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Production of Protein for Crystallization:

By supplementing the protein production facilities with yeast and baculovirus (insect cell)
expression systems, assignment number 1169-1 (Toho Univ., Prof. Iseki), we succeeded in
preparing a novel blue—light sensor protein, photoactivated adenyl cyclase 0aPAC. The protein
was crystallized and the high-resolution crystal structure was solved. 0aPAC was also expressed

in the hippocampal neurons of mice, allowing the axonal elongation of these neurons to be

controlled by blue light.



@ NWR & > R OAEFE  BEFRNATT ~L L7z NMR i Z > )7 B OFELE NMR OJIE 21T -7,
FEE S 1121 (iR - Fl) 78a® RASL KD 7 a~TF AKX OMA : Chpl 7 BE R
AA O NR HEEIZFAMLEA R H3 @ 9 HHDO U 2D A F /UL (H3KIme) & DA (RAEE &
noncoding RNA & DR EAE Z T L., £72 Swib D27 1 F KA A D NVR B2 FHE L 7 U — s
ZfiEHT L Chpl & EeBEL7= (Mol. Cell 47, 228, 2012), HPla ®Z 2 RAA LDV bR EIEY
VIR A AEPEL U IR L IR VIMUIRDA T U —ofiE L Y UERbiR L A k2 H3K9me & D
AR 2 NMR O L7= (Sci. Rep. 6, 22527, 2016), #EEE S 1122 : HiHlr o~F B & o
X7 HITAPL & & A b H3-HA AHEAEHIfENT (44K« B E) BEREHITAPL @ COR R A A o OffiE %
NMR THEHT LERIR B A A A AR E LT, FREE S 2079 « R HIRRRA Qe taff o ¥y — A
EOERIRE ST (DA < JKH) DA THEIZE VY Hecl (Highly expressed protein in cancer)
DU UL R A A D NMR HRERNIR T ~)v 2 X7 E B L, \WMR 2 JIE U RREM: & > Xy
B ThHEEMR L, AuroraB IZ LD Y VERILEILE Y TV 2 A DB LT,

Production of nuclear proteins for NMR analyses: Several nuclear proteins labeled with stable
isotopes were produced and measured by NMR. For # 1121 (Nakayama, NCU), the chromodomain of
Chpl was produced and then subjected to NMR analysis. We have obtained the complex structure
of the Chpl chromodomain bound to the methylated histone H3 at lysine 9 and examined the
interaction surface of the complex with a non—coding RNA. In addition, we have determined the
NMR structure of the Siw6 chromodomain and compared it with the Chpl chromodomain structure
(Mol. Cell 47, 228, 2012). The phosphorylated and un—phosphorylated chromodomains of HPI «
labeled with stable—isotopes were produced and examined the NMR structures in their un—bound
and bound states to the methylated histone H3 at lysine 9 (Sci. Rep. 6, 22527, 2016). For #1122,
the interaction mode of a new chromatin—related protein, HiTAP1 with histone H3 was examined
by NMR (Tagami, NCU). We have prepared the C—terminal domain of yeast HiTAP1 and determined
its NMR structure. For # 2079, the chromatin passenger complex specific in mitosis has been

examined by NMR (Hirota, Cancer Res.)

@ E&ESHT (MS) 1T X DMARAEHT : 100 kDa ZHE X DEEIERD A T 4 T EESHT2AT O Bl il 21
B 7m, BUEERS 1164-2 (X v 7 HD» BA) ITOWT, A A A > 7 4588 - 012 ) L, L-FABP
DE BN L B VERIENT 24T - 7=, FRREE S 2021 (FRALS2RFERT « 1L A58 12D EFERENK -
RiZWH L, A ba 7 o —BhEE Y U E(bEEE SGK196 OB &EHTIZ L 2 MHIRMENT 2470, i
IZFE L O THE L7z (Genes Cells, 2017), 8EE 5 2149 CORIK « SRR (2-2UT, FHFHEHHR
ZACBET D & o X B OB RS K DRI 24T > 72,

Structural characterization by mass spectrometry: Techniques for observation of intact ions
of large protein complexes (>100 kDa) was established by native mass spectrometry. For #1164-2
(Sugaya, CMIC HD), L-FABP was characterized by mass spectrometry in cooperation with Prof.
M. TIkeguchi, PI of a project in the Bioinformatics area. For #2021 (Y. Yamaguchi, RIKEN),

muscular dystrophy related glucose phosphorylating enzyme SGK 196 was characterized by mass
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spectrometry in collaboration with Prof. T. Nogi, sub—PI of a project in the Production area.
The results of #2021 were reported in a paper (Genes Cells, 2017). For #2149 (Prof. H. Iwasaki,
Tokyo Institute of Technology), proteins related to homologous recombination were

characterized by mass spectrometry.

X BRI EEL (SAXS) (T X D MRt « BbF - ik GRUERE @ 1054) KROBRIETTK - & - Rt GR
RS 0 1109) ORI I LT 2 DX X7 ORI 21T o 7o, BARRIICIE, #Ed b A
IV == T EITO, fEEOF LN ToZ X EREHIRE L, KA, IR OMT, %
FOHERE 4% 0 FH1E & RO T O FHEE D Z SAXS IEIC X ViTo7z, £ oMo 3H
ELTIR, BR - iR, HOKR - TEAKL BROK » S5, mUk - I BR - kS, KSR - /NH L 1L
Ko Ff by IR - 5, BARK - AR, &UUK - 2, Bk - f 7, BRiEmR - fb, R -
PEAT 2 DARHE - R S # 8 BICKT LT, SAXS RIS K A MRIRFEM 24T 9 & & bic, RREMES
VNTEEB X ORREMFEIR A F e~ LT RAAL U Z VNI BIZONWTIE, 7o TV kIR
L D5 XOMAT (BRREERNT) bITo7, 2B, B - A, 5K - Al BiRK - Bk, &R
K- 2o, BRIGHT K « kb, BRIETR - PakF & O LFRIBFIE CIIRER O —# 25U £ Lz,

Assessment of protein solution by small-angle X-ray scattering (SAXS) : We have assessed protein
solutions prepared by Dr. Matsui’ s group of RIKEN and Dr. Nakamura’ s group of Faculty of
Medicine, Yokohama City University by SAXS in terms of aggregation states, capability of low
resolution structure analysis, comparison between predicted and real structures, and so on.
In addition to these assessments, we carried out SAXS analyses of proteins, including
intrinsically disordered proteins, prepared by Prof. Nureki’ s group (Univ. Tokyo), Prof.
Shimizu’ s group (Univ. Tokyo), Prof. Kurisu s group (Osaka Univ.), Prof. Shirakawa s group
(Kyoto Univ.), Prof. Kurumizaka’ s group (Waseda Univ.), Prof. Oda’ s group (Hiroshima Univ.),
Prof. Murakami’ s group (Titech.), Prof. Iwasaki’ s group (Titech.), Dr. Obayashi’ s group
(Shimane Univ.), Prof. Ando’ s group (Kanazawa Univ.), Prof. Park’ s group (Yokohama City
Univ.), Prof. Nishimura’ s group (Yokohama City Univ.), and so on. Several results of these

SAXS analyses have been published in Scientific journals

AR D HTIEIS L D VRIRART - M & R B R 2GR0, 2 U\ B AT O
VT R =T O EIT o2, FREE S 1223 :Human NBR1-UBA domain OREEMET ik - H52)
[ZOWTEIE LT A W T H C2BIREBOMT IR 21TV, & N7 B O ELRIAED O fii B
EH AR Lz, JEER 2016 : AL 7 I A R—YAEEGE /a7 ) VBREORE RA L v &
RO fERE A 2 B3 2B DT AT 24TV IR B & o /X 7 B DR FEARAF D & R E 5 A
FHRE U7, F7o, 8OO 2 AW T AN LG v X7 B ORI 217 > 72,

We have developed software for analyzing simple interactions and higher order self-association

between proteins. Structural analysis of the human NBR1-UBA domain (Kyoto Univ., Prof. Tochio)
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was carried out, and the dissociation constant was calculated from the concentration dependence
of the protein behavior. We performed AUC analysis of dimerization of the AL—amyloid-associated
immunoglobulin light chain, and determined the dissociation constant from the concentration

dependence of the disease-related protein and an artificial variant.

- @Al

® NMR H# v R0 EAFEDREA « RERNAR T~V U2 FEARER G R 1 TFIIH @ p62 O PH R A A > &
D3 A PNHEAR T PEW) p53 DV VR LERBIEMEAL R A A 2 & OBARD NMR 12 X D HEfRT 21T > 72
(JACS, 136, 14143, 2014), pb3 DEREIREMEAL K A A » OBEABHEIE XS ETHEAHE STV D
METERNHZ R EORE ETAY v 7 2B L TWZR, AEPIDTY LR SIEM (L B
A A DEENREE 2T L, BEAO PH R A A > E TG THRA LTS Z L2 5
W2 LTe, BERNR T~V LTz pb3 OERGIEMHAL KA A U HITHFET D 9l oo b LA =
DRERI 72 ) VLIS BT A OEREZ WG GERR L, 512 UEMEIZEES PH KA A v OfEE K
Jinm U T VE A DT NMR TBHR L2, £72X 7 LA F REREEERR T XPC DERME B A A4 v ORI
) USSR A FE L, BT p62 & OEAMIEREIES NMRIZED VT L2 A
LIZIBHR L7z (Oncogenesis, 4, el50, 2015), &% ZERNLIAR T~V L7z XPC DFEME KA A > & p62
DA REE 2 NMR THEHT L 7= (Structure 23, 1827, 2015), = 7=l & 1 Hy B AG#ER 5K 7~ DP1 0D
FRMEE A A > & p62 OBEE A & NVMR TH#FT L72 (J. Mol. Biol. 428, 4993, 2016), “ZE[RMNIIA
TV LTk R R H2A & H2B AR D 2 ORERNIR T SN2 X7 B e A e LB AR % Btk
FLMRIZEY FHORWBZIT o7, FHOMFEL T FEHNWTAAS T A T+~ T 4 7 AT
0 & OIL[FERFZE T CS-Rosetta & FV N THJ@ T H2A-H2B HM O % P E L 7= (Sci. Rep. 6, 24999,
2016), I BTt A h H2A-H2B & DA ZETT 57202 A vy _u 2 NAPL O2R, N
RRIIR, CRRIEIR, CREEME R A A 70 EOREERRIZ 1TV NAPL O C REEME R A A Xk R b
> H2A-H2B & DFEBITHIE A X b H3-HA & DFEAITITSE RN & 2 HER L7- (Genes Cells
21, 571, 2016), FRMEFIRAEDIRRIZ /X 7'H LF % HiLd Sind & NRSF OM AEH ZHET 51k
BWMOFHT A % NR 27 ) —=2 T OFRERIZIESNTA v ) aTITN I b DbEITD
WCHTTZIZ NUR CRIT 24T - 72,

Advanced NMR research: We determined the tertiary structure of the transactivation domain from
p53 bound to the PH domain of p62 subunit in TFIIH (JACS, 136, 14143, 2014). So far, several
tertiary structures of the pb3 transactivation domain bound to target proteins have been
reported to hold a helix on the target proteins, however, we have revealed that the
phosphorylated pb3 transactivation domain holds an extended string—like conformation on the
p62 PH domain. In addition, we have revealed specific kinases, which phosphorylate each of 9
serine or threonine residues in the pb3 transactivation domain and monitored the serine or
threonine phosphorylation by each kinase with NMR (Oncogenesis, 4, e150, 2015). In addition,
we determined the tertiary structures of the p62 PH domain bound to the acidic domains of a
repair factor, XPC (Structure 23, 1827, 2015) and a cell cycle transcription factor, DP1 (J.
Mol. Biol. 428, 4993, 2016). We have determined the tertiary structure of histone H2AH2B labeled
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with stable isotopes in a collaboration with Ikeguchi (YCU) (Sci. Rep. 6, 24999, 2016). In
addition, we have examined the interaction of a histone chaperone, human NAP1 with histone
H2AH2Band revealed the C—terminal acidic domain of human NAP1 (Genes Cells 21, 571, 2016).
And interaction inhibitors between a corepressor, mSin3B and a neural repressor, NRSF/REST

have been developed in order to rescue several neurological diseases

HEONT MS) 2K D2 ™7 YRR O AL © & A 2 H2A/H2B 8k ds JUY H3/H4 DU &K
DNTA A EE Y T ¢ EESHT CEBI S L5 K TORED g OWT, o FEiiFEyIa b
—va kD Y ) LDKMTOMEET VERM L, ERFER SRS LA bW CTRIT L TR
Z L72 (Anal Chem 2013), 7 A WERIMZT B FMALEB L OWEA X /{LZ{To72 A b H2A/H2B —
A, BLOTAAKIEEE L R b H2A/H2B ~BIRD NS 12 K BPRRAAT 21TV, A 2 2 fkic
L0 EEIRE T D REMNE L AR BT B FME TN 2N 2 & K TO ZBROED
THEMEIZ T A N OTFEIRAE LI T R T A VER ORGSR IC T A D b TALKBEES
T EIZ R0 IKEEIR P TCOMEN R T L AR L08R L7 (Anal Chem 2015, Protein Sci.

2015), FMSL7=X 27 LAY —2a7 (NP) #TL 2 ha AT L—A A ACEESH (ESIMS) T
BT 2 Z LITAEI L, B OBFRIZIB N TAF Y Y —ANCP 2347 # V— A NCP & & HITAMRS
nNoZEaRHL, #XTHRELE (Biochemistry 2013), 7 A VKRS HE/=b A b H20/H2B &
KaEdZted s 2V —LANCP bR TE D Z L ABRIKIESI-MS ICX VR L, EX MUy
BV NAPL &b A NUEEEOEBED XA T ¢ T EHESHIZAHKE L, NAPL D C Kb ORI
ERAMCOREICBNWTEHETHD Z L& ME L7z (Genes Cells 2016), f&fifids L OVERICHE S B
H 7R REE LA AT+ 5 BT, BMiESNI-X 7 LA Y — L a7 OFB X ORA 7 4 7TEEST &
fTo72, Bk -8k & OEFEIFZE T, A—R"—TF v B T HEA X T L F Y — LAOEEGITEITV,
EARSEDNADA M FA AN —DPREIZRED L, FF LIV OREEfTO7T — 2 & &b I

3 L7= (Science 2017),

Methodology advancement of mass spectrometry (MS) in protein characterization: The bimodality
for the histone H2A/H2B dimers and H3/H4 tetramers in ion mobility mass spectrometry (IM-MS)
was investigated using molecular dynamics (MD) simulation. Possible structural models of the
dimers and tetramers were successfully suggested by MD simulation, and were evaluated by
comparing with the experimental collision cross—section values observed by IM-MS (Anal. Chem.
2013). Acetylated and/or deiminated histone H2A/H2B dimers and tail—-truncated H2A/H2B dimers
were characterized by mass spectrometry (Anal. Chem. 2015, Protein Sci. 2015). We found that
1) The dimer got stabilized by deimination at high—salt concentrations, but acetylation did
not affect on the dimer stability. 2) The bimodality of the gas phase structure of the dimer
was derived from the structural diversity of the histone N-tail regions. 3) The bimodality
of the gas phase structure is irrelevant to the charge states of the tail regions. 4) The
structure of the dimer was relaxed in the aqueous solution if the tail regions were depleted

Intact ions of the reconstituted nucleosome core particle (NCP) was successfully observed by

electrospray ionization mass spectrometry (ESI-MS). It was found that hexasome NCP was
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generated together with octasomal NCP in the process of reconstruction (Biochemistry 2013).
It was also identified that tail-depleted histone H2A/H2B dimer can form an octasomal NCP;
this was verified by electrophoresis and ESI-MS under native conditions. The stoichiometry
of the histone chaperone NAP1 and histone multimer complex was definitely determined by native
mass spectrometry (Genes Cells 2016). It was demonstrated that the C—terminal acidic region
of NAP1 is important for histone recognition. In collaboration with Prof. Kurumizaka, Waseda
University, native mass spectrometry of overlapping dinucleosomes was carried out and

stoichiometry of histones and DNA was successfully determined (Science 2017).

X MRESIEHGEL  (SAXS) DAl « BB BB A UEE 25 ET5 & & b, BEfFD SAXS HE D%
BLOBMHERO—HMEAHR L, 5T, KFRBLOMHAREZ LR U X BIER GRS E 2R E
S HAEE 2 A A T, W DB U CEEI T 2HIEHR 2B T 5 & & bio, RIFMZENI/EET
52 & EMERR LTz, MEALIZRBW T, BEfFO SAXS 2E DR B L OMHERO—HOS%BIZE Y |
e (PF 38 XU SPring=8) & [RIFRE D SAXS 7 — & & HEE R METE D L o1k oT, &
7o, BEEEASHASE I LD RIS RE SH L, KV EEoY Tz L CTRIEREE L 2 o7,
DX DITEEAL Uz XA LS E 2 FNEH L C, DNA A U bR & b A b AEfTOREkIZ BE
D57 UHRFL OV b OV B8N X DRSS OZAL &2 fifHT L. B A b AEffi D78k
A O Uit R L, 72, BRIk EARe A RN T U MNEFTHX T LA
V= BRAF Y Y — DOPRIRIATIC B U TR ATV £ DR O—E A w3 R Lz, RERIC,
BRI ERA R e A RN T U RNERTDH MY -« X7 LAY — LDV 24TV, 2 OF)
BE A X MMRIERGELIE E SRR R 2 Lb— g U TH LI L, & 5IT, &RK - 2 L 1%, SAXS
15 & mil ARM {52 W CTRIREM & R 7 B OBIREFRIT 21TV, il ARM 81526 RS b7 o+
@ End-to-end distance 73 SAXS {ETEHI S5 70T DIEMEYE Rg & RUWVHBIBISRICH 5 = & ZFEH]
L. Nature Nanotech. Z¥Fg L7~ (BAEVU 14 2d),

Improvement of small-angle X-ray scattering (SAXS) measurement: We have improved an automatic
sample changer as well as X-ray optics and detecting components installed for SAXS measurement
using laboratory X-ray source. As results of these improvements, these sample changers and
SAXS components have been established to work very stably for longer measurement and facilitate
automatic data collection of a lot of protein solutions. Furthermore, the SAXS system improved
here has been shown to be able to collect high quality SAXS data corresponding to those collected
in synchrotron radiation facilities, such as PF and SPring—8, without radiation damage. Using
the SAXS data collection system improved here, we have analyzed the structural change of UHRF,
which concerns DNA methylation maintenance and histone recognition, by specific
phosphorylation and mutations. We have also analyzed the dynamical structures of nuleleosomes
and hexasomes including various histone variants, and some of these results have been published
in Scientific journals (Collaboration with Prof. Kurumizaka of Waseda Univ.). We have also
analyzed the dynamical structures of tri-nuleleosome with various histone variants

(Collaboration with Prof. Kurumizaka of Waseda Univ.). Furthermore, we have elucidated that
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the end—to—end distances estimated from high—speed atomic force microscopy (AFM) and the radius
of gyration Rg derived from SAXS data are highly involved with each other (Collaboration with
Prof. Ando of Kanazawa Univ.), and the results were published in Nature Nanotech. (now in

revision).

FUERZ W= 2 o ST EEFEDEEL A VTN F A L ARNA B AT —PW 2R e LT
E 7 a—FAHUREER LTz, RNA AR U A 7 —E DM (PA, PB1, PB2) @ RNA &AL DR BLR O
Geo REAFE - BRAITWV, XUV BE~TRAIHREL, &t 28 BEONA 7Y F—~%{55 %
MWTE, v UANG, JEKZHE L THABFERZITV, JURY VRV B L O HREITo T2, £
DFEF, PAIZFFRIICRES L, UA VAR A HE T 2P0 PALL 9 2R T 2 EN TX =, Fio,
PUA PALL. 9 OR[ZEFEIKDO T X/ BEECH 2 E L, FUROHEEMATIC Sk L=, F£7=. PB2 @ RNA #f

BENLDND D 2 HOFURB TR Z 3 7 B LA HER DT Hiv, At 3EOFURERIZKE LT,
%@¢#%\%2&L6ﬁ%ﬂﬁ%$%%%ﬁny~w@®@”ﬁ%@ﬁ%ﬂ%&bf%ﬁﬁ%@%ﬁ
2014-068824) & L TV, REtE~D T A& AR ZHED TN D,

Advancement of protein production using antibodies:Monoclonal antibodies were prepared against
fragments of influenza virus RNA polymerase. By expressing pieces of the RNA-binding regions
of the polymerase subunits (PA, PB1, PB2) and then immunizing mice with the purified proteins,
we were able to obtain a total of 28 different hybridomas. Ascites fluid was collected and
antibody binding to the antigen protein was confirmed. As a result, it was possible to develop
antibody PA11.9, which specifically binds to the PA subunit and inhibits virus propagation.
We also determined the amino acid sequence of the variable region of PA11.9, and succeeded
in structural analysis of this antibody. In addition, two antibodies were confirmed to bind
to the RNA binding site of PB2 protein. One of these, PB2 3-1.6 antibody, is the subject of
a patent application (Japanese Patent Application No. 2014-068824) for a diagnostic reagent
that can be used as a molecular biological research tool, and has been successfully licensed

to a private company.
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R D A O HEE

PRRH R OBHEA 55 & LoD MIBICEE LT < 2, BNl ceimicaaafio,
k. AR, A BIEIXB BV O ER CHESE M AT o C& 1o, E PRI/ HHEEE O AP 3 7R Y
L7ziREtCoMAIc L 5 NS EBRTOMm. A & HkKIC X 23R o LR FEBR Cokin. o
BRI L 7 U —H o o AL L 723 O PEATIZ K D NMR SEBR C g 72 &SR NSO B ] T B2
PR AT VAR O SRR EA LSRRG IS HEE T X D IRHI 25 L T\ 5,

W

Promotion of activities. Many times, the project members in YCU, Drs. Nishimura, Sato, Park
and Akashi have gathered and discussed on their research activities, together with Dr.

Kurumizaka from Waseda Univ.
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