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Now-a-days, promotion of life science by utilizing neutron (neutron biology) is highly
demanded in our country, following installation and improvement of high quality and
intensity neutron sources at J-PARC and JRR-3. Aiming at accelerating development of
neutrons biology in our country, an international workshop “Neutron Biology for Next
Generation” was held as a J-PARC Workshop at Ibaraki Quantum Beam Research Center
from 22 March to 23 March in 2017. In the workshop, latest instruments, new-fashioned
methodologies, recent scientific results and future perspectives were extensively discussed by
domestic neutron instrumental scientists and domestic/foreign neutron biologists. This is a

report of the workshop summarized by organizers.

Keywords: Neutron, Biology, J-PARC, Protein, Dynamics, SANS, Crystallography
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1. Introduction

2017 4 3 A 22 H—23 HIZ[HE Workshop Neutron Biology for Next Generation] % %
KOG DTHNEH[TTHEL ER/FE—LFEE o X —IC TN LE L, 20T —
7 ay TORBERIZOWTHIBICHEN SETHE W EBWET, B7E, BARENIZIX
J-PARC/MLF + JRR-3 & E o -@MEOFHETIRNGFET L2 b H 0 | PR FREGRE
P B ITHEFR DOFFRETE 72 SV TH YA A2 W72 A B A 78 O HEME D B ZEME M EE
FEOLNTWET, F70, HEEYTFEZ XU & 5EmBH e CRHIH S o8k~ 725 -
I TFEOHR T, FETFOa=—r BT E— AT AR b RE VW ELE R E T,
LML b, BARENICENT T2 HW2Ewy) (CUF THEr4EmYs)) & FK
ELTEMEFE OBITIR L TELIEH Y A, £D72D, J-PARC/MLF 3B IZF ) FhE+
IO — BN FEELZENEFNH LI E~OYHENREE L — 5, EafRicB T+
VT MAAHSRT) HTERIE L] M2 0 220 oin) Lo 7o EARERIC R 5 ki
DN AAROFPEFRF I 2 =T 4IRS TV D EIFFEARWRIICH S & BbivE
T, £ T, ZORHI AR 2 THERAEIZR T 2 THEFAY T 2 IR H R S 572012,
A ISR S IR S D A AREN O 5t OISR FER K O - I BlLR 2 R 4
MEFEED RN LT, Bl R A M ST T 2 5 im A i L CIHmalak 2 Bk S
B FBROBICT NS THDLEZX, ZOV—I v ay T2l LELL

U—rvay TERBETAICHI D EROmEE LT TICHBESZE R LUE L,
- R O Y AEIFZE TR TDIL, ED X BREEPEF LN TNDDIEA S 2 £z,

A’ ED LD BRITRA~DHIERFDLEZ DN TND DN ?
CERNOHFMHEFSIERILE D LD RAEMFNRICFIHAARE TH LD 2 o, ZTNETED X

9 IRERDPIFHEN TN D DA 2
- B R AR OTORE RN I F AR FICH LT ED L I ITHBRTE 2002
- Z LT, EDFROTEREEDI-OHIZ, BADBFELTRELEFAMTHHIOM?

FROREEEZ Y —7 v a vy FIXARUNLOSMEITINZ, FHEFEWTFREALTH
BN > & FrtERBLO P A T o 5 Ralf Biehl i+ (Forschungszentrum Jiilich
(FZJ)) & Frank Gabel i+ (Institut de Biologie Structurale IBS)) % iflx T, 4 Bk
ELFE L, £ [Japanese Instruments and Science for Neutron Biology] & LT, HA
MOEEEREE DS J-PARC/MLF (28 24 HW LD mitas &£ 2 TR
TWEHH A = ZADBUR EFPBRIZOWTHIT L TIHE £ L7z, KIZ Neutron Biology in
Japan| & LT, 34D HARDOE FEE THEFOHFETEMIFILO KRR & 5% DT O
TiE-oCHE X Lz, 2%, HROBUR - 5% 0 J7mME4 Biehl 1 & Gabel {#1:I2#ET
L CIEX £ L7, Biehl fiit:7»>51% Neutron Biology in Europe I| & LT, FIZHMH 1%
W B o R BIZBIT D5 AT 7 AMEOKAIHRZHFEIT L TIHEZ, Gabel )5k

[Neutron Biology in Europe II| & L C, HE172 5 CIXZOEAFEILEH WX 7 ED
BRRE TR 2 b & LT, ZOREENLEFROFEE, S HICHEFLEO e OFELE
#A L 7= Integrative Structural Biology 72 & DD ELIZONWT HiE->CHEE L, £
L Ttk 25 #42 8 C TRound-table discussion| & L C,
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“What did we do up to now?”
“What can we do now?”
“What will we do in the future?”
AND
“What should we do for next generation?”
T —v e LT, FlENALTENE 2 2 ECTHIEFAERTFOBUR - fk, £ L TAERTRE
Z L OiEima TR, LB OB Z TV R LTz,

WHRET ERROBY Z ONEEZATLE LD THY | Bl OV TUIENENDHKEDE
SEINE CIRRICHEm N T E Lz, £ LT [Round-table discussion| (23 Tix, {#E%H]
Difimx B E 2 I afENeidEmax B LT, LD 4507 —~<ic7r7e—F LELE, 20D
[Round-table discussion| IZH %< OHFEENSINL, FNEFNOERZIR | 1EH2HE
FOMTOIE Lic, R OWIEFE TOMm TITIEN N ER BV L 9 Z2REAR, kR
YRR AR RSN EBEZTWET, KUAR—MNI, A= FAF— (B, H L.
) CLDB8 Yy aOELDTHD ERIFFHITEE - BRI T 2R ELZAELLE LD
TY, ZORDRMHDOMBINTHHA T A NORRLESEREET, A—TFAF—BHD
PRIZEDa A el ECEEZITToTHEY E7, &L, MEHRESE L Bbih s i
DHIVTENNEEZDOEMLTHY . MESZIA TA— T T A P —ITHEM L THE W EE
STEYET, HEIZL, ZOLR— FREPEICET 5 TEFAEY T 2R EO—IIZ L
ENTHY £,

PAfE (RS AILIEW
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2. Japanese Instruments and Science for Neutron Biology

Ky va THREFEDTEERNWICETTH LT, FWMeRsrEx0nD
J-PARC/MLF O/ Jt%s 4 OB, B X OZ I TRAIN TS YA = 2 - fkg7 EiC
BT 28BN —F L 58TH D, Z 2T, A=AV =R LI-HBIZKT D
R 2 FICEEOBIRE L E LT, AkeH, JRR-3ICHREINTWSH ke bz 5~
ETHLN, KAARREREREFFLHBRE L T RWELERE L CHENIGERKEEZITD
7o,

2.1

\4

TAIKAN (BL15:SANS) — presented by Dr. Shin-ichi Takata (Japan Atomic
Energy Agency (JAEA))

i /ME S A £ TOIE @range % [FIRFIE FIHEZR PIEFIN - A RKELEERE,
A~y 7 @Qrrange = 0.008- 17A1 (1st 7 L— At %K 0.7-7.8A) (& 2.1)

B - VY F— 24 (Mw=14300 Da) OHEIEREE (K 2.1, 2.2)

/INMATEIEORE (=Guinier f#HT) (281 2 MLERE DS TIE, VY F—ARED/N
AR TH 1 mg/mL TORENFRE (150kW T 2-4 BE[E) . —J7, A i
TOXAFT Iy 7 L1038 em1 ThHhDH, ZOMHEE THWAEEKFE SO 3 KT
SLAEAEE Modeling 217 9 7201213072 < & b 5 mg/mL 2 ELL EDOJREENVE & b
Nb, X0 COBBRIREE 2 T 2720113 ) 1 MW @iz R BN
ENnd,

P2 NET DR

1R (Glassy Carbon, Silver behenate) DOHEIZ XLV, 4% SANS (2Lt
NRESIREED T —Z DN DS E A £ TOIEVY @-range (0.008-17A1) Z [FIFEHE 7]
BECHDHILZEIELTWVD, (K23, 2.4)

St DR

/N A FEIRR HH 2R DA S° 2nd frame OFIH 72 K12 L% @-range O/ DIER %
FHE L TWD, BEIZ, WL D00 BRAIEA BRI L THB Y. LLFD @-range D/
DIERNATRE R 2 & DR S LT,

O B/t RPMT) fEHIC LY
— @=0.0007 A1 E TO/NGEELIIE 2 7T HE,
©® 2nd frame (J& : 8.2-14.8A) ALY
— @=0.0036 A1 £ TO/NEELIIE 2 7T HE,
RE AL - BRET IR

BUIRCIX 150kW &\ 9 BRFBREEIZ X 5 B — ABREHIRA K Z VY, 1MW IZEZEL T
AROMRENPHRETE D LB BND, TOBRIC, AW EORIEIZIB T TAIKAN O
KR THDIA Qrange ZMEHE LT=T — X 2 VODNSIEHAT 20 RNERICRL EE 260
Do Lo T, RHNCEBROIERGIZ T Z ENKRUTEHRWN? (GAET —FF
THWD Z & TAEYRFAIZBNTED L S AN GO0 272 L) Fio, R
BHAE L LT, U Y F—ALSO KBS L EORE LED T TETH 5,
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2.1 YUY F—2LD SANS 7u 77 AL

Results - 9
o R Guinier plot - In(l(q)) vs g* -
£ R 2
Ist.frame 1. 5th. frame In(1(g)) = In(1(0)) - ~5-¢’
~O— 6mg/ml (1h) o 3
L O~ 2mg/ml (3h)|| ¥ 2mg/ml (3h) ‘ ‘ ‘ ‘ ‘
¥ —/\— 1 mg/ml (2h) 1 mg/ml (2h) 1st.frame 1.5th. frame
107 £ -l-1 O 6mg/ml(1h) b
bema power ] O 2mg/ml(3h)| ¥ 2mg/ml(3h)
: 150kW at MLF 1 Ll L4 1 mg/mi(2h) 1 mg/ml (2h) |
i ‘g
- L 6 mg/ml
T - 3 _
g 10_2 L "é M
= £ g 2mg/ml
= C '4:%?}3—%
= B T;‘F‘L;R:\r;\g
10_3 L 1 mg/ml
6L B
-7 | | | | |
0 0001 0002 0003 0004 0005 0006
10" = qz Jem”
10° 107 10" 10°
q/Af1

22 UVF—2DOF=x7av |

# 2.1 TATKAN OIEE R~ 7

10
10"+
) the absolute intensity the spaging of
'E calibrated by gruphi!lh layer
9 Dr. llavsky (APS) !
~ -1
~10 F
o
-
2] P small-angle detector bank ; |
10 7~ middle - .
s !—:backward- —_— g 1
{0,008 17 A-
i - ‘ :
107 10" 10° 10’

q/A’

2.3 Glassy Carbon @ SANS
Ja 7y A

Measurement Conc. | Rg | 1(0) Mw
time[h] | [mgmi] [A] | [am"] | [g]
1mg/ml (1% frame) 2 118 14.27 1 0.0100 | 13034
(1.5% frame) 2 14.21 1 0.0102 | 13289
2mg/ml (1% frame) 3 994 13.99 | 0.0207 | 14185
(1.5% frame) 3 14.02 | 0.0209 | 14287
6mg/ml (1% frame) 1 587 |14.19  0.0572 14936
_hole structure Silver behenate: C,,H,,0,Ag (d=53.38 A)

small —angle <------ > high-angle 8
i e :
1§ =49.8["] -
10 sy 16
s 20(A,aH 5
L - 4
- 7 {3 i
g ol 2
-~ 10 8- =41
z ¢ 1o
= 4: backward
2- v -
-0~ small-angle detector bank
-1
10 o — middle - —————
6; high -
4 | >~ backward -
11141 11 PN A1 F
10 10" 10° 10"
q/Ail

2.4 Silver behenate ® SANS
A= Y
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iBIX (BLO03:Single crystal diffractometer for protein) — presented by Dr. Taro
Tamada (National Institute for Quantum and Radiological Science and Technology
(QST)
R . EAME— /L 2 s A ) FHHLRS L Rl A2 (1 2.5)
A3y 3l ~135 A (T
BUR - BB A X (>1mm3) . FHIERERH] (20 HH @ 150kW)
WEZRET DR
V7 =1 PcCel4bA O HVE{HEEMENT (Sci. Adv., 2015)

HPET-ETIC Ko T, IEHEREED 1 O @ T S 1T R 5T AT X (f I RE)
ELTHET 2L &W b Lz, (X2.6)
Sth DR

KO RE R EBUTHIR Lz eds OkiE (X 2.5)
PR « BRTHIE

I MW F THREEICEIE LT b JIE R RSCZRAE f3 A X 0l TS X & b
THERERTIETHDLES 2D, Lo T, i 7-RE S SR ) 283 &
WO (P n) ORENEETH L, REOBEAKZITLEY A ORI
FOMRERFH DR D72 DI IEFICHE R BT TH D, TDO—F T, FFROBRD a2
M RZERIRFEBIR OIS EOMBE S H 2720, PIRE [ Cigin 2 D U 70 B
ZHME T DR ERH D,

Unit cell size and resolution covered with new diffractometer

Are&%xtended by new diffractometer l
=y

New diffractometer

| Cetiiength: 2504
Resolution: 2 0A

It covers:
1) Large membrane proteins
2) Protein complexes

Resolution, d,, (A)

\|Celllength: 1204
Resolution: 0.8A

0 2 ;,135 ; i
50 100 7 150 200 230
Covering —E 34% Unltcell length (A) Requests by
In PDB —l: 61% Structural biology research field
1
—104% |

X 2.5 HARDOHMETEmEERITEE DO ARy 7
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Recent topic from iBIX

Enzymatic reaction mechanism study of Cellulase PcCel45A
Prof. K. Igarashi (Univ. Tokyo)

Cellulase : :
Enzyme decompose cellulose, the most A.Nakamura et. al, Science

abundant biomass on the earth Advances, 21 Aug, 2015:
. Vol. 1, no. 7, 1500263

Most cellulases have
an aspartic acid, works as
a general base here

cellulose

cellulase PcCel45A ' L Asn92 : Imidic acid form
Active site of PcCel45A participates as a general base
Amide form Imidic Acid
[ | [

Amide—Imidic acid Tautomerization

2.6 /LT —F PcCeldbA D HhkF-H& s fRAT
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2.3 DNA (BLO2 : TOF-Back scattering spectrometer) — presented by Dr. Taiki
Tominaga (Comprehensive Research Organization for Science and Society
(CROSS))

> R (K27, & 2.2)

DNA ZMLF (25 2 EmB P 217 5 B TEL N2 i K5 TOF 43 6% ©
bD, ZUNRTERERBHIRIIRRECH L -0, RFEMMENLETH DL, =
DRIZHEWVT DNA X, FEHET L—X &AW RIRE Ol & mstE S1 (11D v —
NFEERT T T A« NV RABGTF g v =L ETHNFERENY T T T Nt
RIZEY | IRV @-EZEMICHE W T, @ble T 3L —4fERE (AE <3.5peV) &)
RAQDT —H ML L MFUTIHDENILE Th 5,

BARMNZIZ, AR E— 2DV REEZEE T 2@ET 4 A7 Fa v/3—DX Y v k
W &R A ORI LY . AEDEIRDATRE (4 E£=1.6,2.4, 3.5 [ueV]) T, AH
E— AN REERT D2 L1285V -400 [peV] < E < 600 [neV1o & 43 fREE /> [ 45 ik
DT FF—HPFHANNEATETH 2, Z OEBIH 722 FIETFEH#ARD BASIS (SNS) (272
WRFEA T, ESS ICBWTHHESNDGHE TH D, £72. SIN 73 105 Th D Z & bIKE
FEREL 7 EREFETGE 2 LB & T 2B R DM R FEBRICRERT R T =V ThH
%, (%K : K. Shibata et al. JPS Conf. Proc. 8 36022 (2015))

» ANy T
O REMIEIZBTHE—LP A X 20 X 30mm (77 v h by 7T DY A X)
@ TV F=TRIRO HARORETIEY > 7IVE S 0.2mm FRE
® ZOMOFEMIL, ERXMESROZ &,

> HK
O Si(111) DFEBRATRE
@ T _EMERLY FIHTERY T VE D 0.2~2.0mm), _EAHFH T Ak

vERIAR (Yo7 VT 0.22mm BV T 0.47mm)

@ In situ BERFZHIE S 27 2 2FA (SEROH)
@ [EHFRILZEE 7 QENS OB TS S(Q T = & —
> EERRET DRE

@O “Dynamical Behavior of Human a-Synuclein Studied by Quasielastic Neutron
Scattering”, S. Fujiwara, K. Araki, T. Matsuo, H. Yagi, T. Yamada, K. Shibata,
H. Mochizuki,

PLoS ONE 11(4) e0151447 (2016). DOI: 10.1371/journal.pone.0151447
9.5 mg/mL (Z351F 5 & /37 TR O VERMEHGEL (QENS) Il E % 5231 (Section 3.1.
*Z M)

@ “Internal Dynamics of a Protein That Forms the Amyloid Fibrils Observed by
Neutron Scattering”, S. Fujiwara, T. Yamada, T. Matsuo, N. Takahashi, K.
Kamazawa, Y. Kawakita and K. Shibata,

J.Phys.Soc.Jpn., 82 SA019 (2013). DOI: 10.7566/jpsjs.82sa.sa019
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A1 DR

O SiGIDZEWVEELAIZA VA M—AFT 5 LICI W HEFRER QL U HIRT S
© =IRETF (3000 atm) (Z350F 2 KR AT LDFERR

@ [alfrFR g2 FH L7z long-d HIE

@ VEAFE—LE=F—HAZLDARE—L AT MLVO(FHEMER -

> RBEAL - BRETEE

N
E N\ 9 Temperature: ~ 4.8 K

' ,?ij "}#"L =& ‘}ﬂg Qrange: 1.25 A +-0.1A"
' ® \ & 736mm / Measuring time: 3 times scan (4Hr*3=12Hr) @ 300kwW

o - 7
' omaee e Energy range: - -600ueV <E< +600peV

}— - =" S/N~10%

13 14 4

O F—# OfEEMEm
© HBoNToT —Z O L0 B 7 AT O BR %S
® BL14, BL06 & OHE (S(Q, w) 76 KO, )7 —V =5 Z L T—oD4 5%
TITER TE R WVEW O-t 22 & B 3—F5)
| DNA(2013.04~) mmwMFﬂﬁ'ﬁm Energyresolution AE~2.4 [peV]
AE~3.6 [peV]
Energyrange:.
=40 < E < +100 [peV]
30 psec |_1=42m
\ coopa.duqu,
[Sveriororevo
Detector [ - — W0 3¢m,3cm shit @ 225M2 ;dE=3.6 u eV T T T T T T
Analyzer / / // ! . AE=3.6ueV 5 fe A :
ey SO 7 4 A e
"'ﬁ ] ] 4 o A " 108 eV
| / ol SIN“10° : o e s 2100V
| / ° o ¥ ]
/ ’ o
- : / ;'o ‘z i g
) N A3 :
Td sh 1:,’// /'// 3'0' f i
=1 11mg 1 |
chow«—‘ 10° | 'f ’# j’,;i '!
.‘J‘ w=10mm f;:*"' ! ’ I *
At/ w=30me ‘°‘E' _ Energy ngﬁnmﬂn v
TOF X
No.1 fast chopper Sit shepe b '°:)| ols :4 ols -olz 21 olo 01 o': ols Oll o’s (1}
r n-}tﬁ- & | eV
= Same Sample:
4-Methylpyridine N-oxide powder (N-oxy 7-picoline)

Measurements of the tunnel spectrum for 4-Methylpyridine N-oxide powder with AE ~3.6 peV
on BLO2 by multi incident energy band measurements on DNA.

2.7 DNA #E&

(k) #pns (F) 4-Methylpryride N-oxide powder o] il
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#* 22DNALEED A~y 7

Items Specification
Neutron source (NS) Coupled Liquid H, Moderator
L, (source-sample) 42 [m]
L, (sample-analyzer) ~2.3 [m]
L: (analyzer-detector) ~2.0 [m]

Pulse sharpening chopper(PS-chopper)
Max speed: 300Hz at ~7.75m from NS
(Present Max speed: 225Hz by 4 slits on one disc)

Crystal Analyzer
Crystal and reflection index Silll

Si311 in test with one analyzer unit
Bragg angle of analyzers ~87.5 [deg.]

Energy resolution
~2.4 [pueV]: Silll with 10mm Slit @225Hz
~3.6 [peV]: Silll with 30mm Slit @225Hz
~14 [peV]: Sill11 without PS-chopper
~12 [peV]: Si311 with 10mm Slit @225Hz in test.
Momentum range 0.07<Q<1.86[A"): Si(111)
0.60 < 0 <3.80 [A™"): Si(311) in future plan
Scan energy range:
Silll -40<E/ueV< 100: Single pulse scan around E¢
-500 < E/peV < 1500:  Without PS-chopper in second frame.
Si311 -150 < E/fueV < 300: Single pulse scan around E;

(the specifications at the end of June 2014)
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VIN-ROSE (BL06) — presented by Dr. Hitoshi Endo (High Energy Accelerator

Research Organization (KEK))

¥ : MIEZE & NRSE &9 220 NSE 75 4w ® Complex

ARy 7 R 2.3 BILUK 2.8 &M,

BLIR

MIEZE : 23 v a =227 (2017B (3B TE)

NRSE : iz EM 2 RoekEFIA I T — 2 BA%

FFET IR EHRI T D 22, T CICHRIZ SRS T TOF-MIEZE OfGE5EER

ZITo TV 5D,

A& O : 2017B (Z MIEZE 3:HIBH44, NRSE (3 2018B LAREIZ 3 HIBHAA T,

R - R

T EHAIE 2% LT EDREFED feasibility 238 57202 | £721% &\ feasibility

DI=DITIZED XD R@EEALD I ? | L ORI LTI FO RN FERTE

Do

O NRSE 28\ T, Focusing £ — A Z FRICH WA 728, B — A% A XILEE lem
UTIZ725DT, fBOEZEHNTE %,

@ Fourier Time (FT) 1%, BLK THE 100 ns BREOFEELZ Hfs 4, MEaGEO /Y
— /N 1MW &5 253# KT 5 & Third Frame 2325 Z &L TEREZMIXL. &K
FT 2B TH6Z LNAREE R D,

7 2.3 VIN-ROSE ZEED A~y 7

Spectrometer Wavelength Qrange [A] Fourier Time
MIEZE 3<A<13[A] 02<Q<35 1[ps] <t<2[ns]
NRSE 5<A<20[A] 0.02<Q<0.65 0.1[ns] <t<0.1[us]

Dynamic Range of VIN ROSE

E [— mieze
. |— nrsE

E[eV]
S
1

2.8 VIN-ROSE 23 1 "—35 (@, o) #iPH
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3. Neutron Biology in Japan

DOy varTiE, BARMZRE L CRAEDTYEFZ2 W CTHEYAFE 2 FEM A HEdE L
TW5D 34D T B EEIT - T2,

3.1

3.2

Functional Protein Dynamics — presented by Dr. Tatsuhito Matsuo (National
Institute for Quantum and Radiological Science and Technology (QST))

IO QST DB DM TIX, F 77T &4 S1 OKFKDF A F 3
AR R X U A HED XA T2 7 RN T U PERGEL (QENS) T
NP FROBH ThH oo, WTNLSEMBREERICEADL Y NIV Ea S —F v b
IZIBATE Y AFESIZS S D LY \V‘]ﬁ@%\éi@f‘%oto

WHERE R E CH D F-T727F UL, T7F VEAENREAELIELOT, Zhn A
ULHBEAENT D Z L THINHE 2 2 éoﬁﬁfiﬁﬁéﬁﬂ%ﬁ#EﬁbE
D IKFNAK G T OEHAHBARERNIX, IS4 S1 LV F 7 7 F o OHR/IINT LR
RS F 77 F o ORFIKIFZ AV 7 KRREOEEMEZ RO L fSmft i ohTnsg, 7
JF T 4T A SO DKFIKE AT 7 Z0EE OKFIKE AR E TN

EUE. FEEMRAIEIC K 2 RIESFEAN T bR ST 2 203 H - C U3y 22 [ il C AR 1
bILD, FHILHE & ARFIDBIFRIEIZ OWT, I K 5 BRI S I SN DA
TH D,

aVRXT LA O TIE, P EREBEL O BE OO FEEZE L &, &
HEOWNEREB O 25T I v A FHHERIBIZZR D LD IR RELS Q2D Z LAVR
STz, WHALIC L DL ZOMRIFIMOEHE CTHLHMERHD . 7 I A NEAMALR
EORABEREREOMIEL LTED LI IT—RILSND 2T, A%OMZEL L TH
TRTRV N,

Protein Kinetics and Dynamics Measured by SANS presented by Dr. Rintaro Inoue
(Kyoto University)

FES RSP FAA FZBRFT O B3, FRHEPE L 7 Y 22 U 1250 T SANS
ZAf o ToWFSE & PSRRI LT,

TN T VT ORFEIEHE ThHDH KalA, KaiB, KaiC 1%, #HAKZEHK L 24
R A TS Z 2 S E D L WO R D R Y X4), ZOMFETIE, 2k
TABHTH -7 KaiB & KaiC OHAAIEMERAZ, EEIROE ST SR L,
Z DOREETE R O RIS GEERIC OV TR LT b, KaiB & KaiC O E/EHAET
TN ONEE SN TWAER, 2N HETMCEIT 5 KaiB & KaiC OFE XL E D%
WIEZEE ERE TRV, ZOMFZETlE CV-SANS IC L W #HAIRIZE T 5 KaiB 721
DO O/NBELZRIET D2 & TRIETT VOREICKINIL TWD, ZOFRIZ, 75%
HKSEALS 237 B L 100%BEKIEBEDFGELR 23R U 2 & Z2HH LT, R R
PFraiToTnsd (M 3.1), ANFROMERTFEE L TORRIZIZORIZHY | it
T ORFRZFEMINCFA T 5 Z & T SAXS TIE5H 0 2 b WM 28 S OFim

_11_
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KaiC (75% deuterated)+KaiB (hydrogenated) complex

B ¥ 75% deuterated KaiC
TOdlell lon_o.o‘n\' . 0% D20
fei: ’ ® 40% D20
o experimental data - o © 60% D20
§ w{ - i o @ 100% D20
&) Yo, 95
=
2 ey
"3 e A e
‘, B s T s
00s 010 015 020 025 .
Q/A’ 0.1

Q/A’

3.1 CV-SANS |Z & 2 Rt & FVE O IEAEMENT  (A)KaiB-KaiC AR DT T WA#IE,
(B)SANS 7'r 7 7 A )L, (C)T6%HEKRFILEAED SANS 7' 7 7 A )L

SLD (A

sx10”

5
&

ZAREIC L TR Y BREARFLS 7 H L ar M T A MNAGREIZS %D SANS O
HERFIETHLLEEFAD,

aZ VA2V AL, IROKMEDERBERIERTH Y | mV OGP OHERHIZ LB R
HEThD, ZOX 378X 2030 OV 7=y EWOERINLIEEKT, HE
KETH T 2=y PRZHBRLTNDEEZEZLNTWDEN, ZTOXAF 7 ZAOFEMIT
RATH-T-, #ETIE, DILBLOHALZ UV AZ Y U ERAEHRD SANS OJFTHEL
SRIE KO)DRSEALN G YT 2=y NORWRT A F I 7 A% RFITHPIL T D (K
3.2), I DOICHEMEBESINEICL DD, Y7 2=y hOIRHITIL, HFHEL7=F
) —DFENEETH D LR TS, 2O Tlx, EAREELEEFA
L 7= SANS (T X 2 & OB AR A B3 2 L [RIRFIC SAXS TIEREMA R 2 222 &
ZWIFICE ST, SANS O LTy MR EBSLIZETWD, Fio, BAMNEES
FriEZiEHT 5 28T, RBA D= ALK L TEBIC BB AIAATEEZZ LT
HELHEMTH D, SANS ZHZEDdhE Loob, SR EmIc MBS 2 #EnmT 5
B IR 2R G IR 2 AR DD Z L OEEENINIRETH S EF 25,

deuterated protein -
1 \,
LR
e \‘\\ o \\‘
A o)
O\ BTN
e T, Wi, Wow B
....... e e B " s
- W "\ '\| e i) — e
+ hydroge protein-- i WA\ \\\ ry
g otef \\
)
008+
.
3 3 3 3 3 3 ik 3 3 3
[T} n " Il i i
(=] L) = -2 ® — - ~N ~N L5
w -] o N e - e
Number of deuterated subunits

an’)

32a 7 UAXY VEAEEKROY T 2=y "EWE AT I 7 A (AFEKELY T 2=
FDEIG L P BEESE, BV T 2=y FAHIIES SANS 1 7 7 A LD
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Protein Physics and Biology — presented by Dr. Hiroshi Nakagawa (JAEA)

JAEA oH)IfE+%, BEAREOMAFER L. WKEREDO XA T I 7 ADGT7
TUT 4 THRIZONTOMEEZRER LI, ZhbOMETIIEABICL® @%r
Ziam L TR, AIED 2 L OO XS 2lx DEAE @% w9 DTSR
FRAENRERD, ZOX)7EAE ®%%%%ﬁni%ﬁM%%ﬁMﬁﬂﬁﬁéﬂ#E
ThH DM, MIBBRBEMHE e & OAEMBROEMC, 5 TIXERYE ORFHMIC
LEDLLIEMFEOT —~ L E 2D, TR T HMEITVT NG E1EEMBIG LD
BARM BT AT I RN b 00, TS DOZENRR—R Lo THIETIZ X
L8 LWEMBI AR O RIS D,

S CIR, ETRRICHES TR 28D FEIE, EAEREICR Yy FU—27HRITIA
MOTEKFIKDEA T I 7 A Lo THFEENL Z L xmnaniz (K 8.3), £+
Yial—vaslioT, EOXIREAELKOENG » 7Y o 71E, BVOSHE
DKRFBREGHAEFEHZNT L TEZI STWDHZ EHIEML TWD, RS OIEHMERK
ELFZE Tl ARFERFHSROEFIINIC KR & RIFFWMBEL AT 5720, 7 — X121
AREMNIHEERRE T E2RV, P)IELITS %/\Jv—ya/%ﬁﬁﬁé L TE
DX R EMNE T FRE THEE S A T X7 ADOMNT 21T H 2 L #ERB L TW5D,

low - high

h=0.10 h=0.30 h=0.50

- Ma:i@um water cluster Water network COfJering whole protein
@ C;:) (?-')..'}_Sfa" Water cluster ! ) ' » ‘ » 5.;;'\all water cluster II,, ' f ’“ — )
N 4 L s B o - TN
Al Qg ST solated water Vﬁg‘& T omedwner | \AT 5% T .'
@ @0 07 P2 1Y | AL
¢ < 2 @ @@Qc\)&l | o
maximum water cluster
ﬂﬁ#hE&L § ﬂh#ﬁ@%U
= 2f . BAR R N - ;-
= . KHIK <L e kEK :
ﬁ 08l R ﬁ 08} it
E 04} .iiii . ﬁ 04} liii.O. o
i ==
g-‘ i s ’H?iiifﬁiﬂﬁ 5 ﬁ 00} lll‘“ﬂ“‘ﬁu
i 100 150 200 250 300 & 1@0 150 260 2;',0 3&)
im [ (K] | i (K]

3.3 I HEERBIC R T D KFIKOIIE L XA F I 7 %
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ZOZ i, EBRFIEOBELEM DT TR, ERT X ICEENICEEN TN D
HHABIEHT VI RIZBNTY, FHREBEOFEDRIERIETHL EE 25,
BoRE0AME, 7V e — VA ENICERT S 2 L Tt A #5T 5, kO
Y 72X ZOEIZEL TV Er— - KRICBIFAEAEY A F I 7 RHT
LI CTH D (K 3.4), FHE TITHMET-HERIERGELIC X 0 B AE OO & PEE
BICOBET A 2 LT NEGESNL S U B o — VR EE O RE o TS A E S
DT EER L, FRC, WO KDKFREAE R Y MU — 7 BRPTHIR 7 7 A7 —ITK
bT DS, JEBIZ2 4R D E ORI D BT 5 2 &L 2R L7z SIERA
BURIRODRR EF 2 D,

EEME DR M

® LIk GER) EHEKNKD
o KHIK ‘::‘0}};:5.'.?:0. E R EE

- L) -D %.C. .
SPbeseallyl,
g i .
HET kessiests B EHOMIERT SR— "
S oY 7 HoREEE - BAHEENTEY

gt
‘%:%"28'3'-;' RIS F)

G %%ﬂ?tbf@iﬁ%ﬁ%ﬁﬁ
DFS AFIHRDERH 4 HRROBHORELD,

X 3.4 LEWEOWYENITE & Z OIS AL
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4. Neutron Biology in Europe I (Dynamics) — presented by Dr. Ralf Biehl (FZdJ)

Kt wyiaid FZJ O Biehl fHIZ X5 EF A a— (NSE) & -4 i sl
(BS) « RATHEE (TOR)EFIH Lic# v X EDOX A F X 7 AMENTICET 55 Th 5,
AT

Dynamics of protein Under Crowding Environment (4.1)

Domain Dynamics of Globular Protein (4.2)

Dynamics of Intrinsically Disordered Protein (4.3)

Dynamics of Immunoglobulin (4.4)

Fast Dynamics of Protein as Revealed by BS/TOF (4.5)

DEODIE Y7 A>T D, UTIZH FE Yy 7 ZONFIZONTARA L MR ZTR
B ORI D,

4.1 Dynamics of protein Under Crowding Environment

ARIZIB T, ARG F1E ZAVE T vitro R TRAIATON T E 72\ 5 B A
HRATIIIES lE, IBE. 20, EAEZR ENIEFITIAR A>T “crowding” & & 9B
BIZHFEL TWD, ZO XD REEE F ClIPERAECRE L7 & O R TIXAEARR
IR TEDMENBEICRDTD, ARG FOWMIE « XA 7 I 7 ARMERE TR
DI ENTFHEEINDS, £Z T, crowding BREEZ T 5 SO EBRKT T rn—F L
LRV =F L7 a—n (PEG) 7 /% crowding agent & L THW., DD ¥
RIG (T VENTNT IV ~ETREY) OF JEAF 7 A~DFE% NSE
THARTND, ZOWFZETIE, K512 PEG 7 b OBELT 5 2 TH T 72 DI E KO EELE &
e —ESEMnEARFE ML PEG 2 LB E 52 2. 50077 —
# 13 free diffusion & slow diffusion @ ~>D%F5H-#E[E |2\ L7z fractal diffusion
model THEHTZ1T> T\ 5, a
5 % LT AT I 1 PEG 4 - 1
NOMBEIZE DR EZT T | ¥ Dugle-ta)
W2 W ~NE Y 1 v PEG 6 entangled o
BEERICHENS AT A 0
® slowing down B NT 44 % E

. . o unentangled

Wo (FLroMBEEZICEREL & 1
TVB) (M4l13M), 0% L] | ‘ : I
B RIE Y L s e PEG L _ ¢ " I
DFAEAER OFEIZ LD LR

0 T T T T
O TV D, EBCRIT B 5 10

VAL S A TR S ¢ (%)

4F I AL EBORETH  [M41PEO (RA) . ~F 71y (Hb) REM).

BEMBED LS CHBLT a2 547473y (ala) (HEFZA) Of
THEEEE (net) O PEG BRI

15 20
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WO Dikima D H 2 & T, ZOMEDOEMBIT L L TORRPIEELEEZDN
Do —H7. MVIRLICARDN, EdLizar b TR I\I_Jnﬁ(ii%f NSE (ZHAIAATZZ &
TP PETF RO T IEROBEN B ERNTRNEE R D,

Domain Dynamics of Globular Protein

AEFRNTIER LTV DR AL VOX A FI 7 A (X" EAGNREAIC
FEONERIES) [CRT 28 CTH D, T DK D RIBEEOMAT CIXTH O G DIE
BUEBOEEERAE (D(Q) ZRDDUEND LA, #H NSE HEICHN T+
IR 215 5 720128 10 mg/ml FREE D Z W X7 ERENER S D, EDT b5k
MWD Desr(@QITKF L THEER T (S(Q) KOz @ L=k 1m0k (HQ)
REOTFWHOFLGNERTERRY | TNENDOFLEEZZE L T2 ED % 2%
DD, SQITE LTt SAXS 5V Vit SANS CHEHIEFTRE TIdd 543, HQIZH
U CIEEERZ BRO T B BB SR O 5 Z S IX Ry, LI LRd 6,
4.2 1277 F K 5 ITHEIERIIC flexible 72 & v /X7 B OB X NHER) O % 5- N BHE 128
b QEBIZHE N T HQ=FEH & QIRMFENEEZZIE LT HQD _iHY) THIIEL
72 D @IIFERPRONIRNEFIRL TV D, DFE Y, HQ=EHE LTHWNEE
gl no A

E’Ji:%b\f&i%ﬂ%ﬁﬁf; He)=T

iz HQ! i*ﬁf#iﬂl e 2os / hydrodynamic

EIT LY — H(0y= 2SO D(0)S(0)" ::! function

noe L’Cﬁﬂﬁ%l_ D, o; ]
T, TOTZDREED ) n-:l_-/ structure factor
7 T IR 17 7L o
% R i O R v |= oote)
DR (L 7= THEE g b, "
D7 G IT I T E LR ])r!r:])OLQ)%‘:r
NPT YIRSV ' S S@) § 0
THERHHEHE O T — e T

q"daamcicr
X 4.2 B HQD QUEAFE, TIX SQD QA
T D@D @ eAFE, 7272 L, JREHIT H@=
B}l Lieha 0 D@D QIkATE

B htghH 2 & B R
» NSE OPEREZ BB
LE/KTHD L FIE
LTW5,

FTo, EMIZ D(@Q»RDHNIZELTEH, 2D D(@QIZIX KA A EB ORI 5T
A i+ RER A EL (rigid body motion) W& ENTWH=H, D(@QIZEBIT 5 rigid body
motion 226 DG Z1E L < FHili L3BEST 2 FRNE LD, LR TH U NITE
WNEBEE) D FLIRIEIC bR FIET D28, A TrLE oS3l 3712 A ERE 7
¥ (normal mode analysis, NMA) D&% HWCTW T 217> T\ 5,

SHBOFEE LT, [FT—2UHOFEE LTEBETHLARYIZ HOQIT @zt L
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TEEL LTS TRWN? | W) BRMEPFET D, Fo, STV T rigid
body motion DFEIRIZE L T, AR ITAAEIL 2 _X— A2 L TN H DT EDRRER]
I ELSRATET TVDONUE BB TOLENRH L EEZIDND, ZDXD
REERIAAET D25, NSE Z AN 2 o7 BOWNEEB OfFARS R L TW\WDH Z L
ZEIRATT DR T o T,

Dynamics of Intrinsically Disordered Protein (IDP)

4.2 TiX globular # U /X7 EOWNEEENZER L7, 2 HD7 —< TIIRARE
M 78 (IDP) To % Myelin Basic Protein (MBP) OWHGER) OFCak 2 B 1Y
ELTWD, BUIOT 7r—F L LTEKAHDF THOOATE L IFhe—XE7
V) (Zimm model) THMTZIToT=& 2 A, FMEGELEEZ 5 £ <Fk$ 2 Z & A3
Kiemot-, FOFKEE LT Zimm model (ZE—XHELL T OHERECOX A FI 7 A
EIMEALTWAIHThHLEHE 2, E—XMOMANER (WHEE) 258 L7 Zimm
Friction model (ZIF model) % JHVNCHEH MEGELBIE O 258 7o 23 R E L
TERBREDHER SN TS (4.3 (B) OFTHOEKET 0y F2ZR), £ZTEY
FHT— 2 ISR BELT 52O TOX 2 AW CTEAO P EBELBEI S O KB %
AT,

1(Q,t)
1(Q,0)

H
= [{1 - A(Q)} + A(Q)exp(~TD)] X exp (—qZDtT(S)t)

15 15
x (Z S, (Q)exp(—1(1 + 1>Dtht>) /;sl«z)

2
5@ =)

m

Z 2T, Dy DAFENENENLE, LRI T H D RIS BIESFEFN O H R HCEL RS
B~ G ZAATe T2 DIZER R VB (GA@D), ERFRFIEIE (Yim(Q)) &Y
BELE (b) OFNENOEEERE Uiz, E£iz, R, WHEIE A~ ORI 5/
BhEL BERIEB A~ ORI FHIN R A2 e @), H, H \Z XV AAAT WD, &
(2. FEFEE (1) . amplitude (A(Q) A2 H T2 &IKE L NEEE O %5 & BJEIC
ANTH D, 728, b LNEREE O 53T UL A(Q=0 & 725 DT rigid body motion
MO DHOEHE) LD, MUK VGO P HEBELREIENE Zimm model <° ZIF model
CHEL TRV B ERBRZBHCTELLE2D (K43ADERK N FRIOEES
oy &), B2, AQD QUEIFIEIL MBP @i ith } OV E B 2 khhts 3~ 2 (K8 1 4%
FEVEREEE) CHH NM 7 LN NM 8 DAGOH TR TE L LE R LT, B
2 X MBP O WNHEGESYIE dh & O REEIC LY SN TNWD EF X2 D772,

rigid 72 A& 2 FF 7272 VW2 EN IDP OARE THHDIZE D K 91T rigid body motion ™
TFHEZRDT-ON? £, REBREMIEZ Y 5 % IDP @ internal dynamics %

> @)Yy ()
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NMA TR 2 Z EIFIEL WO ? L Eax REMNKD, MiEb X117 26 MD
simulation % fff L 72T L0 SR EHRAG O N5 FIREMRS H D O TIT EHFF L

Tb\éo

S — — T = 3
) o) ]
g g
~ 01 - - —
= F B ]
g I g ]

0.13 S~
> 015 S~
0.01 ' L

0 10 20 30 4c 0.01 150
n 4Ar - T T T T 1 o
® of a* 4 ® J
= Lo . a8 aAa . * 7 =] 7]
'U 0 _""i“'-'-n"'i"" Aag A — -B o
.a *_ 4 0T a - .G -
Q ey = Y - @ —
e ,C | . | ) ] o 7

0 50 100 151 150

t (ns) t (ns)

4.3 A I L2 T REELBI B O MG R (336 20 ns P R DR fEk D 7 — 2 (5
2 FEEBABUT X D AT ORE R (#R) B Zimm model (& & 5 AEHTHE S (H) . ZIF model
(= K DTSR (52

4.4 Dynamics of Immunoglobulin
AKT = TIEINETCOFEZICH L TCERR®E /a7 ) v (1gG) OXAF 7
AT AT > TV D, RARPHREHEEEZ MO HHERTH DD o= LIET
monomer & dimer DR ARE L, O/ A HW T SAXS, NSE 7 — X it

08+ dof 9 .
' « =« = dof 9 + fab internal R

« =+« fab internal

— — - dof perpendicular
g 6 — — - dof in plane
do. ~ — — - dof along spring |
= . finsfg ~
] ) T
-5%04 A dof6 -
0
; —ﬂ-’;
— g -.2:
- ’,." /
02} e 7
- .-‘
=
0 T I
0 05 1 1.5 2 2.5 3
Q/nm

4.4 Fec QX = oD Fab O SN IgG KNS SO KA AL v OBHMBEEEZ 7=
WL EE) O amplitude @ @ A7
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LT TCWDEDFECTH D, B2 NSE O Tl IgG D K A A OB 72 /HES X
HENLRELT. 3OO RAAL NI LT NMA Z1TWED L) REIR B -85 L
WNETFRTWS (X 4.4 ),

Fast Dynamics of Protein as Revealed by BS/TOF

YERPEHEL (Quasielastic Neutron Scattering, QENS) O#|EE TH 5 BS/TOF %
MNTHELND X NI EDEAF X7 ZAOMNTIE, BUETH T Doster H72MT -7z
KBS DI 2 T ORERGFEL LN — L Y EROR LHDLETRIT S
FNL L, BT FE S LTI TH D Hiic RS TOFERHIFF STV D,
Flo, TRANX—GREORLR LT —ZNFELC LETHREN TS Z EH L0 R
METH D, £ T, K TILNSE bR b/ T A —4% % T BS/TOF #
EMHEOLNTZ QENS 7% O 247> T % (K4.5), ZORERE, 47 ED
KEOF T (RIED 3T%DH) OHBEHNTND ZLEYDTHLNZLTWD (1
O OJFAIZENN TR, ZAVE T ETE > 7B CRENT 21T o 7o S BRI <
AR a2 L —va VEAREDED L EICHERP A DHIR %72, BE ILL
TEEFRH D WASP (wide-angle spin echo) % H\W\% & & L X7 DTk « IETHE
HEE)Z[FRICHIE TE 2 EHIRF L2,

X 4.5 BS X O'TOF /545531072 QENS 75— 4% M UOVKFED 3 DD R/ 2 EBE 2T L
77 F TV K D AT ik 5

4.6

Summary

Bihel t#+DHEH]D protein dynamics DifiE 2005 4= PNAS [ZH# S 7= taq.
Polymeraze OWF5E Ch -7z, = D%, HIE « T THEORIE - kB & & & blThkx 7
RICHIER G2 R L TR Y . SEIOFHEEITBR A TOEKRM E B Al H & )s
ZMMBH -T2, LLETOE EOWFIEA % > AL NSE — U TH > 7223, H&iTid NMR <2755
Hr#i .07 EOMOFIEGFIH L B2 28 < B L CW DRI Z T, 4
BHARTHHMETFE WX A I 27 X (NSE, TOF, BS) Wzt 5 7= 0121
O MOERTFIEL OHE
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@ FEBES I 2 v— 3 CORBINRTER
@ fRNTORFEAER L UCHEE (&ML ofEH
% B9 % =Integrative Biology OEM N EE LA I 57,

structure 4mmmp function

\ /

dynamics

X 4.6 K, ¥4I 7 A, BEEEOE B/
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5. Neutron Biology in Europe II (Solution scattering) — presented by Dr. Frank Gabel
(IBS)
At va VIR I D P EIREGEL E IO T2 AR D — ANE TH S IBS O
Gabel [ HIC XD TH D, HHONFIISEDOT —<ThHD
“What did we do up to now?”
“What can we do now?”
“What will we do in the future?”
AND
“What should we do for next generation?”
(TR, E SR B 7R 3E01 0 B BT DRLR S DITFRRO T £ T & ATRIEIRONE TH o7z,
Gabel i LD OFEHEZE U A vE—1F, LD 2 RIZEK SIS EE XD,
® PMETIRIKEGEL CITEARFILZFA L2 F 7 2 NEFBEIN 2 R KIRICENT & T
H5D,
® HFMETHELDO ARTZT Tl B4 RFIELMAE DY T, ZERAE - FEITIEZ BT
LRETHD,
LUR. REENE & e B BOEL A O R R RO R 1R - TYT D417z Gabel £ OFEHIIEIC
WEVFEIT T %,

5.1 Historical Review 1 —dawn to 2000

FE. BEARFELERA LIZ0EAOHFZED vy 7 & L, triangular method & FF
I A HEAKFENE 2 N TR NEFEEZ A DY THAEROF D 2 SO T 2=y
N ORE %KD 2 FIEORA R D oTe, ZOFEOFRIZ, MRV 7 2=y FOHGEL
FBEREZHEKBMICE VAR SR OMAE HET 2720 T, o Eg sz &
DI R TE Bk = TED X REELEMD | PEENTHRVETH 2,
REdE, M EeT D 2 2Oy DI ZEKF L 725l O REE 72 iR N < &
D& RN HERE OB A HE T 2 72D @R E K OE SIN O HE+
INMABEL D AR E M E LT H5HETH D, (ZORRICHEEOREREZ R B 725 7)1%
BT AES 2,)

RELOB AR O Subunit A & Subunit B OFLEZ KO 556, BARRIZIZLL T O
4 ODORB NI LT D,
(D Subunit A ® A EAKFE( L7k
@ Subunit B A #EKFEL L 750k
@ WiFE & bEARFE Lk
@ W & HEAKRFEL L TOIRWGEE

FEATICB L CIFEE LI EEZ SR L TL 59 L BWA (21X Feigin, L. A., and
D. I. Svergun, 1987. Structure Analysis by Small-Angle X-ray and Neutron
Scattering. Plenum Press, New York) . = @ 4 3 O WP 1/ INME LB 2 I H 3-4u1E.
Subunit A & Subunit B ® 2 {KFHBADOBELMFR A E T2 Z N TE, £ 20 bl
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DEAEPOREBEZRDD LN TE D, ZOFREEZHANTEO N T4 FEX 5.1
{27k L7z P. B. Moore %12 & % 30S U iR Y — L OGN CTH 5, 1% 513 30 L ED#
HAEDHICLDUEEITV., TNENOY T 2=y FOREZRDK 5.1 ([T~ L7z
EEZEH LTS,

Ribosome at low resolution

M.S. Capel, DM. Engelman, BR. Freeborn, M. Kjeldgaard, J A Langer, V
Ramaknshnan, D.G. Schindler, DK, Schneider, B.P. Schoenborn, | =Y. Sillers, S
Yabuki, P.B. Moore {1987) Scence 238, 1403-1406

Map of the 30S ribosomal subunit from E. coli.
Each protein is represented by a sphere whose
volume is the same as that of the protein. The
maximum linear dimension of the array is about
190 A,

5.1 triangular method |Z X % 30S U A8 Y — AMEIEMEHT

courtesy Roland May
5.2  Historical Review 2 —2000 to present
BIRE DY 71k a RO ENAHRE FIEOIERICE Y . 1990 R0 51X

X s A AT N AR L, 2 0¥ NI ODT%Li)‘**J‘ ZREDI TN o T,
—J T, SANS %< OB ZNE LT 5 Z L EH/ONHBEHTROD e I DT Dk
%kr:c/r—xu% THEVHWLNRL o TV, (72721, SAXS TiI EREDXRA
Z iR 572012 Z ORI EFE R A2 R L 7= ab inito-3D modeling 23 % #E35,) %
D%, # NI H @%LMW@A T A IR —EBe % LTz 2000 4EL T AMND, %
FHE L L TH 7 HE S OMERLE D & X7 RO L DR R 725
MEASND LD &, MELRL - MEEEA TR T CTEIT T2 050,
WHRELD O 2 N F L D, o, REMIZ %W?i%%ﬁﬁﬁ%m(a“
Uy 7 A0 B— ) ZE=720 (4D 720) Intrinsic Disordered Protein (IDP) NE
BAMOWENES XV BDEL HO L Z EnmRand e, Mt nN#gETH L Z
HD IDP (& DEEIR) OUEEFGELIC X DS O BT RIS Z Lo

%o (ZNHOMEIZEBNTIE, RN D DOFHFREBELOFI A CThoTloa F 7 A

NERZFH LB ROBEM OBLE (ZDEN) ZRDDLFENANTHD,) £
NITMAT TEBEDDI] & TZRETITRNoT2 Lk O TEfl RO
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R DEmAREE AN TEREABEARNL] Lo BiinEboris K& <, FER
ICEWVEECHN Y VR BEOWELT —# 285 ENARRICR > T b BH T X 20,
FIZ L0 BHEE 7 1T B 2 5 2 SANS BUM C7e < BHFHE simulation 0ff ~ O Fik
E BRI AW AT DONIR D TV D, fIRICE & D L BUE DR IRAEIERNT D
JITE L SR ) el - MBS ERE (B e B KSRILEREE) - FHERE simulation f#AT - fth T
L OWMBENMBITTH DL EF X D,

ZO XD RBARO M FIEIREELEL. A FRIC b ER B DR AR L TR
D, BEETIIZ DO X S 72 3 SOMFEBINEN ST,

SRNP g &R (BEX2 U/ \V B BBESHOEERT)

Z OWFFEIE rRNA RilEAZ X F /11635 box C/D small nucleolar RNA—protein
complex (sRNP) OGN T D, #5RD B OB TIEF 23T b 2 23 7E%t
50D sRNP O &EIXX 5.2 IR L7 K 912 A4 FRNA (X 5.27%) & 3FFHD & X
78 (L7Ae : ¥ 5.2 #k, Nopb : X 5.2 JKa, FIB : X1 5.2 %) Mok Tnb, 2
DOHEEN S 53035 X 9122 2D L7Ae 735 A K RNA @ box C/D and C/D’ motifs (2%
NENHA L. Nopd NEDREA M Zidakd 52 & THAKRE L TZEISETN D,
(ZDEEIZ Nopb 13 2 KL LTV 5,)  HIZ, FIBRAF /LD T=DIZ Z DEAE
A S LRHIFE e sSRNP MRS VTV D, 2 OBFFELLRTIC b G AT I L D sRNP

Information contained in SANS data:
positions of proteins/RNA within the complex

Combination of SANS data:
FIB positions in the complex!

Program MONSA:
Swvergun (1992) Biophys. J. 76, 2879-2886.

Lapinaite A, Simon B, Skjaerven L, Rakwalska-Bange M, Gabel F, Carlomagno T. (2013)
The structure of the box C/D enzyme reveals regulation of RNA methylation. Nature 502(7472), 519-523

5.2 sSRNP O#iE (RNA : 7=k, L7Ae : #k, Nopb : JKf4, FIB : %), AlXEM 2L VR
2 X 7=
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DOEEIT R EN TV, OIS ITERMSEIGIVIRETORE LB 2 O E
T-EEMEEEI (EM) OFfSRLITR R > T, G S EIAT RS Ri3 Tk 22 5k
T=" 80O RNA 2568 LTV HHA OBETHLENVIORFHTH-T,) -
72 L EM O#ERTIX RNA « % L /37 B OB OFERNIZHIB L T8 & 3 Rfk i 721
MeE L TWRdotz, £ 2T, ABFFETIE NMR, SAXS - SANS ZAHMHAIF]H L7
THEERATIC L 0 B8 —Y OFBIREZITV, Z OEKREAROERESE 2 L2
THZENHTH- T,

W72 T3 £ 4 NMR % VT Nopb & FIB OF AAEHHE 2 B & 722 L, SAXS-SANS
TlX NMR OfER BB B L TREEELMBEL T\ D, I 2 Clili CEAMICH
I SN RIRHEL TR 2 SN T 5, SANS o&FEIT Wb b =2 b7 A Ml
B W oE oM = EMH CTH 5, BERMITIILLTOREZHE L T,
42%/58% D20/H20 ¥R H T SANS IEZ1T\V N, d & (GRF) O HOEELHIHR % fh
LT3, (7272 L, ®DEHZ DWW Tk 100%H:20 A T SANS & SAXS & 217
STW5H,)

@O dRNA+hL7Ae+hNop5+hFIB
@ hRNA+hL7Ae+dNop5+hFIB
® hRNA+hL7Ae+hNop5+dFIB
@ hRNA+dL7Ae+hNop5+hFIB
® dRNA+hL7Ae+hNop5+dFIB
® hRNA+hL7Ae+hNop5+hFIB

fRFF ClE 2N S OBEEOREINLE LN -2 TOILMRE M- THEEL2 7 e /7
2 (MONSA : FHITHM B 1LV BUHL TS, TOREIER 5.2 IR L X
N NR—=Y ORE LA TETHEY, £/, AR L EM TEHLN#E L b
BW—EZRLTWD, i TIXFEBRICHMT L 72 HE RNA 25656 L72BR o E (holo
) BRI NTEY ., HEMAREOHEIEZE(LE LA F AT OB IZ DWW T
Him L HTWD, Blkd 5 HITRIIIRERLE —RT 2L 2B D,

TET2-TET3 DIEERT (Y PSR FPER+EKRRIESAY VT +HEtE# simulation)
AHFFEIL SANS OFETHD A F T A MEF+EAFENLT NV 7 o i KIRICEE
LI EHRIERT 7 XD TH L, IR OT I ) XTF X4 —ETh 5 TETZ,
TET3 ZZNENATE 12 BREZERT 208, BIRENFICHEZRE T HE~T 1 12
BRAZ LT D, 20 12 BIRTIEARS D 2 BIEETR L. £ D 2 BERPHERITAL
BHLTWD 4 HEAEEETHD LHEE SN TS, TET2, TET3 © 2 EROENL I
LN TEDLT, ZOTEOFMHER T B AB L NZOHKIE L OBEN R TH 5,
Z 2T, AKBFZETIEEAKFE(L TET2 (ATET2) L#k#E{k TET3 (hTET3) %MW\ T
AT 12 BIRD 4 RHEEDIIAZ1T-> T\ 5, fTOFIEIZLL Fo@y Th o0, £
SNZHAR D FVE TR L O 1l 2 BR L 72 NE Td D,
@O dTET2-hTETS ® 12 &K Z FER T 5, 72720, A A MW A T D% 2 i
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DO~Ta 12 EERPEH LTS, (Z1E1 Peakl, Peak2 &m4 LT3 .
5.3 IR LA D Z &)

@ SANS JlliExZ 4 >D=a> F T A L (0%, 42%, 10%, 100%D20) T/T79 (X15.3 FE:
ez UEHT Peakl)

@ FEME AW CAREZR 2T O 4 HiRHEE model 2T 5, (X 5.3 TEER : X
5.3 IR LT CHRTIX 8 DOEEET L AEL TV 5,)

@ ZENEFNOTTNLO%a L v T A FTO SANS fHifizkd (K 5.3 TERESRK),
FEBRT—H T D x2 &5 E L, 2aT7—RE2EKT D, (X 5.3 FIR L3k
RO L)

Quaternary topology of a hetero-
dodecameric TET2:TET3 complex by SANS

IPHTET2 123 refarance hEATETA 125 miamnce Preparation of dTET2 (deuterated, ILL D-lab) and hTET3

by ion-exchange chromatography, based on charge.

Optimizatior of home-dodecameric:
dPRTET? and hPATFTA struciures

(hydrogenated). Reconstitution in vitro and separation

1 i agangt SANS reference dete
. , N
uﬂ 2 . u&b Appolaire A, Girard E, Colombo M, Dura MA, Moulin M,
e, Hartlein M, Franzetti B, Gabel F. (2014). Small-angle

neutron scattering reveals the assembly mode and
oligomeric architecture of TET, a large, dodecameric
aminopeptidase. Acta Crystaliogr D Biol Crystallogr.
D70(Pt 11), 2983-2993.

in silico reconstitution of severals models with different
stoichiometry and topology based on crystal structures of the two
homo-dodecamers

Selection of final heterc-oligomeric model in agreement with all SANS datasets

5.3 TET2-TET3 & KT O F v —

HEWHEIZ 1T SOBELHRR (22> F 7 2 R) I L TRWA a7 —&2 R iEET
I ONFET D8, 2 TORELHRICKH L TREWA a7 —Z2 /i 1 oL
DMFAE U720, Peakl O A TOBELHARICK L TRWRA a7 —% /R L7 X B
DEND 3 OHOHEEET /L (I TET2 28 Z RICELE) TH D &bl T,
(X1 5.3 TEA)

FREAFTECIEEERS ILL OFEAFET RIERINTND 2 ELHa05D X 91T,
[BIfE DA R UIm EARFELEN) & TZNEZRAEEE L) VI8 BboTZ
FHEICR S TR TH L EE T M2, 202 L35 %0bAEICET 5 hik
THEWFORBEOIZDIZNE iR « KA LTS E BV 5, (EREOHME
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F/NABGEL Y AR =D22 OIFED URMH TE22\,) SFEV, HARMLT KN E G
£ SANS /3 Yeas TR Pt Em ol L S 2 X 0,
KIBOFREEFMKTEME (SAXS/SANS D iZ=RIFIA)

3 DHIE SAXS & SANS O EIL N LT- & /3y R E DO KFEDMIETH 5,
WRBGEL A W2 2 X7 BRE OKFE O RILZNE THITONLTE TNDHAAK
WFIEDRHBIEL,
> SAXS. SANS ZAHMHIZHVT WD,

» SANS TlE=ar M7 A MEFH & EAFE L Z P L TV D,

> RIEEMEE ORI D 2 X7 BERKEZ AV TR 2K FE T2 < REERIC
K DK DENEZ RO TN D,

LWV 3ENRETOND, WEHIIZREEMO RS 3THD GFP (EHAK) %

L. SAXS #liE & 3 f¥HD SANS #IiE  (h {A@100%, h {£@8%D20, d A@100%) %17
STWD, ZNHNBELNTEBELIREZ HWT, LN 217> T2,

g GFP (-6)
Influence of surface charge on e _
hydration shell? Joint SAXS/SANS! | ‘
| 7o | e [ amese AN
SAXS o e o) i i;ﬂm:;‘::;’“;f’:

HS Ap/ o, (%) || 500057 | 880+062]4.13+031 A & @ e a5 e ak)

-, GFP (+36)
© SAXS <
® — Crysal | L= 0.78)
e — Fous { { = 0.88)
~ —— Genfit{} = 1.05)

¢ il 7

HS Ap/ e (%) || 0002000 [ 265+060 | 027047 || Offset?

SANS (8 %)

HS Ap/ pym (%) { (0.00£0.00) I (o.om.o.oo)l (0.00=0.00) " ANSEN D0
ey
d-SANS (100 %) el el e
HS Ap/ o (%) ‘ 095035 | ND. | 0.00 % 0.00 e RS 2 wenoana
ot il
1 T T T T T T
h 01 01 03 04 05 06 Qi)
Residue-specific densities! . G 9)

Denser around acidic residues ﬂ oS

Y — Foxs{ =404
— Genfit{}, =1.98)
|o'1‘_\
Kim, H.S., Martel, A., Girard, E., Moulin, M., Hartlein, M., Madern, D., )
B. and Gabel F (2016) SAXS/SANS on "} ~

Blackledge, M., Franzetti

—— Cryson | A =048)
Supercharged Proteins Reveals Residue-Specific Modifications of the ] WL R

Hydration Shell. Biophys. J. 110(10), 2185-2194. i
0 e
C al| nl1 als ﬂ‘d nlj nla Qi)

X 5.4 SAXS & SANS OWHREMIFIHIC X 2t Fm, EEMEERm, PRI T 5 KF
Je&g OO FHIE D FRAT

O HELHIFRO Fitting 7> 54550 O KFIE OMFE 1% EBRANITK D 5.,

@ Halplomgtikm, BEERm, THERmOmELZRD S (PyMOL 2\ 5),
@ WevkFm, HEMFRm, PRI TONSL Y KISHT DEFEEER AR L LT
5250
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@ @L@%HWTEHRBIOKIIKDMRE A BRMEFRE, WRAMERE, hrERmON
NI KIS DEFEELREERE L THZ D,

® QL@ F5REOKFIEOKRE 2% FIZ Lol RN T, 20X e,
EevEZR T, HEIEMERM, PRI TO N7 KITHT B EFEELERD D,

FERA M 5.4 \TRT A BRIRITEG U CREAKE T OREFER R | fTICLY

PR CARFIK DB EPMIC IS TE SR> TWAE Z E 2L NI LTS,

Future Outlook

FEIE TTIE Gabel i+ 5 D4 1% @ Neutrons in Biology (Z DWW THW A v 12—V R H
o7z, K557 KO ICBHEDE A FIZHB W ISR R FiEZ VT, 25
BT Gfdh. WK COREMIT I TOILTWD, —F, MG IZHE < HERE TS Bk
WOMANEMFOBIED —>TH L7 6I1E TED TE D50 CORERIE/RY
2T TR VBERER BRI WA CTOMIEZRL - RS G e & OESRREIED
) BELE D, ZOHBDZOIZIE, B—OFETTXTEMHALLY T2
DT ENENGE R TIEEMAS DOE 7 “Integrative Structural Biology” & 5 9
ERFVHEETH D,

o o
X, 1)
g : * i
3 —
NoR; PRC2
LA
.
2
HIV-1 reverse HIV capsd
rarscnplase DA
Table 1. Types of Structural Datas Usod i integrative Modelng
Structural Information Method
Atomec structunes. of parts of the stucked system X-Rary and NMA 3DEM,
modekng. and mokecullr docking
3D maps and 2D mages. Electron microscopy and tomography
Atomsc and proten dstances MR, FRET. and other fucrescence techriques. DEER, EPR. and other

and dsutide bonds detected by el slectrophones:s
Binding site mapping NMR spectroscopy, mutagenesis. FRET

aczios g et i e e Sali et al. (2015) Structure 23(7): 1156-67
Component positons Super-resokubon opbcal microscopy, FRET imaging
Prysical proxmity Co-punfication. native Mass spectiometry. penetc methods. and gene/proten
sequence Covanance
Solvent acoessituity Footpnnting methads. ncludng H/D exchange assessed by mass spectrometry
or NMIR, and even hunchonal consequances. of porrt mutations
Proxendy hetwesn different geronme segments. Chromaosame contormaton capture and other data
Propensites for dfferent nieraction modes Moksculdr mechancs force helds. polentiats of mean force, statsbcal potentals,
and sequence co-vanation

Exampie methods that are smformatve about a varety of structural aspects of biomolecular systems are isted. 3DEM . 3D electron mcroscopy. DEER
Goubie electron-slectron resonance. EPR. slectron paramagnetsc resonance, FRET. Forster resonance energy Wanster, H'D. hydrogen deuterum
NMAL nucisar magnete: resonance; SAS. small-angle scattenng

X 5.5 LAk FIEIC L DG AT
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ZOFRTHMEFREBELTEAF( R A ENn Lo M T X MEE B LI
[EIFRVE) & BEfE L CL 4% domain DORLE A 5 7 E O 2 5 AR SN D,
VIR Z a0 NI A MNEfo7 m—7 L LTt X SVNAEHGILEE, $7-. BB O
T =AM AEOAEE LD T L0 L LT NMR EOMHMMFIHITEE CH L, IHIT
KT —FEfa LA JER < 3 Rt 4 FEEET 2 72 DIZILEH R simulation 73 %
RERNERICTEIES>ETHRY, ElaF 0K T7iEmE SAXS - SANS O
HIFIHOBERZ R 5.6 IZRT, KVFELED 72 HIEE 5.5 IR S U723k A S
STz,

Radiation sources:

X-ray tube (A= 0.1 - 0.2 nm)
Synchrotron (k= 0.05 - 0.5 nm)
Thermal neutrons (A= 0.7 - T nm)

Detector
Incident Sample
beam
— f(\ = .
Wave vector = Y2
k. k=2 )
Scattered
beam, k,

Ig |, relative

3 Resolution, nm:

Solvent

A\ .
|\

31 186 10 08

mixtures

Scattering
curve I(s)

q‘!‘l

‘N\j lw -.'li ;’;J \I §
Flexible %"m_’ @ - of

systems r Secondary

w “‘% structure

0 z a 6 8
Scattering vector s=k,-k, s=4r sint/i w

Petoukhov and Svergun (2007) Curr. Opin. Struct. Biof. 17(5), 562-571.

Current Opinion in Structural Biology

5.6 TRIKHUELY & AT fi 2 DFIEL MG DETZ BRI OF v — &

%I SANS ORETFIEZ DL OOFREE bR SNiz, TN 5.7 ITRLT
SEC (Size-exclusion chromatography) - SANS Tk %, BIfE, X #/INAEELTI3/A
BELOKEUT o 2 B G 2k TRIE AT 9 72 DIZ SAXS B 7 v a Tl K 5 i
SEC-SAXS {ENFEW LRV DOH LD, ZHUFEDFIEE SANS IR HLIAAE DT
H%, VAT MIBAEILL O D22 ITRE SN TWHMN, LRZED LI/ AT A
£V HPLC 76 O HIR A EH SANS HIET 5 Z L 2L LTS, HICEI~E
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Z LIZHRSCTHE 40%D20 ik 7n £ & 7= SEC- TCV] -SANS HIE b AffECThH H Z &
DRI TV D,

REEEE 2 AT\ ZEV T 2 03?7 1/ INMABRELIE CORKOETH 5, 2D SEC-SANS
BIXZNERET D O OffREZIR R LTS, BIZFHHEAORETHDa L b T A B
23 (FFR) 23> TRV | SBF7T2RIEOHERNHIT 2 Z L IXFiEN RV, &
® SEC-CV-SANS i£% [ILL 7226 CT&E 551k LB 2T, FETORETH 5 Kbt
BEOIK S Z21E0 LBt ORI 72 E o TRE M4 Z & T, J-PARC/MLF 72 & Oftod
DRI BEND Z LB WFELIZW,

Size-exclusion chromatography (SEC) SANS

Porous
polymer beads

Protein mixture is added
to column containing
cross-linked polymer

Setup of in site chromatography SANS. The sample is manually injected
Protein molecules separat into the loop (1) then it passes through the size exclusion column (2). the

by size; larger molecules
pass more freely, appearing 4 :
in the earlier fractions '

SANS sample cell (2), the LUV -visible spectrophotometer (4) and the
valve (5), which directs it either to the fraction collector (6) or to the
waste container (6).

Jordan, A, Jacques, M., Merrick, C., Devos, J., Forsyth, V.T., Porcar, L and Martel, A

© University of Arizona (2018) SEC-SANS: size exclusion chromatography combined in situ with small-angle
neutron scattering. J. Appl Crystafiogr. 49(PtB), 2015-2020.

1238456
(b)

5.7 SEC-SANS + 25 4 (D22@ILL)
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6. Round-Table Discussion — chaired by M. Sugiyama (KUR)
AL T 1%, Workshop
BEERENZML T, kT
EWMFOEBHOTTRMER L O
Trx BT NEFWITHONTO
alam AT o 7o BhEmOBRIZ
W BB SUCRICIRATT 5,
(& 5 ZAUFA5akE z M
. BGTELIRELEDTED
DTHD,)
£, FHEHEOHK - 4
Bl cot L o
1TV, Z0%., 5% OEEEY S0 Scientific target (ZOW T Dikima 1T 72, & ((Fk
5) ICHE T HBEILHEE IC Lo TRNESNTZANEL b L TEY , ZNHDHEARSHD
ET DR L 22 5 FITRE OB L R o7, WIS, TZH D OBFFERFGRIT LT HE
FLLTEDLIZT T r—F LT ? ] L9 methodology DA T Digm & 1T > 72,
T, O ORREMRICE L DD,

O =H=EAFEE

LN B OB L U CRIEEELE (SANS, BS 72 L) oW\ Cit TEAFELE
AWleay b7 A NERIIBARTH D] BWELLTWVD EFR D, il CHRI NN
BRI GIZIBNT Tz b7 2 MERZ RN D022 ) DFEBRELE D
TEOIITEEERRTHY . ZORICBWTHEAG & FEO—BORE - BRALETH
%, Crowd ZRE#E 2 7 A Mz B3 86 . EARFCEOREEHIEL - &REE
FKFILRRELEOMESN - a2 2 N R OKEFIIEORFERSHOBETH D LWV D,

—J5, FEEEERITIC BT, EAFRLOLRECOWTOFERNIH -T2, [kFEE R
51 WIS RIZEWTIE, BKREOEARBMIIVIR TR BT RORE mIER OR
WX LEBET D EEAKRUEP TCOREHER THATHD LW BAND -T2, HAFEL
IRy I 7T ROKBIZORBHEMTHH Y, EHEAL~ VXA L0REH A X
WCHWET D, Lz -T, ZOMICE LT, iBIX, BIX Ik 2FERT—% % Hn»
7= el R A & A R AR L 720,

@ BRHIEE
HPEF IR &) O TR, ERE T OB RRBMIAN S R E T T EEL 2
5 L) Rk CHGm AT o T2, FFIZ BS 1T K 57 — Z fif#friE Tl Doster % 03MR 72 K3
J A DX SIS DR ERAFME DT L e — L Y B TR BLL 72 QENS D A3
7 MVOHENRE T P e o THRRE T VTR 5 £ 0 ) FIERRIEZIATOA TV D, &
R FHETEE TH 525, B2 ek - SITIEORFRIC L 0 HROEMERED RO
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7. Remarks for Future Outlook
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M
1. Preface

Every neutron researcher says, “Neutron is a powerful and special tool to investigate a
material structure and dynamics.” However, we should deeply consider how powerful and
how special as a research method for life science because there are several strong
competitors, X-ray scattering and diffraction, NMR, native Mass spectroscopy, cryo-EM
and so on. Honesty speaking, we need the answer about “Why do you use neutron for your
life science?”

In this workshop, we would like to confirm the possibilities of neutron spectroscopies
and find the next target fields in biology with neutron through the discussion with
European and Japanese neutron scientists in the following points:

“What did we do up to now?”
“What can we do now?”
“What will we do in the future?”
AND

“What should we do for next generation from tomorrow?”

We very welcome everyone interesting of neutron biology to join this workshop.

Chair of organizing committee

Masaaki Sugiyama

2. Organizers

® Organizing committee
Rintaro Inoue (Kyoto University, Vice Chair)
Yukinobu Kawakita (J-PARC)
Hiroshi Nakagawa (JAEA, Vice Chair)
Nobuhiro Sato (Kyoto University)
Masaaki Sugiyama (Kyoto University, Chair)
Shin-ichi Takata (J-PARC)

® Advisor
Toshiji Kanaya (J-PARC)
Mamoru Sato (Yokohama City University)

3. Participants

ZINHEEL 40 4
AR - St 2 4. [EIN 38 4
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4. Program

JAEA-Review 2017-024

Neutron Biology for Next Generation

— staring at future -

March 22-23, 2017
J-PARC Research Building

Day 1 (22 March 2017)

as studied by small-angle neutron

scattering

9:00-9:10 Opening Remarks Masaaki Sugiyama | KUR

Session 1: Japanese Instruments and Science for Neutron Biology

9:10-9:35 Performance  of  TOF-SANS | Shin-ichi Takata J-PARC
(TAIKAN) at J-PARC and its
application to the study of life
science

9:35-10:00 Neutron protein crystallography | Taro Tamada QST
in Japan

10:00-10:25 | The broadband micro-eV | Taiki Tominaga CROSS
spectrometer DNA at J-PARC
MLF and its research results in
life science

10:25-10:50 | Status of Spin Echo Hitoshi Endo KEK
Spectrometers “BL06 VIN ROSE”
at J-PARC MLF

10:50-11:10 | Coffee break

Session 2: Neutron Biology in Europe I

11:10-12:10 | Neutrons for Protein Dynamics: Ralf Biehl FZJ
Crowding, Domain Dynamics,
Atomic Motions

12:10-13:30 | Lunch

Session 3: Neutron Biology in Japan

13:30-13:55 | Picosecond dynamics of proteins | Tatsuhito Matsuo QST
and hydration water studied by
quasi-elastic neutron scattering

13:55-14:20 | Inter-/Intra-dynamics of protein | Rintaro Inoue KUR
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14:20-14:45 | Correlative dynamical analysis of | Hiroshi Nakagawa | JAEA
bio-molecules — quasi-elastic
neutron scattering and
computational analysis
14:45-15:00 | Coffee break
Session 4: Neutron Biology in Europe 11
15:00-16:30 | Future perspectives in biological | Frank Gabel 1IBS
small-angle neutron scattering:
integrative structural approaches
and tailor-made sample
environment
16:20-16:40 | Coffee break
Session 5: Round discussion.
16:40-17:30 | “What should we do for neutron | All participants Chaired by
biology?” M.Sugiyama
18:30-20:00 | Banquet
Day 2 (23 March 2017)
9:00-12:00 Site visit to J-PARC
12:00-13:00 | Lunch
13:00-17:00 | Free Discussion
18:00-20:00 | Dinner
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5. Materials in Round-Table Discussion

Neutron Biology
for
Next Generation

“What did we do up to now?”
“What can we do now?”
“What will we do in the future?”
AND

“What should we do for next generation ?”

|

Small Sp_at;g_l Scale La.;ge

subNV\nano
- Static

Crystfr P suivat | 'SANS

o

neutron |
techinique -
Dynamics w
pSec pnSec
nSec
| 2%
Fast Time Scale Slow

Y I —‘
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Status and Message from Instruments

"p-."

‘f

SANS(TAIKAN)

*Simultaneous measurement in wide Q-range
*Feasible concentration: 1Img/mL @ 150kw(3hrs)
Crystallography(BIX+iBIX)

*(Future) feasible size=1mm? <1 week

*Aimig to observe the structure with large lattice
Back scatter (DNA)

*Excellent S/N

*Installing new Si mirror

NSE (Vin-Rose)

*IN construction of Two spectrometers

*MIZE reaches several nsec

*NRSE will reach 100 and several nsec.

Scientific Targets in Now and Future

A%

>

>

Binding water (covered network?)

Protein structure

*Difference between in crystal and in solution

*Structural change in interaction with the others
for example, IDP(or IDR)

*Partial structure in complicated complex

*Multi-component system

Protein dynamics

*Unfolding chains:IDP (IDR)

*Intra motion (domain-motion)

*Associtation-diassociation dynamics and kinetics
Crowding — in cell (mimic)
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Methodological considerations in Now and Future

» QENS
f,.';; /i /| Arethere any new ideas to analyze
2 O . QENS data?
=3 w . Especially for utilizing power of new
hamaatd T generation spectrometer
» NSE

What resolution do we need for the observation of
protein dynamics?
» MD simulation

How to couple with SANS, QENS, and NSE?
» Deuteration

What should we do?
How to use the deuterated samples?

What should we do for next generation?

ALR—FOWNEICE L TUIA— AT AP =2 —7F i, FLE P CEERHY .
AR FEORIIA— T T A P — 27— TEREREN T2,
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