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Abstract

Since J-PARC started operation for user programs with high-intensity pulsed neutron beams,
many material and life science studies have been carried out at J-PARC. Since partial or complete
deuteration of organic compounds for contrast variation in the scattering length densities of materials is
one of the most effective techniques in the application of neutron scattering analysis, deuterated
materials have led to significant progress in our understanding of the structure of novel organic
materials. Aiming at accelerating development of deuteration activities in our country, an international
workshop “Deuterated Materials Enhancing Neutron Science for Structure Function Applications” was
held as a J-PARC Workshop at Ibaraki Quantum Beam Research Center from 19th October to 20th
October in 2017. In this workshop, the chemical/biological deuteration activities and recent scientific
results of deuterated materials enhancing neutron study in Japan and other countries were discussed by
domestic/foreign deuteration and neutron scientists. This is a report of the workshop summarized by

organizers.
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1. Introduction

2017 %10 A 19 H~20 HIZ, [EBE J-PARC Workshop [Deuterated Materials Enhancing Neutron
Science for Structure Function Applications| =% < D H 4 O T 1B TWIES &1 B — A0
gt v Z =2 TRV 72 L E L7z, J-PARC Workshop I%, J-PARC A3HEAE 1 0 A2/l LT
WHEBREY =27 v ay 7Y ) =T, AEOUV— v ay 3 EBEICYEED ET, 3EEO
Al TERFFREETLHHTFRY] 27—~y —2 v ay 7Z2BLEL
Too ARETIX, V—7 ¥ a vy 7OBRBREICOWTEBISHEN Lz & BnET,

PYETIL S Lo L BT TR VA7 & DKFE B G TR T ORI - B0 A T T

ICHZ 22 FEETH Y . FFIZ J-PARC MLF O KIRE D /)L 2 LS o 2R TIEE 5 D4y
Fa2Z =7y MZLIEH LWEEPEZ A SN TWET, FTH, FHAF DRI BUR
ThHMEEZIEH L. THEARZTZ by FIickbday b7 A FERE] iEP‘fi%%ifﬁ?E@
LR DEANTH Y | & BITREDENLD Ir % T )AL 5 E 5y B AR FALEANT I F o5 -
VBGOSR E 2B RS 2 DICHERERZ R L TWET, 2D, Eﬂ%ﬁ
IACEAN & A S FRATIE DI K 5 P FAREETZE O REER 22 8 R I1T, 2 mE» bM< EEN
TWET, FEFRIZ, Australian Nuclear Science and Technology Organisation (ANSTO) <X Institut
Laue-Langevin (ILL) @ X 9 72 M EFHEFX IS ILE KR 7 AL D 72D OJiiak DS PFeE S 4L, EPT
FAFFE DR KA T 2R AR R I N TWET, —F T, ARENTIZEKEZ
NALDFAT DA KT FFERER I B L THEIE L TR D | E i 6 O O A 015 B 008
BRI EAETODN TV RVORERTHD L EXET, £ T, J-PARC A~DEKHE
FEBREONLD T O Z ORI A ARENTHEARE T ~AEDOIIE R CEAKE T b+ %
W7o A S22 BlLBR & FFOMF S0 - Bl 5 25 — RS U CLUR B DO EAKSE 7 b5y Flohb
D WFFER R RS T AU T 2 5t A 1T W EAKFEIZ b DI O R e fadt 2152 Z

CEENODLEEZ, 2OV vayTEEELE LI,
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U—27 g v 7T, BERBRAERTIC Introduction & L T J-PARC HE /K FELEER = O E i ki &

Z OFERFEINZ DN T ORI ZITH & & BT,

L¥ L7z (Fig. 1.2),

—_— Activities of Chem-D Lab

In July 2015

KEK, JAEA, and ANSTO concluded a memorandum of understanding
({MOU) on collaboration in the field of neutron science.

a4

We have chance to learn basic techniques & practical
knowledge for the deuterium labeling technique at ANSTO.

IE]@U v /7VCn—J‘ ‘ﬁ_/\%

G RH & e

Aim of this workshop

> Jan. and Feb. 2017,
L. R oarsa K. Akutsu stayed at the ANSTO-NDF
(chemistry) and tried chemical deuteration
“R=ELnBu.nOcnpec O l0nic liquids under joint study.

Me

>

C

> For development of equipment and instruments
> For development of new D-Lab users

*What kind of instruments should we install to attract neutron users

who want to use deuterated compound in their study?

*What kind of science targets should we choose?

* What kind of instruments, systems, and ideas are attractive for users?

> For international cooperation
*How to cooperate with DEUNET?

— What can we do for DEUNET members?

Fig. 1.2 J-PARC MLF |
274 K (F)

B s EKEZIEEBOF (/£) & Introduction THER L7ZEEANED

R LTEHEEEZZ DD LU TOEY &b 7,
- HAKFEREOR R L Emﬁt%ﬁﬁ%nw*f@@m DIAB DT DI HE I H D, FEIC
HKFET N E N — =2 & s TR REER VAT A TAT T,
- J-PARC HKFEIEREOHIE T REY A U RAF—F v I,
+ ANSTO *° DEUNET (EU BEAF{Lx v hU—7) L OWIIEGH OHEEIZONT,
+ J-PARC IZH1T 2 EHAKRFALMFEIEMEAL DO T DI BB Z & - b D,

FROBEICOWTIERSER T 272010, KRU—2 v a v 7T, BRSOV TE
B35 ORAlfR CIEHE LTV 5 ANSTO National Deuteration Facility (ANSTO-NDF) @ T. A.
Darwish f&i1: (Chemical Deuteration) X T A. Duff f#i1- (Biological Deuteration) , EU B /K& (LA
Tty N —27 OHILA#)TH % European Spallation Source (ESS) @ L. Anna f# 1= (Chemical
Deuteration) ., H AR[EWNIZI 1T 2 HAKFZ(LAFFED H0 AN T & 2 I B AF R 52 DY ia AR 54 1w 28
ZHZ ., BAROFMEARFIIEE & &b ISR - SR AR AR JERUR IS O W TR R - F R 21T
9 T & TH LWBIRERI R DR & J-PARC (Z351F % EAKFRALBFFEIE R O 7= 80 DHERGIZ SOV T
HIgIZEER L E L7z, ZOfhiZ, Deuteration Science for Chemistry & #H U 72k 27 B /K B LITE)IC
MIND D 6 4 DENOMFZEFE IZ X %35, Deuteration Science for Biology & #H L 7= AW EH K E AL
EENCD 0D 4 LOENOREIZLIODBREZEZNETNRIT DL LT, BFOPFIEHE &
J-PARC B KFEREIIH T LERLBETNE Lf:o ZL T, ? IZ 1 WF[E @ [Free
Discussion] Z M L, FIZRLEFREICOWTOFEmREZED D & & HICHmEGR OB 2170
F L7,

RUR—ME, A=A HF— (A, ZiE, D) CE288y a0 dTHD
ERIFFIC, U—7 Y a vy 7 TREASNIZHER O 7205 J-PARC H/KFLIEB OIEMELIZH 35

BRAZFLDELDOTY, 207D, Fi#HOMWIMITHER DEMA T A4 FOLEEREET. &
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P ELEEERERRSA =T AP —BHOHAIC LD a A a2l ECEELRIT
STEBVET, L, MENRHESEEDbN S Sl bNEZNDNEEZEOELTHY ., Ha%
X THE—TFTAP—IZHEBLCTHEET-WERE-STEBY 3, KEIZ., ZO0LFR— F2RFRNE
2B 1T D EKRBICRFLOREO—BIIRNUTENTH Y £7°,

FITEER FIAE 7
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2. Plenary Session: Deuteration Facilities and Deuterium Labeling Techniques

Aty va Uk HARRFZEIZ DWW CTEBRANIC B/ 728203 T 40 TV 5 ANSTO- NDF,
ESS Deuteration Laboratory, 57 B3ERL K7 TG ARMIEE OBUR & it OAFE 72 EICBE T 5 il
Thd, ZITHE, lEPICHER SNTENEZ I, SFEROTREE Ny 7 AT 5=
AV NeFE LD,

2.1 Chemical Deuteration at the Australian National Deuteration Facility
— presented by Dr. T. A. Darwish (ANSTO)
ANSTO-NDF @ T. A. Darwish {# 1213, ANSTO-NDF {b*# /K F bk OBk & TEB) N1 B
TOHREEIT I
FRKTIE, AN ANSTO-NDF OFEH E X OHIFEE D A~y Z 1T 2R -7, €
DOWEITLL T oMWY Th D,
>R G - AR PRI 30 MRRREE T, BRIRRIT 7T0%FE AL, RRUBEZHER 134F 2 [B] 92,
F—=AFZ U TESDSORFEESIT 40% 5B TR BKIMN-7 27 - kE
72 EOWMRSHNO OHFERH D,
Ve — =5 ORUERGEN 3/4 REZ HD L0, TS D38 (NMR,
TRIE, HB AT 2 &) D OHREEE L 7 £ (Fig. 2.1). J-PARC (2
HARFMHIEEL LD LR -7 56 b, TS OS5ENE OEENHTL %
AREMEIEE W E DIRERH -T2,

NDF usage breakdown

Infra Red/MS  Kinetic Effect

NMR - - Neutrons

47 molecules in 12 mths
26 new protocols

Fig. 2.1 ANSTO-NDF (Z351F 5 WS iRE D 47 B & 2 0EIE

>Ay 7 AP EKFEMH TIL, GRERELZ 2 B, NMR oW =E4% 1 =, SOk
OEREN1E, REHLRN 1 RO SEL2FERERL WD,
FIZH W D BRI, EKFELEEE Parr Reactor, LC-MS, NMR, FT-IR, GPC,
Semi-Prep HPLC 72 &,
AH oy TR 4 4 L BATIRE 1 4 DFF S5 A,
T HEITK 97,000 AUD,
FARFRIGWE L, REiEtER. BB, AU ~—, ARG 772 &,
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ANSTO-NDF DfEM Iz >S5 & ALFEAKEHRICEBIT 5 I E TORBINE & 4% OW5E
@%;wa@%iﬂﬁbhto%@%giuTw nTdHD,
>Z N E TCOFFHNE

O FEAKFELIEE [Parr Reactor] | iéi?k;@7/</bfhj§?£@§p7\
ANSTO-NDF Tid, H&RHK, NI VU LRKE, BP0 LRBELZME S L THODEK
FIEKFAE ﬁﬁﬁ&ﬁ@%k%mwﬁ Btd L7c, 2 ORISR & ER G E [Parr
Reactor] NHLETH D, 2009 41259 300,000 AUD Z #pf CTHEZEA LT,

~ % 300,000 AUD (2008}

First eyclhe M%ND

Secondcycs: WM %D
PYC, 4% NaODID,0 (120 mi. ) SN
1H-R-COOH—— 00 d-R-COOH = ~#s <

&0 C

Saturated C4-C20 fatty acid
Mono- and di-carboxylic acid

Fig. 2.2 ANSTO-NDF |23 A & 417= Parr Reactor D5 H. & Z O A i S i OAEE

Fig. 2.2 (278 L7248 Y | Parr Reactor & W\ 72 [EH#L ST 220°C & 0 5 @WIREESRETITH
NELOD, 1EIOKIET 90%LL b, 2 B0 SUE T 98%LL LD HAKFR EIRK 21550 5 E
TRIETH D, BIETIE, ZOEAKFMENRZX—RICHWZARIEIC XD, 41 80 FEE
uiwﬁﬂké‘%ﬂ:% {26 LT0D, b OWFZERR O —#BiX, ANSTO-NDF OfF#) &

TimX b Tnad GEHWNTIE, R&FEpBIE LTT. A. Darwish, et al., Journal of Labelled
Compounds and Radiopharmaceuticals, 56, 520-529 (2013)DWFFENEBFAIT SHT2) . *ji
DA FIEE RS TIT DAL 2 72 DBV M DAR N7 7 D BEKFAKIT NG T E RV,
DIEIGARBIFEERE T 100CHIL TOB RIS DERFEBITTHONATE D | ;%LE,OD?;“ZTTT%#H a
PELZETHARKFMEOERDIBENBIFFTE D,

© BWAIEE (NMR) (2 X 2 HKE( LR 1L OMENL

HAKFL SN2 FOEKFLELZRD D Z L1k, RHEFBELERICK T 2HGEL= > b
7 A NDOREHICKNHETH D, £ Z T, ANSTO-NDF TiE 'H-NMR, H-NMR, “C-NMR %
HE O EKFCROBEMRITIEORBE P/ ToNlc, ZOFIEIZLY | FrTHpEKSE
LS FORBEREKRBECEORMMNAIRIZR > TE Y, B —F— I3 E %22
T AR OMLBEAR A RIS O —2E 7> TWBFE LWHNEIZDWTIE T. A. Darwish
2380 U 7256 30 (Analytica Chmica Acta, 927, 89-98 (2016)) #Z M L TIH X 72\,

>4 1% D WF 5T B
Parr Reactor & W72 K FEGIEEB 2 fkfe 3 5 & & H 1T, Microwave-assisted Deuteration (<

(Y

H
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A7 v EFIR U EKRFOKS) EEAZEAL, BAEOEFEL, BERE XIS HE

HIPHDOYLR, L EIBIRAEKFASUS 72 & DOEIRBRSE 237 5,

ANSTO-NDF O 8B /K FEALEAM X IEF IR 72 D TH U | J-PARC NIZH 1T H EARF(LFER
EDONH EFIZX L TESEICRDERIETND TH - 7=, FFIZ. Parr Reactor & V7= HAKFE(LIE
& NMR (2 & 2 BEKFALRMHE T EKRFLIEENC & > THRHEOHEINTHY | 5% HBATHIA
ROFEOEANEBH#HT HLERD D LB TEL,

R, ERRUANCREBE NI TRtim SNV NA OB E A LU FICF#T 5,
> OO FFRNE
@ ANSTO F/KF sz OFEFHOEEG & EEEDIAIZ DWW T OFE@mN b - 7o i, A EFIH

X2 BIRRET, FHOT =7 axA MR TLEZDONAETMATZDHDTH D,

J-PARC IZEBWTHREERD T AT LOBEANITARETH D & b 203, EAKFE(LFERED Z

VU AR NEMO ETORAZIT RN EBbN D,

@ RPN BEOEFNCRETIERNHY ., FoR_IBEDOLIBRSTFEORENEDIZHONT
EBOSEED 105 RREEDL L Z E13H 50, R+ TIHBRl S Tnan e oEZ 1R H -
7o FNLENFAZ DN TIIMOGER THEEIC ER > TV E A, HAE T ~IZ L 5
PR EDMELOMVEIC K& 0B E 52 5O ThiuE, EARBMEWIE~ L BET S
RREEH DL D LK LT,

@ FEKFNCMEEIREKF T A REEAMTICBE T 5 B2 8 - 7223, ANSTO-NDF N TIE% D
L RIEHIIT-o-TELT, RERT AT NLEA L TWDE EDORIZTH T,

2.2 Biological Deuteration at the Australian National Deuteration Facility
— presented by Dr. A. Duff (ANSTO)
ANSTO-NDF @ A. Duff f#1:/%, ANSTO-NDF A=# /K F Lk OBLK & IEBINF BT 2
HREAT o1,
FEFRTIE, RMNZ ANSTO-NDF AW HKFELHMiR DEFR L Ay 7 ITHET LI B H -7,
ZOBEIILU T D@ ThH D,
>NDF O E % : NDF O AW EARFCMER L, ¥ X7 HOMIZ DNA, AU Vv ha A K,
NAFRY = =72 EOFEKFACZAT O 72D Dk, b5 EKFAbHiax & Rk,
A2 —F— D NMR 72 ED a2 —F—n b bREFFEEZZ T AN TEY
JRWIr B TOEKFEMOMMZ ST D22 L2 HIFL T\ 5, BRET R
EERPGRIT, AL EARFE LR & [RIRREE,
>ARy 7 AW EKFEHER TR D2 O D FEREL 3 B, SEESITHEIEOMEN 1 =
AR EHOFRN 1 BOAF S BLHREN L T\ D,
FITH W 2 FEE a3, F/KFE AL Bioreactor, Freezer, 7 7~ K, NMR 72 £,
2Ly TIIMFEE 54T, —AY720 5, 6 MEHOBEARFILAHLE L TWD
AT 53K 73,000 AUD,
BEAKRBLRI G E L, #7327 E ., DNA, polysaccharides, bio-polymers 72 &£,
A EKFEE MR TiE, PH Ofhic PC & PN O T b b iTo TV D,
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ANSTO-NDF DFEMIZ DS &, EWEKFEHRICBIT D 2 E TOIERBNE & 5% O
B owf@%%#ﬁbhto%®wgiuT® DTH D,
>N E TCOFEEBNE

O Z o TETSNMALTFNEDO ML

ANSTO-NDF Ti&, Z >RV EDH 7~ kDR LT, BC & PN DI~k biT->Th
V. ZDDDT UL NERE S TW5, Fig. 23 ICZOMEEZ R LEKEZ#H T, =
DFHFETLEFEIC L D2 E5METH Y EARFLY VX7 EORBRITITE VRIS HMN D3, £ 0
KX R EOEKFERE T ba— L TEDHEWVSTERERD 5,

Transformation  Flask culture 1 Flask culture 2 Flask culture 3 Bioreactor
Culture volume: 03ml 43 mL 100 mL 1000 mL
ﬂ & & :

Tmnslormanon H.O Ho )
Stepped adaptation l 'S0, 1o )—h F J L H )

pathways to Lol —~— --..‘__ - __'_.-- — __,_.' \._‘__ o
i
af
stions are P - - - -
i el

o — — —

Partial deuteration [ 5o D0 \Ju—r: 90% D0 } #[ 90% DO \,—OL 20% D0 |
for SANS -~ hN e -
Maximum deuteration with )

e 56% D,o/_.—»( _99.6%0:0 )

Spin & I
msuspcn\l!_ B

Pardeuteration using deuterated ghyeeral 99 9% Dao 99 0% D,O
and fully deuterated solvent in the bioreactor q_gwcg[m h q glyr,eml I

Fig. 2.3 ANSTO-NDF TH . & v B K FE AL FINE O E

Z NI E T SOACD TTEIZ DWW TIE AL Duff 14 5 23805 U 7256 3 (Methods in Enzymology,
565, 3-25 (2015)) IZFEMMNFLH SN TWEHIDOTEL LA L CHE 2,
@ Z R IBET RO E

ANSTO-NDF TlE EFL D & X7 E T )AL TFIENEFEICH OGN TO D08, P10 B
TITU &S 10~20g/L FREETH D, ZOHUENR RO LN T2, L, SR FIED KIE/2 %
BIZH TR RAERDBAIREE 720 . Z O EIT 70g/L FRE F TS Tund (Fig. 2.4),
HAF O M) F & LT, 1 g DEKFEL cell paste DAERRIZ, BEKFE(L glucose = 7283
A1 1,700 AUD, HE/KFEAL glycerol & W 7=355A13 220 AUD R O E H N #2252 & 3Fil] &
Nizo JJPARCINTH U RV BOBEARFCEZITOLE S, RO T = 7 aX MR ET L Z
EIMEZGITBEIND,
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Yield improvement
Consistently successful, without optimisation, 10kDa to 160 kDa

Wet weight yields (g/L) of 21 successful deuterations

]

J“‘wxf
e 7

s vt vt e B of s

g > P N R &

& LA A v
e’f & A o & &
9 v ,,,-%"'c d.@

-
Eaﬂynm
induced low

Fig. 2.4 ANSTO-NDF CTHjii S 7= EAKFEILY X7 DL EZDILHR

>4 1% O W5 JE B
FARF L RO, LFEFEOIEEIT I & & b, FERIIITINE A ¥ ¥
TRMBFEE R TE AMBRICEESELZEEEL WD,

BRI, RRRUAN TN TRt SN2 NAE OB E 2 UL FIZiE# T 5.,

>%®m®ﬁ%m@

O 7 R—FNLORREOWRDFIZHT LGN H 0, BREILH T (ANSTO, OPAL) @
E—LH A DL TRESTWND EDEERD -T2,

@ ANSTO-NDF O A% v ZHOEYIEIC OV TEM N H Y . A, Duff K5 XBED AN TIX
RtoTHY, AFZy T7OHEEEZREATNDL EDORIZERH -T2,

2.3 Activities of the Chemical Deuteration Laboratory at ESS, a Node of the European Deuteration
Network — presented by Dr. A. Leung (ESS)
ESS @ A. Leung f# 113 ESS {7 H AKFEL IR = L O EU EWNIZERE S vz KR IR
R OTEEFNE & DEUNET OfFE) & RRIREICE T 2 21T - 7o,
A TIE, RAIC DEUNET OFEBNIBT DN Ao o7, TOPMBEILITO®EY TH 5,
>DEUNET D% : EU EWNIZE T 5 HAKRLTRB 2 {G LT Do e/ v b U —
7o DEUNET D EHEA L /S—[LESS (A7 =—7 ) ISIS (A F VU X),
ILL (77> &), JULICH (FZJ, RA ) T, ANSTO (#Z—A 7 VU 7)
A7 — =L TMLTW5 (Fig. 2.5),
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ISIS
0:- a g JULICH
eunet
& | ansto

Fig. 2.5 DEUNET O &Ik DO —%, A —A FZ U7 (ANSTO) T4 7 ¥ — "—L L&

>DEUNET D¢l : DEUNET (ZLL FOHMEZ b o TSNy U —27 Th D,
O BAFEMEZIRAER L TE S 202, Xy hT—27 N Ta X MO 72 ® O # # 5% H
DX D,
© HEfkfmOEEEEZ D Z & T, Lb\%‘:/f@Fﬁ%%#@ﬁ’?/\ﬁkiﬁb%%i_?éo
@ 2019 % HIEIZ . EU BN O TOHF M2 —F — NS EARFRIERICHEBICT 7 EATE
AN RASE; AuN iR 2 I
> O T DEUNET A ' RX—DBURICOVWTORAH Y, TOMEEZLUTICELD S,

@O ESS : b AWEAKFRELHET D TE T, ALFEAKFOFEE TII L F AR & 5
FZHEHWTEKE(ILEZITY, F7=. cell culture 76 DAERG O -3 BES AT &
EEETH LT, BEAEMCERS FO2—F—~DRMIELITH) TETH D,

@ ISIS: 44 DAL v ITNPFEEND 22— —D 7= DEAFEILEIT> TV D, ILL & Z DD
EU BN DOk ~D gt 197> Ty b, ANSTO & [Alf£IZ. Parr Reactor % V7= E K
FIREE A A THOW TS,

@ ILL : N7 T U T o fFEOEEKS 2t L, IFE, 227 2 —)L polysaccharides
REDBEKF S FE—T—IZREL TV D,

@ FzZ): BAKHFE /) ~— RV =GB FLT, R ~v—OFHyrERWEKFE R ED
HEiFEzHALTND

>Z N ETOIRE

DEUNET Workshop % #8912 BAf L. DEUNET N O [E A AM AT A D T, ik

FTaAIa=T 4 —PLOBELZOIE-FHFAEL TR HRMUICATRY ~— L IREIZxT 5

FARFILOFENZ W &2 DEUNET N CHBORsFR & 72> T b, BIE, ESS A& 7e o

C DEUNET @ web %+ N KONV AT ADNH EiF%#1T> T %, J-PARC & L CTlE, DEUNET

EDENY HEY | BEARBICOFEREILFGT D LB ROBRICEND Z LN TE T,

fEW T, BSSIZR T 2 HARFIEINICET 2R EN D o7, TOMEIILTOEY TH S,
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>msém$mﬁ EOIEE) & 5% O R

ESS T, i@% OKR/EARRERSSITNZ TSR (X V"7 8) &2 A0 EARERS
DR ZAT > TV D, BERISIIS ARSI, HIR TORICD AR, RUGEE 2N &
SFIENH Y . FORRBITEARBMSIEHEICE N TER SN TV ABREO—HSTH D, 56
\Z. ESS TlX. ILL O LP3 (Lund Protein-Production Platform) & 3:[5] T, cell culture 7> 5 D4
o (IBE & IENIRE) offit -4 hﬁ/XTA®%%%ﬁﬁfwéG@2®o&&%m'HC
AT L7 v~ b, HPLC 72 E& AW B EZRF L TH Y | mW Bk TOEMEDHIfF S
ncTnb

Novel Method Development at ESS:

2) Cell Culture Extraction of Small Molecules

In collaboration with LP3 and the ILL we are extracting perdeuterated small
molecules (lipids and/or fatty acids) from cell cultures:

1. Grow cells reported to produce large
amounts of lipids (% mass of dry cell mass); (ILL/LP3)

e =

.
1. Analyse the total lipid extract of cultured cells as a % mass; (ESS)

Fig. 2.6 ESS \Z33(F D NEE - NEWGI2 Ol - 75 BE 52 BR D £R 1

Bz, BRRUANCREE NI TRtim S Ve NA OB E A LU T IR #T 5,

>Z DM OFFRNE

O DEUNET OFifHIZOWTOEMMAH V| EARMIZIZ T —a v XFEfa—F =251 ThH
0. DOREFENNCHEN 2T — CRAEMNLT HT-DODOFy NT—2 ThdHEDRIEZERDH ST,
AAITRRICE £\ 05, DEUNET & MO AW A AT 5 BIRDSHENL T & AUTEHAKFE
EIEBY O SR 2 e HT G M2 T 2 2 E N AR D & B2 b LD T2, J-PARC &
DEUNET O & &4 0k 9 2 Z L IFFEFICEBEREREZFOZ L BRI T bz,

© ESS (231 2 HAKFAERS O - S BEFEBROBLRIT T 2B o 0 | fhii - 5B
BRI FEABIEMEEOMLEE & L TEITTDHTECTH DM, ILL L OLP3 75 cell culture
ERELTEDRWERBN AT TERWRIZDAERH D & ORIZE RS - T,

2.4 Direct Deuterium Labeling Methods Based on C-H Activation Utilizing Hydrogen as a Catalyst
Activator — presented by Prof. H. Sajiki (Gifu Pharmaceutical Univ.)
Iz B IERL R P DI AR B IE, BEARFLSISIT b D 2k TORCR & B oA FEIc B3
L AT o T,
BT CIEL, IS PA/C, PYC, RW/C, Ru/C AMRBEIC 1 25 MK 3R/ HE KSR & e SO A 7 B 9
LI R oo, TOMBEIILUTOEY ThH D,

_10_
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A DEKFZ T ~IALTIEL, RELFT T3 H>OR HARRBIRSF 2 H
W & T HEERMUG, BREAE STOGIC & DT EKFL, EEREKE
fEbOs (BKA/ERFREIRSOS) (S0 snd (Fig 2.7),

Precedent preparation hods of D-labeled comy ds could be classified to 3 types:

+ Total Synthetic Methods Starting from Deuterated Small Raw Materials
* Reduction of Reducible Functionalities Using Deuterated Reducing Agents

*Post-synthetic Direct Deuteration (H-D Exchange Reaction)
Ha D
0.27 M DCID,0 Dv\_ A a0%NaoHD0 DA A
wo () mvavenn I I I
“awc.an D e ANAWC, 24N |
Werstiuk, N. H,; Timmins, G. Can. /. Chem,, 67, 1744 (1989) Junk, T.; Catallo, W. ). Tetrahecron Letr, 37, 3445 (1996)

PdIC, D;
_ .
AcOD, 55°C 24 h

Ofosu-Asante, K Stock, L M. L Crg. Chem., 51, 5452 (1986)

D DD D>0%D

0 ppeTHD
COH o %

@/\' __PdcDo 0, 87% D
HOY 250*C,4-5MPa, 12 h oo 0 98% D

D9s8% D .
Matsubara, 5.; Yoketa, ¥.; Oshima, K. Org. Lett., 6, 2071 [2004)

Fig. 2.7 BKFLSIEDRFEG] & 2 OSCHEH, X O RG34 TEBER KIS OB

&%Kﬁnéfipwxmm\Mm\mm%%ﬁ’iéﬁmﬁﬁmﬁ e
RIS OFEMARFIE RN TrNTEBY . ZORMEIC LY B TITRE 2 BEAREL
ﬁMikﬁﬁ”ﬂ#%%ﬂ)E%’FW)(@DVWTé_&ﬁﬁﬂ%kibffwéo{ﬂx
IE. BEBARES T O BEARFEITIE PYC I & 2 EABZBERIISHD DR TH 5
ENRHE ISR TWD, Fig.2.8 (£L) (2R L7i# Y PYC 1T L D HE/AKFEE W
FOSIE PA/IC & HEARTH L MNITEERN B, —FH T, 7VF LEHOEKF LI
PA/IC D BHHRELSEITL TS, ZD X I, MEofEE & EOMAE D
N X o THAKFREBRLUEDNENEALT D7, KMo @ SO R E 2 B
g9 5 2 LIXEABIALFIC & > TIHFICEERPRECTH - 72, BIIETIL, PYC
& PAIC DIRAREZ WD 2 & THRMIE- S ERAHS 76 5 b EKEE R
WENRIATRA D L 22> T Y, HAKHTZ O FENEAKELO FIENR
@@%&?%&LT%w%hfwé

 PEIEARIF R TN E RPN EAKFCSOS OBFE b RFT SN T 5,
ngg%dﬂ T v 3 — VRN G W DL (B 3R EH K 3R B A SO ZE
DOBEE, Fig. 2.8 (F) (2, N P ILEALOALE IR A B K S BSOS TE O
FART, T a—/LRICIE Ru/C, RPN RICIE PAC BNENFNMEE S L

THWHNTWDR, ELLEEBICH Y —F v MIE TOHEE TWNDHD
NRRETHD EE 2D, THEFEELL NMR BFZEIC3 0 T ERINAY 22 K
miﬁﬁ®%%%ﬁfigﬁ&mf&ét S O EA I R R AR ST

)17 s R e %ﬁo%@&%ﬁf%é

_11_
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H-D Exchange Reaction of Aromatic Nuclei a-Position selective Deuteration of Alcohols

Aromatic hydrogens are less reactive under the Pd/C-catalyzed H-D exchange reaction in
comparison with the benzylic site and alkyl side chains. 5% Ru/C (20 wt%), H; (1 atm)

(0.25-0.5 mmal) D ..
5% PUC (20 wi%) or 10% Pd/C (10 wil) 20 (2 mL), =80 "C

trate-D,
Substrate H, 0,0, Temp., 24 h Substrate-D, W Secandmy alcohols
OH OH NHz NH;
97 97 85 85 98 98 88, 98 93 3 ) ’ D “1
~ 100 100 100
98 %8 81 81 98~ 98 98 ~g® 08 30 0
8 ] 98 98

il M Primary alcohols
Avg. 53%

5% PYC, rt 10% PdIC, 80°C  10% PdIC, 180 °C 5% PUC, 80°C 10% PAIC, 80 °C

COOH COOH H g1 OH o8
a7 a7 2 @2 98 & 7 4@/\/ e
23 a7
gs@ 58 705 70 8 38 945 20 97 H
9a &7 a8 o7 D Do

D
5 HO. OH
Avg. 46% . HD%OH D 5 b D oD DD )&

o
n

5% PUC, 180°C  10% PAIC, 180°C 5% PYC, 80 °C 10% PAIC, 80°C 7o no"Hkon o™ ;KOH DDpDYp
= a8 1
Tetrahearon, Lett, 46, 6995 (2005); Bull Chem, Soc., Jpn, 81,274 (2008) Under atmospheric H, Conditions!! Adv. Synth. Cotal, 350, 2215 {2008

Benzylic Site-selective H-D Exchange Reaction

10% Pd/C-0,0-H,

Substrate-H,, = Substrate-|
rt-50°C
- - L] »~ ?:\' 1 e ."‘
¥ S oy K g, o "'; Y, _"-' Ma
T \\j/ e e i IL/ B Ea /" “coma
mam mam mam mam man) Tam . imnzm

Synlett 1149 (2002)

“ T E 4

H bl

on ™ e ) H
- - w | g
: /g\, = Me={ e e WOy
= ) e i« N P pe—y Pn U W
B \ “on A | . " \ b ‘CoNa -
(L) iy (L] (48 h) 2an imzm L] 4 h)

Chem. Eur. J. 14, 664 (2008)

Further heat conditions promoted the H-D exchange reactivity of the Pd/C-H,-D,0
combination and facilitated the H-D exchange reaction not only at the benzyl position
but also at inactive non-benzylic sites.

Fig.2.8 (£ L) FHEEAMD FOEKFCEIS, (B L) NRIIREA# S+ OGBS EK R
TEEARFAERIS, () FEBRAKT T ONLEZERA EKFZ L SOS OB 2

WA, BKF/EARBELSED A T =X L EIEHAPFRICBET 2EE R H - 72, T OEE XL
To#wy) Ths,

> A J) = X LWRGE - K FE/HEARFEIBNNZ BN T, KRBT AN R T EENZ OV TEEM7Z2
FFENEM STV D, fERIIZKRET AREE (b L IHBFE/BE)
TAHZETEBOCHEZ 52 EIFWEOHRIZLV RER TS GEH
(2 OUNTIE T. Kurita, ef al., Chem. Eur. J., 14, 3371 (2008) ZZMIAE X 72\V),
— 5T, FOEHMBRA T = AL ONWTIZHDEE TH -7, EIBAZE
F T, VAREMOSGM 2 3 ha—v L) & EAKSE B B G % B
T5HIET, KIGIZIZEK (D,0) EKREFEHANRKETHY, EloKFEHN
A DFEENIAEE A TEELT 22 L Th D (EEMICKISIZIZEDL S22 0,)
EWVIBLWAD=ALNEEBEINTZ, TOAND=ALE, 4oL
TV — L o EARFLE OKE T A T2 b WG, Fig. 2.9)
WCRVEMTENTEREY, EAFMEFORRLIFERICKESEBRL T
%2 EIEMEN R,

_12_



JAEA-Review 2018-002 J-PARC 17-06

Deuteration of Aromatic Compounds
i-PrOH: as an in situ Hydrogen Source

@ 10% PY/C p
- 1p
7z i-PrOH | c-Hex / D,0 7z

q
80°C. AT \yithout external H,
Adv. Synth. Calal. 2013, 354, 1520,

R = carbonyl, alkenyl etc.

Promotion of Efficiency by H, o
Conventional method oo =
__me b
0,0 D
250°C, 45MPa [y o °
=]

without H;
5. Maisubara et al. Chem. Letf. 2004, 33, 294.
(7]

Our previous work o 5
pvc. Hy ) o
0,0 o
80°C o ol
The Pt/C-catalyzed deuteration of arematic nuclei proceeded o g
Tetrahedron Lelt. 2005, 46, G995,

at only B0 *C under ordinary hydrogen atmosphere.

Fig. 2.9 T V3 — VI KD EAKFBEISIEDOZNER, (Vo AT ra— a2l
Y DA HEIKFEIRBRPRE < 1Ak

RZIZ, EREUATHENIC TR S NN O E 2 LT ICRH# T 5,

> L DRI
O THa—VOREPKRTH D =—T LA MITEARFEER I NN &b, RO OH

3 Ru/C DIJEICB N TREARARTH D Z ENP LN > TN D,
AN CR SN BEKRIERR LRI A 27 — 2 138y, PR TFEELER 2/ S 2

®
LT, MIGDA N =R LNZBRICMATE D EE LV,

_13_
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3. Deuteration Science for Chemistry

Kty va gk, PUEFHELICEKRFCDE 2 BRI L2 217> T b 6 4 D1k
FAFRE DI AT o 7o, ARGEBE CIL, T/ NABELE, TR ERIE, T B A A
TERRATIE, PP YERPEBGELTE & ) o o bk 2 22 FIEICE K L E 23R S TR AR
EhTkyh, EAKEWEOAAOE S ZRHTET,

2T, GEETICHER SNTENE 2RI OBIR LS P E Y 7 XITHT o a A b E
F LT,

3.1 Structural Study on Solvation in Ionic Liquid-based Electrolyte Solutions
— presented by Associate Prof. K. Fujii (Yamaguchi Univ.)
WA RO MR T, BEARFEA A iRz O T BRI B 2 JE IS DWW T O RER
AT o7,
A T, RN EAKFEA A IR DERTTIEZ O T ORI DD~ T, mVEAKFLR
DA A ERZEK L TR | TR OHAKFZ A A ABAE DB HIT> TS (Fig. 3.1),

Deuterated ILs

Synthesis of Deuterated [C,mIm][TFSA]

H
HiCos /_’;_\ [C,(D)mIm][Br] H,c‘\_‘(/-sx, C,D,,.. CeOH (base, 0.1 M)
B { in acetonitrile, r.t., 12 h 5\\—| [
H

H

Br inD,0,60C" ,16h

Distilled, reduced pressure

washing with D,O

HRC\\N@""C”D”’ LiTFSA salt  HiC. () 5= CoDania (or H,0)
\~—/ in D 0, r.t.
o b B"

D TFSA

[mmls(lble, aq. solution]

AgNO, check
NMR check

Water content ethyl-group (n = 2); > 98%
[CH(D)mlml [TFSA] dodecyl-group (n = 12); > 93%

Fig. 3.1 HEKFE A F K (CyD)mIm) DH AT IE

I Bz, BARFBESNToA F WK L PYEF/NAEGEL (SANS) EE M AG DT IC &
D R A A U IRIRIATR T TIBRR SN DA A O EAEICET AN Tz, DR
e BWT =F T =F CMAAERICMA T, TAFAVEHORWA A R TIET =F -7
FRVE, TOFNEA IF YV T LB, TAFVE-T AT AVEHEEANERISATND
TEMNAHENT, A A VIREOEAFICE D b T A NEENE R GRS R A5 &
L7efBITHY, 2 T A NEOFIERFFES LTV D

F o BEHHEER DI XBEELEE MDY I 2 L — g /%,’t* B W T fRATIEIZ L0

_14_
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UF U LA T DRFTHEE & BB TS O 2 A T\ D, ZOFEIZEY, VUF U LA
F o OFERREE, VF U LU F U LAEBRFEEL LN L TWD, BB OIX. 2
DFEMZTY F v LOFEME CLIL) & hErBElez A bEmEREITH> 2L TY
F T LA FEE OB Z2RH D TETHY . T ERMET XY 722G LTk
BERMFIEE WV ) RICEB W T H REFEBRELS . SBOERICHER Lo,

3.2 Study of Electrochemical Interface Structure using Reflectivity Techniques
— presented by Dr. K. Tamura (JAEA)

A ARSI TE B %S (JAEA) O BATE TIX, SEKRFEA 4 IR/ B TR R S i

LR EEMIEICEAT OMEIC oW TORRZIT T2,

AT TTIE, AN A A ARIRRREHZ 31T 5 EBAR Z HE G AT D e ATHFZE I DV T ORI 3
b o7, FATHFSE TiX. Atomic Force Microscope., Surface Enhanced Infrared Absorption
Spectroscopy., High Energy X-ray Reflectivity 72 & O F{EZ W EEMRT A E SN TERH Y, &
FEBRICB W TER _HBEHEDFIEL R TRRPELNATND, RIFFR T, HARHE A
‘(ﬁzﬁi EHMEF RN RIEEZ A DY T FEE WD Z LT, FEMEERN D@ DM (In Sitw)

B2 ER EHBOMMEEOMIT 2R A TV D, XK ETITIAERD THERSL TN D
42L/¥1£{$®%QEL: YRTZANMIEEDT DI LIXTERWD, PHEFTIEHF A4 2 ELK
FMT L5 CEI_BEREENTICLE DT T = MOary N TR NEEDITH &
MARETH Y . HARFLDOFR ZFBAYICHIHT 5 2 & THOFIETITBN TS W EEil/eE
S i & Oiteim &2 PTHE & LT Do A A IR DO HEI/KFE{LIL ANSTO-NDF @ T. A. Darwish f#
+ & DILFEHIFEIT &0 B LR EARFE L GIEEZ AN TEM L, P RART—20
HFEIX J-PARC MLF BL17 GHIC T T To, TR SO SR BE 13 L+ O\ it =R 2 Fil A
L 72 In Situ EBR v A7 & (Fig. 3.2) #HE-FIH L TirbihT,

Electrochemical cell for NR ((@)
Electrochemically,
ideal condition!! to pot. to pot.
Reference Counter
electrode electrode
(RE) (CE)
Cell body
0 -ring
Si(100) (WE)
WE : Working electrode ‘
to pot.
WE——
RE——  Potentiostat — PC

CE—

Fig. 3.2 HEKRFA A W AR/Si B E In Situ JIE > AT A OBEE

A TIXEEOBIC X 2P RT —F OBLZ R A TR T DRI Sz, S5
Fitting f#ATIC & 0 EEZLICHE ) BR _HBRNOT =4 - B F 74 > ORRFHEE O $1:f/%%é<k

_15_
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B HEMIE LSBT 28 nm BRE OYRHUE O A HGE S TR Y | A & i/ Em A
HICBNT S, KEHREHEUOER “HEMEN RSN TWD EfEmAT TWD, RO

BE LT ER_EBNTOT =F 2 D F & O MEEDREITIZRT LEZERNH Y | A A
AR DER 5y K FAL & PHEF I RIEDOMAEDEIZ L DMENFTR STV D, THET RS
R Ialb—vailid b, A A BIEOES BEKFLIT XV B A4S O R f#AT 25 TRE T
bHoHERENTEBY (Fig.33), A%OELLIERIHFIND,

Future project (@)

Tune the SLD value of alkyl chain to detect the position of imidazole ring

() . SLD — 36X 108 A2
I

Intensity
Intensity

P

Qrat

Fig. 3.3 WA FE I 2 L—v 3 VER

3.3 Study of Additives in Ordered-Bicontinuos-Double-Network Structures Revealed by SANS
— presented by Associate Prof. K. Yamamoto (Nagoya Inst. Tech.)

AR TERFOINARMEERZIT, EAFA AT ey 7 aR ) ~v—% M7z Ordered-Bico
ntinuous-Double-Diamond (OBDD) #3& DAFZEIZ T 2R 21T - 72,

RERY ~—OJ{E(LIT OBDD #iE DL EAL 2 P 2 7O O BB 2t & 72 72 [LAUE
B 513 X M EEL (SAXS), v/ EL (SANS) . MUOEAFILT 0 vy 7 aR ] v —
ERHOCTEMERTZ1T 5 2L T, TOREMBEOHH ZRAA TV D, Fig. 3.4 (T3,
PMA-b-PS/d-PS 7' 0 v 7 2R Y ~—® SAXS-SANS 7’12 7 7 A L D & OFFHTHRER DR S
nTn5,

_16_
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and Neutron Reflectivity

* SANS and NR experiments revealed the distribution of added
homopolymer (deuterated) in BCP (protonated) system.

Block copolymer M, (PMA)* b M, (P5)* & M, /M2 PMA : PS (vol.)

PMA-b-PS 1.70 X 10¢ 7.90 % 10° 110 64.8:35.2

n M, PMA-b-PS
drs 5.80x10° 6.00X10° 1.03
- dPS
i. PHA-LPS 1S (15w1%) SLD 15wt%
) —C— BANS N
E ! E
1. e ; A F =~
1- 2 E PMA 45.9%)
1 = % 0.6519 § d
EER §E PSIdPS
3 4 sz 0.5646
: £ 2
£ 55 PSIdPS 5.262
[~ -
3 5 s
E = £ Ps (15.2%)
1 t 8 PMA 4 412
3 2w 1345
E 3
] P T
_ 0 1
y did*

Fig. 3.4 PMA-b-PS 7' 11 v 77 27K J = — SAXS-SANS 7' 11 7 7 A /L DFEL

Zo & o, EARFEMARY v —+SANS DHAGDOHEIZ LY | SAXS TIER 22V S e fgiE o
EWHRHINTWD, 7ry 7 2R ~—HIZE517 5 OBDD #IE % E(L D 7= 12 1EE 45 184
DRy XU T TTARN =g UBNELTHIETTHD, TORD, BEAFEELRERY ~—%
MWD ZETREDYA MIARERN) v —DRET2RFEZBHITELLEZTVD, LT
FBIEETHOERRT — 2 BB s Ty, fEFLEARFTry 7 aR) ~—z2FHL
TeFEBRIZ LD R D A I ST 2,

3.4 Quasielastic Neutron Scattering Studies of Ionic Liquids Utilizing Deuteration Technique
— presented by Dr. M. Kofu (JAEA/J-PARC)

JAEA/J-PARC Oy FFfE 413, ohPE 7 HES PR BGEL A IS & 2 BKFRALA A iR K O 43 Bk
FAFTI T RACEHT D REEATT,

AZ AR e BRI AR L LS T CHE B Sd— 05 RN PR R BLE O b i AT HE
FHPTONTND, ZIETIZ, P ERMEEELF R O TeA T AR ORI 2 2 (0 2%
FARTETEY, ZOPTHEAKFE T VEE T PR ELIE 2 2 Gz 3 SOOI
TRORKNDHST,

1 SDHOWIZERNT, TRBEKRFEMA A EEEZ NN ETH D, A A ARIEDRET N2 —
VIR 3OO = REEN DRV | m QMG TR VIR, A A U HEBE, F fiE (h
PERAA 2 EIERMIE B A A D7 w3 EEEE) OMBIICHIGT 5, T LD QL& THE
BPERGELINE 21T 9 2 &I &0, x4 odEF 2 EHNIZFH~72 (Fig. 3.5), Zh & OB R
HEALAT—)VTCHEEL TSI &, LT /BEPBHINICEIVEFELIEETLIZL2HL
T LTe, 22T, F/MEICHRT D44 I 7 228 LT OIIARBERHD TOHITH
. AT REOBEKRFICE D FHHEEOTE 2 RE Lt 2O XD PR3 AThE
Lol
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4000 T csm.mr%
l Qow Qion ! —— e-034" | )
1 / | relaxation of
30001 o° 4 Y nanostructure!

.
5_ + R oY
-‘é f.‘ 3 ’- et
= ¢ = RN I S S
=} L / } T -~
& 2000 ':,.*- = x e
3 o iz o- \ !
~ -~ b 4 /
1000 I+ e CBMIMTFSI | : 205
—8— C8mimPFg
T=50K 0 CBrmmCi
D 1 1 1 L
90 0z 04 06 08 10 12 14
-1
QlA
21/Q,

Q.0 /1(Q.0)

1
tins

Fig. 3.5 HEF A @ a—4p6imic X 0 lE S B8 R EKFLA A AR DR~ 57—
BELU2 5D Q Ll T o R HEL BT

2 DHOBRBNL, A A L RIEOBKFERE 2 AW BT IR BELOF R CTh D, A
ﬁyﬁmmm@§®@@%~Fﬁffﬁ%wi#?%@@ﬁ%ﬁﬁ@@ﬁﬁ;b@@@ﬁ%@t
WL, R ) IZOWTOHmANMEbND, T—FITIC L 0 EBIR Y 2ol L, A
ﬁVW¢®§4Ti7X®£W@%m?;ELﬁﬁbk(Hg&@oé%ﬂ\%4ﬁ7\@4
TR EARL Z LIk, WEEBITZ —a VHAEERICXE SN Z &, TIVF IV
DRFHEIITA AL EST A FAHRIIIKFE LW E R bR L, Zhb ORI, 1
TN T I EEERETHEBEZA LI THERSHMIATE -,

& - . r \
CBmimTFSI
. e % .,
2t 4 o % 4an tet g
S >
o ol ® i R
-8t 4 W nmruﬁu;a
nanostructure 5 relaxation
relaxation T At
= 9 O onic diffusion wWhiATe et °.'
B & e
3 10 /0)
I —
R fo_.»o".qu\luamlum relaxation | _ ~
B O nic diffusion
-12r - 1 imidazolium relaxation
o000 9o~

lkyl resorientat
-13 L L L )
&5 e e o alkyl reorientation
\\ KK’ //

Fig. 3.6 A A AR DRI O 2R gF L OIS T 5 @B oA

3 DHDOMEHNIA A TNV TH D, A AT NiTE g+ (PMMA : ARU A F )L A X
7L — k) OMAMEICIA A VIRENHUADONTE-ZTH D, 44 VKIKEES ISR
LT &, Vb L, S RREFEK T2 DON 7 AEBENBND, Z ORI E
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2 ODH T AEBEHET 572D [T el (O AV [ U NTAS X ) g VAL Eﬁ?ﬁlﬁ“é%ﬁﬁ‘ié@
b, £ T, ?mﬁﬁm%mm“%k?*%@ﬂ%k%ﬁ/@wmﬁAbﬁ . IR
IR F 2GR DHRBIT 2 Z & T, %a@i@@@@%ﬁﬁto%%wﬁﬁ =T
A RIKE bEEOEIR R H Y . EloEmny FAHEDOA F U RIRIEE S FICHREES N (S
EDOMBEAERIZE Y F VBT 5,) . HBRZETZ L, ZABEWT T AEBIREICE
WI2ZemEaniz, —H., @maTrob LRz E Z AW A F U HRIKIF AV A F
IR L RRRRIRD BN L, AW T AEBIREICTF ST 5, 2D, A F T MEIAX A2
v 7 A=) (—100A) TIFHE—103 07 AEBICED DL A7 —L (—10A) TIEAH—TH
HZEERBELTWND,

VAR EHEWE OB b 2 >0 b 5T, BAERBZWET S 7217 Tl
BHAL A OEENET— ROERFREMA ST HZ EFHE LY, LoLans, EAKRT~LE
EOESFMATE LTI, A FI7 208 EHLMNC L, TOWEORKHIZ OV T L
VIRV Z 55 2 ENARBIC 2 D E IS5,

3.5 Deuteration in Crystal Chemistry
— presented by Dr. T. Ohhara (JAEA/J-PARC)

JAEA/J-PARC @ KR53, HAKFLEE 2 W 725 SR BRI 36 1 DAL 2 BUS & AR SOS o
AT = A LB DB DWW T ORKRZIT 72,

AT CIE, BURE R TP M RS AR A R OV M R IEHTE IS B 1 2 K F LD ERITHOWT
DFBIT > > 7z, THEFMREHTHEICIS W TR, KEOHFUWMRELICHR T Ny 7 7T D
YR A REBICA TH DI, BARFRGITHRE SN D, —TF, BESEERITIEICB W T
E. FEFEHEBELORBE D bFRFEDKFED T ~)ALD T D DBEKFAENEE L 05, KNl
TUE, HURS P TR AT BRI W S T KB & W D G R TT 1 & R S T
DAER PRI ST,

J | o~ & =

- i rystalline-state photo-isomerization of an _
B~ _ unsaturated thioamide compound
T. Hosoya, T. Ohhara, et al., Chem. Lett., 2003, 742.

H
Ay e
in single crystal i N
gﬁp
[i-thiolactal

FONDER®)RR-3
X
Irs 2,

" -
N
;e de o |

"-
iy

This result showed that the |ntrama|ecular deuterium transfer is the frlgger of
J the reaction. \j }

Fig. 3.7 i k7B AEAT 1212 & 0 BB 7= Cobaloxime #5& (/) & Thioamide {z/\% )
DY BMAV SRR O 1

“Result of the structure
analysis

Positions of the deuterium atoms
+ bonding to the a-carbon atom
(c4")

+ bonding to the d-methyl group
(C1°) with 1/3 occupancy.

BIX-3@JRR-3
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Fig. 3.7 IZ. Cobaloxime #f{4 & Thioamide b &4 DG E ARG BT IZ 3 1T D MG AT D5
T, MHE BT, JCHRHFTHR CERAREFOMENED> TS Z LB RS AT
Do £, ZOMEOEANLHRMEACDORIEA =X LBHLNIR>TEY, TRLEN
Cobaloxime #1351 TIE Alkyl turn % D s | Thioamide (LA I3 Tl oy WK FEB B X
JEMIED MU =T o> TWDH T EN A S, fich, ¥ 7 /GO BRSO F
BNZISH ST RGO D3 DV . BEKFE T AL+ BRSSP M S AT IR O M4 A bt
XSG A T = X MBSk L CHRER 2RSS ORI TH 5 2 & 2R Bk T & 7,
KRFIIMEFIEOEEREEN L) Z B2 2 HDHN, X BIT K DT TIEZOFEMET 5
ZERHEBRNT—AB AT D, DX — AT, BEAKET ML LI TOH
fEen TS REAT N I TH D Z EICEV ORI,

AR OB IZIE, J-PARC BHKFALEREICHT 2 EANH - 72, i, EAFLERZ 1A
WHEHODN—FLEELS LTIELWY, EWVWo7nb D ThHotz, TDOREOICIE, BEARELIZS
TR AR DR E & T OB OEBRFIEO —BALNHEIC 2D L Bbhd, KRU—2 v a v 7 T%
T BT EK B EBRE ORAE 7812 >\\CiX, Free Discussion D TiE L < #HMT 5D T,
b bx TZRIEE T2V,

3.6 Polymer Interfacial Structures Revealed by a Combination of Sample Labeling with Neutron
Reflectometry — presented by Prof. N. Torikai (Mie Univ.)

—HRFORBEBARIT. NG K 2 &5 7 # IO B sl 25 2R 2 M RO R A TRl
RO W THEEZITo T2,

AR T, m RO BUR AV BLR OFEIT & BRI T E OB B o 72, PR o
oD FELE LT ORWERELDOEA, QFEIENER 2 DU, @7/ MERE FELE A D HN
@E 5y T BRSO, OREBHEDOERE VS T-FERB X LN DLM, R TIZIO K V@
R DBHNIHN RIS 2 AN = A 0%, PR RELEHKET VVEEEAGDE
TR L VB BT LT,

M THOWIEEmD IR Y 2F L (PS, 75 7 8=11,500) T, U 2 BRI 5 Fimis
WERATDHRMAIE LTHRY Q-v=1t Y Pr) (P2VP, 451 #=26,000) L. Zh L [FRRE
DRTEOAF LU ER2-E=ALEY Py 2QVP) OB AV Mhbkd 7 4 2 4EEAE (R
CP, 471 &#=28,000 and 28,500, %3 fH'® 2VP £/ A > N ®DFE/N433=025 and 0.77) %Mz
TeREAERL L. BULE (7 =—)v) RSB D &S /R AT OS2 Bl LT,
Fig. 3.8 12, d-PS/RCP Bt DO HME TR 7 — & R OENTHRE SR & . 2O RA LIRSk
d-PS/RCP J: " d-PS/P2VP 5RO BLELHT O SRR 1E D F & 80 & 7md, Tk SO SRR AT 5 2R >
5. BREtOT =— L% TETFOMEEITH D OO, 7 =—/17 LORETHEEIZ 2VP B
53 NI A E AT ARAT 9% 2 EE SRR SN D 2 LRI SN, £, 2VP R D
BENRZWIEE Z oMM BB STz, WTROREHT DWW T b Kl O L BHMBIEIZE ) b Bl
NOMBIDFER SN2 Z L6 2VP By O R ~ DR B BRA O T 53 2 &R
At Bz,
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NR results before and after the annealin (Ps: RCP,
P2vP=) 90:10 70:30 50:50
'k T 1 2.5vol% T.4vol% 12.4vol%
X " PS/RCP (77%)
2 450/ W
= 7.6vol% 22.8Bvol% 38.2vol’
v
A & g
1o © d-PS/RCP(77%)
o d PS!RCP[??%:_ah static W/M
L 9. 8volh 29.6vol%

R I= UNIVERSIW t‘lU\ ; Z Mie uiVErsTY As-cast film &

Fig. 3.8 EPFE%EL%T@/E g - fRAT G R (F2) LR EMELREDE LD (F)

PS/d-PS Bt D EFRIZ BV TIX (Fig. 3.9). misr F&EMm & LTHEKFEL PS (d-PS, /hF&
=210,000) Z@WM L7z & 2 A, 7T =— ARtk THEFRNET 7 7 7 A VICHfE R 22083 8L S
AU, EDERD d-PS Gy DFEMRFH~DIRITIZH D Z N LN E ol T DRERE E
LD L WINELG 3 @& oy BRI E AT RT3 2 2 & 28, @ or 1O Bk anilzh R 4
HOERDO—> L LTHmATT Sz,

ave. SLD
as-cast: 1.83
annealed: 1.95

Results of neutron reflectometry

dPS210k 12.5wt% blend acid-treated

Reflectivity

E MIE universITY

Fig. 3.9 PS/d-PS #B} D Hh V7 S 32300 7 - AT s S

Loy DARE R S F B O s B R E D RSy DR 2 BLHIE 5 2 &3 EPT%%&EK#\\
ML Z ARG DR TIEUSMIINEE LMD 5, AWFTED 7225 BRI oy
R O LI EI R IR O A T = X LR TH 5 73, ﬁ%‘ém/\%%&/\ﬁﬂ@%kﬁn xﬂ‘éi
KFET SNAEDEBEMENAMEIOR S NIMERRE T H -T2 L E X D,
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4. Deuteration Science for Biology

AKeyvarky, EWnTOEKFICESRZH Tz, BAROEMWELST 058 O EHT
V. H CROSS DM@y A = Aa—F 4 x—X—%JEE L LT, BT RPRA
A E R IERE O m i R R H R & R AR T o T S —Bh U, # N7 E OEK
FALITAR D 5B O FAT ORI & AFFEA~DIE I DOV TR 2 KHEH L 7=,

4.1 Isotope labeling strategies for the NMR study of large proteins using yeast expression systems
— presented by Dr. H. Takahashi (Yokohama City Univ.)

FIBRRBIRICIL, NMR 2 W2 X X7 OMITICE D 2 B O8RS, X7 E
DL ERNAR T SACIEIZ DN THEE L TH H o7, NMR (ZBWT, “C, PN, HD)2 E D
AARE D T2l 2 EE R TR ORI Z B A U B R T . T 2t 2 B CA
DHLDERSTND, ZDOHFT *HD)NZ DWW TIE, J-PARC MLF THEHET 5 BEARFEL TR &%t
GNR—FHLTEHBY, BARFELTAONLS FIFIZHBW T, NMR & OBFEE & W BRORES L,
FWICHETHLLEEZDBND,

GBI DFEFK TIE. NMR OB 2> DA EAEAFRIT ISR 2 B O L ORI E D | K
CKIID B Xy B RR L LIz & & DA F VIR *H(D) 7 ~ALEAFICBE§ 2 N T
A DORME AT T, B TR BEREO IR 2L > T2 RINAR 7 ~ AL B OfIr Th > 7=,
LLFIZ 2 DOFEEIZ W THY RiF 5,

> A F LV EGRIR 72 PH(D) 7~k i

HAFLT R TOHEMERICENTE, TXTOAFERF%Z HD)TF b L7z Z v g
DOFFRPPLA T R EHIN & 225 — 5T, HIETFENT O R #EUA R RIRICTE >3 I2iE, # o EAKSHE
{EHEANF OB N PO ZRREE 2D, 201D, SEHEI 252 T 72 A F VSRR 2 7~
BAffix, FERICHBREVWNAE Th o7 (Figd.1),
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ILV-methyl-selective '3C,'H-labeling using E. coli
expression system

In combination with 2H-labeling (with 2H-glucose and 2H,0)

It is known that amino acid precursors (c-keto acids) were effectively converted to ILV
(lle, Leu, Val)-amino acids. Cost-effective methyl-selective labeling can be performed
upon the addition of these labeled precursors during the induction phase of E. coli
culture,

€, Ny

|
BCHSCD, =00 =C00r )= CD =00 ="C00r

converted . “H0 adapti
a-Ketobutyrate e o Iseleucine ! I'(I“;T,il_mw
(4-12¢,3,3-d,) in cedls (8-13CH,) =
H M | fincuction H
== \o= =
o . [ e =Y
. . o s K 5
CHy-"CD ~"CO ~"CO0r BCH~"CD ="CD ~'CO0r - [ )
3 ; ) 10mL 1B 100mL M5 5 .
a-Ketoisovalerate A Valine NHO (o Hoglucese)  [incl *H-glucose)
(4-17C,3,4,4,4-d,) (y-17CH,) in ;0 n 0

\ ¢ ND,”
| |
BCH—'CD —'CD— CD—COo0-

Leucine

(8-'3CH,)

Goto, NK. et al., i Biomol NMR., 13, 369-374 (1999]

Fig.4.1Ile, Leu, Val ® 7 2 / g% %5 & L7z H(D) 7 ~LAbH A

>FEREDFEBLFR &l o T [FIAAR 7 ~ AL B IR

FKFZ XV HEORBIIB N TR BAH NS RIE, RIBEBB A THL, Ly
b, GWE NI EOEBRTREDOILFEMOZ L 2BET DL, REEMTH D KEE X
Db, R EOEEEMEFIH LICROFADBMEL 725, 4lal, NMR ToORCEHFR R
BRO—B8RE L TMESITONS, BREZHWEHEIRICOW TR 257, BRETITEE A ¥
J —)VEALEERE (Pichia pastoris) <°/N>[#FRE (Saccharomyces cerevisiae) 723\ H 4125 D3 —fi%
TohHH0, ShgHE EmE ORI E T 288 (Kluyveromyces lactis) % H W72 AR 23
& otz (Figd.2), BHEMBEFPEEME S ) JMTHAAENT (v TF a b —) KA RIS L
RTWEOFRRH D Z LN, FEFITHIKEOCVAE TH -7,
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Uniform 2H-labeling using yeast K. lactis

Primar v cullure
sml .”7
F
¥PD broth
109 Gluccse DzO Adaptation
' HD iy,
100 ml ;T‘.
Mo Adaptation YNB media
Do H-Glucase
0:0
Condition #1 | Condilion #2 | Condition #3 | Condition #4
Conventional | Fed Batch | Conventional Fed Batch
Air H ne v AIr nr
¥ ' = 3 Y
' il Il Q. i| | @)
1L l :1L-| AL IL|'|
ALY A
YNEmedia |  YNBmeda! YNBmeda YNB media
10gL Ghucose 1 Sl Ghcose 1 10 gL Glucose 5L Glutose
[+ H [0 H [+ [0+
kDa
0 ==
o2 o b bt Bl b
an &= o i ek e e b e b
38 = el
25 -
17
14 .
Onami-Miyazawa et al.,
s, J. Biomol. NMR, 2013
Ohr 24he 72hr Ohe 24hr 72he Ohe 24he 72hr Ohr 24he 72hr

Fig. 4.2 Bk (Kluyveromyces lactis) % F 72 B /K E AL R L O 2L

4.2 Preparation of Histones by Chemical Ligation Methods for Structural Studies
— presented by Dr. S. Machida (Waseda Univ.)

BEREKRFOIEEIE, e XA M Z T HOMEE, TOMETHNOR TS H
NIBIAT—va VEIRORREZKBE LT, AEIE. B A b2 o7 O EEY 7R
WHgte & LT, ZOPTEINIZRZ &b @0 TR WZIZ W, B R bk, EYofila
WTRW DNA 2410 BEA TENIZINT 2&E 2 b5, S bICHkA Z2flila OMRE B0
BIRICED D Z L, AEWFEMRICE W OERICEERMIEGRTH L, THhITRD 7 o)
VBEIAT—va VEIRITERFTO L DT, bitbhil & o> THEFICHREVWNE Th o7,

ZUNRTEDTA T = a CEANIR, o EREBERRE, X7 FEEEIC L o TERIR
ARG ST 2 LB CTH D, TDTD, Z 2T B EHSHICEKFELT D HIFO
FEAEOBRND, EFICHZRFIETH S, UT (Fig.43) BERO—-HTHLR, 22T
I, ERA M H3 ZUNTEIL, AT AVES N EENMB LT A 7 —va sildii &
LTS, BARMIZIE, B2 b2 H3 @O C RKuafilic, Lys FBEA(LPEM LT-XTF K&
AL T2, SDS-PAGE (2 & 2 50#if & 72 & HFWIIHHRI S IEIMTONATND Z L
RV VIR
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Preparation of H3K122cr by native chemical ligation

2
(=4
o
=
2
W CHOIEED
MEENa  Peptide o
GBI ntein CBD His, l@mk = |-H3(1-109)-Intein
- -Intein
M-NTA  Thiolysls \ Ugstion  ManoS
Infein GED Hiz) - -H3 K122¢r
1al= = |-H31-769)
-Peptide
Suzuki, ¥., et al.,Biochem. Biophys. Res. Commun., 2016

Fig. 43 (LR T A F—a 2k b e A h & o Ry Boil

Flo OB LT, EA M Z2EXRTF AT DOV T ORI A5 1T 72 (Fig. 4.4),
Z 2T, A>T A > & DTNP(2,2-dithiobis(5-nitropyridine)) & VN 9 (L AEfifi&l & . SS fE A
kD747 = a#iToTWa, SSHEG b I, BFIBOXTF NEGDIAFr—va v %
A, & 237 B D5y K FACEANN AR D BE R FIETH D HEEHEORBEREHICIB N T,
TA T = a CHANZET 28 RE ~OME NG E R 238 2 72 < Feviz,

Synthesis of monoubiquitinated histone

cysteamine

AT %

Ubiquitnain vt »
%
E’Q}& M_@ Ty b
AZ -
K120C)

(Champak Chatterjee ef al., Nat. Chem. Bio., 2010)

Fig. 44 2 X F b &Nzt XA b X R IEDEKIE

4.3 Protein Deuteration using Algal Peptone for Neutron Scattering
— presented by Dr. S. Fujiwara (QST)
RED 2HDHEHEARICOWTIL, Z 7 HEOBEKFEGRBORFRICEREZH T, BR
ELTHE, D J-PARC V=2 v a vy T OA—=HFTAF—=Th D, HIMKRFE A EBRIT O
IWIEABHR IR L 7=, QST OBRFUE LIFATER L ZIC LY . & 7 BOBEAKFELRE %
il o 72 AR FEDOBUR & 4 1% O STEL T M PE SV TR &2 1T - 72,
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QST IR EJEafFst BiL, e+ 2 AW IcAMmEH P O Rk % 2Rz 317 2 EARFE & X
JEORMMOBEREMEREZMBLL, 7 o7 HEAKFE LT EMBIEORETO (8] &5
B chraRr Lz, TLTHEREOD VL —7THD TWHRREST ~ 2R LK
BRBRICBT D4 v 7 BEAEECOWDTHRI Lz, ZoF kR, e EKF T
HMNERBRETICEBWTHE L, Bonik@maz o Lic~7 F (X7 FdEAKHFEES
NTWND,) ZREJE L TRBEAEKPTTHEL, BNET X "7 HEZRESEL LW
IFETH D, FREEST b bM BTS2 72 OICEKFLRFBIRE AT 2 HLER 72 <
R ZM CERAIRETH D Z &, £ L TRBEBEIR THONITRBLROFBE L RIT VW
IR AR, S DITERMOME L UTHEAKF(FREET F o L HAKFE L TO RNk
N R EE TIRAT 2 Z EICEVEEOEKFELFOBEAKF( LY X7 BOFHREN
AETHDHZEZRLTE, ZOLIITHRESNT N2 Lie ¥ o X7 B EKEIET R
NE < WAEDOEWHIETH Y, KKIERA SN D Z ERHIfFIL D,

4.4 Perdeuteration and Protein Neutron Crystallography (for Beginners)
— presented by Dr. M. Adachi (QST)

A3 HICBMEE S L7 J-PARC U —7 v a v 7 TRIER O PET- 2 FIWT2/EWT) ORET
FCRWNT, N7 B O PPEFfG S EARIT I B 1T 2 3B O e R KL DL EMES W TR
Ll TNEZIT T, SREEOTEONFEROLZ L HE L, YESHEOZNETO
BUR 2 ISR 95 2 & T A E A IE AT (236 1T D se R K SRAL O AT B OB 2 4% 2 FE
Rtz U,

Fig. 4.5 CTiX, v 74 > 7 —% /37 PDB(https://www.rcsb.org/pdb/home/home.do)|Z ik
NTW D VET-RE SR DR T — 2 e 7y R LTS, £ 124 B0 9 b, TaEHE
RFAEREHT, 23 1F T, 20 20%%2 5D 5, £o, BUEREOMIED 1.05SAZFEL TVD
AEHE, ZREAKFLLTVIREITHD, D ORRIX, BEEAKFRILN, ¥ XI7EHD
P - RS AT ISR STV D B 2R & & BT, BIYPTA D S/N D78 k7
S ARAT DR EE R B 2R3 5 2 & 2R 5,
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Deposited coordinate data for neutron protein crystallography

http:/fwewweresb.org/pdb/home/home.do (PDB data base) 134436 (2017.10.20)
key word: Experimental method, Neutron diffraction coordinate data
30

1) 124 coordinate data of protein neutron crystallography 27
25 - 2) 23 perdeuterated protein (23/124= approxymately 20%)
3) Maximum resolution is 1.05A using perdeuteration

1054
myoglobin

BIHT Human aldese reductase \
5 4 [/F"'e-"'“'nﬁf‘"] 2.2 A(36kDa) ~—_
) I#L
0';’v—r'_.'..”...“”.J'”.”'...“‘..“.'. n 0

19690 1980 1985 1990 1995 2000 2005 2010 2015
Year

bl

£ 0 { 4lseven (7] kinds of perdeuterated protein

% E) The first perdeuterated protein is deposited in 2007
c

£ 15 4

3 perdeuterated
k=3 rubredexin

5 10 4

o

E

3

=

Fig. 4.5 PDB [Z 88k S AL TV 2 P& 07 — 2, BE A=D1 EREKFEBUE

Fig. 4.6 Ti, BREAKFL LR B O U A MERT, 23 121X, F—% 2R 7 B ORI &
BENDIED, ZURTBEE LTI T BHESH) Led, b LTETFOND Z &I
BN BEDRBR (F o RXTEORBITHNWDR) B, TARATRBEEZFHL TS Z & T
b, Elc, T NV—TIZEHLTUL, T AV A, 33— v/x BHRZR ERRIPIZIEIZHTD |

T ED 20kDa Btk D T ED/NI WX T ERRRE S TND,

List of perdeuterated protein for neutron protein crystallography(2)

. MW Expression Method
P = ” Groy, reference
rotein kDa system [Carbon source] i
1 Human Aldose - E ool Culture S Mazernann |, et al, Acta Crystallogr D
Reductase o : [succinic acid] et Biol Crystallogr 61, 1413-1417 (2005)
¥ . Curypers MG et al Angew Chem Int Bd
2 Rub 01 3 £. COf ulture LF e - - 2
ubredoxin - col Cultur K Engl. 52, 1022-1025 (2013)
Howard £, et al. | Mol Recognit., 24,
ype-3 Antifreaze nce
3 Type-3 Antifreese 7 E. cal Culture oy 724-732 (2011)
protein Argentina
s Culture Haupt M, ot al. IUCr 1, 429 438
4 Transthyretir 14 E. col France :
SR [Rlycerol] (2014
Fatty acid-hinding 1 £ oof Culture France Howard E1, et al UCrl. 3, 115-136
protein Vi [glyceral] Argentina (2018)
Vandavasi VG et al. L. Med. Chem , 59,
heta ase y) E. co ( 154
6  beta-Lactamase 28 ol Culture S 474479 (2016)
7 T4 lysoryme 19 e ol Calkirs 15A LiL et al. Protewn Sci. 26, 2098-2104
(2017)
g e 19 E. cal Culture P Hiromoto T et al. Pratein Sci 26 1953
——— - e [RioExpress " 1963 (2017]

Fig. 4.6 HPEFRE A IS R S L7z B R EK T b & 3 7 Bk

Fig. 4.7 ClE, B OZEATAKFIZ X DFEO—Fl 273, MRS TW R WHPET 237K H#
JLCTHELT 256, MABIZYERT 2 2 Lcb, 202 EIZky, i boBE~y 7L L
KEFRTPAO~y T LTBIIESND, TOMRE, BOKRTOIEDO~ Yy 7L DX v
Tl —ya UNEE | KBRTO~ Yy TRARARIC R 5, —77, seadkKFE R 2 i
TOEIRFrroEL—ra bl HELRBEWIZ EE, LKA FALEREDa T
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F— A= a CEMTT S EIZBWT, BEEAKFILITZEDTHD Z LITHD70,

Qur recent research result from perdeuterated protein

Hiromoto T et al. Protein Sci 26 1953-1963 (2017)

Protein name: T4 Lysozyme (a traditional enzyme protein)
Molecular weight: 129kDa,
Crystal constants: a=62, b=62, c=96A, Space group: P3,21
MNeutron experiment: (Room temp.)
Newman projection Leu?
gorsh or eclipse .
. Fo-Fc omit maps

=,
'y D
- . torsion angle 0.5 degree
gorsh form
(eclipse)

Staggered conformation was clearly in methyl group of Leu7 residue.

Fig. 4.7 SeHKF S 37 BRUEH TR S e A F VIR O E

>y iarDELd

EEHIR DR RIT. T O T2 OEKF(L S 37 BEEHE RN & FF & 12 B3
w <. A1k, J-PARC DT R & O IEH LT 2 LBEMEPRIE LN LONE Th Tz, £
DREMIT, KU —7 v a v 7OREFHTOLRRON TS, BTHBZFHOEEL T, ¥ X
VEDTA T = a VEIRICOWTHN R H o712, SBEROEETYH., BB
FRFILDFREIT R D T3, WTILSED S FIFFEICI T D5 MLF O RUR R RAGIZ LB 22 5l
ThoD, UL RKEMIBHOY v 3 T MLF EAKELT RO H EIF 2RI AN L &
FEHIZT VT A INVIENKE TChHoT L F XD,
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5. Free Discussion
— Chaired by Dr. K. Akutsu (CROSS)
A RS T2 12, Workshop Hi & 2 B SN @ Free Discussion |2 L D Ffiw = 21T > 72, ?ﬂ?ﬁ@
7 —~ 1%, J-PARC HKF (L FRE OB f WEHAKFZGIEE 2R T 272012, T X TIZ
STERIE, ANRLRE L, RO A BT REFEMIT OV TORGREIT 27,

Fig. 5.1 Free Discussion ¢ D45 DR

F3.J-PARC K U'HAREWNICE T 2 FHAF(LFEREORD & BARAREHCHAT L L 0%
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6. Remarks for Future Outlook
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Workshop Information

1 Preface

Neutron is an effective tool for static and dynamic structure analysis of proteins, surfactants,
polymers, and other organic compounds which contain hydrogen atoms. Utilizing Neutron, J-PARC
MLF has been successfully contributing to create novel scientific findings.

Especially the contrast variation with deuterated molecule and the partial deuterium labeling are the
key technique in neutron scattering analysis. These techniques play an important role in clarifying and
understanding association, diffusion phenomena, and the surface structure of organic compounds. The
development of the neutron science enhanced by the collaboration of the labeling technique and the
neutron scattering method is strongly required in the various fields.

At this workshop, we expect intensive discussion with invited speakers and domestic neutron
scientists on the leading-edge and pioneering research results, which should lead to the development of

the strategy in probing for new research targets and in encouraging deuteration activities at J-PARC.

Chair of organizing committee

Kazuhiro Akutsu (CROSS)

2 Organizing Committee
+ Kazuhiro Akutsu, Mikio Kataoka, Tsukasa Miyazaki (CROSS)
* Shinichi Takata, Yukinobu Kawakita (JAEA/J-PARC)
* Hideki Seto, Hitoshi Endo, Norifumi L. Yamada, Toshiji Kanaya, Toshiya Ootomo
(KEK/J-PARC)
* Motoyasu Adachi, Satoru Fujiwara, Taro Tamada (QST)
* Masaaki Sugiyama (Kyoto Univ.)
* Mitsuhiro Shibayama (The Univ. of Tokyo)
+ Tanaka Ichiro (Ibaraki Univ.)

3 Participants
* Number of participants: 62
« Breakdown : Neutron Scientist: 38, Deuteration Scientist: 4, NMR Scientist: 4,
Industrial Researcher: 3, Others: 13
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4 Program

J-PARC Workshop

‘Deuterated Materials Enhancing Neutron Science for Structure Function Applications ”

October 19-20, 2017,
Ibaraki Quantum Beam Research Center (IQBRC) B101, Tokai, Japan

October 19'"

9:00-9:30  Reception
9:30-9:40  Opening, T. Kanaya (KEK/J-PARC Center)
9:40-10:00 Introduction of J-PARC deuteration facilities, K. Akutsu (CROSS)

Coffee Break (10:00-10:20)

Plenary Session 1
Chair : M. Adachi (QST)
10:20-11:00 Chemical Deuteration at the Australian National Deuteration Facility,
T. A. Darwish (ANSTO)
11:00-11:40 Biological Deuteration at the Australian National Deuteration Facility,
A. Duff (ANSTO)

Lunch Time (11:40-12:40)

Plenary Session 2
Chair : K. Akutsu (CROSS)
12:40-13:20  Activities of the Chemical Deuteration Laboratory at ESS, a node of the

European Deuteration Network, A. Leung (ESS)
13:20-14:00 Direct Deuterium Labeling Methods Based on C-H Activation Utilizing
Hydrogen as a Catalyst Activator, H. Sajiki (Gifu Pharmaceutical Univ.)

Coffee Break (14:00-14:20)

Session1: Deuteration Science for Chemistry_1
T. Kanaya (KEK/J-PARC Center)
14:20-14:50  Structural Study on Solvation in lonic Liquid-based Electrolyte Solutions,
K. Fujii (Yamaguchi Univ.)
14:50-15:10  Study of Electrochemical Interface Structure Using Reflectivity Techniques,
K. Tamura (JAEA)
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15:10-15:40  Study of Additives in Ordered-Bicontinuos-Double-Network Structures
Revealed by SANS K. Yamamoto (Nagoya Inst. Tech.)

Site visit to J-PARC (15:40-17:10)

Banquet (18:30-), Hakkaku (J\ )

October 20"

Session2: Deuteration Science for Chemistry_2
Chair : J. Suzuki (CROSS)
9:00-9:30  Quasielastic Neutron Scattering Studies of lonic Liquids Utilizing
Deuteration Technique, M. Kofu (JAEA/J-PARC)
9:30-10:00  Deuteration in crystal chemistry, T. Ohhara (JAEA/J-PARC)
10:00-10:30  Polymer Interfacial Structures Revealed by a Combination of Sample

Labeling with Neutron Reflectometry N. Torikai (Mie Univ.)

Coffee Break and Group Photo (10:30-11:00)

Session3: Deuteration Science for Biology_1
Chair : M. Kataoka (CROSS)
11:00-11:30 Isotope labeling strategies for the NMR study of large proteins using yeast
expression systems, H. Takahashi (Yokohama City Univ.)
11:30-12:00 Preparation of histones by chemical ligation methods for structural studies,
S. Machida (Waseda Univ.)

Lunch Time (12:00-13:00)
Session4: Deuteration Science for Biology_2
Chair : M. Sugiyama (Kyoto Univ.)
13:00-13:30  Protein deuteration using algal peptone for neutron scattering,
S. Fujiwara (QST)
13:30-14:00 Perdeuteration and protein neutron crystallography, M. Adachi (QST)

Free Discussion (14:10-15:10)

15:10-15:20 Closing, T. Kanaya (KEK/J-PARC Center)
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