mal {% TLR-1/TLR-2 £ 7= |%
TLR-6/TLR-2~T 11 & A =—3 L OTLR4D FitICAE(E L, MyD88% & LNF-kB% &
479 %. TICAM-1/ETLR3 ¥ 72/LTLR4D FHEIZAF(E L, Mal / MyD88#RH & (FJMAZIZ
MREL, A v X —7xua & EAT D, TICAM-2{XTLR-47> 5 TICAM-1~D > 7))L
AT D, ZOLIIZHETIR KA A 0%, BEICHEERAMT L2 2O TIR

RAAL L EHEN LT T TNV %2 EREC TR~ IRET S.
¥—U—FK:Mal, TIRFAA

MDD OAED, ZOEZED LLbE, OKHE O0AHE, BSH IFAL, &
R ONE, NWREBRE 50D
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INLDOTHTH—TIR KA A D HH MyDS8 DA ENMLD 7 /— 77 5 BEIZ
HINTEY, FxPFEFEDO NMR 5B 0T, TICAM-1 38 KT TICAM-2 (22
W L7, AR¥ER T, Mal-TIR OREEMAT 217\, MyD88 38 L 'Lk 7% —TIR
RAA L EDHBEERIZOWTELZEZITH. £, oL 7 —B X7 ¥ 74—
TIR KA A > & ORG-S, TLR T35 5 TIR RAA &2 Ly 7 s
B EIZONWTEEEIT ).

Wﬁr%ﬁ]E&ﬂtFE%MMHRF%%/iM@%<mev4/kﬂ%
FVIRER (WMA—5—=) (CBWTHORATER AT 720, ST HEETH -
k.ﬁﬁﬁu%KWﬁLkﬂamukaionamuqmmaa BT % i
3 %BB-loop EDO—7 X J A RREMal-TIRIZEA LT, HORAMEEME T2
Mole. 22T, DT FF B —TIR F AL 2%~ — 212 LIMal DTS T3S &
VALY B 7 & N ERERIC L BHE. S 5IZ['H-"N] HSQC % MW - il 4t
DIETEAT 9 F T, MVRERIZBWTH HCSAZ2Mfl L7zt FH2kMal TIR K A
A v DERKEGD IS L. ZOEREE O TEHERENMRIEC & 55578
BLOCYANARE WS REIR EZ T 72 (T .

Fig. Solution structures of Mal TIR domain. (A; 20 ensemble, B; ribbon diagram)

FHNT=MalDTIR KA A > ONARKEEL, L7 X —BXOT7 ¥ 7 % —HKDTIR
KA A UTRERIZ a/plod =& > & 72 5 flavodoxin-like foldz A L Tz, & L CTHEHER
TV NVESTFREICY BT Lz 2 A, BREFEIIRE < HEEM R A 2
LTz, ZOHENSTICAM-1B L OTICAM-2 & 13872 5| T, $EMAEIERAEZN L
THORENRBINZ. BIE, SoiEzXicre 7% —0bMyD88~ &~ 7
FTIVEARET 557 THBIZ DUV TMal OEBEfRIT 217> T\ 5.
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Structural analysis of Calmodulin N-terminal domain in living cells by
in-cell NMR spectroscopy

OHosoya Saoril, Hamatsu Junpeil, Atsuko Sasakil, Daisuke Sakakibaral, Masaki Mishimal,
Masatoshi Yoshimasu?, Nobuhiro Hayashi3 and Yutaka Ito'
'Department of Chemistry, Tokyo Metropolitan University;
?Research Group for Bio-supramolecular structure and function, RIKEN;
I Department of Life Science, Graduate School of Bioscience and Biotechnology, Tokyo
Institute of Technology

Recently we showed the structure of the putative heavy-metal binding protein
TTHA1718 from Thermus thermophilus HBS overexpressed in Escherichia coli cells, which
is the world first 3D protein structure calculated exclusively on the basis of information
obtained in living cells. In this presentation, as one of the examples of the application of our
strategies, we report our recent in-cell NMR studies of the N-terminal domain of rat
Calmodulin (CaM-N) overexpressed in E. coli cells. Rapid data collection using nonlinear
sampling with maximum entropy processing was employed for the measurement of 3D
triple-resonance NMR spectra. Approximately 70% of backbone resonances of CaM-N
were assigned exclusively from the data obtained in living E. coli cells. Side-chain
resonance assignment and the analysis of 3D NOESY spectra of CaM-N in E. coli cells are in
progress.

(7]

TN BEGEAE ThDANEY 2 (LT CaMERSF) 1T EAZHIIE NI E A
TELTERY, BEAD AN MEAEEORBEREDIZ LA LTS L T D, CaMONAK
FOCKIRTZNE N2 DDEF N RERFOERIKR A1 L THERLE L, ZHD2 DD ERIKR A
WEHDTALER I 7L o T U ZEI a7 AL L TREIR I TV,

CaMIZ oW\ T, CaztifEA L T e apo-form, Ca2tdiEAL7-holo-form ™ M5 T
EAEMFONFIEN 2SI TRY, CaztbiEA T 528128 -> T, ER U REMK T2~V v 7 A
DELHEIA LI > THKER DSIMANC T e X HLICZRY, Mo AE SRR 52 & TiF R
BEATHZENILINII2> TS, ZDIHIZ, CaMIEJEPHD CaZt DI FEZEAVIT SR TR

¥ —U—R: In-cell NMR, BFitZZKTENMR, “2AMEE

OlFZRX 8D, ITE2 LA, S3F HOZ, SnEEs 20T,
HLE FIF, ILET FSEL, 1T0OL DEUA, WS i
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HEIEA A LS DI L CHREA AT DEEZDNDTEND, FENOEREEZLIZEY CaM D
FERRDZ B A APINIZ IV T2 DOSGE1E2) 752 810 2B LA m Eo T,

ZZTARFETIE, CaMONAENER A1 (LA FCaM-NEWSFD) 1235 H L, in-cell NMRIZJ&
B A ISR A 7 A 7. In-cell NMRIFAMIEND O E A EONMRY 7 /L2855 F
1T, ABFFEE T ZDin-cell NMRZF| AL CTHIO TAEMIBNIZB I D E EE D IR
RS IR Z L T B [Sakakibara et al. 2009].

[E5, R, BLOS#®ROELE]

KIGEWNKERTRE VT, in-cell NMR JEIZE5HaN CaM-N @ 1H-15N HSQC |
i, 3£ 0'3D HNCA, HN(CO)CA, HNCO, CBCANH, CBCA(CONH OHIEZE1T-7-.
3D —HILE NMR OB I XFHAIE 7V 7 iEE S, FRE]C RAFR ATk
NWEAGDHZ LTI LT, AT IVERRITUTZFER, 817 T /L DK T0%D I @I iz
(Figure 1a). JRBS/20~728) 30%DFEMIT Ca2tfs AL ChY, Mkt

Ca AL FCTLFR T T NVIRMEEZ R T 28128, FHNMR v 7 Ain7m—R=7L
TV AMREMENR B 2 Hib.

E51Z, NOE HikD mUAEE G RO BSE kA i, [RERCIERIE Y 7V 7 a3
HZEZEH T, HEFT R 7 3D 15N-separated NOESY-HSQC AV MLa4S7z. v—
%L 7 HN-HN NOE (Figure 1b) (212 T long range @ NOE H#LHIS L TVHZE
715, in-cell NMR % 7o CaM-N OSARRRERTIE 43 FTRE TH L L RRSND. H
7£, 3D =H g NMR #HWCEREME NMR > 7L ofmizitEdHE512, 3D
15N-separated NOESY-HSQC ANV DENT#1T->TUND. EHIT, AF /L HGEIRAY
TH/13C fFadalBla Ve, AT /L BRI BREEE oD SIRAUMEHTO FHEIL CTHY, A ER
BE oS BT
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a. 2D 'H-""’N HSQC spectrum of the '*C/"°’N-labelled CaM-N in living E.coli cells. Cross
peaks are labelled with their correspondlng backbone assignments.

b. "HN-'H cross-sections of the 3D °N- -separated NOESY-HSQC spectmm correspondmg
to the "N frequencies of residues from Glu6 to Ile9. Sequential HY-HY NOEs are
represented by lines.
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'”F NMR spectroscopy of proteins in human cells

OSyuhei Murayamal, Kohsuke Inomatal, Ohno Ayakoz, , Hidehito Tochio', Masahiro
Shirakawa'

!Graduate School of Engineering, Kyoto University, Japan.

’Graduate School of Nutrition, The University of Tokushima, Tokushima, Japan.

’ Department of Pediatrics Graduate School of Medicine, Gifu University, Gihu, Japan

In-cell NMR is an isotope-aided NMR technique that enables observations of
conformations and functions of proteins in living cells at the atomic level. So far, the
method has relied on 2D "H-"N correlation spectra of uniformly '*N-labeled proteins in
cells. However, by employing site-specifically labeled proteins, in-cell spectra are
expected to be greatly simplified, and thus the analysis will be facilitated. Shorter
measurement time is also expected as 1D NMR is enough to resolve all NMR signals in
such systems. To this end, in this study, we examine in-cell "’F 1D NMR spectroscopy
for proteins that are labeled with '°F. We employed FKBP12, a target protein of various
immunosuppressants, and its in-cell "’F NMR successfully demonstrated the formation
of specific complexes between the protein and extracellularly administered
immunosuppressants. Moreover, it was suggested by the in-cell experiments that the
FKBP12-rapamycin complex interacted with endogenous proteins, which was not seen
for the FKBP12-FK506 complex in the cells.

]

&S

IHELE) in—cell NMR (2 XV, AEX-MNICRIT S X2 37 DR EMES
KX TE S REIOMBENER 7R ERRPT S C & 72 [Inomata, K. et al. Nature
458, 106-109(2009) ], ZHAE TOHETIE, "N XL 0 B —IZ RN IRIER S 7
BRI B EMENICEANL, ZivE ot 'H-NFHES AT vz LD BIE L
TW2y, MIFEN D & X7 ERREDMEVY (10 pM BAF) 72, BUIR Cra e
OREZETDH L WH BNV . JERE OEMEI RO STV, AP

in—cell NMR, "FAZk4 . X7’E, FKBP12

=

OQLbLRELY I, WOELIHIT, BBOHLZ, LHEOTOL,
LombESVAH
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TlE. 73 BRI FERS L= ¥ oo & v, —RIEF NMR% 3 9
HZEIZED ., in—cell A7 MLVOHHL, fENTOFE(LE XY JIEFREM O
OiE A B LT,

R BT IeRAERNICIE L A CTFE LW, BB REDO NNy 7 757 R
VIFABIFEEALERL, incel| MRIZAEFITH D EEZOND, ETNH
SR E LT, FKBP12 AN, MENICBIT 2 G iifilE & oM EER R %
AT,

K ND F D

BRI BERBIEDHRBEOEMIC, p-7 VA a-L-T7 2= VT T =
(pF-Phe) ZMMZTHBL ZETHURIED T 2 =)V T T =V ELICHEEIAT
&% pF-Phe ZEANTED, ZOE, FHEIET I/ BOAEGKILERTHD 7
V7% —FrA Y 7u T I UEEEHICNA TR Z & TRIBE O G EFR
7R BRAEBKAEE L, p-F-Phe ®DHLY iAZZh= 31 35 [Schénbrunn E. et
al.PNAS February 13, 2001 vol. 98 no. 4 1376-1380],

BRI TH B FKBP12 1, 5 OO 7 ==L 7 = Fi5

ToVHEREAEALTEY, R NRATEICE Y, _ ~ Fa8
ZNSOEECHERT S 5 OO NR 27 FIVAES Fag
iz Fig 1), Bl THFORECEY, 7==1
7 Z = (Phe) ZF 11 L AT B LT B FYAZAERR
L. &7 INDIREET T, 7ok, ZhnbEz
A= LN~ A F—ar T A= g 028D
H D & B S Phed6 D 7 F /L HBIRAIS iU, Fig.1. in vitro "’F NMR spectrum of
RIZ Hel.a FlfE~"F-FKBP12 23 A L, in—cell “F "
NR OBEZ T2 577, S BIZ, = OS] F-labeled FKBP12
I (FK506 B2V X rapamycin) 2465 Lz & 2 A, HINTOFKBPI2 & Zb U v R
FEVERZMHT 2 2 L3 X7, BIGA" L12, FKBP12-Rapamycin #AAD in—cell
AR MV e dn vitro TD NR AT MUVCHBERZRNMBER SNT-, iU,
FKBP12—Rapamycin #AAAS HeLa MIIAPNIEMEOMD & L7308 EAREAER L QU5 AfREM:
2N LT,
e

In—cell “F NMR¥EIZ XV, A& 7-HelLafilaPNIZIlT B 2 L /R ONR ALY I V45
5 LI Uiz, PIERERIL, S CH Y . ot -"NFRE & FAV =3 A (~6HRE))
KO HREEETE T, £, ZoV G-V Ty MHEEHZRHT A Z LICbRE L
77 4181, FKBP12-rapamycinfEA Ay, HMAPNAENED 2 o7 /8 EFHEVER L QN5 ATHE
MAVNIE XF7=A3, FKBP12-rapamycinfEA{Al%, FKBP-Rapamycin binding (FRB) domain &
FEET DI ENMBINTND Z E0D, ZOREEIIFRB E O BEERZ QW5 L8 2 b
B, —MRHIT, RIS T N ORGER IR KE . BEOEICIHER
IR TH D720, UV FERIC L 2B EA b e Sl mitTos N TE
oo —HT, TOBIRS DTZDIZ, BEDOY 7 3 A= 3 » OROZHEIFE
TAEEIIE., Y FTANRKEL T — =7 LTLEIEVIRELAD
i,
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