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Preferential domain orientation of a full length HMGB2 protein and the
role of the linker region
oJun-ichi erakil, Naoko Utsunomiya—Tatez, and Shin-ichi Tate!?
! Dept. Mathematical and Life Sciences, School of Science, Hiroshima University,
2 Research Institute of Pharmaceutical Sciences, Musashino University,
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HMGB2 protein has two DNA binding domains that are connected by a ten-residue-long
linker. We found that this short linker specifically interacts with N-terminal HMG-box
(A-domain) without any apparent contact to the other HMG-box (B-domain). To analyze the
interaction between the linker and the A-domain, with focusing on its functional significance,
we made various HMGB2 linker mutants. Among them, only P80G/P81G mutant has shown
significant spectral changes relative to the wild-type, and the observed signals were identical
to those for the isolated A-domain. Using DIORITE analyses, we also found that the
P80G/P81G mutant had different domain orientation from that for the wild-type; the
difference was 46 degrees in hinge rotation angle. The present results may suggest the
inter-domain linker, particularly the XPP conserved sequence, should have a role to define the
relative domain orientation, which presumably facilitates HMGB2 binding to DNA.
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Fig. 1: Comparison of the domain orientation between the wild-type and PSOG/P81G
mutant HMGB2s.

BiEE . KR THWET—Z O—EIE, FUNKE « ERBFERF - SLFEFH EBRE
FXOTOOMHz N\MRZEE CHUS L E Lz, BIEIC WAV, MR, ik
N = S

—259—



P42 NMR £ALV=755 42 MEB L UBHBIZE S
ESFREXDEE

o/NEF TERE . b . MEE—EE Z TR AR Bk,
PN 1E 2 MBI —R M SRS R

LIBIC, ° FERRIF « NA A X Ty T IG5 —,

IBIC - H L%, ' A - frR, C HERTARE - Ay T

Development of the low molecular weight inhibitor by NMR-based
fragmentation and defragmentation strategy
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Development of a novel inhibitor of a protein-protein interaction (PPI) has been challenging
in drug discovery. De novo design of synthetic molecules that target surface-exposed regions
of a protein is currently difficult. Chemical structure libraries of drug-like compounds do not
necessarily give high-affinity ligands in a high throughput screening of novel PPI inhibitors
with high efficiency. In this study, we propose a novel “fragment-defragment” strategy for a
development of PPI inhibitor. In this approach, one performs a rational fragmentation of
drug-like compounds or peptide and integrates these fragments into a novel low molecular
weight inhibitor in a structure-guided manner. We applied this approach to the GPVI-collagen
interaction to improve the affinity of a “coincident” inhibitor, losartan, and successfully
improved the affinity by introducing a binding fragment from a peptide inhibitor.
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Figure. Expanded region of the 'H-'H NOESY spectra
recorded for a mixture of 1.4 mM losartan and 25 uM
GPVI-Fc (A), 0.9 mM pep-10L and 25 uM GPVI-Fc (B),
and 1.4 mM losartan, 0.9 mM pep-10L, and 25 pM
GPVI-Fc (C).
lines in panels A and B indicate intramolecular TrNOE

Signals of orthogonally-crossed broken

peaks of losartan and pep-10L, respectively. Signals in
boxes in a panel C presented interligand TrNOE peaks
mediated by the GPVI-Fc¢ protons. NMR data were
collected at Avance 800 MHz with a cryogenically-cooled
probe head with a mixing time (t,) of 200 ms, using
buffed solutions with 20 mM NaPi (pH 6.5) in D,0.
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Backbone dynamics of free and ligand-bound FABP4 studied by °N relaxation
OAkira Moritol, Kohsuke Inomatal, Kosuke Morikawaz, Hidehito Tochio' Masahiro Shirakawa!
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Although there are many studies reported about protein dynamics, almost all of them have been
carried out in vitro. Thus, little is known about protein dynamics in living cells. Setting our goal as
studying their dynamics in living human cell using in-cell NMR spectroscopy, in this study, we
have performed "N relaxation experiments to characterize the backbone dynamics of free (apo-)
and ligand-bound (holo-) human FABP4 (Fatty Acid Binding Protein 4) in vitro. "N T, and T,
values, and {'H}- "N heteronuclear NOEs of FABP4 were analyzed using model-free approach. As
a result, apo FABP4 was found to have a mobile region whose time scale is in microseconds to
milliseconds. The mobility was suppressed in the holo FABP4. As the region corresponds to the
nuclear localization signal (NLS), binding of fatty acid to FABP4 is thought to induce stabilization
of the helical structure of NLS.
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Structure analysis of the flagellar hook length regulatory factor, FliK,
by NMR
Shino Mizuno?, OHirokazu Amida', Naohiro Kobayashi3, Toshimichi Fuziwara®,
Shin-ichi Aizawa’, and Shin-ichi Tate'

"Dept. Mathematical and Life Sciences, Hiroshima University.
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? Institute for Protein Research, Osaka University.

Many motile bacteria harbor helical flagellar filaments to gain motility. The bacterial
flagellum consists of three parts, which include basal body, hook, and filament. The hook
functions as a universal joint to link filament to the basal body that functions as motor. It is
well known the length of hook is controlled to have a defined value with narrow distribution.
In the case of Salmonella typhimurium, the length is known to be centered at 55 nm with
deviation of 6nm. FliK protein has been evidenced to be involved in the hook length
regulation, but its mechanism is not well understood, although several apparently
contradictory functional models on FliK have been proposed. To progress our insight into the
hook length regulation by FliK, we conducted the structural studies on FliK using NMR. As
expected from the sequence characteristics, so called intrinsically disordered properties, of
FliK (405 residues), approximately 80% of the residues within were non-structured. The
remaining 20% part located in the C-terminal region was found to be structured, of which part
we have determined the structure by NMR. The obtained structural features on FIiK will be
reported on both structured and unstructured parts.
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ATPase activity and structure analysis for histidine kinase like domain of
higher plant phytochrome

OYuki Nishigayal’z, JunGoo J ee3, Rikou Tanaka4, Toshiyuki Kohn04, Rie Kuratal, Yoichiro
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Phytochrome is the red/far-red photoreceptor and regulates many aspects of the life cycle in
plants. The C-terminal histidine kinase like domain (HKLD) shows sequence homology to
histidine kinases, but only Ser/Thr kinase activity is known in higher plant phytochromes. In
order to investigate structure and function of the HKLD, the over expression and purification
systems of HKLD were established for Oryza sativa (rice) phyB. Rice phyB HKLD displayed
weak but significant ATPase activity. NMR assignments were performed employing the
selective labeling and non-linear sampling methods. Model structure refined by NMR
chemical shifts and torsion angle restraints suggested the structural similarity between HKLD
and GHKL kinase/ATPase superfamily including histidine kinases.
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A EEZONDEMEHEHA Lz, KIFEOa—/V Ry a v 7 BEHREZ RO -
BURZMESL LT, @ISR S NZHKLDIFEKRE (17 uM) TIXBAF/2'H-"N HSQC A
R MNVESZER, FRULEORBETIESAICI D V7o a— K=
IR, RIS TEREAT D2 LT TERNo70H, HKLDIZHEE AN
EKOEETHLEHMLZETHoT-, T2 T, YT ADIFBITITKTEN LY
InERG, FTeE A ML—va VOB E U TTHEZ I Z TR Tri s-HCURR K
EHWDHZ LR, 7744 T 0 —T OREKENRKRIRICHE T & 55 ONREIE
EAToT2, ZHUCTE D, XU B0 u MO'H-"NHSQCAY 7 T A 47 1 —7(1800
MHz NMRZ ] U C IR RIS CHIE RIRBIZ /e o 72 (Fig. 1) o S DIZIERIET 7Y
YIRIOT I BEIUERREIN A GFH L, 2 R EIREDR LT pME W D R TE
FURBICE) LT, HKLDDE T WG ALY 7 M B X O mHAE#RZ JCIc L 0 %
fbL72& 2 A, HKKLDO#EE T A F V% —F b & £ HGHKL kinase/ATPase
superfamilylZJ@ T HHEN TR EINT-, FEWVWTATP T Fa /X A4 ML —3 g o Eig%
WIENMR T T o 72 & Z A, GHKLEF A Z2ATP /Mg F5&EF—7 (N box, Gl box, F box,
G2 box) IFFICHEELDIRIEN~ v B 7 &du (Fig. 2) . HKLDICATPSfEG 5 2 &0
RIS T,

WAZHKLDODIE M DR FT 21T > 72, 74 b7 v ARREOE L L THEIN TS
Bovine HistoneH1Z FEIZ, VU V(b v /R 7 EE BN 7 et K TH D ProQ
Diamond & FlWNTHH 257223 U U ERLITBIH S oo 7z, % 2 Co ATPAOIK 53R
EHEZRIE L& 2 A, WS M oOGHKLAATPase & [FIFLE OIEME A S vz,
INHDZ EDE, A FphyB HKLDIXATPANK /3 fiRiENE 2 & SCHKLAL D KA A > CTh D
ZENRBENT,

e

LI / Q(F--v..ﬁ.!' "
.1_-::{‘ .: ?.r' _'I - ‘H'J-I:.-lr"_"‘f ;

! = Y.:—-. ] -
b ]"P L& * ‘r}_ x?’ -

oy e e

— - )
N 4
& o . - 'v;,/

. '\.-_...f.'.""-f__-,__ -id

. ; - - r
[ :

Fig.1 'H-"N HSQC spectrum (ns=16, 2048x256 Fig.2 Perturbed residues by ATP
pts, 1h18m) of 10 uM phyB HKLD (pH 7.5, 20 analog titration mapped on a refined
mM Tris-HCI, 2 mM DTT) on a Bruker 800 MHz model structure.

NMR equipped with a cryogenic probe.
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Structural analysis of magainin 2 bound to phospholipid bicelles

oKazuo Hosoda!, Long Xiang!, Yoshihiko Inaoka!, Toshiyuki Kohno?, Kaori Wakamatsu'
!Grad. Sch. Eng., Gunma Univ., Mitsubishi Kagaku Inst. Life Sci.

Magainin 2, a 23-residu peptide, isolated from skins of frog Xenopus laevis, exhibit
antimicrobial activity through the perturbation of microbial plasma membranes.
Although magainin 2 forms a monomeric a-helix when bound to phospholipid micelles
and in TFE solution, this peptide was shown to form an antiparallel coiled-coid dimer
on binding to zwitterionic phospholipid vesicles by our TRNOE measurement. To
analyze the membrane-bound structure more directly and in more detail, we started to
analyze the structure of isotope-labeled magainin 2 bound to anionic phospholipid
bicelles. First, by optimizing the kind of long-chain phospholipid and detergents as well
as the peptide/phospholipid ratio, we successfully determined the conditions that give a
well-resolved "H-1SN HSQC spectrum. Having assigned the backbone and side-chain
resonances, we are now calculating the 3D structure of magainin 2 bound to the anionic
phospholipid bicelles.

(FL®IZ] T77VAVADINVOREICEENITEESTF P, wh (=2
X7 2 BE23RIED N T F FC, ME MO ZE BT HO 5 2 LickoT
ZOPEELEZ R ET 2, PREGEOL D EORTF P2 TS v T5%DIC,
PEICEE S LR ORSE DT SN TE R, VVIEED Sk VITkE L4 =2
213/ 2—Da~) v 7 AZBKT 2 HHBCDPNMR TR S LT 7228, DN
B EBICHEA L 2Tk, coiled-coil ZTER T 2 HACDIC L > TRBINT W
Fro EBRIC, BKEMLLZAR 7 7F20 a3V DR 7 ILOFLE FTTRNOEZ H
ETHHIZED e A = 2 Wi E{TDcoiled-coill Z TR T 2 HA2 T4 1FBEICR LT
W5, L2l XDAEBNLREETH 2B VIFE O T TIERT7F FofEiE
7MTFW_SE<&D TRNOEME 1T A o7z, 22°C, B VIFED ﬁﬂ%
IR G LR oE 23 ICRE T 2 2010, BB VIREZ &N LIS
L7 A= 2 OM&EZEHERNTT5 2 812l 7,

X7'F R, JBE. v 7L aE

OlEZZ B, 29 HwH, ks XLOI, 29D LLWE,
brED »ED
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[fER)] <~ A=v 232X F v LGy o378 E LT MMEREELEDS
HHOT, BEORGEHOFKIRTIEESFEIL o7, FBHE OB 2 K
A b EREBMOSESWIEZHEHAT S 2 kb, EHNICKRHEEIE NS X HIC
ol

XA XV O & R T 2 SIS (LAl & LTIECHAPSO £ DHPC2SE A X
%, DHPCZ &/ A 2 )V IFMEIR CHRE T 2 HMI2H 5 DT, Kl THLER
CHAPSOTE /N4 L2 FELL 7255, CHAPSO &gt v IgHE (PS, PG) #&r
NAXNVIE, 9LV 22 MA 5 EANLECHEYDBEELTLE ) HBDYL >, Z
ZC. CHAPSO%ZDHPCIZAEHE L 7- L TAKERNA LU TE, FICPGIEETT
ZE S REEOHSQCAR” bL (Fig. 1) #4527, & E, coiled-coll DK IZCDT
MERLTH 5,

T8 - D> 7 F L IFHNCO/HNCOCA/HNCA/HNCACO/CBCACONHY/
HNCACB/!5N-NOESY/!3C-NOESYMIEFIC & 2 @B IS Thtlg L 7z, KRIZISN-
NOESYD > 7 F IV Iitlg - T 2 fT o728, a~V v 7 R,/ B — b REE % R
T2 &) BRIy — v 3B SN o, KOS EREZE S
DIZ, BHERIRZHB L7z, ¥4 v —BREZ "B T I3NOEL o T w5y, £7
FEICERFEN B X OB AR IR E S LB NOEIC X 2 iR % FvwTE /) v —
TOFIEZTo 7, FHEICIITALOSIC X W o - 8O ~mHAMEHRD A,
XPOLRICTHEZGHE L7z, XR7F FHEOHIETH 2 BREDIRNA S Nl
T, BifE., 0 FBINOEZRET 2 7 F iz onT, BEHEORER & 0%AeED

REfTORBSHEEIT>TW 5,

105 - : . : 105
@
e G18
1104 r110
G3o
_ 1159 sg V17 t115
E
f&l H7® N22 I20
K10

;t_; M21 Y5
. 2@ E12 ©
by Wie é K11

1204 QQEIQ +120

K14 o kI, Os23
®
Al5
Qx5
1254 r125
-4
130 T T T T 130

10 $ 3 7
@2 ™H (ppm)

Fig. 1 'H-’N HSQC spectrum of magainin2 bound to PG/DHPC bicelles.
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Solution structure of Zc3h12a N-terminal domain

OTakashi Tsushima', Yoshiaki Enokizono®, Wakana Adachi®, Masashi Yokochi?,
Osamu Takeuchi®*, Shizuo Akira®*, and Fuyuhiko Inalgaki2

'Lab. Struct. Biol. Grad. Sch. Life Sci. Hokkaido Univ., ’Lab. Struct. Biol. Advanced Life
Sci. Hokkaido Univ., *Dept. Host Defense. Res. Inst. Microbiol. Dis. Osaka Univ.,
Lab. Host Defense. WPI-IFReC. Osaka Univ.

Zc3hl2a is an RNase containing CCCH-type zinc-finger motif whose
expression level is stimulated by lipopolysaccharide (LPS). Zc3hl2a prevents
autoimmune diseases by directly controlling the stability of a set of inflammatory genes:
interleukin (IL)-6, IL-12p40.

Zc3h12a is comprised of an N-terminal domain, a PIN domain with RNase
activity, a zinc-finger motif and a C-terminal domain. Electrophoretic mobility shift
assays (EMSA) suggested that the N-terminal domain inhibits binding affinity between
Zc3h12a and RNA. Here, we will show the solution structure of the Zc3hl2a
N-terminal domain, and discuss auto inhibition mechanism of RNA binding by the
N-terminal domain.

(&

Toll-like receptor (TLR)IE, H ARSI ZIEE NI\ TR FIR DR YL A BN T 55 45
KTHY, YANIA L HEOFRBEFHETHIECTRIESGZFIER L, iR EE
B9 %, LU, TLR ICXVF|EEZENDHMIaNT 7 izl W TAERShD 2]
TN RIEVEYANIAL DII2HT | TEDALRCEBEIR 1728 L THY | RIE
PO RIS CTD, I, ZORIEM S EHIET 585 0—2ELLT
Zc3h12a H3[EE STz,

Zc3h12a 1% LPS ICEVER TN IEME(LIND 2 R THY | Ze3h12a K~V AT
BT, FEWeE, Vo EilERA <L, MG g #M, B CHEREAEDH %

F—T—R: BRI . RNase

ODLE L, ADEED LLbE, HIEH biva, JIH FSL,
7iJob BT, HEH LB, WARRE 5002
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FERER O, Ze3hl2a Xy RXZL T —BIEMEA A L TEY., IL-6 ZD R iENE
P ANIA D mRNA ZFFRINCAZENT HZETRIECEHIETHEE 2 Bl
TWH23, mRNA O Fr B 7GRS | THIE D TR 22 &R TEAR 286 2<
PRI fRAT N L END,

Fex i, BT 0T T — B2 HWERED RS, AT AL T+~ T 47 A% D
ZEIZED, Ze3h12a 25 N KR A1, RNase &4 95 PIN KA(>  CCCH Y
YO T 4T, CRER AU INOIERSND 2% R LT, SHIZF AT 7T v&A
&0 N RN AL 728 Ze3h12a & RNA EOFE ST L, #HIEIC/E 228215
DINZL, N KR A28 Ze3h12a @ RNase iEPEE T DR A TH L ATREM: 27
L7,

AFEFRTIL, Ze3hl2a N RN A O HEAEE 725N N REGR AL 128D
RNase 1&MEFIEAE 2B T 5B RIZ OV THE T 5,

GEED|

Zc3h12a N IR ALK, -
RIGEIZE D REFEI R, K
FAHESTL . NMR 1510 LA {AkE 3 Fig.1. Solution structure of
ZIN N — o
YEMRAT 24T o770 AT MILFRAT v Zc3h12a N-terminal domain.
1213 Olivia Zf# FAL . CYANA % fi al Overlay of the ensemble of 20
RSVALN Sr R N 3 et final energy-minimized CYANA
RASAL 8 ARD a ~Uyrzips e struetures.

70BN RAEEZ A L CWAZERH LG~ T-(Fig.1),

IHIT N KR A2 LD RNase {E SIS 2 fE ] 357260 (3 & EiRa1T-
770 "N FUL N KUK AL %L, 0, 1.0, 2.0, 3.0 /LR L7251 912 RNase I 1
AR THD PIN KA ZINZ, ['H-"N] HSQC ZIE L7z, a1l ~UyZAD C Kl
a3~ A FEOEER RO — 7126 fast exchange TOEEIEBISIL . N K

BN AL L PIN KA EOF BAER A

o - j1os FERRSHLT-(Fig.2), KV FEMIZRTE M1
N79 ND2 | ¢ et ) JEU =1z
A L EICEIT A ERICOVTIL, B
N 7
T45 i} L86 _—— é EI D%ﬂﬁzﬂ‘a_éo
& T IT-—- =
F55 .= 15T
-z 2 . E F ig.2. Superimposed ['H-"N] HSQC
o - - 120 spectra of "N-labeled Zc3h12a N-terminal
- - . ) domain titrated by Zc3h12a PIN domain.
% With 0 (dark gray), 1.0 (light gray), 2.0
10 95 B0 BS ﬂ-'é'wml-"-ﬁ 7O B5 B0 (gray), 3.0 (black) eq Zc3h12a PIN domain.
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Structural Analysis of 15d-PGJ, Recognition by Lipocalin-type
Prostaglandin D Synthase

oNobuyuki Kato', Shigeru Shimamoto'?, Takuya Yoshida', Shubin Qin', Yuji Kobayashi’,
Kosuke Aritake®, Yoshihiro Urade®, Tadayasu Ohkubo'

! Graduate School of Pharmaceutical Science, Osaka University, 2JSPS Res. Fellow, >Osaka
University of Pharmaceutical Science, *Department of Molecular Behavioral Biology, Osaka

Bioscience Institute

Lipocalin-type prostaglandin (PG) D synthase (L-PGDS) possesses dual functions as a
PGD;-synthesizing enzyme and a transporter for lipophilic ligands. It catalyzes the
isomerization of PGH; to produce PGD,, an endogenous somnogen, in the brain. L-PGDS
also has the ability to bind various lipophilic molecules such as retinoid, bilirubin and
biliverdin. 15—deoxy—A12’l4—PGJ2 (15d-PGlJ;,) is a downstream metabolite of PGD, and
produced by non-catalytic dehydration of PGD,. It is recognized as a potent apoptotic and
growth inhibitory factor, and is well known as having a high affinity for PPARY. In this study,
the interactions of L-PGDS and 15d-PGJ; have been investigated. The result of NMR titration
experiments with 15d-PGJ, revealed that 15d-PGJ, almost fully occupied the hydrophobic
cavity of L-PGDS.

(=]

VARBY W Taxu 752 /(PG)DA FEESE(L-PGDS) X, MiFLIADIMAIZEF
\ZIFE L, PGH, 2 S IEIRGEFICBI S5+ 2PGD, 2 AT 2MHETHDH L L b, LT
A Ry ey, BT EORER RBKMAR S T DA Ry — L L
TOREI L) ZHEEEEAE TH 5, 2 E TORIBRNMRIEIZ K D SEARREERRIT D |
BV NAAEEDNEIZ 2D R T v N EHRE RBUKEcavityZ FfH, 2D Z LK
& I IS b B 2 SRR RBUKMEIR > 1 & DR G Z ATREIC L TV D 2 &3 6
MTENRTWADY, 51T, ALV O BiKMEcavity D #5127 & 3 % EF-loop &
H2-helix DNLARMEEZZAGS Y T  FREEICEHE TH D 2 E PRI TN D,

URBY LT axE 75000 D AR, 15d- PGl,. i NMR

OMnEo DO&SPpx, LEBLE LIFD, LLE 2<% BA L dTh, ZiE
L WILC, VT ZH5FF. 96T KLOA, BBUFE 72T
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AR T TIEPGD, DMK S L 0 B
JEHIC 15-deoxy-A" 1 PGT, (1S4-PGR) 75 | . ., _i’ & g
KRR % (Figl),  15d-PGLITEAN Lt~ \J, L,;% e ¢ 1;, S
4 —PPARYDONREMEY AT R Th b Hik s e
JEER 2 R"7 25, B &EO15d-PGlLIE K /
JEPED E N2 AR TR 2 D] X ™ CO0H
L =9, L-PGDSIZAMN T HERR 757 & ‘J;, R _‘T"“ ﬂ»mﬁm -

A e e OO

PGDZ FEAT DR ThH H— ., BUNE PG, -l
0) % l/ A 1 5d PGJ2 & igﬁ < ;f;k/\jﬂ é Z k T Fig. ] Formetion of 153-DG0: trom BG0G 153-TGT s Goomed Trom G0
%ﬁ%& % BEJ.]: [/ _,C v é T @#Tﬂﬂ é theviigh & neicunlvlie sajuese ol ddipdranee and snmeizetos reciong,

NTW5b, &I TARIFZETIL., IWIIRNMRZE % W TL-PGDS & 15d-PGJ, D AH A EH Kk
XM L, L-PGDS/15d-PGILE &K D @R G 1SEfR-AT 21T - 72,

[ 5251]

KIGHEIC L 2 RERBFRZ VT, B— N E 72137, "NEZ#% L 72L-PGDS % ¥
LT, INVETH T ru—Rra~ 7T 70— L5 DO%, Thrombin
TGST# 7 &=L, Vs v~ 777 4 — 2RO TREMAE{T 572, 15d-PGJ,
@Cayman Chemicaltl:7> HiEA L7=, NMRHIE L Varian INOVA 600MHz% FV 7=,

85N L E RN AR L-PGDS & IV, 'H-""N HSQC % V7= 15d-PGLLif F 528 %
ﬁo“(w AL A [FE LTz, £ 72, L-PGDS & 15D-PGI, D 1:1#EA (2% L C3D HNCO,
HNCA, CBCA(CO)NH{E' EZATV, FEHBEENMRY 7TV DIREEZIT- 72, S HICH
7£. 3D HBHA(CO)NH, HCCH-TOCSY, CCH-TOCSY Il i€ ¥ & 18'*C-edited NOESY,
PN-edited NOESY I E Z 1TV, B SENMR > 7 F L DR & L O A IR O SRS
WIEHIT> T 5D,

GRE SSENe 2=y

L-PGDS D 15d-PGlLit &AL % Rl iE % 7212, PNAEFL-PGDSIZ15d-PGl, AT & L
T'H-"NHSQC A7 hDORIER L O 21T > 72, NMR 7 L3 2e{k L 7= 72k
I%. CD-looplZJ&$ % S45, H2-helix!|ZJ& 9 HF55, E57, L62, Y63, EF-looplZ &9 5S109,
H111, 3 X O'GH-looplZ /&3 %D142TdH ¥ . 15d-PGl1IEL-PGDS Dcavity i & FH A AE
HLTWDLENHALNE R oTe, BLOBIM SN EIL, AEPGH, DL EF R

IS LTI b LR 213 E— & L Tz, £72. L-PGDS & 15d-PGL,D#EA
IINMR DI A A7 — L s ST VAR R Th - 72,

#)—BC, PN FR L-PGDS | 45 € L 8 D JEFE 5 15d-PGJ, % i % 72 L-PGDS/15d-PGJ, 1
AREFR U2, £ = HILBNMREIE S L OWEIT 2170, E#HEENMR Y 7 v

DIFEEAT T2, T OFER, 1675150 EOEHIFEZ 5 T Lz, BIE, IS
KNMRY 7 F VDB EZIT> TEY ., AiFwma CiEEKEWICHRE L
L-PGDS/15d-PGILE SR D NLAREE IZ O T H#ET 5,

[ Cik]
YShimamoto S. et al., J.Biol.Chem., 282, 31373-31379 (2007)
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Attempt to determine three dimensional structure of an intact
multi-domain protein by solution NMR

OKensuke Miyazaki, Teppei Kanaba, Yutaka Ito and Masaki Mishima
Dept. of chem., science and technology., Tokyo Metropolitan Univ.

Acquisition of long-range distance information from Paramagnetic Relaxation Enhancement
(PRE) using hetero-nuclear NMR has been reported in recent years. In this study, we aim to
determine the conformation of domains in full-length multi-domain protein and investigate the
regulation mechanism using PRE detected by solution hetero-nuclear NMR.

Our target for this structural analysis is Protein kinase C alpha (PKCa). PKCa exists at
cytoplasm in auto-inhibited state. When PKCa. is activated by second messengers, Ca>" and
diacylglycerol (DAG), it is believed that a large conformation change occurs and localizes at
plasma membrane, and thus phosphorylates cognate substrates. We are trying to detect direct
interactions between the domains, a nd determine the conformation of domains by acquisition
of long-range distance information from PREs.

[Introduction]
EAZAEMCI T 5 @ e B BLGC | oo s T
I~ VF RAL VEAENEREICED B i @863

/)“Ciom\ D& BRAEMBARE IR e - -
F B 1IN B O K UM m | <D
AT LB R AR T B, L LAaM ~ N e O

BV TF RAL VEAEORR O G e s
NI, TD RAAL UEOMEERD . .

BEL) Rt L O o i beioved tht PKCet 1s activated by DAG and
DWEZ4 TRV, AW Tl T Ca® with large conformation change, and thus
DILF RAAL LVERED— OT%ZD phosphorylates substrates.

Protein kinase C alpha (PKCa) ZAEHIE FVE & L, £ ORIEIRE Z il TV 5,

PKCald & > /37 B DOIEVECHERE A HlH - 2R TH Y . £ O I L VM T
T T MRERTT 9o PKCoUlTFHEI B AF(E S 2 R A E BT L 2 A CHEER O
T D ATEHELIRRE TR AETEL . B > R A szV7ﬂ¢—~T“Ei%>%’>Caz+’<°¢/°7°//l/
7 “IZD~/I/(DAG) &Y @mtém’) & MRS RBAT LB A Y R LT D (Fig.
1), FAERREC %, it L7222DC1 KA A > CIAB J:U\CIB R A A (DAGHEE R
A 4’ YEC2R >< 4’ (Ca R RAA NDIEET D,

<activabed state=

v IVTF RAAL VEAE., IBIENMR

OBRIETATIT, NPRITToNN, WEHPTzin, ALEFSE
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[Strategy]
Kbk 7g~w VT R AL VEAEOBERTEZAT O 2 AR TITIRD L 95 e FEEZRS,

()ERER% R Sortase A W AE 7 A 7 — a LI K ¥ 7V EAERL
VAR, BAEE S LA SE5 2 L AN ATRE R Sortase A DS S, =
DSortase A%z V2 A HERE UGN X DPKCo ROV 7 )V & R 5,

(2)PRE, SAXS%Z ffH L7z F1E MO EAFFIZ L DR E

ZIVE CONMRBIEIZINZ ., TR F(PRE), X#/ME HUEL(SAXS)ZED T
B WEEATHZ LT, LVZE - BERYFERZEG L, Tk~
F RAAL VEAEOHEREZIT .

«Flesinke mulli-domain prateins .

@’ _ mibb sy, r- I:.:E‘
DO - ﬁk@@; =

Prodoin ligekion by Somaso & Acquesncn of delancee
Imlamazen from PRE

Es PHI-
Fuldargln tinsdurs and eonliveaten of
shoavuaa Feans ol rasar e rlizd Etran e of Soired domang fias b feporicd

Dlamanaten of sreciura end doman corlemaion of Tuldangh PRCe

Fig. 2 Strategy of this study
Full-length structure and domain conformation of most multi-domain proteins have not been reported.
However, structure of domains has been often reported. In this study, full-length multi-domain protein is

reconstructed from each domain which is expressed respectively, and its structure is determined by acquisition
of structural information from PRE, SAXS, and so on.

[Results and Discussion]

BEE CIZPKCUZBWTHFED a2 A v 7 hEfERILTEBY, FTH CIB KA
A >, CIBC2 R AA ZH\W T 2D 'H-"N HSQC OHIEZIT 7=, HBbNI-HE D
AR MBI LIZE Z A, CIB RAA VCHEXT L7 7 ER—E Lo Tz
(Fig.3) 2D LB CIB RAA & C2 RAA ORI S0 OFENEHABPFET

DENTRER I NI,
@ " S S S (b) ———*—a——+—— Fig.32D "H-'>N HSQC spectrum
| "W | | e * +  (a)spectra of C1B domain
. SR | ! ',# ,? | (region:91-161, length:71 a.a.)
ta, it [ { :' o T . (b)spectra of C1BC2 domain
.o, 3“ S ) _'_:;'; *c- - ) (region:93-306, length:236 a.a.)
A ' Pl et
il ooyt | t | L ‘ . * . _ The chemical shifts of CI1B
' :""'r.' ., ﬂ-. ., '..I' * * 1" domain in each spectrum were
" e Y. 5 . significantly different. This result
. ' A E . |7 implied that some interactions
: el | I P Y _' present between C1B domain and
“ D ome C2 domain.
[Perspectives]

PKCa®Dfthod K A A 2/ (C1A, kinase)DFEELRAZFR L, Sortase A Z Ve &R EH
BOHHERZIT Y. TO%. & RA A L O/EERES PRE (2 X 20 FIFRO S
ZITV, PKCoBRIZEIT D RAAL VidiE, WEERET D,

1) Kobashigawa, Y., et al., J. Biomol. NMR, 2009
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>N NMR relaxation studies of TTHA1718 protein in living cells by in-cell
NMR spectroscopy
oJumpei Hamatsu', Daniel Nietlispach?, Tomomi Hanashima', Teppei Ikeya', Saori Hosoya',
Masaki Mishima', Masahiro Shirakawa® and Yutaka Ito’
IDepartment of Chemistry, Tokyo Metropolitan University; *Department of Biochemistry,
University of Cambridge; > Department of Molecular Engineering, Kyoto University

In living cells, proteins function in an environment where they interact specifically
with other proteins, nucleic acids, co-factors and ligands and are subject to extreme molecular
crowding that makes the cellular environment difficult to replicate in vitro. In-cell NMR is the
only available method for investigating detailed structure and dynamics of proteins at work
inside living cells.

In this presentation, we report our recent "SN-relaxation studies of T. thermophilus
HB8 TTHA1718 in E. coli cells aiming at identifying protein dynamics in living environment.
In-cell "N-relaxation data showed twice longer 7;, much shorter 7, and thereby
approximately 2-3 times larger rotational correlation time comparing to in vitro data, which is
coincident with ~3 times higher viscosity inside cells. Chemical exchange contribution Rex
observed by TROSY-selected Hahn echo experiments will be also discussed.

(i)

B AEOFFOAEWIEMET, IEMEICE 5T 250 & A E FHOBRMHE L %8210 F
o TS, LTEA->C, & B OBNAOMEE OfEATRE RIL, MakE g OEREL T HE
95 ECIHFICEHERGRERD. BAE EHOBOMELZMIT 5 FEEL T, &
F'E % 15N 525 L, NMR Z T BN O OFE R Z]E 32 FIEDIRSHNWS
nTn5H . ﬂiﬁ%ﬁﬂié’a‘f:%ﬂiﬂﬁw BIIHEBAE O Sz BB 5 in-cell NMR?2
DOFEERNDHZET, HIEANIC B A8 8 15N ORI 2 3 7. n’*lﬂﬂ'ﬂlj‘]
BT, b\b@é“Macromolecular crowding”2VE HE —EHEM A/ EHSCERE
THA—=NT A TICREIRE B 52 QDI ENINETICHRESNTEY 3, RAFFRICK
S THINENERBEDNE HE OB IMEE I 5 2 2 B OV THi= 2 5 MG 5005 R HeENE
NV

F—7U—FK: In-cell NMR, Relaxation, Protein dynamics

OITED LA, 21225 I2—=E0F T, 1FLE b,
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[EBR-HERBLUOSHDEHE]

PR L TS, SRR CAXTHIBENIC B T D LA E DY EIT B LT 4 8 FE A2
Thermus thermophilus HB8 i3k TTHA1718 EHE A M, KIGHEMIEAN DR
Bhe, HEE R REUEI O 512 oW TR BB 85 1N O T 4117257,

YJ—\Z 15N e fa L 7= 302 3R %L, 2D 1H-15N HSQC JIEEEFIH L Ty, Tofk
FEAIT o7, HLEE- R REE, BLOKRBEMRANREOELNTT —2 & gL
TGS, Th, TR AREE EHICKAGE AN TIE—HRICRESEBIL QW= ERH LN
7257 (Figure 1). &Vt T AEFFREROJAELL, 3UEtO RE— Iz T2
WpE D To AR B A 5 2 DV ROFENREI NI, ZORER%E51F, TROSY
Z RN L7228 2R BARR RN B B AL O f#fT 5.6 1280, AL FAZHUT LD TofR s ~D % 5-
ERFELTZ. AR ETIIZOREL SO THRET 5.
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Figure 1

Plots of the °N 7} (left) and T (right) relaxation parameters of TTHA1718 in living E. coli
cells (triangle) and in vitro (square) against the amino acid residue number.
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Structural and functional analyses of ubiquitin-binding Zn** domain in
NF-x B signaling pathway

OTakeshi Tenno', Hiroya Ichikawa', Takahisa Ikegami®, Hidekazu Hiroaki'

'Graduate School of Medicine, Kobe University, Hyogo, Japan.

“School of Medicine, Kobe University, Hyogo, Japan.

SInstitute for Protein Research, Osaka University, Osaka, Japan.

NEMO and Optineurin are homologous scaffold proteins of protein-protein interactions
and regulate the NF-xB signaling. They have Coiled-coil 1 and 2 (CC1 and CC2), a leucine
zipper (LZ), and a C-terminal zinc finger (ZnF) domain. The regions from CC2 to LZ have
been shown to interact K63-linked and/or linear polyubiquitin chains and have a critical role
in the NF-xB signaling. The role of the C-terminal ZnF domain of Optineurin remains
unknown, although the ZnF domain of NEMO has been reported the solution structure and
the interaction with ubiquitin.

To elucidate the function of the ZnF domain of Optineurin, we determined the solution
structures of NEMO and Optineurin and analyzed the interaction with ubiquitin and the
intracellular localization. These data suggest that the ZnF domain of Optineurin has a distinct
function from that of NEMO, despite the interaction with ubiquitin chains.

NEMO (NF-kB essential modulator){XNF-kB (nuclear factor kB) 7} /WG ZERR 12 BE
4 2 ULEOHRGEGKNR - TH 5H, B FNFxBIXEF YA & L THERK 11kB
(inhibitor of NF-kB) L G AR A TER L, NEHEOIRBIZH 5, MEFFESER 1-(TNF)%(Z
L DM S DRIE N IEZ B « 7 X T 2 —2 7 EEEKE N L TIKK (IkB
kinase)#EZ A& (IKKa, IKKB, NEMO) ~Mrzx Hivd &, IHMHAL LZIKKE A RIZIkB %
VUi bT 5, ZOWRICHBVTNEMOIIK63 Y 7 AR Y e F IS EVER L
X —BIE ARG T G X VX EE LTH#IEL TS, B RNEMOIZAI50 kDa
MNOIRD R INTET 2HFTO A )L RaA L (CCl, CC2), uA ¥ v/ 3—(Z),
DI T7 4o H— (ZoF) OF AL o Z2H >TSS, —J7, Optineurinz = — K LT
WHOPTNIE S & b L RENED RN E G+ D —> & LTRIE S, fll TRt
MR LAE (ALS) DJFIKER T & LT HEIE SN TV D, OptineurinlANEMO & 7 X
JEEAIOMFEIERE <, RO KA AL U HEEZ A LT dH, NEMO & FIERIC
Optineurin/3K6378 U = &' F ST AN T 525, IKKo, IKKBIZIFMHAEIER L7

74— ALY, ZEXF L, NFxBV 7 F VU7

O TADEITL, WHENDLOAR, WINRLENDE, OAbXOTHT
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Wiz, AU X F U E O AEERICEBVTNEMO & 5P L, NFkBIEMH LA A
IZHIEI L T2 SR STV 5,

NEMO®DZnF K A A NZDOWTIE, AR T T REMf > TERIEE PSR E I TR
D, X TF U LHAEENTLZ ERHESINTVWSD, —J, Optineurin®ZnF K A A
NTOWTIE, 72 BEELYIIEINEMO & OFFFRMEILE WS, R X UOMWERE IR AT
b5,

AWFZETlE. NEMOEB L UOptineurin®ZnF K A A > OREEZHE L, T 6 OFERE
it 2D 7o, ZERNAR T L& E A L72ZnF KA A &2 L, NMR%Z W CTZ
NoOEEENT LTz, TORE., ZNS5DZnF KA A VI2ARDR-A N T > K, IR
Da-~V v 7 ANBER S, VAT A U35, B ATV UL TSR T A& B
425 HAR7Z2CCHC X A 7 DZnF KA A ThH -7,

it 2 FEIC LD & NEMODZnF K A A > Cld, Tyrd02D 7 = / — /LB & His413
DAL= NVEBENAL 7§52 L TR-v— MEEDOZEICELE LTS, —J
C. Optineurin ClITyr402(Z4H4 9~ 5 FE A Glu56012 72 > TV 5 72, NEMOTH 5
ek 27 A VREEIT e SABEDBHAANZEEH L TND T2, B-2— MEERHT DL
WAL 7p s TNV,

HER T Z BN L TV D4REED 5 BIRBED VAT A VFIIT, CRIMIZIER T
VMLEBIZ S D72, 2DV AT A NZERNE TS E OB FPEITE LK T L,
SEEE AR CE WV E PHETE D, EBEIINEMODCA TR BARIZOWT, B4
BIOY 7 v L FRRICHHR UH-PNABI A7 MV ZRE L & 24, BRI L £<
BIcH AT MAPRELI, 1ZE A ETEEEZREFL T RWERNELNL, 2
DOFEILOEEIIHDE-ID (IRITFHAMEREE R R % £F 0 E AR IE) 25| &9 2
ERRBNTWD, Lo T, BRIZE DZoF KA A > OFEER T IMRROEIR O
RO ESEEZBND,

F7o. GST-7 N2 7 B LONMRIEEFEERIZ LV | Optineurin®ZnF K A A
LA XxF U LS MHAENTLIZ L2 AW L, BEHRRY 2 eXxF 8L D
HERZMIT LI 2 A, R 2 X FUHOY T o=y REL RNIER 513 89
SHEERTHZERBHLMNE R -T2, LIz - T, NEMO & [A#£1ZOptineurin®ZnF
FAS bR TFr ($) EMHAEHTLIZEREED -2 ThLEEILND,
S 5T, BEEMAEIZ IV TEGFPl & Optineurinz — 18I R BL S H72 & 2 A, ZnF N
AA L ERBESETERETE, BER L EXTHIEAREICEEN RSN,
NEMO®DZnF K A A NZBWTIRBROME LR ST 6§, MaNREL{bIX
Optineurinffl H DHERE L B 2 b D,

NEMO (397—419) Optineurin (551—577)
N
i . ' N v"}‘; "
) o {fk
C C C
C

Fig. Solution structures of the ZnF domain of NEMO (left) and Optineurin (right)
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Phospholyration-dependent intramolecular interaction revealed by NMR
might regulate ER-Golgi shuttling of CERT

OToshihiko Sugikil, Hideo Takahashi**, Koh Takeuchi®, Kentaro Hanada®, and Ichio
Shimada™’

!Japan Biological Informatics Consortium, Tokyo, Japan. °BIRC, AIST, Tokyo, Japan.
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Intracellular ceramide trafficking protein (CERT) translocates from the endoplasmic
reticulum to the Golgi utilizing specific interaction between the CERT PH domain and
phosphatidylinositol 4-monophosphate (PtdIns(4)P), a landmark phospholipid in a Golgi
apparatus. Recently, it is shown that the phosphorylation of the serine repeat (SR) motif
located on the carboxyl terminal side of the CERT PH domain attenuate the CERT PH
domain/Golgi interaction.

In this study, we revealed that the phosphorylated CERT SR motif interacts with the
PtdIns(4)P-binding site of the CERT PH domain in an intramolecular manner. In addition, the
intramolecular interaction competitively reduced the CERT PH domain/PtdIns(4)P binding in
vitro. Thus, intramolecular interaction mediated by the phosphorylated SR motif might be one
of the driving forces to accelerate dissociation of CERT from the Golgi.

AIAANE 7 X NlgE & o7 X 7 8 (CERD) 1%, /MafiE EcAGRENTZIEE S &' 7
2 R&Golgifh~ Lt 9 DR E ¥ /X7 ETh D, CERTII/INEA-Golgi AR %
shuttling L THIIINE T 2 FlEA2ITo TWA EEZ BN TWAN, 0 BEH) 7
AT = R DTN TR 8%,

CERTONKIHIZHFAET 27 L7 A N U 4HIA (PH) domainid, GolgifAfE EIZE &I
TEE L TV BB 4 fphosphatidylinositol 4-monophosphate (PtdIns(4)P) & 4R
AIZ BT 2 BERE R A A T, CERTZ/IME R 560l gi (R L~ BT S 5, Hill,
CERT PH domainDCHRIANIAFIET 5367 X / BEFEIL/) D 72 Hserine repeat (SR) motif
WCHEET 510 TR ) B IR LA = A Golgi fRIE TV i biEa % 5%
7. Z4UIZ K > TCERT PH domain®GolgifA~DRIENHHE S D & DWMENR SN
77o CERTAE T I FHEZ K 2721, Golgifkn HAEEE L C/INERIZMD 9 BN B
7 I NlgEy NI, U Uk, N AELER
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LU, EDOAT v T BRSRmotifd VY PRI L > THIEI S CTW A RIREME R H D, £
ZTCHE AL, ORI EREET S Z & TCERTO & T 3 Rl s iE M o il 2 fifgiH 4
AHZ LA HBE LT, CERT PH domain-GolgifAKMIAB AAERIZ X3 5HSR motifd UV g
L DRI DN THEIE W) BT 21T - T2,

[ 4] CERT PH domain(PH(wt)), CERT PH domain + SR~ ——"—
motif (PHSR (wt)) . 3 L USRmotif D104 Frd U o Eefbifirop THoFm =
I AGLulTfEHE LT Y IR {b IR BB A Bifhk L 72CERT PH domain PHSR{0E) wim
+ SR motif (PHSR(10E)) DE3FED = 2 F T 2 b (Fig. 1)125

l/ \"C\ ﬁﬁ%%ﬁfﬁ‘;ﬁ G:*’Ci/;jng*/%ﬁrfzig%g}ﬁ% L,f:o %ﬂ%\_\h Fig. 1 Expressed regions of CERT.
D'H-PN HSQCA~7 V2R RE, 5 & & hic,

PtdIns (4)P%7J[] Q:ﬁﬁ 5 {t??‘/‘j }"fﬁ@%'ﬂj%ttiﬁé L . FHi# FHER &%) FHER[1CE)
7. i | B b Bs

% . . sz

[ 2] 3D X R 7EDOH-N HSQCANRY FE  oole o T

e U7=FE 5. SR motifd U o ER{LIRAE 2 A5 il L 7=
PHSR (10E) IZ3H W T O ARBAZFEIT/LF S 7 MADNEALT
DIRIDMFAE LTz (Fig. 2A,B) . ZNHDFEILAZCERT (.~
PH domain ® S K 1E Flc~ vy B 735 & a J

PtdIns (4) PREQEBALICHEET D RIETH D Z L v vt
Mol (Fig.2 Oy 2D E1E. U U b &FU7=SR - Fie 2 (A) 'H-"N HSQC spectra. (B) Overlaid

'H-"N HSQC spectra. (C) Mapping of the

motif Zﬁ CERT PH domai HJ: ®DPtdIns (4) Pﬁ:é\%lg'ﬁz & §7\ residues which shows significant chemical shift

Homrmien ol g, WO
] 5 3
-
5

Jel

TR AT B TR AR 2, changes i he PHSR(10E).

Iz, EFRE3FED Z > /X7 2O CPtdIns (4) PifE .
EFEERZATV, PtdIns (P& OB E LS o fowe et Fisse
7 MEOBELER AT, TORME. PHGD B L =0 | o g
PHSR (wi) IZ b THEE Y 7 MEDZAERAN S, 1T =/ | =/

PtdIns (4)P-bound statelZ 3 L 72\ ¥ 7 F )L Q%
PHSR(10E) ® %<2 N L2 fF7E LT= (Fig. 3, 63972 &
L), Thbb I OB, U o BESRnotifASCERTPH o e _
domain-PtdIns (4) PR DFE A 2 855 STV 25 ATREME T L TV
e R T T

H kit 8 (pp

[%%‘—-ﬂgl uL@fﬁffﬁNMR%Eﬁﬁ! 15 N SR motlfiﬁ U \‘/ﬁﬁ‘ Fi.g. 3 (A) 'H-"N HSQC spectra. The chemical
L. &% &, CERT PH domainPtdlns (4) PREAH A | oot ey vere shaemed when PP wes
\Z SR motif 7% 4y F W AH A /EH L T, CERT PH H/NHSQCspectra.
domain-PtdIns (4) PRE#E & & Bt & AIC 85 9 5 -

- é: T, CERTODGolgi {& 7> & DFFBEAEHE X h 5 - e
BEMEE 2 HILD (Fig 4), BIE, LV FEMAR wem e > =
ﬁfﬂﬁ AT O T2, LRE3fHD & N7 E DGolgi N i ¥4 W
A Y 7R Y — DTk D s GIEMEORIE I X A
UPHSR (10E) D j{j:*%iﬂa:ﬁﬁﬁ %5& &) T |7 }Z) ° Fig. 4 Functional model of CERT. Sufficient dissociation of the CERT

from the Golgi could be regulated by the competing interaction
between the CERT PH domain and the phosphorylated SR motif.
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Effect of loop mutation on protein dynamics - A high
pressure NMR study of E.coli DHFR
oP.N. Sunilkumar'?, Akihiro Maeno'?, Yuji Wada®, Shin-ichi Tate® and
Kazuyuki Akasaka'~

'Grad. Sch. Biol and Sci, Kinki Univ,, 2HPPRC, Kinki Univ.,, SGrad. Sch. Sci, Hiroshima Univ.

The presence of a less populated (~10%) hidden equilibrium open conformation of folate bound
E.coli DHFR, in addition to the basic folded occluded conformer, has been reported using
variable pressure NMR technique (1). This open conformer is very crucial for the catalytic
activity of DHFR. The purpose of this study is to find out how a single mutation at a site (Gly67)
remote from the functional site affects the conformational fluctuations at the functional site of
E.coli dihydrofolate reductase (DHFR). We have applied the variable pressure 'H/"°N HSQC
NMR technique (from 30 to 2000bar) to the Gly67Val mutant of E.coli DHFR. Here we report
the changes in the conformational fluctuations at the NADPH binding site of folate bound E.coli
DHEFR and also the shift in the equilibrium between the basic folded occluded conformer and the
open functional conformer by Gly67Val mutation.

Introduction

Dihydrofolate reductase (DHFR) catalyses the reduction of 7,8-dihydrofolate (DHF) to 5,6,7,8-
tetrahydrofolate (THF) by hydride transfer from the NADPH cofactor, which is essential for
purine and thymidylate synthesis and hence for cell growth and proliferation (1). Gly67 residue
is evolutionarily conserved in DHFR and occupies on a loop (residues 64-72) that is oriented
away from the functional site. It has been reported that mutations at Gly67slightly changed the
stability and function despite that the o-carbon at this site is 29.3 A apart from catalytic residue
Asp27 (2). The presence of a less populated (~10%) hidden equilibrium open conformation of
folate bound E.coli DHFR, in addition to the basic folded occluded conformer, has been reported
using variable pressure NMR technique (1). This open conformer is very crucial for the catalytic
activity of DHFR. This open functional conformer differs in the orientation of M20 loop and C &
F helices from that of the occluded basic folded conformer (Figure 1).

In this study we have applied the variable pressure NMR technique (from 30 to 2000bar) to the
Gly67Val mutant of E.coli DHFR in order to understand how a single mutation at a site remote

% — U — R: DHFR, R]ZJ+ /] NMR i£, loop mutation

SO OFTICDHLSE—D BEoDz2xAEbLoMmD, XD HEOA, BIZ PO L,
72T LAWSG, HirEh s
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from the functional site affects the conformational fluctuations at the functional site and also the
nature and population of the open conformer of DHFR.

Figure 1: Equilibrium between the open and occluded conformers of folate bound DHFR

Materials and methods

Uniformly '’N-labeled DHFR Gly67Val mutant was obtained from the laboratory of Prof. Shin-
ichi Tate, Department of Mathematical and Life Sciences, Hiroshima University. The sample was
prepared in 20 mM Tris buffer (pH 7.0) with a protein concentration of 1.2 mM and a folate
concentration of 4.5 mM. Variable pressure "N/'HHSQC spectra were recorded at pressures
between 30 and 2000 bar using a standard HSQC sequence with sensitivity improvement on a
600 MHz Bruker AVANCE spectrometer. All the variable pressure spectra were recorded at 15°C.
The temperature dependent spectra were recorded at temperatures from 15 to 35°C at an interval
of 5. The "’N dimension was acquired with 128 increments and for the proton dimension 2048

complex data points were collected. Data were processed using NMRPipe program and analyzed
using CCPNMR program.

The thermodynamic parameter changes between the two conformers, AG, AV, AH and AS, were
obtained by fitting the following equations to the peak intensity change as a function of pressure
and/or temperature.
AG=-RTInK=AGy—(p—po) AV .eoviriiiiiiiiiana.. (1)
AG=-RTInK=AH-TAS ..., 2)
Results
In this study, the cross-peaks corresponding to the residues Vall3, Trp22 (both main chain and
side-chain) Gly51 and Gly95 showed splitting with pressure (Figure 2). The intensity of the

second peak was found to be increasing with pressure and that of the original peak decreasing
(Figure 3). This intensity change showed the population change between the basic folded
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occluded conformer and the open conformer.
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Figure 2: ’N/'H spectra of folate bound DHFR at 30 bar (blue) and 2000bar (red). The cross
peaks that split into two at high pressure are encircled.

The residues Vall3 and Trp22 are located at both ends of the M20 loop and the residues Gly51
and Gly95 are near the ends of C and F helices. Results showed that the open functional
conformer of Gly67Val mutant differs in the orientation of M20 loop and C & F helices from that
of the occluded basic folded conformer as in the case of WT DHFR. The determination of AG®
and AV values between the two conformers showed that the population and hydration of the
second open conformer, at 1 bar, were slightly changed by mutation when compared to that of the
WT. From the variable temperature HSQC spectra, at 2000 bar, we could estimate the AH and AS
values between the two conformers. The AH and AS values also supported the above observation.
It has been reported that mutations at Gly67site slightly changed the stability and function despite
that the a-carbon at this site is 29.3 A apart from the catalytic residue Asp27 (2). This slight
difference, between the open conformers of the wild-type and mutant DHFRs, may be
responsible for the slight change in function by mutation at Gly67 site.

The analysis of the pressure dependent chemical shift and peak intensity changes was also done
to obtain the difference in the site-specific conformational fluctuations between WT and G67V
mutant DHFR.
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Figure 3: Change in intensities of the peaks corresponding to the occluded and open
conformers of folate bound E.coli DHFR
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Self-assembly properties of amelogenin
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Amelogenin is a major component of enamel matrix proteins. The self-assembly of the
amelogenin is believed to play an essential role in regulating the growth and organization of
enamel crystals during enamel formation. Recently, it was reported that the self-assembly of
the amelogenin is sensitive to the temperature and pH. The elucidation of the amelogenin
assembly process is indispensable for the understanding of the mechanisms of enamel
formation. Assemblies of the amelogenin in themselves are not suitable for NMR
measurement because of their apparent molecular size and pure solubility in water. Therefore,
in order to obtain the structural information at the residue level, DMSO-quenched H/D

exchange experiments were performed.

TAOY 2= XS AN NI AR A O EEIR Ry ThD, ZOE A pH LRI
KELTHOESTAIY, —olohT nvc=0 0 H CEA T, = F ALVHBROTERKIC
BWTHEHEREEZRIZL TODLZENMLITWD, 2O H CEFBREZMRHT 281X
TS AVKARRDTE AT = A LB fif 35 ETRA[ R Th D,

INETT AT 2= OB ERIZOWTIEL, NMR T ORERNS I ONE ST G L &
HZENBEIZHAE SN TWDY, —F | B CEARIZ OV TO NMR f#ET oS BilIEAR: 72
WV, BOESRE HZERE NMR THENT 52813, 43 1A XK~ OFEMFEEE O R RED
DR TIREECH DT ThHEEZ 2 DID, EZTAMSETIE, H/D R#alZl>THEAKFE
FAULENTZT Ay =0 O H CEARE DMSO HCHIETHZL T,

F—U—R: TARV==r AOEA. EKERH
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Figure 'H-""N HSQC spectra of ’N-labeled recombinant porcine amelogenin in DMSO-ds
at 300 K after H/D exchange period of 3 hours (left) and 12 hours (right). 2 mM amelogenin
dissolved in H,O at pH 3.0 (in this pH, amelogenin molecules exist as monomers) were
diluted with 10-fold D,O at pH 7.0 ( at this pH, amelogenin molecules occur self-assembly)
and incubated at 283 K for H/D exchange. After H/D exchange period, the samples were
frozen with liquid nitrogen and lyophilized. Lyophilized proteins were dissolved in 90 %
DMSO-ds (10% D,0) at pH 5.0 (adjusted with TCA)
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Effect of mutation in the core on protein dynamics - A high pressure NMR
study of staphylococcal nucleaseV66K.
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'Grad. Sch. Biol and Sci, Kinki Univ., ’HPPRC, Kinki Univ., *GIRO, Ritsumeikan Univ.,
*Pharm., Ritsumeikan Univ., *Biophysic. Johns Hopkins Univ., °CBS, INSERM.

Two-state global unfolding of V66K variant occurs cooperatively at high pressure without
clear local unfolding, while the partial disordering is observed at turn region. The
thermodynamic stability of native state (AG") is quite different between V66K (~3 kcal/mol)
and reference protein (~12 kcal/mol). Unusual pressure shifts (linear and/or non-linear) are
observed on the widespread region (p-barrel, helix-1 and helix-3) of V66K variant, suggesting
a presence of low-lying excited state characterized as the alternative native state with
remarkable non-linear pressure shifts. These results indicate that the substitution of Val-66
with Lys inside of core region affect the rapid conformational fluctuation (< ms) within native
state ensemble, that may occur due to the water penetration into hydrophobic core.

<>

Staphylococcal nuclease (SNase) DA+PHSIX, SNase®F/ER (WT) (Zxf L T44-493%
7 X/ BRI O deletion X ST O 7 X giE#E (P117G, H124L, S128A, GS5OF,
VI5N) Z 1z 7zpseudo wild type T ¥ | Bi/AK 2 7 NERIZISIT DA A M7 2 BEOAF
1E % #7453 D hyperstable form & LTI H AL TV 5, SNase A+PHSDVO66KZE AR I LB 7K
a7 NEICLysIgH &2 Ff B, IS DpKalds.7 (K41 F CTOpKaldiliF10.44F300) ~&
AT %, A+PHS & V66K AR DS X AU MIHEEL L TV D A3, Lys-6623F ¥ —
DR 72V pHSA: TIE, Lys-66DEUWMAIBHIZBK =2 7IEHRICE TAVIAALTE Y &
FE D5 RED B 12ABEL TV 5,
<F—U— N>&ENMR, &EHEX A F 7 X, Staphylococcal nuclease V66K

<EOVBRR>0FZD HEOA, I Th, EEHL Dxro, F0iFs &
DATo, [ T—EbAE BELbbNL—D, LwhdHA ALz, KOVTTudbi
L—=0OFTTAE, ERIVA ANR—, NI T hE
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BKI 7HEROLERNEAEDOX A T I 7 A RIFTTHELFAL -0, AR T
IZ SNase V66K 25 FAR DA EHE B & % /8 £ NMR 75 Tl X, A+PHS OfE R & ik L7-,

<HER - BEE>

K 2 7 WEBIZAEAET % Lys-66 H3F
¥ =& pHE6 DEETIZEND
T, V66K ZRKDOIEE R NF A F I
A DRV % 8 NMR {E T~ 7z,

T CEUl S 7 V6K 8RR D
vap-~vA st —L—nx 15
7 AL, AYPHS OFN &L TH K
TRERIIR SN o7z, )7, & | Hydrophobic core surrounded
VVE A #EFE TR (< 1500 bar) , 47 3 by the B-barrel (31 - 36)
MR H Tt 54T 'H KOV PNAE  Fig.1 Tertiary structure of Snase V66K
T 7 N T B RIESSE N BLIS
Nilc, ZHHIFFEIC, FHOKEREHEHEE @A (4 v PIECENELESFE
ML TWD, Ko7 a2 e —27 BPIEIZHE D #EIRZ (linear pressure shift)
R LT223, %270 0 NMR 15 513 3ERE OIE J1I% (non-linear pressure shift) % 7R
L7z, (B HREDORD Z Eb e WiERir b5 > 7 M kiL, ERE OISR S 08
HOWEE A7 —L (<ms) TERETCWA I EZRLTND, IZIT, EHNVT R
B B IERIGE 2 E BN+ 5720, 'H O PN EHT 7 Moxt L THER

(ZWRoE) D7 4w T v Tk iz, EORES, V66K ERKIZH T, Buk=T
WD Lys-66 |Z414% L 7= helix-1 & B-barrel fFIKIZ 34T T 2% D7 X/ BRFEALETHE
WFEBIEPE (high non-linearity) DFEH 7 + (H, "N) ANEIE -, [EHT 7 MC
RONDBERIEFRIZICE L, 74—V FIEET 3 7 AN BT DR bk g s

(low-lying excited conformer) DIFfEZ R L T Y | BRSO SA RS ML N
WL E2oN5, THOOMKEIL, A+PHS = 7D Val-66 75 Lys (Z{&E#:

(V66K) S47=ZhBiz X v | low-lying excited conformer % & de 7 + —/L K& T >4
VI NNOBEWER O E (< ms) BEKaTEZ (helix-1, B-barrel) THIR L7-5H
ZRLTEY ., 2 HEWEIEHEE ~OREEREIIBUK = 7 O RTH e Kz 1 5 F
NTPEINT,

T2, EWESEPH (> 1500 bar) 2RV T, V66K Z RO NMR 15 5, %
DIPDN—T RIS T 27 X BB Z RN T, IESPE S BRI 72 & L
7oo THUX, V66K ZEFIKTIL T 4 —/ R-T 2 74—/ FiEIED IRAER] T global
unfolding A4 U5 Z L 2R LTNA, &bIC, b 5N7AG IZA+PHS DZ L L
RTRELPLTED (AG (V66K) = ~3 keal/mol, AG® (A+PHS) = ~12 keal/mol) .
Lys HIHOEANIZ LV 3 FREROMERZEMNBEE IR T T2 FERH LN o7,
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NMR structure of the CH domain of IQGAP1 and its implications for the
actin recognition mode

ORyo Umemoto" %, Noritaka Nishida', Shinji Ogino"?, and Ichio Shimada'"

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

2JBIC, Tokyo, Japan. *BIRC, AIST, Tokyo, Japan.

[Q-domain GTPase-activating protein 1 (IQGAP1), a multi-domain protein with a
molecular mass of 189 kDa, promotes actin crosslinking at the leading edge of cells, under the
control of the small GTPases; Racl and Cdc42. Previous studies demonstrated that the direct
interaction between actin filaments (F-actin) and IQGAP1 is essential for the promotion of
cell migration. This interaction is mediated through an N-terminal actin-binding domain
(ABD) (residues 1-210), which contains a calponin homology (CH) domain. In this
presentation, as a first step toward understanding the mechanism of the actin-recognition by
the single CH domain family, we solved the NMR structure of the actin binding domain of
IQGAPI.

TQGAP LI LA AE DIZI e imIZ J/TE L, (R0 T &GH > /X7 Td HRaclX°Cded2d T i
TT 7 F U@L, TOHRbERET LI X RXIETH D, KATHRICE D, 77
Fo 74T A NE-T 7 F ) EIQGAPL & DA AAEHN ., MRLOWEAEICMNEATH D Z
ERRENTWSD, ZOMAEFAIXIQGAPI ONRUGIZIFIET %D calponin homology
(CH) RAAL NZ Lo THDNTWAMN, TOHBEBLIOF-7 7 F o L OFMAEREL
IR STV, CHR A A NI3HDY T 7 T RIHEEN, 77 F v 2T
%% DCHR AL NIHFA T/ 28T D, #A T1/20CHR A A 35 7 KBIOCH
RAALANZTT 7 F o 2R3 5 —H T, IQGAPIDOJET 5 X A 73DOCHK A A L H
—DCHRAA NZTCT 7 F o Z8ikd 5, LU 5, T ORGEMEEICE L T3z
EAEMABELN TR, £ TAMEICEBWTIE, B—DOCHRAA > DT 7 F
VIR A RN T D — 42 & L CIQGAPIDCH R A A o ONMREEERE 21TV, F D
F-7 7 F oAtk RIc BT 2 28241757,

(%]

CHRAA NNIF-T 7 FURATENEZ AT L2 EBMESNTWDLT 7 F UG R
A A v (actin-binding domain; ABD) ToHH 7T I /WFLIEI210B8 XN MY 7[R
TEAY R FEER ) SR YE IR T AR AEIN & I U /- N 2578 56 2 B 25 L 72 ABD,, , 2 FHH L 7=,
M2 A RNT7 7 NREEOF-T 7 FUfEAIEMEEZ BT 5 2 & ZSPREBRIZ L D #EFE L
720 ABDys ool 2B L CEIEICHE > T ZEH LI ER 21TV, NMREEE A2 T E LT,

IQGAP1, Actin, Interaction

O92HHED L, KLED ), BEOLAL, LEEWLE
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[RER & 58]

ABD D N7 AAKE
IQGAPIDABDIZTARDa~Y v 7 AMBIEMR S TE Y . fdDCH K A A > ORI TIRAF
SNTWVDARDA~Y v 7 AL ZiTHE< extensionfBik (7 X/ B E161-210) 7> 6
AT ENHA L (Fig. 1A), Z DextensionfEIIZE VL —7 & FlTHEET 51

RO~V v 7 ANGRY CHRAA » EEBZa %7 LTz, 1QGAPIDOFEERE
DARER 7 THDHRug2L T 5 &, MBEDOHWEITZ ISP TND Z &R bhroT,

77 F UAEE A BT DB

INFETIRTZF L AT AMDCHL R AL BT T 7 F o fEA AL
(actin binding site; ABS) & L T2 DML (ABS13 L TMABS2) 23E STV 5,
IQGAP1DABD EfDCHL KA A & DT T A4 A2 Rivs | ABS2IZFH Y 7~ 2 fHIK D ab
~Y I ANCHFET HDHKMEEREDRGESNTWD Z ERHALNE ST, 2D &
M. IS OBUKMEFEE (P146, Y150, Al54, L157) 72SIQGAP1DABDIZEBWTT 7
F R EH SO TWAELEEZT, LLENRL, Zb DR Xextensionf@ k2 f7
B DB (1194, P197, F199, 1202) & long range NOE MWEMI S, &
BUCEH L TN ERHLMNE o7 (Fig. 1 B),

ZDZEMNDL, IQGAPID T 7 F LRI L TR D X 9 722> DARG & 3L Tz,
1) IQGAP1D T 7 F U AEAERALIZABS2 TlE 2 < . MDEAALN T 7 F L 38k &2 - T
5o 2) T U FUBBRICBWNTIEIABS2Z ~ A7 LT bextensionlTAEE (LN U,
ABS2AIEIC TR T %, BMIENZ L2, XA T 2B T BT 7 F UfEG X Ry
B CdDHa—actinin®CH R A A 2B W CTIABS2 I REIE AL & £F - Tt @\ 5
EWVIH2) DEIRAD=ZAABEBIN TS,

INB2ODIEREWEET D72 BU{EABD O T 7 F U S RE A FET 1200
ERrEITHTH D,

B

Fig. 1 Solution structure and potential actin-binding site of ABD
A Stereoviews of the overlaid ensemble of the 20 final structures. The side chains in the
structured region are shown.
B Ribbon diagram of ABD of IQGAP1, in which ABS2 and the extension are shown.
Long range NOE:s are observed between the residues in ABS2 and the extension.

Reference
Umemoto R, Nishida N, Ogino S, and Shimada I (2010) J. Biomol. NUR, 48, 59-64
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NMR studies on the six domain of Six3

(OHideaki Shimojol, Hideyasu Okamural, Aritaka Nagadoil, Keiko Ikedaz, Kiyoshi
Kawakamiz, and Yoshifumi Nishimura'

! Department of Supramolecular Biology, Graduate School of Nanobioscience, Yokohama
City University, Kanagawa, Japan.

? Division of Biology, Center of Molecular Medicine, Jichi Medical University, Tochigi,
Japan.

The first identified six gene family is sine oculis gene which is essential for the compound eye
formation of Drosophila. The six family genes homologous to sine oculis gene have been
found in many species. Their gene products, Six proteins contain a conserved Six domain
(SD) consisting of 110 amino acids and a homeodomain (HD) consisting of 60 amino acids.
Although several members of the six gene family interact with the eyes absent (Eya) gene
family functioning as transcriptional activators, Six3 does not interact with any known
member of the Eya family. Recently several reports suggested that mouse Six3 interact
directly with two proteins: the mouse counterpart of the Drosophila transcriptional
co-repressor, Groucho and the DNA replication inhibitor, geminin. The Six3 SD is important
for interaction with Groucho and geminin. To understand the molecular basis of the Six3 SD,
we determined the structure of the SD of mouse Six3 by using NMR

(55

b FOEIZ—DDOZREIN BT CE Y | ReHAZE MRS ISl S iz v 7 v
DR ER T Oy NT—27I12X - TC, %< ORI HHRE & 2 7 MR > 5
R BRI D, 2 < OEERMER BIIB G RO RESCRIADORFICI-TRBZ S
D, BAEBBIZODPDOLIBETFRFIZLDFEHROBEZ S ALND,
Six EWomMmADHKE Lo BIEFIEY a VY a URTOBIRERICRT 2 & -1
JEIRE BARD RN R 1 & L CIRE S L7z sine oculis (s0) T 5, Z Dtk so & FIEIME
EETHBELTE LT AN 6 FED Six ( sine ocuils related homeobox ) & fx+-.
Six1~Six6 M SN TV 5, Six BsFEOMRAEMEITR 110 7 2 BREN 52 5
Six KAA L 607 2 JBRIRIEINGIRD Six XA THRAF RAAL L THD,

SIARKEERRNT, v VA RAAL

OLBLEOIVTHE, BOLLUTRT, RBEVHY D, WIFLETWI, b
MHEZEL, KLEb X LSRR
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TS DA OFEIRIZ T Six BAATRITCOMREMEIZIEE A ER B, fix oAy
THE SNz Six B FREZZOMEMENS 3 SOV T 7 A— 2o F 65, ;
Six1/Six2 (sine oculis subfamily), Six3/Six6 (optix subfamily), Six4/Six5 (Dsix4 subfamily)
Six3/Six6 (IR DOWIHIFE A BB ZFBLT 5, Six 77 IV —H /NI HD Six KAA
WEWHEWERIR - & L THIBIL TV S eyes absent (Eya) & FHAAER 35 2 &AL T
WA DN, Six3/Six6 EIFAHAEAEH L7y, fealr, Six3/Six6 EAHAAEH TS K28 2
S Sz BEHHIK+ Groucho, DNA #EBUMHIK + Geminin, Z OFAAEM I
1L Six RAA UMHEETH D, FoxldSix3 D Six KA A > OfE & EEEDOFEI 20 5
T B 728 NMR Z K D SRS ST 21T - 7=,

[525r]

KB & 5 KEFEB R A AV T NEE#RE 7213 "N, PC ik Six R A A v & KEF
BT, INVET AT yr—A7u~ b7 77 4 —1, PreScission Protease T GST
Z 7L, SAAEsu~ 7T 7 4 —2 MW TRR L, SR kocL EILE
NMR J{E %47 572, A7 NVIRHTIZIZ NMRPipe, Olivia & ] L 7=, #i&F R 1E
7’1 77 I CYANA % iz,

[FE5 - B4]

S W THMEICLVIRE AT - 2
(Fig.1) . 15N 35 X OV 13C-NOESY Z-<Z kL
b5 IH BoEEHRE 7077 A

TALOSHZ X 215> 7 bbb s 18— g, R
w AN A b LSS R 21T o 72, Six3 i G

D Six FAA L O AMEEL, 6 KD a~ v ‘ i Lk
U RNt 1% a SUAREETH 5T, BUE, a7 1

BRERRE I CHEE R 21T > T\ b, Six

Ty IV—=F U RTEDSix AL TIRE L

SIRFEENTEY o Six1~Six6 D Six KA -

AU HREOEETH DL EEZBND, L)L Fig 1. 'H-"N HSQC spectrum of the Six3SD
Six3/Six6 (FMD Six 7 7 I U —F /T H L R

721 Groucho X° Geminin ¢ FEETH I EMD, ZNOLOREAEEMNERIETHZ LT
Six KA A > OREED GIEBEDIEWEZ M L T E 720,
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CD44-mediated cell rolling regulated by two-state conformational equilibrium
of the hyaluronan-binding domain.

OMiho Suzuki', Noritaka Nishida', Shinji Oginol, Haruko Hayasaka3 , Masayuki Miyasaka3 ,
Ichio Shimada'”

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

7 Osaka Univ. Grad. Sch. of Med., Osaka, Japan

CD44 is a receptor for hyaluronan (HA) that mediates lymphocyte homing. The extracellular
portion of CD44 contains an HA-binding domain (HABD). Our previous study revealed that
HABD has the structural equilibrium between the ordered (O) and partially disordered (PD)
states. A mutant stabilized in the PD-state (Y161A) displayed a higher HA affinity than
wild-type (WT). In this study, we made a mutant, called CC2, which is locked in the O-state
by an intramolecular disulfide bond. The CC2 mutant exhibited a lower HA affinity than WT.
In the cell rolling analysis, whereas the cells expressing WT CD44 smoothly rolled on the HA,
the Y161A cells mainly exhibited the firm adhesion. The CC2 cells showed less stable rolling
due to frequent detachment from HA. Based on these results, we conclude that the two-state
equilibrium of CD44 HABD is important for CD44-mediated cell rolling

[# 5] cD44 iTffash~ b Y v 7 2D LMK Th D 741 i (Hyaluronic
acid:HA) ZF8ikT 2% AT, HA L OMAEEHEZN L, DAMBOIRECY o /3Ek
or—Y 7IZBELTW5, CD44 [ I—FIEEEA O # o X7 8T, MfRSMERIC
fF7£9 % Link module & & O Wi D FHMELHI G725 HA A A A (HA
binding domain:HABD) %71 L C HA Z iRk L TV o) cugercd st (1 Partia dsordersd stete
%o ZNFETICH AL, NMR IZ LD S, 1) @ it
WAAE T Tk, HABD 1% C R¥mfI B sE S —

EDOEEZ T 5 “ordered state (O-state)” & — & ‘f C“”’ rﬂ
D& & B R L 72\ “partially disordered state | 4
(PD-state)’ > 2 FEFAD R/ H NAAEIEEZ LD £ D - E -
WE OVHICH D Z &, 2) ZOW#I%, HA I

Fig.1 Comparison between CD44 HABD structure with

ARFIZIX O-state ~, HA & FEZIX PD-state ~ ﬁ%mf%ﬂﬁyTﬁﬁf%gﬁ
. - . . - N - without code: .
LMD Z & &R LT2(Fig2A, B), S BT, THE AT structure of the CD44 HABD with HA (PDB code: 2I83).

PD-state %fﬂ‘?}ﬂiﬁ‘é Y161A 23251\:{2'&0) HA ﬁ‘?:l:/lfl\ N- an(_i C-terminal extension is colored blacl_(. The

C-terminal segment that becomes unfolded in the

ﬁ*ull‘% 1% . ET,/_&EEFE L ttiﬁ‘c L 5 {%%%EL%’_ LTW53 HA-bound state is described by a dashed line.

RS, CD44, v —1Y
OFT = ZIF. ITLE OV, BEDO LALU, ITR0I0n 1152, 2eah
FEXPEx, LEZ WVWHE
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Z Ll HEIRLTE, L L, CD44 (2 2 IREEDHEE LM /N FAET D EFRITHA S TIE R,
Z 2T, ARHFFETILEIC O-state T T 52 BARZVERLL . CD44 HABD D## & 1D
W Fe % HA S B AER L ORI e — ) o 2 TE OB SR+ A2 LT,

[51E] CD44 HABD O#iE% O-state [Z[EE LI-LERIKEE L7280 O-state D I
BRI S D C RKumfdElE & Link module & OFA/ERZ4FN S-S fE/lck %
EAL U Te R RAAR A ERL L NMR {51 L D REEMT & £l 7 A€ 3605 (SPR) {£(C
X DEFMERAT 21T > 72, RIZ, WNIRPE CD44 2FEBLL TR0 b b i i b sk
@ VMRC-LCD 2B 4R CD44, Y161A ZZFAR, CC2 BRARZ B I HA %
BELLEZFYyET VBT L — F2HWTHMaor—Y > ZiEEE2RIE LT,

TIPS S8
Osstate (2 VP - ERED BB LI o] o
ST S-S REAMAILL U HEY Ostate (L § L
BRI (CCD) ZER LT, ML RAED 2 % Tl & | @
RIETIE HA f57E FICTH PDstae HROY 7 F0 i g
BRI SN2 Es . CC2 BEAKII®IZ O-state o TEET :u:.'c_-“p;;ﬂ:-} L 3
e O-stabe PD-stake

IR LTS Z BB 60 E 72572 (Fig2C, D), &
51T, SPR M/ D CC2 AHEIRD HA A BIFPEIX
PRSI T LTS Z ERHHLE, Lo T,
HABD @ O-state & PD-state |%. HA {KEFfMER L O
FRIMEIREE Z L E U 5 &R L 7o (Fig.2E),

HAEDH I VW
Lows affinty stete  High sﬂ’fln?' staba
[ ] il
1gtata ondy) [Flakata cnls)
Fig.2 Conformation of the WT HABD and
CC2 mutant in the absence or presence of HA.
(A-D): Representative 'H'*N HSQC signals of
the WT HABD (A,B) and the CC2 mutant (C, D)
in the absence (A, C) and presence of 2.8 mM

CD44 HABD D& F il &= iy 2 — J > 2" DB HAY(B.D). (E) HA-affinity of O- and PD states.

CD44 HABD (2 2 WREMOHE FENGFET I2BEREMIEO e — Y > 7 ORI
SR 5 Z L A ERE LT, BAEA CD44, Y161A, CC2 KA FEL+ 5D
00— Y IR ERE Lc, ZORR, BAERMB IO CC2 ZRARIRIZEICH
— V7 LTNDHDIZK L, YI61A ZEAEBTMLTILZ HA L LcEEr—V
YT LRV OB E NN LA LT (Figl), £7-. BFAMREAMIEIE HA &
PR, n—U U INEEICEHE LDk L, CC2 ZRRREBMAIL HA ~D#
HEMRBEAMR VIR L o — Y 7 NEEICEHE LR o 7o (Figd), itk V., CD44
HABD 728 HA #55BAMEDORZ 2 REMOME FEICH S Z &2 CD44 24 Lz
Mlaoe—Y o ZIInETH D L LT,

AT

(B3 VLGLA

=l

RVET

(B2 (st anbyy

= H(pI-sate ol {-stane aniv) e | wox -
) L = . =)
a1 z 1 T3 - k] Belliry (B TS L 3 B A
2 i L £ " - no B e e o “
a = = B i mermo oo D R cadloo s oo
S 1 i £1 = ____,_,-o—': | ' |
E g e t, 5 — S | i |
= = £ Z a0 = I
o E T e Qe H
g 3 3 | L
0 I : e 100 !
L . - T TE R ] 25 05 I 1 !
Shecar siresc (Eyniam’ | Snear steess idyntorn | Shear stress idyadem ] E a H T E i
Tine (2ac] [ Co

O Feding: Cels mawed = 10 um n 13=
W Firn sdheson ; Calle moved < 10pmin 15

Fig.3 Cell rolling behavior of VMRC-LCD cells expressing
WT(A), the Y161A mutant (B), the CC2 mutant (C)

Fig.4 Accumulated distance of the cells expressing WT CD44 (A)
and the CC2 mutant (B) on the HA coated plate In the plot, a
segment with a mild or a steep slope indicates that cells are rolling or
detached, respectively.
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In tube transcription for NMR measurement of RNA

Hiroyuki Saito', Yuri Iyanol, Chisato Ushida®, Hidenori Kiyosawa3 , OGota Kawai'
"Fac. Eng. Chiba Inst. Tech.,Chiba, *Fac. Agri. Life Sci., Hirosaki Univ., Hirosaki, *TRIC
Natl. Inst. Genetics, Mishima, Japan.

Expressions of small RNAs, with 50-100 nt length, from the loci of the sense-antisense
transcription in mouse genome were found and investigations of the function of such small
RNAs are being conducted. In order to characterize the structures of the small RNAs from
mouse, a method of in tube transcription is now introduced. Because the expression was
monitored by the Northern hybridization with a DNA probe of 40 nt, the exact position of
transcription in mouse cell was unknown. In order to estimate the sequence of an
transcribed RNA, we designed two RNAs for the expressed region and those were subjected
to the analysis by the in tube transcription method. It was found that one of the two
constructs showed iminoproton signals of well structured RNA, suggesting that the
corresponding RNA is expressed in mouse cell. Also, this result indicates that the method
proposed here is useful for rapid characterization of RNA structures.

FL7=B1%, ~ U AMRNICH ISR RSN B
50-100X 7 LA F FOARSFFRNAZHSWT, £
DHERER B HNTT D201, SRR EZ e
HEHTWD. ZORSFRNAIL, WFLBEMICE
FANIEMED T o F & A /FERARERNA A ‘ 1

(non-coding RNA; ncRNA) DOHFFEHFICH A S ‘

N, TOHOINTT, ZDOHA XD FRNA

X7 > F & ARNAPER G S LTV 5 8 s 1% _ |
T, FOMDY ) AEROFEE) ST & .
NTWDHZERHIAL TS, =7 A 2B n

T, BU R T U FRvUVARBNBHERINTY ,".'I —
DG TFEIZ40005 B2 T Y, D% O B8 86 84 82 80 78 76 7.4 72 7.0 64
G FE TIRST FRNADSFEBL L TV 5 2 & D3R Chemical shift (ppm)
SNTND. AFEELTIE, ZTOMFTO—EE L Fig 1 800 MHz “C-edited spectra
THED TV D NURFEHE N TOMHZRRNADHE  A. Just after mixing of the reaction
E IR T A ) T FECOWTHRET A. mixture. B: After 40 h.

RNA, BRERENIET., ZE RN

SNEHVAHYE, WD, HSLIELS L, T XLIDOTOY, OrbnIHi
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[5ik]

v U ARBKRIFIZa—-RFRENLTWVWD
CcSAT-025RE A~ & FEBLAHERR S 41TV HRNAY Y
IZDNT, EORBUERAHEE L, NRAALY e
N VR E F ORNABCS % 7 A o L=, FnZ N -
AUZONT, $FRDNAZ HE L (ifRE s 27
Lot T R), NREAEHEN TG SG & e
Fore. WERISITIETTRNAR ) A 5 —F (k7 T
B HR) 5 L OV ERINAREERENTP CKIG HIR) 450~ 140 |~ 130 | 120 | 1o | 100 |
ZH, 200 uLORIGRZFR LT, SUSHK Chemical shift (ppm)
ZPEL, 2 BICNRY 7%y M2 AL,
208KIZF T, A MAOREZEIT Tz

Fig. 2 In tube transcription of S3-1 RNA

[FE R LB L]

Fig. 1%, RIGE%ZE L4 0 K%

DECEIR A7 " VDI OH8/H6/H2Y 7
DB SN DA R LTS, RO
BB, JOSOEE THAHNTPHED > v

— TR T OVRBIIES LTV DAY, 4 O

ML, BBEHkOY 7 FTisiEmE L,
AR S IVTZRNAIC kT2 o 7 Vi B & i
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Structural basis of NoxS5 activation mechanism

OToshio Inokuma', Hiroyuki Kumeta®, Kazuya Honbou?, Hideki Sumimoto®, and Fuyuhiko
Inagaki'

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

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

3 Grad.Sch.Med.Kyushu Univ., Fukuoka, Japan.

NADPH oxidases of the Nox family exist in eukaryotes but not in prokaryotes. Reactive
oxygen species (ROS) produced by the NADPH oxidase play critical roles in a variety of
biological processes, such as host defense, signal transduction, and hormone synthesis.
NADPH oxidase 5 (Nox5) is a homologue of the gp917"** subunit of the phagocyte NADPH
oxidase (Nox2) and is expressed in lymphoid organs and testis. Nox5 is distinct from other
NADPH oxidases by its unique N terminus, which contains four canonical EF-hands,
Ca**-binding domains. It’s thought that Nox5 is activated by Ca’’-binding to the EF-hands
and produce ROS, because Nox5 activation depend on Ca*".

In this study, we have analyzed the structure of the EF-hands region to reveal the molecular
mechanism for regulation of Nox5 activity.

&G

Nox (%, NADPH
DEALIZ N, B
RyT2A—
—ZF % v NITE
T D, A—sN—
X RITEDL
(3 b K SRR
ERexo I
TV ie EDEE &
7o 0% MR R SR FE 1T
T EIND, ZDNox DEBEFAEY AT LT, BEAYMDO 7 = L K&V VB TR
O CAKMAEEIE & 2 DO~LEET 6 PIEEBEFER N ORI TS, DED

Fig. 1 Structural model of Nox (A; Nox1-4, B; Nox5)
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Fig. 3 ['H-""’N] HSQC spectra of free (gray) and Ca*'/
melittin-bound (black) states of Nox5 EF-hands
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