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The expansion of NMR spectroscopy by elaborated stable isotope labeling
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of its application
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Functional mechanism of membrane proteins revealed by methyl TROSY

OXiE Ef' 40 B N\ BH —3k CHEGIRSERFER HERER, P
M ARt BIEE5TF 71 7 7 A4 VIfgEt » ¥ —)

10:29 ~ 10:41

SL1-3 H¥EES 32 B o NMREHTIZINT 2B R BLR O H

Utilization of yeast expression systems for stable isotope-assisted NMR analysis of difficult
proteins

Omfts %KY, KR EHEE PR B WA EXR, R B B R s
SRR AR R IR, NS FEEE R v v~ 7 A, PR ATRZERT Al
EOT-TOT7 74 IR Yy —, THREUREE R HAERIEIER

10:41 ~ 10:53

SL1-4  RENMVAAEEED DMLY ¥ 8 7 B AR ROL R
Improvement of cell-free protein synthesis system for the stable isotope-labeling
Offi MES? Al (RS2 BH =0 AN B> (KR H BRSNS IEIF5ERT.
PHALSAIRZERT A ) N— 3 3 Ve vy — CHMLSARRZERT Ay AT AFE L Y 4 —, YHUR
THERFRFERE AL LE07e R

10:53 ~ 11:05

SL1-5  WHFLMINEIC X % %5 R AR R O LBl 3~ D F H
Applications of stable isotope labeling by mammalian cells to antibody therapeutics

OBE  atl (hy SRR ST AREE)
11:05 ~ 11:10 A& /Break

ER:E/A FF (BHEXHE)
11:10 ~ 11:22
SL1-6 RO MIAFZICL B 7 4 IS T I BRI Rk
Noise-tolerant amino-acid selective stable isotope labeling with error detection system

OFW B /N ArE"2 Ml MY AN BRI CEALERTRET A AT A0
Fet v s —, PHALKEE WILA T 4 AV - RN s HERE, CEULSERIERT 4 ) RN— 3 Vi
Ty s —, YRB HERRA S O QAT PR LR RERE A TR

11:22 ~ 11:34
SLI-7  RE&EAEANOBRREABA OB
OJMs  RRER CRBOR: &H HF7ERT)

11:34 ~ 11:46
SL1-8  #/EWE X UHIM N A A+ < ZA~OREfE - i NMR @A

Microbial and plant biomass analysis by solid and solution-NMR
O%lt # LE3 (VHALSARZERT BRERE A SE L v & — | PR R R A Ay SRR
i ¥ IRV YN o Rl = e v )



11:46 ~ 11:58

SL1-9 5 37 NMR QR A~NDIS A« #rB MRI K O in-cell NMR i
Stable isotope-assisted NMR in living systems: novel MRI and in-cell NMR techniques
& EA EE fEE O RAT W AR 44 #E° By B ORK BT
W W0, T Y I B OR SN CEHEE R RERE TmseRh, 2506
REFER e BT R B, PHEALERREr,  SUEOR SR SE b AR W = L
FALEHI, SRR EWREseR, RIS B AV F-EEE ey 4 —, T
HRFRKEF R THEW5ERE M3 T

11:58 ~12:00 fEE: B/ A *F
12:10 ~ 12:40 HARBSEEBF LSS /Meeting of the NMR Society of Japan [£15 : MO & —JU]

12:50 ~ 13:40 2£&/Lunch
< >F a >+ 75— /Luncheon Seminar [£35 : MO —JL]

<#x =+t JEOL RESONANCE >
AR 2 NMR 218 [NMR spectrometer ZETA |
— MR R S PR O NMR 2GR & - Bk 7 o —7 —
Wig i (V) a—Tay - ~—F774 v 7E)
1340 ~ 15:10 RXa—tv>a> (BHES, EF KR 2—HEE)
5 Poster Session (even numbers) including poster presentations for
Young Scientists Poster Awards

15:20 ~ 16:40 KA H—E 7L ¥ 21— /Poster Awards Preview

[A£15 : MO —JL Room A : MO Hall]

15:20 ~ 15:30

P8 MAP ¥+ —¥p38a DA b L R ¥ 7 F M &R DR
Structural basis for the stress signal transduction via MAP kinase p38a
Offizk #H=' N E? B8 5R° IBH —3Rk* (JBIC RIRRAMLFAAMITsE 4,
PREEPAMTR AR AIEES T 707 7 4 ) v UWge R vy —, PRI RSE A R gE
B PERURE R SRR

15:30 ~ 15:40

P10 AT ligase ribozyme DG4k B> NMR fi##t
NMR analysis of the catalytic site in an artificial ligase ribozyme

OR® !, BA K@ I #d? ok H—' (TELERE 2EILKE)

15:40 ~ 15:50

P12 2 FF AUIHED ¥ o8y kAL B
Folding destabilization of a protein by ubiquitylation
OFAK KE' wryyry xTyvs' Hil SES BH 32A4°% 8 kEd b B
¥ KRS BH O ERET LB OB kil RS AW AR, A% EETY R OZAY
A N RN E—TR MMS HERESS, W RS A B (AR KRR T
FHFgeRt, PARBMEAY v b — e A WA R IR, KRB LR R
A A BB R E IR RE, AR I N R AR A e AR ) P A s v T a Y s b, P
PR RFRE b RSB ATIeR, o RS R R SRRl "7 AT Bk A B LA 5E i
Hfyy AT Lget v 4 —, SARE T NSRS AR A IR AT A R gE s, iR
SRR A ERFETERE, RS Eb BEEge R, U RURE RS KB R AT ge R
PRBRAR AR BE A A bR BT SR



15:50 ~ 16:00
P58 KIFFONMRSF A F 3 7 2381 % G 72) 55T L OROMEAE B 0858

NMR dynamics analysis of water molecules for studying interaction between polymer and
water molecule

Ofesr fRE, A& M BN RE, /L3y — Kuvyq A’ K& HE, #8
TR CZILEdrt v & —, PR TRFRER L9, *2a—a— 2 WuR%Ey 7140
Ly VR, TR R LEMIER

16:00 ~ 16:10

P76 TN = b—HF—2Hniz7 a7 1 =T HRRA RS EE T 5 IMRIBIE
An fMRI study of allodynic pain evoked by green laser stimuli
O H#', Hk HE, P& B, K — SR BN, EE HEEL FROZH
(CREAR KRB AR A Fe 8B R e fy A A — VY 7, 270l — - N F A U A
HT7TTV = a v

16:10 ~ 16:20

P90 727 Fv M= MG X ARGV ORI 7 F VIR Sk
Supporting for assignment of unknown metabolites signals by graph and network theory
OffiE WHE®, /M Thin“? ghE  Hed'? z5m Zh>> (%ﬁﬂ%?ﬁﬁﬁiﬁ?% At EF
SREgeRE, CHNATEE NBALS I IERT BEDEIREI e v 4 —, PO AT B AL 7R
N A< AT 7075 L, "SRR RS & A i se k)

16:20 ~ 16:30

P96 IV ot & O 7 AR R R R BH 58 0 72 8 O NMR A 3 f# AT
NMR structure analysis of S.c.7icini silk fibroin for tissue engineering
O FHHI', A &2 F RIE® Bk d' #a et (BT RS RSEE T4
B, MREHRFET =27 b T v 2RSS, RV EIRIIZERT, U LSRR T
ZRFE SRR

[B£15 : £5#%% 2 Room B : Conference Room 2]

15:20 ~ 15:30

P48 H—HMad7- ) OFEE Y ¥ 37 B o5 T HEHIN O 720 O 5¢ & [E R NMREDO B %
Quantitative solid-state NMR method for counting the number of a protein molecule in a cell
OWW sk, TN SCF, R el ORBRORS: BEEERT)

15:30 ~ 15:40

P52 In situ YIRS A NMRIC X 2065255t~ — B & > 237 % sensory rhodopsin I
WAL 7000 BSOS AL O fF AT
Color-discriminating photocycle of sensory rhodopsin I as revealed by iz situ photo
irradiation solid-state NMR

OEF 68, WHE 8, Aok W', A& @l IR W e E&ES RHE
WREES, ZEIE MERC, PR S CRRBEEIZOREEREERE TR, PR SRR, CRILRERAE
Be BE sk S Ae A 7e Rt

15:40 ~ 15:50
P54 FKAHOMMEAL B8 & A DA Lo B 7812 B3 2 NMR 58

NMR studies on structure of Bombyx mori silk fibroin after spinning and development of
silk for biomaterial.

O e, K =W, BT B, &AK W' AnneS. Uldch’, #i& ' ('
R TLRFRAARE TR, 20— b A0V — 2K L)



15:50 ~ 16:00

P60 W5 75 ABEWBNT & B T LM RO T, %I 7 554 10T
The T, relaxation distribution of rubber materials estimated by the inverse Laplace transform
Ot Fa!, BT BT KE B, &F wE' CPifg ks s, PR T
RERFBE THMgeRE, TR T 7eE)

16:00 ~ 16:10

P64 KRR T TOPSSTMASIZ X BT+ Y ¥ H 4 hDF5E
A natural abundance *S STMAS NMR study of ettringite

Offi%x &K MW+, Stephen Wimperis (JL[E 7" 5 2 I — K ksekR)

16:10 ~ 16:20
P66 BANMRIZE % F v & Fa v a ko ARG BFEO7E

Solid-state NMR on solid-state reaction process of quinhydrone

OFHE  WF—RR, BrH 2, M VB GURRSERS b BAEmisERt)

16:20 ~ 16:30
P68 PR ILE I X 5 Cs DR+ ¥ — MO A& 2R B fEAT

Solid-state analysis on behavior of adsorption of Cs in clays
OFh #', k?ﬁ I AR OBWEL MO = K 2% K 8P (TRERERY
e T2emfzedt, WE - MR SerEE)

16:30 ~ 16:40

P78 7CB/n-heptane )&/ #MIC BT 5 n-heptane DB E ¥4 F I 7 R

Orientation and dynamics of #z-heptane in 7CB/#-heptane system

ORetr HF, KE BRI, JHH A, KB Jol (&TUCERFBE BARATFER)

[C£15 : &£#%E 3~ Room C : Conference Room 3]

15:20 ~ 15:30

P40 Tk S BC I diobs K 2 I 72 BURS i NMR &
Single-crystal NMR measurement by using magnetically oriented microcrystal array
ORE FEHFTF, AME A, KA BF K EBA GUERRFRERE BYIeR)

15:30 ~ 15:40

P42 TR C T PR i iR &2 T 722 1 o — 2 o0 B i NMIR AT
Single-crystal NMR study of C chemical shift tensor of cellobiose via magnetically oriented
microcrystal array

Of TRL AME B R B R EAL MO B=E Ok 2P BE R
7k #° CRUBRERAE RS BAATIZeRE, 2WE - PR SERER,)

15:40 ~ 15:50

P44 ~ A4 7 aFE R NMRIZ X 250 O~ 4 7 vl iis L ORI EAS5 o
Analysis of high temperature and fast heating processes of liquid crystalline molecules by
microwave irradiation NMR spectroscopy

Ol fHFE! AN =1 I WY ek oR?, Wl & CEREER R KRR T,
PR TSR



15:50 ~ 16:00

P46 Measurement of proton chemical shift anisotropy tensors using symmetry-based
radio-frequency pulse sequences and ultrafast MAS solid-state NMR spectroscopy

(OManoj Kumar Pandey’, Michal Malon"? and Yusuke Nishiyama®? (\CLST NMR Facility,
RIKEN, *JEOL RESONANCE Inc.)

16:00 ~ 16:10

P86 RS DNPAIR Y I 2 L—3 3 Vil
Fast calculation of solid-state DNP effectiveness under magic-angle spinning
OB %, I fol, R B ORBORS: & ERIZEAT)

16:10 ~ 16:20
P88 BEEBICE D CSEDONMR ARY FVIETCHS O

To improve accuracy reconstructed the NMR spectrum with the compressed sensing
using the exponential window

OWH HBLY, R =D Ed IETS ® SEmE I FiE CHniERb RS L
#, kR 44 JEOL RESONANCE)

16:20 ~ 16:30
P92 N T T 7 Wikds & Arduino Due # W77 # )V MRI ¥ A 7 2 DFi%E

Development of a digital MRI system using general purpose digital units and board
computers “Arduino Due”

Ot EA, kH KM, FH B2, Bl B IR B B 7ER)

16:30 ~ 16:40

P94 TAXEY FAE Y ZHOWIZAEARNY v 4 0t v v v ZEM OB
Nanoscale gyroscope for measurements of cellular dynamics iz vivo using diamond spins
OAER HEX', HHE FEE, &2 WE>S 4 EE, R AL HR O EH
M OERE® Al B2 CRHECRF RS TR, PRy W — ek s > A 7 A4
ML S RHEEAIREAERE < &%)

17:30 ~ HARHEIHARYS R8s - IF#HES - YHEES FHS
(235 BHEE (A2 a e - 1F)]
18:00 ~ 21:00 BHAKHMIHBF= FHES - AR S - HEES

(BETRESNLIFRRDMFEOLEN DY ¥, T2, FAFZIHTFRAR
MDY L7Z2VH & $£9)



%2HE 11A5H(K).”Day 2 (Nov. 5, Wed) English lectures

—fi%s%78 3 [Room : Conference Room 2 /&% 2]

9:00 ~ 10:00 Chairperson: Toshio Yamazaki

9:00 ~ 9:20

L2-1 Sulfur-33 NMR of organic solids
OKazuhiko Yamada', Daisuke Aoki’, Kentaro Kitagawa®, Hiromitsu Sogawa®, Masato
Takahashi®, and Toshikazu Takata® (*Science Research Center, Kochi University, “Department of

Organic and Polymeric Materials, Tokyo Institute of Technology, *Graduate School of Integrated
Arts and Sciences, Kochi University, * Center for Life Science Technologies, RIKEN)

9:20 ~ 9:40
L2-2 Proton decoupling and recoupling under double-nutation irradiation

OKazuyuki Takeda', Asato Wakisaka', K. Takegoshi' ('Division of Chemistry, Graduate School
of Science, Kyoto University)

9:40 ~ 10:00
L2-3 Studies of minute quantities of surface-bound molecules using 2D
heteronuclear correlation spectroscopy under 100 kHz MAS

OYusuke Nishiyama" %, Takeshi Kobayashi’, Michal Manon"? Igor L. Slowing®*, and Marek
Pruski®* (JEOL RESONANCE Inc., ? RIKEN CLST NMR facility, °U.S. DOE Ames Laboratory,
*Department of Chemistry, lowa State University)

10:00 ~ 11:00 Chairperson: Tetsuo Asakura

10:00 ~ 10:20

L2-4 Imaging mice with using vertical superconducting magnets for NMR
OTomoyuki Haishi (MRTechnology, Inc., Tsukuba, Ibaraki, JAPAN)

10:20 ~ 10:40

L2-5 Water flow in mantle cavity of bivalves analyzed by 7 T NMR microimaging
OYoshiteru Seo', Eriko Seo?, Masataka Murakami®, Kazue Ohishi*, Tadashi Maruyama*
("Dokkyo Medical University School of Medicine, “Atmosphere and Ocean Research Institute,

University of Tokyo, *National Institute for Physiological Sciences, ‘Institute of Biogeosciences,
Japan Agency for Marine-Earth Science and Technology)

10:40 ~ 11:00
L2-6 Characterization of elusive electronic sate of ferrous high-spin (S = 2) heme
in deoxy myoglobin

Liyang Xu', Ryu Nishimura', Tomokazu Shibata', O Yasuhiko Yamamoto', Akihiro Suzuki?
and Saburo Neya® (*Graduate School of Pure and Applied Sciences, University of Tsukuba,
*Department of Materials Engineering, Nagaoka National College of Technology, *Graduate
School of Pharmaceutical Sciences, Chiba University)



Open Symposium 2 [Room : MO Hall ~ MO 7k —JV]

9:00 ~ 11:00

“in situ structural biology” opened up by in-cell NMR

In-cell NMR 23] 0 411 < [in situ kx5 AWy 2
Chairpersons: Masahiro Shirakawa, Yutaka Ito, Takanori Kigawa
9:00 ~ 9:20
SL2-1  Protein dynamics in crowded environment

(OTakanori Kigawa"? (‘"RIKEN Quantitative Biology Center, RIKEN Innovation Center)

9:20 ~ 9:40
SL2-2  In situ structural biology by NMR
OYutaka Ito"? (*Department of Chemistry, Tokyo Metropolitan University, “CREST/JST)

9:40 ~ 10:00
SL2-3  Cell biology by optically detected magnetic resonance (ODMR) spectroscopy

Ryuji Igarashi', Yuta Kumiya"?, Takuma Sugi®, Shingo Sotoma', Kazuhiro Ikeda’, Hitoshi
Sumiya®, Hidehito Tochio', Yohsuke Yoshinari*®, Yoshie Harada®, O Masahiro Shirakawa'
(*Graduate School of Engineering, Kyoto University, “Institute for Integrated Cell-Material
Sciences, Kyoto University, *JST, PRESTO, *Advanced Materials R&D Laboratories, Sumitomo
Electric Industries, Ltd., ’JEOL 1td.)

10:00 ~ 10:30
SL2-4  In-cell thermodynamics-curvatures and transient interactions

(OJens Danielsson (Department of Biochemistry and Biophysics, Stockholm University,
Sweden)

10:30 ~ 11:00
SL2-5  In-cell NMR spectroscopy of larger proteins and complexes

Robert Hinsel!, Laura M. Luh’, Sina Reckel', Ivan Corbeski’, Frank Lohr!, Lukas Trantirek®
and O Volker Détsch! (Institute of Biophysical Chemistry, University of Frankfurt, Frankfurt,
Germany, “Central European Institute of Technology, Masaryk University, Brno, Czech
Republic)

11:00~11:10 Break/ A&

Invited Lecture [Room : MO Hall ,~ MO & —JL]

11:10 ~ 11:45 Chairperson: Yoh Matsuki
IL1 Recent advances in nanoscale MRI
O Christian Degen (Department of Physics, ETH Zurich, Zurich, Switzerland)

11:45 ~ 12:20 Chairperson: Michio Murata
IL2 Solid-state NMR for investigating membrane-curvature induction by viral proteins

Hongwei Yao, Tuo Wang, Byungsu Kwon, and O Mei Hong (Department of Chemistry, MIT,
Cambridge, MA, USA)



12:30 ~ 13:20 Lunch/B&
Luncheon Seminar/ 7> F 3 >+ 37— [Room : MO Hall / MO & —JL]

< Agilent Technologies Japan, Ltd. >
“Agilent total solution for protein structural analysis”

Session 1

Structural analysis of protein by HPLC-coupled mass spectrometry,
improvement of sensitivity and reproducibility

Hiroyuki Fukuda

Session 2

Multidimensional NMR data processing software Vnmr]J,
integrated nmrPipe environment

Junichi Kurita

Session 3

X-ray Crystallography @ own lab, novel iz situ X-ray screening,

bullet structure analysis and ultra-high resolution structure elucidation
Takashi Sato

Honorary Lecture
13:30 ~ 14:05 Chairperson: Gohta Kawai
HL1 NMR structural biology on transcription factors and chromatin-related proteins
O Yoshifumi Nishimura (Graduate School of Medical Life Science, Yokohama City University)

14:05 ~ 14:40 Chairperson: Yutaka Ito
HL2 Analytical and biotechnological applications of NMR

OEi-ichiro Suzuki (Japan Biological Informatics Consortium Research Institute; Graduate
School of Agricultural and Life Sciences, University of Tokyo; Graduate School of Medical Life
Science, Yokohama City University)

14:40 ~ 14:55 Break/{f&

Invited Lecture

14:55 ~ 15:30 Chairperson: Ichio Shimada

IL3 Substrate- and ligand-modulated conformational dynamics of membrane
solute carriers revealed by NMR

Sven Brueschweiler!, Qin Yang', Marcelo J. Berardi!, and O James J. Chou',* (*Harvard
University Medical School, Boston, USA, *National Center for Protein Science, Shanghai, China)

15:30 ~ 16:05 Chairperson: Yoshichika Yoshioka
14 Magnetic resonance imaging in real time

OJens Frahm (Biomedizinische NMR Forschungs GmbH am Max-Planck-Institut fiier
biophysikalische Chemie, Goettingen, Germany)

16:05 ~ 16:20 Break/ A&



Invited Lecture

16:20 ~ 16:55 Chairperson: Kiyonori Takegoshi

IL5 Metabolism and microarchitecture from advanced 'H and “C NMR
spectroscopy and imaging

Noam Shemesh!, Jens T. Rosenberg?, Jean-Nicolas Dumez', Avigdor Leftin', Tangi Roussel’, Rita
Schmidt', Hadassa Degani', Samuel C. Grant® and O Lucio Frydman"? ("Weizmann Institute,
Rehovot, Israel, 2National High Magnetic Field Lab, Tallahassee, Florida, USA)

16:55 ~ 17:30 Chairperson: Akira Naito
IL6 Solid state NMR of disease-associated proteins: methods and results

Marvin Bayro, Jun-Xia Lu, Eric Moore, Dylan Murray, Alexey Potapov, Kent Thurber, Wai-Ming
Yau, and O Robert Tycko (Laboratory of Chemical Physics, National Institute of Diabetes and
Digestive and Kidney Diseases, National Institutes of Health, Bethesda, Maryland, USA)

17:30 ~ 18:30 Break & Transfer by Chartered Bus or Monorail / A& - &)

18:30 ~ 20:30 Banquet [Place: Hotel Hankyu Expo Park]
BHS (215 RTIVRAIF ZXR/IN—7]



$%3HE 11A6H(XK).” Day 3 (Nov. 6, Thu)

—fgiEE4 (&5 : MOK—JU]
9:00 ~ 10:00 [ER :#@Ef =HE
9:00 ~ 9:20
L3-1 Error analysis of NMR parameters in equilibrium systems
ORieko Ishima (Department of Structural Biology, University of Pittsburgh School of Medicine)

9:20 ~ 9:40

L3-2 RIRZENE 1 FVE DB RS 72 NMR AT
Features of intrinsically disordered proteins monitored by NMR
R¥F f&—', BT BE&HEE, KE #£ WF e, #Eil wS mE ek Off
TA CERCERORS: SAEE, PHULER SRR A A7 A f%EE v 7 —)

9:40 ~ 10:00

L3-3 TR S0 | A AR &2 S5 8% & 9 2 2 Rl R s G- 0 I 7 O BE R 78 BLES B
Entropy-driven dynamic multidrug recognition by multidrug transcriptional repressor
O fE8' BHE  —k° (MR AISEsT7a 7 740 v 7ifset v ¥ —, P
TRFRERE e AW 7eE)

10:00 ~ 11:00 EERK : KAfxZ BHF
10:00 ~ 10:20
L3-4 rENA VZEA - MRATIBINE -7 1 > - B A ORE 3E 2 Y R IRAT

Structural analyses of the interaction between the chemokine receptor and the cytosolic
regulator FROUNT

sk Tk 25 R BN EE BEFR R W Ak mLS WHE ok
WeOEE fRzt K ESS, RH SRS IBH R R MR SFR EP (R
ARREFREFBE EGRHERITERE, P RGORPERF BT B ARIER, UM R B T 2e T,
LB RE BT, PR RN AR

10:20 ~ 10:40

L3-5 NMR & SAXSIZ L BV F KA AL V7 Vo387 G OR & IRBT
NMR and SAXS studies on multi-domain protein

NEE R, &Y TV Bk & O=F 1EB (BEARFREORSAR BT A1 7eR)

10:40 ~ 11:00
L3-6 ARV R R A R v b7 — 2 hZdh 5 His ® “tug-of-war” (#51%) 12k %
Rl 22 P2

The structural stability of the catalytic site of human Pinl is mediated by the balance of
the “tug-of-war” in the hydrogen bond network

OWiR m#&k', # 7% Ef E° @l EH B B ORRR® BRNsa< T -
TATEAF I AOBBIIGEILN, *IERRFE KT BT



AERD DRI LS [R5 KE 2 Conference Room 2]
9:00 ~ 11:00
NMR & 7 #+ >~
NMR and Prion

ER:EH —X

9:00 ~ 9:10

SL3-1  F%74 v Z7NMRIZX B 5 37 B0 /-5 O#ELOBII
Evolution of protein conformation observed by the ‘Kinetic NMR’
OFH —R"hmn £ CBRRFRFR SRR RIERIIER, 2R RFRFER B
FARWEGEER)

9:10 ~ 9:35

SL3-2 7V F VEHEDENT Y/ RE 2 — VIREORREF ) T3 — Bk & ORHE
Identification of the molten globule state of prion protein and its relevance to f-rich oligomer
conversion

OA&H &' W £-—2 FHE —R2° (RS RERESR, R RFRFR EEE
REFIGHIGERL, IR RER EERTERL R4 750 0F)

9:35 ~ 10:00

SL3-3  Sup35 RAZE#HIMRDOT I v A FHEES IR O
Local compact structure in an intrinsically disordered protein Sup35-NM determines
amyloid conformation

OKME #hizer"2 o 58° s MR bR EIR° R —Y Hd JoH® (K
TR RS BAEES, PEALERGERT MBS AT o & —, PEALAER TERT A S s A
T — &, R A RIS SERL)

10:00 ~ 10:25
SL3-4  ANKZNGEHE—-HNVAZIVEFE Coe) B NMR OFNC X 22RO 38U 58

Application of carbonyl-carbonyl correlation NMR experiments with ultra-high resolution for
resonance assignments of disordered proteins

O#F#  #—"? Natalia Kulminskaya"?, Frans Mulder"? (‘Interdisciplinary Nanoscience Center,
Aarhus University, Denmark, “Department of Chemistry, Aarhus University, Denmark)

10:25 ~ 10:50

SL3-5 PRFEANMRETEMIZEAE M ANVY b=ZBIFET I af FREHERZ R & BB RE o fEIH
Amyloid fibril formation and inhibition mechanism of human calcitonin as studied by
solid state NMR and TEM

OME &', OHE Q) O2h ! E¥ (AB) 29:% Namsrai Javkhlantugs', ¥t 1E&°
Mo e IR Y b BE® FRE B BH —3! CHERE KRR LA
? I EL 3 R AR AR A R, PR EL 3Ok R T AR v v —)

10:50 ~11:00 AX > b ®EE thIZ



—i%58E5 [£15 : MO —JL : English lecture]

11:10 ~12:10 ER I\ E%R

11:10 ~ 11:30

L3-7 53U MEBRITE V8 T W8 2 97 B IR model-free AT I DB 5
Development of an extended model-free analysis for macromolecular crowding environment
OmF Y, MR Wk il b2 R Wt # OR° 72427 <47t
HE OEEY, RN BEAYSC CEALERIET fr s AT AWFgek v v —, PEALSERERT A4
T v AT LR IE IS, CELSERI ST M ERG  TREERIEE, 3 v v MR,
CHLEEISE T R AR A SE RS, CHLEIGET 1 ) N— Y a Ve v v —)

11:30 ~ 11:50
[3-8 i (BomAERE) OZICHET 2WHAEROWHHZ SMRT 28 LwillE ko b s

Development of new methods to compensate distortion of quantitation caused by

difference in molecular weight (transverse relaxation time)

i o R i ST (297N I £ & B 9 | I 3~ L/ 37 B =1 R @) s o 1 o N G 1
KEF L)V F —HTRER, PHALEMIET iy s A 7 aWF%et > & —, P ik ke: AT
g, RHEHATIRELEHE CREST)

11:50 ~ 12:10

L3-9 Theoretical calculation of "H/"C NMR shifts indicative of salt bridge between
methylated Lys and CO, group of Asp or Glu residues in proteins

Jakub Sebera!, Yoshikazu Hattori?, Yoshiyuki, Tanaka®, Chojiro Kojima®, and O Vladimir
Sychrovsky' (‘Institute of Organic Chemistry and Biochemistry, Academy of Sciences of
the Czech Republic, *Institute of Protein Research, Osaka University, *Graduate School of
Pharmaceutical Sciences, Tohoku University)

12:20 ~ 13:10 &£ /Lunch
< > F 3>+ 37— /Luncheon Seminar [£15 : MO &k —JU]
<NMRE£HZTZ v b7+ —L>
NMRFZED o 2542 2 32 4t5 2 NMR IV 75 v b 7 4 — & L BF NMR it i O #34r
AN Bl (FRAL2AFZERT)

BEETH K O NMR g6 H o4 : 950 MHz LC-NMR & 900 MHz [l & NMR
VAR 3530 (B KA R A e ar e~ JE R

RBOR 8 FVERFFERT NMR Wiz 12 305 2 3 HGH & B850

JRIG  RREE OB 22 VR8T

1310 ~14:40 KRE—tv > ar (HHES)
| Poster Session (odd numbers)

—fREEE6 [£15 KRBT 2

14:50 ~ 15:30 EER : UK HE

14:50 ~ 15:10

L3-10  "C selective HMBC #:(2 & 2SO ARRE S & 74 F 3 7 22T B %%
Study on 3D structure and dynamics of glycans using “°C selective HMBC

OfgE W, ik el B 2T #b REEE, D S5 (B LaEbrE SR R o
WFEF — &, TR LML 7 —)




15:10 ~ 15:30

[3-11  °N/"Hg NMRHHEIC L B K|EAL72F 3 v -F 3 VHSEt ol e
B L OET IR
Structure determination and electronic structure of Hg"-mediated T-T base-pair in DNA
duplex with *N/*Hg NMR spectroscopy
O fFs' K& ®E', SR 877 WA 2> A &° B FHIE° Viadimir
Sychrovsky®, BB J&kEE? (Hb KSR SEEMERr, 2 RBORS: &EAEMZER, M5l
K& TES, HALEREZERT, GRS A, CF  aRET T )

15:30 ~ 16:10 EER : KB tiE
15:30 ~ 15:50
L3-12  Z%T U - KIAFRICEB T 2 KOBREAENBLIS
Magnetic relaxation of water protons in fumed silica/water coexisting system
O &, B B, bk B2 R HE® s Rt O RSk TR, 2 H

BIAS FLTAAED)

15:50 ~ 16:10

13-13 —FEPsFE ) FEE L GIPAW B2 L2 F7 AR BA I AD
NMR 785 A — % O E

NMR parameter estimation of lithium borate glass by combining ab initio molecular
dynamics and GIPAW calculation

OXgE #=iE!, & #Z L 77 (TP TEUeRl, *EEN aTroe)

RAFR DRI I L4 [R5 MOK—IL, MO Hall]

14:50 ~ 16:50
NMR D i % A L 72 AR R~ DI
NMR applications to biological systems

ER:IBH —X, & XE

14:50 ~ 15:14

SL3-6 ¥ UV EORHIANF—IRBEZEN E LA
High-energy conformations of proteins as a new target of structural biology
Odulst z&, dbI BI—HB (AR SRR

15:14 ~ 15:38
SL3-7  Fu ¥ FF—EONMRHANIT 72584+ ZBRARBF T 2 ¥ FF — EOIEHLRHE
Development of the method for production of the isotope labeled tyrosine kinase, and

its application to NMR analysis of the interaction between kinase domains required for
activation of the receptor tyrosine kinase

OB it RiidE &2 CREARKS KSR A RHEEas, 2duims KK be Jodnd:
R ERE)

15:38 ~ 16:02

SL3-8  SAIL#:ZFH L7727 v 87 B S ¥ o NMRAFZE
NMR study on protein dynamics by the SAIL method
OmMH BLY HEERE EEY? (Al RAFIESAeR Wik Emamset v ¥ —, "HEkS
B B ORIESEER)



16:02 ~ 16:26

SL3-9  AMIENOEGBIR 2 BT % in-cell NMR %D B 5 & It H
A bioreactor for NMR observation of biological events inside living cells
OWH fE, IBH —k OREKFERFRE EER/05ER)

16:26 ~ 16:50
SL3-10 Dissecting oncogenic RAS signaling by NMR

Smith Mathew J., Mazhab-Jafari Mohammad, Feng Zhenhao, Marshall Christopher B., Ot &
tZ (Princess Margaret Cancer Centre, University of Toronto)

16:50 ~ 17:00

Henk¥E BE 858 (E53ENMRERSHEARR)

Closing Remarks: Toshimichi Fujiwara (Organizer of the 53rd Annual Meeting of the Nuclear
Magnetic Resonance Society of Japan)



AFERD 2RI L1 [ Open Symposium 1 [£15: 8% 2 / Room: Conference Room 2]
11 B4H (k) 10:00 ~ 12:00

T BE T se RV AR ik A4 < NMR B D) B / The expansion of NMR spectroscopy by elaborated
stable isotope labeling

F—AFA4H¥— A 18, B/ A T/ Organizers: Koh Takeuchi, Yohei Miyanoiri

BB AR B AN (&, M9 20 R E DR ASH 5 NMRIEIZB VT, B 5N A HERE %2 RIALT
HEEHIT, HRBAEEZNH T2 2 & TBIIRAR 2 203 2 20T R ETHETH S,

ZDD, ERRSTOMERITOA LSS, AR, X¥ K ITZ A, 5T A4 A=Y 7R ENMR
RN AL EE & KN B B4 BRI B W TR ERMVAARE SRR EhTw b,

Ky VERYY ATEPEEROMBRIE, RS O 2 R L, 5 2 2@ WA AR
B ORI K IR DISHB 2 BN L T 722 FRETH 5,

The stable isotope labeling technique is critical to maximize the structural information obtained by
an NMR experiment and to overcome the detection limit posed by the intrinsic low-sensitivity of the
NMR spectroscopy. Thus the development of an elaborated stable isotope labeling technique plays
a crucial role in advanced NMR studies such as structural analysis of large molecular proteins, drug
development, metabolome analysis and molecular imaging.

In this symposium, we will introduce various sample preparation methods and its latest applications
to discuss how does stable isotope labeling can contribute to the expansion of NMR spectroscopy.

AR 2RIy L2 [ Open Symposium 2 [£15: MO 75 —JL / Room: MO Hall]
11 A5H (K) 9:00 ~ 11:00

In-cell NMR 238 W #i< [in situ k& =024 / “in situ structural biology” opened up by in-cell NMR

F—HFr4¥—:8Il EF FE &, KJ| EHl / Organizers: Masahiro Shirakawa, Yutaka
Ito, Takanori Kigawa

X MO R O R E ST OBNEE 2 81255 5 in-cell NMRIZ. AARE S FRERICHERE LTV LY
2B B ELORNZHE D A [in situ B3] 2 L, $RCEBMIE O in situ S0
BoNsmEIZ, LmERPAERAEICH R BRWMEERIZL, 547 - 4 I/ RX—=v 3 yoffikic
KELEL5T AW EING, AV VRIS LTI, EHNSNOUZEST OWGEH I 5 5E i O
HNEZR-RA LTV TETH 5o

In-cell NMR, which can observe biomolecular structural dynamics inside living cells at atomic
resolution, helps define a new field, “in situ structural biology”. Its focus is on to reveal a realistic
picture of biomolecules “at work”. Explicit understanding of the structural bases of various biological
events inside living eukaryotic cells obtained by iz situ structural biology will have a ripple effect on
state-of-the-art medical technology, drug-discovery, etc., and greatly contribute to* Life innovation”. In
this symposium, recent works on iz situ structural biology will be presented by the leading scientists in
this field.



AFERI 2RI L3 / Open Symposium 3 [£15: 8= 2 / Room: Conference Room 2]
11 A6 H (&) 9:00 ~ 11:00

NMR & 7Y #+ >~ / NMR and Prion

F—HF+4H¥—:F£HE —X/Organizer: Kazuo Kuwata

7 I BEANCEY, BAEO VA EDS —FRNICREINLEVW) [Ty 74 YO
. RELPINDVD B, TUINA T —Wh EOMBEMLREE, THEBERIE, —IBOMEIRMIE. —5
DOBALREZ., BEFENOMETIERL, 73 JEBEMNZFECTOEHED 76 S8 E L E1L
PRITIEICEY, BRET L, CORER DB E. BEEEZA L. EX VFVINERLEERT
Dy JWOWERTT YA Y ERIEN S, TRLED Db OEIX, Bih TR X 57:0, BTk
TEDOEALZBYTELDIE. NMROATH S ), MEAEWEE Rz 7. EGF2OHBLNT—< T
5 B VIR EAR DAL 205 LT 58 LOWNMREDIHT ) Th b,

Aberrant forms of particular proteins accumulate in many neurodegenerative diseases, if not all,
including Alzheimer’s disease, and in type II diabetes mellitus, in a part of schizophrenia as well as in a
part of cancer. These proteins are more or less infectious and their structures evolve during passages
in the carefully designed experiments.

Thus they can be called as ‘Prions’. Because these structural changes occur in a solution state, only
NMR can detect their real-time evolution process in atom resolving power. This may be the beginning
of the new NMR era in which researchers target a central biological problem ‘Evolution of the infectious
agents’, which is evidently beyond the structural biology.

AFERIS 2RI ) L4 [ Open Symposium 4 [£15: MO 78 —JL / Room: MO Hall]
11 A6 H (K) 14:50 ~ 16:50

NMR D5 % A h L 7 EARSRA DS / NMR applications to biological systems

F—HFr4H¥—IBH —x, 2 2/ Organizers: Ichio Shimada, Mitsuhiko lkura

MRS L IS A A B W THELWEETH 5. TORBIE. EBWEMHFTTOY V3
B EOAEKRSFOMEERZMN TS LI1H 5, 22T, ARHBMEL &2 TR LU TRBIC
b5 AR REHRE I B U AEREROMIH 217 > T0 2 5E6l 2 i3 %,

NMR spectroscopy, which provides information about structures and dynamic of biomolecules under
physiological conditions, contributes to structural biology immensely. In our proposed symposium, we
will show NMR applications, including sample preparations, for better understanding of the functions of
the biomolecules.
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WFRALERPANRZ PVDORTF BT 4 =T 4 ¥ T ~DIEH

Photo-induced exchange spectroscopy applied to peptide folding

ORE #iE", fH &Y Wk TR g gt CEYLEMIERT 94 7 A T A
MrEEAEIIZE £ > & —, PR - $E5ER)

WET #:®% L\ il 52 —Broad Band WET #: & Z @It HIIZDOWT

Broad Band WET —a new method to observe quantitatively minor components in foods
OFelie —K', A THT Bt £ CHERERER B E et e, SR
BRKSE SRAERE, PR BTAEH)

KGHERAEAEGBCRZFIH L72#BLSAIL 7 X/ BEGRIE OB 7

Effective amino acid labeling method using auxotrophic mutant E. coli protein expression
system

O® /A P, Al e ®l SR i @ Sk FE® REEE EES
SRR RF b FA SR - S E v v —, P M A= AR EFER N T
0y =ty s —, PHEKER GO BT 7R, ‘SAILT 7 7 b ¥ — ARk att)

FEREET OV 2 — VIERIZE A ME K S O E

NMR measurement of minor constituents in high alcohol concentration liquors

OFAT #, iy W72 H T, ®iF s C (&) ¥ M) — AR E EaTk
BLERIZEAT, 2y P —ZH— N I N—=Y 3 vty d— ()

b MREEEMNE % F v 72 calbindin D, @ in-cell NMR il 5@

An in-cell NMR study of calbindin Dy, in cultured human cells

OWeEm —2% Al B, W #02 Hk 207 s g2 =5 ER A
B0 R BN CEESRSE TR B EMESe R, *CREST/IST, °aii ks katbe 1o
WEZEER)

HEREBLE VE O E AR E KEFEBIZ W REIC S % pCold-GST ¥ A 7 A OB B 56
Technological development of pCold-GST system for successful over expression of
isotopically-enriched recombinant challenging proteins

FriE ik, OfR ®RiZ, &t 2%, BE @ol, RIB RRER CRBoRsy: &EEZE)

HEBEIRRER X OBERS A IRBICB I 5 3 I AHRRML 7 F VKD

VT VRS A = X N9 S NMR AT

NMR studies on a novel sialic acid-binding lectin mutant from the C-terminal domain of

an R-type lectin from earthworm in the sugar-free state or in the sugar-bound states

O B, A% #%° #H =7 PH & COh) B - AfEERNRE R &
SR ATIZERT, RTINS BISEAT BEB A gE kv & —, PSRRI AT B
TEWizEX v 4 —)

P8 MAP ¥ 5 —+¥p38a DA b L A ¥ 7 F WLEREM O

Structural basis for the stress signal transduction via MAP kinase p38a

Offizk %', N E? B8 %K% IBH —Rk* (JBIC KIRAM LA 7EM 4,
PP AR RIEEST- 7O 7 7 A4 ) v U v v —, PR LR A AR RN
Bl RRURE RS S54RI R
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NMR analysis of plant defensin-like peptideusing plant cell expression system

Ot =2 K Ez® Kk EH CdekEgmkE®E F/ ~7 )7 hvrrz /a0y —+k o
F—, PR R

AT ligase ribozyme Ok E 12D NMR fig#r
NMR analysis of the catalytic site in an artificial ligase ribozyme

ORE TA!, BA KEL I #W? oA R (FEIERE EILRE)

WHRERE 22 FF v ZEE RO &A%

Structural study of diubiquitin by paramagnetic NMR

O Fh' HA R gk BAa°% 4 EE, R B ANl BE CEHEK
g TAEFgeRE, PHALSAIREAT Adr v A 7 A Wf9e 1 v 7 —, PR BT RL)

2 FF ALITHED 7 o8y Bk AL A

Folding destabilization of a protein by ubiquitylation

OFA Kg', vr)ry xyyry' &l #us° B 354° & KE‘ i #
EH RS B & RO k&AW P, AL EHETE R OZAY
HIE Y RN R NS HEBSS, mh RS Bl B CRERRS KRR T
|t A 317 51 b= N A N I b X S WA S/ R R oot 2 SN 70 SRV N o/ N
A BEBE R R e RE, AR I AR U RS AT e BB E )Y A v T a Y s b, P
PR RFERSE R R ATZeR, Catb Rk be 3e2amget, "7 1T Bud: NSAL AR 22T
Hfy AT AWFgEt v ¥ —, SRR N E SR AT A e, O
SRS B AT ERERF SR, O R R b BT ERE, N RUER R SE R AEBE EERESe R
RS R b A A BRI 22 R )

hOGG1 DEAR-F B HEME DT & VEIRFEHT

Characterization of human 8-oxoguanine glycosylase 1 and its mechanistic study

OffiE Kib' Kl #67-% B ABSE® HH 2577 JRIE  RRER® MR sHY md
fFagt (LR R SEZERE, 2 KBRS & —IFZeRT)

WHHEZ D OB v = FF L — MRlZ W7 37 B oF R NMRIE
Paramagnetic NMR study of proteins using a novel chelator designed for rigid lanthanide
tagging

OMR#Er B—"' W1 #192%° Zhang Ying®®, M fesh* i %—2° HE fua' |
e RRIERY (CRBOKSE B FVERSERT, * FAREHERTE R ISR AN A A 2 ALy 5 — -
STRFEIRZERT, P AERE RS KRB seR, AR ATIIENT 7 A
v E =)

Regnase-112 & % mRNA ) Wi B4 Ok 1 4= 1 27 1 St

Structural and functional analyses of mRNA degradation by Regnase-1

ORIl BEAT, dle 227 BH @A kW iz B brza', #HE fkED L
T MI%Y Daron M. Standley’, 7N EYMC R EBEY RiE 42 (ol ksRF
B Jei A anRHEIE g b, 2Rl K Kb - AR R ge ke, ° AR i A E b gE 4 -
WAL ARZER, RS - g7 a v T 1 TIlE Y v 7 —, SRR - Bk mirseaT,
STUER RS - w7 1V ARFSERT)

R L FF VHMHE A B = X 5 ORE &S e

Structural study of the formation mechanism of polyubiquitin fibrils

O R E%l, HA ORE, A OEHET R AL Bl B CRHEEREREE T
5w Rt Ny NS R i)
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BHCIREBICBUT 2 RNARS & 7 > 237 B Nrdl O fFT

Solution structural studies of RNA-binding protein Nrd1

O/ME B, Wil W12 R =A° R R g B BE BT =B OE
b RGNy N1 IS Y S R = B NE Y B I Bl yNE o Lo P AT RV
FRFBE FEAWEER)

PR R O K LIRTEAMERE & F8HE 2B 5 Musashil # ¥ 738 7 B DRk & S
Structural study of Musashil involved in the maintenance of neural stem cell pluripotency
and oncogenesis

O%i B’ /Mbk E22° EW 5, 43 B ME oz gkl £ AP EA
(RS oAV F BT 5E0T, P RBOKS: &EVEMseRT, *ELSsEir 94 791 = >
AHAM I G v & —, BERESEEOR S )

MUNBE A TBEFH L7z b abc kAN I & v OM RN

Characterization of the interaction between cytochrome ¢ and cardiolipin using bicelles

Ok K, R B EH R GREEWBAEATRFRRS: Y E A RHE e R

LINE RNA & ¥ 5 55 35 O J8 ik RF S o th e A

Specificity determinant of LINE RNA for the recognition by LINE reverse transcriptase
Ok |3 W ER° ma AR (TIETERS T8, PR TERERER £
TR R

RIS ¥ 237 B EAK5F O NMRE & BRI BT % E 55 5 oFIH

Primary component analysis of HSQC-based NMR titration experiments: Application to
interaction between intrinsically disordered proteins and small molecules

A YT B EED ORE OMED? AW AT RIE EAS KM iR m
HoOFAS B OEHETY OFW F—' (BEBEKFEER  AISEREMER, ‘Al R
Sl BAERFIER T B i ge Y v 7 — PHINRSREERE SRR Rl RUEOR AR b
B 2ETR R

HCV# 7 ARNAIWZBIFANSSB ¥ 878 a— NI S1.3.2 & D 200583 ko

— ARG FIR & DA EAEH DT

Analysis of interaction between SL3.2 and a single stranded region in the NS5B coding
region of HCV genome RNA

OXK ##", Pratima Chaudhuri’, #& HIK" (F2ETHAS T5E, *Amity Institute of
Biotechnology, Amity University, India)

BRNMRZEZ W RBERE AR (1-42) OGBS B

The quality control of Af (1-42) from bacteria by solution NMR

OF &', &1 Zot! KB HE', 6l %87 B BEFES ORKE e 2
ELT0 W F-' (HEBRRERER AIEEREER, b B RS b AR ERE, O
HBRFNREBE R 9ER)

YFEHILEWS 4 75 ) ZMOZAIBENMR 2 7 ) — = ¥ ZHifi OB 5

Development of NMR-based screening technique in drug discovery using fluorine-containing
library

OFF #7! dl 287" &k ®EL F mR R BR—1 AN EHZ B &
LOOOBRE BoE' RIS RKER' (KBRS EEEBIZEAT, CHELAERTAERT A s A T A
Wret >y s —, *WA7 7 — <Lt
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SO ML in-cell NMR % JHv»72 3D NOESY A7 F VOl €

Observation of 3D NOESY spectra of proteins in living insect cells using a baculovirus
protein expression system

OMrr b2 g JER, s ghEt? =8B MY guE B2 CEERSE R GUR SR
HLT 40528, *CREST/JST)

5 > 7327 % ASR & DR HAEHENT (2101 F 72 ASRT @ NMRf# bt

NMR analysis of ASRT toward elucidation of the interaction between ASR and ASRT

Ok —3E! fhry Bwb® I &2 RER HE®RS WA b5 MR e Cdudss
P o N Tl e = e M 131 W N oy NG o o A R e = i o | R 312 NG ey NG o e 2 ) o )

In-cell NMR # &1 L7z DOTA-M8 Y 4"~ K D& WM 5E
Synthetic study of DOTA-MS8 lanthanide ligands for in-cell NMR

OEM fhisk"? FH W° #E #%7° =5 EHY G B CEHRFRERFER
BULAAWRSERY, P EALERIEAT ARE A b A bW 9 2, *CREST/JST)

NMR structural analysis of w -agatoxin IVA in lipid membranes

(OJae Ha Ryu, Ji Young Sim, Jae Ho Lee, Bonggyu Park, Jae Hyun Kim, Sang Hyun Kim, Hyun
Jung Lim and Jae Il Kim (School of Life Sciences, Gwangju Institute of Science and Technology,
Gwangju, Republic of KOREA)

Warv sy s 7 MEWIEDZ2OD, HitDT 5 )4 &5 7 OB
Examination of various lanthanoid binding tag to collect information of Pseudo Contact Shift

OfiE A5k, &3 B AW B O B =5 I8 (RS BT 7R

HEBET I VMDA F I 7 AL 2EAEEHAEREAE L

VY N HAEH OBLN

Protein-protein and protein-ligand interactions revealed by the side-chain dynamics of
interfacial aromatic residues

O &', ®RE k', w7 A EF, FN #° FEE EE® (fHERFRS R #
SRR, "SAILT 7/ 0y — X (BR), P EEHKFER GRS b BT 5ER)

WREVERRFIRAE Z A L 72 DNAKS & K A 4 ¥ STPROGT-5 4 F 3 7 ZADff#t
Molecular dynamics of DNA binding domain STPR proved by paramagnetic relaxation
enhancement

OmE Seffi!, e Bw® ek Hew®, ®a EiR° H) EE mE -t me
AR EER CdbiigE R EdAvRbeke, PAbiEE R el AR ge ke, CdeimE s B
ShfgekE, TR )

HY) T AEERT 2L FE Y v ORI & PSIB X OYFNR & O B f#HT

NMR analysis of Ga-substituted ferredoxin and its interaction sites with photosystem I and
Ferredoxin-NADP " reductase

OmRBE 9%, HA "Iz, wa (WRE) F7, B B, ik JA, A D OB
K BEESERT)

B\RAILE: % vz in-cell NMR & OB}

Electroporation of protein transduction to human cells for in-cell NMR

ORE fem!, Mk %A% Al B0 R Z|A (R BEmisest, 2HL
SFRRGEHT, CHAERE R AR ERL)
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Poly ( f-n-propyl L-aspartate) D\ v 7 2t > 2 L SR O

The correlation between the helix-sense and the side-chain conformation of poly

(B -n-propyl L-aspartate)

O/M#k Y, &2 IS, K e, Fap gio CAuEE ks Rl Tk, 2RIk
SRR BTARITERE, B RS i)

RV 7Y L ORI EE O E
Measurement of convection rate in polypropylene solution
ORE  HER 2 (CHARRY 7 kSt FIeRssER, > =38 bkl At BZsmsein)

Nafion 7K 7 v 2 — VIR A EBEH O 53 BAREAT~D "F-NMR 2 X7 bV
BLORAEBSYA 7Y v 7 NMRJED#EH

Application of “F-NMR spectroscopy and fast field cycling NMR for Nafion dispersion

in water-alcohol mixtures

Ol = K ER?, WE 8 KT BN, BRI ’ E R RIELS
Fet®, HH A CElEsei A FC-Cubic, >8P oufffseir, * b3 & HEhE, ESERmrE
EWFZeRT, °H A B)E)

STD-NMR Z Wz a- ¥ 7 a7F A MY ¥ &K T O EAERENT

The analysis of interaction between a-Cyclodextrin and water molecules using STD-NMR
ORE it ¥ R, A —H8E N0 3 S wmL Y -T2 —)

Z B NMRIEIC & 2 H 55 FEIFEORNA & V#6280 2 BUKHEAH AR o Bl
Multinuclear NMR studies on the counterion binding to weakly acidic and basic polyelectrolytes
by hydrophobic interaction

Ot &, HH RBE, Bl fz, KM 8 KRR THeR)

[A#i4% REDOR NMR i 07 2 B
Advanced study for homonuclear REDOR NMR experiments
Ofp ig!, B KL, FE AN (CERBEAS IR LR, *ESmE RS O
Feikfit v 5 —)
T2 BC I BE &by K % o 72 HURS b NMR il &
Single-crystal NMR measurement by using magnetically oriented microcrystal array
ORE FEFF AE =, A BT, K EA GRS REER
L=y 7 MERBFWIE DN 7Y 4 u 872 v - JE LR O BRI EH

Evaluation of affinity between bacteriorhodopsin and boundary lipid based on chemical shift
anisotropy measurement

OMENI - HE—"2 A HESRM2 AR %2 AFH kY (JST-ERATO I &G M 7 o
Jxu b, PRRRFERERE HAAT TR

WS BE B B 5B 2 T 722 1 ¥ — 2 0 B i NMR A AT
Single-crystal NMR study of *C chemical shift tensor of cellobiose via magnetically oriented
microcrystal array

OX T"AL AME AL AN LT R EAL MO =2 ORK BE S MR
EAK R C RS R, PR - MO ZERERE)

HRNE IR SR % F 72 K °C NMR 12350 24 > 7 Vil EOR &
Temperature measurements in solid state *C NMR by using paramagnetic metal complex
O ERY, ML Me—>1 B B HH EgES? CRBRRSE Kb B sef
’JST-ERATO R & it 7u o= 7 )



P44

P45

P46

P47

P48

P49

P30

P51

<A 7 aERE NMRIC X B0 T O~ 4 7 i Eind X O @23 5 off il
Analysis of high temperature and fast heating processes of liquid crystalline molecules by
microwave irradiation NMR spectroscopy

Ol F1EY, A0 =4 Uk WY kg o’ W & CEEREN KSR T
IF, PRERRAE TAERFSERD

JEhhe = HIHE 7- A ¥ ¥ 272 DNPIZ X 5 il P TOMEEZR 40% DERK

Realization of 'H spin polarization of 40% at room temperature with DNP using photo-excited
triplet electron spin

OiA fE—ERY AL 2 Wl =2 W RAS & 5 %DEH izt BROK
L CHEALSE T R v 8 — 2@1[:%7@? Bt fcg%l%ﬁﬁ SEI, TR RS T AAEE)

Measurement of proton chemical shift anisotropy tensors using symmetry-based
radio-frequency pulse sequences and ultrafast MAS solid-state NMR spectroscopy

OManoj Kumar Pandey', Michal Malon"? and Yusuke Nishiyama"? (\CLST NMR Facility,
RIKEN, ’JEOL RESONANCE Inc.)

PHEBRICR G L2527 b7 =29 v ¥ v ORER GRS & BB D < SURITETE o fF
Structure and affinity analysis of bovine lactoferrampin bound to neutral model membranes
as studied by solid state NMR and QCM

OJMr Bz’ 32 %', R 5eh® ik WL N R CBHEEDNL KRR T
W, PHRAEAET VN 7)

) H—HMlad72) RS ¥ 37 B REHIO 728 O 5 i i 8 NMR & OB 5

Quantitative solid-state NMR method for counting the number of a protein molecule in a cell

OWH sk, @I o7, R ol ORBORS: & EFERT)

BCRHAMAS NMRIZX %7 4 K1 F 7Y ¥ DI S5 MRS B 2 Tyr BRIEM S0
Mk 2L DT

Conformational changes of Tyr residue which are which important for signal transduction

in phoborhodopsin as studied by solid-state state *C MAS NMR

O Zaik!, A WY ol B2 MW BRI MRS, s Est aEE &
(BRI EN RS RS BE T, MRS, PRI RS R l:&lti /ﬁ‘/\ﬁﬁ B b
KEFRFBE LR be)

HN Y7 KA F V%4 L7z Pradimicin AD< ¥ ) — & %5 RO A NMRf#HT
Solid-state NMR analysis of the Mannose binding structure of Pradimicin A through Ca’* ion
OX3 ml', Pl #>? T’sﬂ”\ K, P 2R AR OBERLS g !
("t %‘Kﬁ%ﬁ%ﬂc HEEBFE ﬂ PR R RS RF R B ge R, CHALAERT e, LR
72T CEMS, °RHEHfiREERE ERATO, °& LIS W) T8

In-situ SRS - EANMRIZ K 587 7Y 0 7Y ¥ YI8SF B FRDGH 4 7 v &
O- i AR DT

Analysis of O-intermediate in the photocycle of Y185F mutant in Bacteriorhodopsin by in-situ
photo—irradiation solid-state NMR

OKRE 9*% EE HAE EE FOE I WML ohE BES OME mES ko omed
) (Tﬁfﬁlijﬁ%ﬁ%@ni%)ﬁ CHPTIERE, M TR e B
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In situ JEIRG A NMRIZ X 206225t o % —Ji ¥ » 737 H sensory rhodopsin [ ®

W RARAT I 0 RO WAL D IRHT

Color-discriminating photocycle of sensory rhodopsin I as revealed by iz situ photo
irradiation solid-state NMR

OfE 4", IUHH i kok M’ B #est e W b &E&S MW
REEOZEME OHESC, IR ST CMRIREDRNTRER SR T, SRR, RIS
% B 3 AR A T FE )

A NMRREDORIEICL B b AHNVY b= v D7 I 04 RS AT

Fibril structure of human calcitonin as studied by solid-state NMR

O 8¢, Lkhamsuren Ganchimeg"? Namsrai Javkhlantugs®, 38 () 020 ' Il
Foml B 2 B & CEREERDRF RS TR, 2T Y DVERLRS)

KA OMRAE LTS & PR BRI AR O B 82 B9 5 NMRAFZE

NMR studies on structure of Bombyx mori silk fibroin after spinning and development of

silk for biomaterial
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Application of paramagnetic relaxation enhancement for protein structure analysis

by solid-state NMR
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Analysis of a crude drug “Longgu” originated from animal fossil by solid- state NMR
OEAL EWHYE INE . &iF 07" Bl &Y CRBOKS BAaEmmeE 2K
BRRZ RS BE B geRt, P RIS b SR ZER})
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Ultra fast '"H MAS NMR studies on polyacetylene derivatives
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NMR dynamics analysis of water molecules for studying interaction between polymer and
water molecule
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Molecular structure determination of polymer complex of carbamated poly (allyl amine) and
poly (anion)

Omify I&fE, HiT 08, AT AR WIHRFRF R TFsest)
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The T, relaxation distribution of rubber materials estimated by the inverse Laplace transform
Ofkr Fm' BT BT KE &, &% #E' PRy W bss, 2oL
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Nonionic gelation agents prepared from guar gum and the water mobility in the swollen
hydrogels
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P62 FE O NMR Z W27V 3 7 2 ) or— b A5 A O R S T
~BUEHRF L I AE IR ~
Solid-state O NMR for aluminosilicate glasses ~ bridging and non-bridging oxygen ~

O&AG  HE— GirH ik & SeomBaiifsenr)

P63 BATOEK, BUERIGD 7OV Z NMRIZ & 280
Observation of synthetic process and cross-link reaction of Polymer by pulse NMR
OFl oz (Tl — - N4 F A &)

P64 RIRFAEL T TOPSSTMASICL BT b Y VA4 FOW%E
A natural abundance *S STMAS NMR study of ettringite

Of4x K W¥, Stephen Wimperis (G225 2 I — REFKFE)

P65 ¥4 54 bD¥Si MAS NMRIUEITHT 5= b O ¥ 900 oF MR R
Paramagnetic effect of nitroxide radicals on the sensitivity of “Si MAS NMR measurements
of zeolites

ORRIE s, IR W, &/ s, MEE 5 BEE KRS RFE Tsek)
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Solid-state NMR on solid-state reaction process of quinhydrone

OfHE  WF—HR, BrH 2, M FYE USRS b BaEmi7ERt)

P67 PHZZZ THALL 723 A 74 VPR CdSe F / K T O KRB O A NMR
Solid-state NMR study of the surface states of cysteine-capped CdSe nanoparticles
solidified at various pH values

O%WJE i, ¥H  #b M HYE GUERA R R BEAEERL)
P68 BRI EC X % Cs DR+ 3 — M A DW 28 B gt bt

Solid-state analysis on behavior of adsorption of Cs in clays
Ok wi' KgE &L St L WO /@22 ok 27 ik #° CTRERERE
e T2mfzedt, *WE - MR serEE)

P69 in situ LiNMRIZ & %) F 7 A4 % 2 B 7o AR OIFNT
In situ solid NMR study for real component lithium ion batteries in overcharge state
Offttg EHY, ik MEY ML BFR® i B’ ¥ F-° ®’E HT° Al
21 CRNLRFRF B EARRHAIRZERE, 2 v~/ Ssa%, P puis ke ks b Feamr et
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Analysis of impregnating wood with polyethylene glycol by variable temperature solid state
NMR
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Solid state NMR characterization of fluorine in steel industry-related materials
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Temperature elevation due to MAS of carbon-based conductive materials
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A R—=F 2 J SBA-16 1ZHL Y A F 7z NaClLKIEHR B OKGT-D 7 4 F 3 7 2D
Analysis of water dynamics near sodium ion in NaCl aqueous solution confined to
mesoporous silica SBA-16
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Local structure and proton conductivity in alginic acid-imidazole composite

Oultdt K, KiG wARER, W %, KB Joi (SIRKSERER BAREH=ER5EEN
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Local structural analysis of indium-doped zinc oxide using solid-state indium nuclear
magnetic resonance and quantum chemical calculation
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An fMRI study of allodynic pain evoked by green laser stimuli
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Structural analysis and gas diffusion properties of the solid oriented PBLG

OEAR M, HAk L (GERITERERERE TE5ERD

7CB/n-heptane -5 2 BT % n-heptane DELYE L ¥4 F I 7 X

Orientation and dynamics of #-heptane in 7CB/#n-heptane system

Ofesr B, KiF wRER, JH BR%Y, KB ol (SRKFKEFRE BREHEIIIER
LARDIGE I X B WM ER Y A7 VO RTG FEEEZ o NMR 3 X 5 8l5

NMR observations of the local molecular mobility change of liquid crystalline polyester
by gas sorption

O gL, #K AW (B R TSERFRF B e
RS A 7 ) > R R 0 R SE I H

Fast field cycling NMR relaxometry: Moving from research towards industrial applications
Offi Hz Bkstos - 7—v - 572709 —)
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Identification of plant-specific metabolites by multi-dimensional NMR metabolomics

with a stable isotope labeling technique
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Evaluation of diverse marine resources in Japanese coastal waters by data driven approach
Ofa 92", #& Kimb? g L2 g b2 CBET RS RE b R dER
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Nonlinear analysis for characterizing fluctuation caused by living environments
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Data mining for characterizations of environmental changes from fishes and sediments
OWig Kb /g ot P FESY i b0t (BRI RSB A AR
SFRFFeRE, PR AT Br AL IR BB IRRL I ZE v & —, PR AT B AL e
BT NA < AT 707 T A, iR RS 4 G e R

MagRO-NMRView, FLYA |2 & % & EEIC HEE X 1172 NMR 7 — % i #r

Highly automated analysis of NMR data using MagRO-NMRView and FLYA

O/h#k %', Bikash Ranjan Sahoo', 7k H 4% M % B —' Elena Schmidt’, Peter
Giintert™*, JaIg RkE', MR fua' (RBROKS: BRI, *HHERY T AL ¥ —H#T
7207, “Institute of Biophysical Chemistry, Goethe-University, * #8505 P 44H0)

A DNPRIE Y S 2 L— v 3 Vils
Fast calculation of solid-state DNP effectiveness under magic-angle spinning

OmE £, BE BulE, K B CRBORS: &R ER5ERT)

BMRB/XML and BMRB/RDF: common open representations of BMRB NMR-STAR data
Ot Bk, Atk mE, AW R, &4 & A Eldon L Ulrich®, Yannis E.
lIoannidis®, Miron Livny*, John L. Markley®, 3% ¥' Ay #FHAL JEIE FERIE, HE
et (CRBOREE B VERFZERT, *University of Wisconsin-Madison, Biochemistry, “University
of Athens, Informatics & Telecommunications, ‘University of Wisconsin-Madison, Computer
Sciences)
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To improve accuracy reconstructed the NMR spectrum with the compressed sensing using
the exponential window
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A refinement method for NMR protein structure determination based on Bayesian inference

Oih#y  #RIL™? fhjiE &', Peter Giintert"” (' #8RF TR R P L0 %8R, *Goethe
University Frankfurt - Institute of Biophysical Chemistry)
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Supporting for assignment of unknown metabolites signals by graph and network theory
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Sensitivity enhancement of a tunable single-tuned cryocoil MAS-NMR probe
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WHT Y & VB#F & Arduino Due Z V727 Y % )V MRI ¥ A 7 A D%
Development of a digital MRI system using general purpose digital units and board computers
“Arduino Due”
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A search for zero-field '"H NMR signals in hydrogen absorbed cobalt
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Nanoscale gyroscope for measurements of cellular dynamics iz vivo using diamond spins
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Thermal stability of acyl carrier protein from Escherichia coli and its metal binding sites

O Min-cheol Jeong, YoungGeun Park, Hee-sang Song, Ki-woong Jeong, Yangmee Kim
(Department of Bioscience and Biotechnology, Konkuk University)
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NMR structure analysis of S.c.7icini silk fibroin for tissue engineering

O 7 LOogR &S iy fRIES, B Y A I CHRUR LRSS T
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Solution structure and backbone dynamics of the cold shock protein from
thermophilic bacterium, Thermus aquaticus

OBonghwan Jin, Ki-Woong Jeong, Yangmee Kim (Department of Bioscience and Biotechnology,
Konkuk University)

Structure and dynamics of Enterococcus faecalis acyl carrier protein

OYoung-Geun Park, Mincheol Jeong, Ki-woong Jeong, Yangmee Kim (Department of Bio-
science and Biotechnology, Konkuk University)

Backbone resonance assignment and thermal stabilities of angiogenin and its mutnats

OHyun-Sung Park, Young-Guen Park, Yangmee Kim (Department of Bioscience and Bio-
technology, Konkuk University)

The characteristic hinge region in a hybrid antimicrobial peptide, PapMA-P2, and
its peptoid analogs

OAreum Shin, Eunjung Lee, Yangmee Kim (Department of Bioscience and Biotechnology,
Konkuk University)
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L1 _1 Dynamic nuclear polarisation enhanced solid-state NMR
spectroscopy and magnetic resonance force microscopy for
structural biology
Hiroki Takahashi'?, Brad Moores', Romana Schirhag]l, Daniel Lee’,
Jean-Pierre Simorre’, Michel Bardet?, Sabine Hedigerz, Gaél De Paf'.épr:2
and Christian Degen'

'Department of Physics, ETH Zurich, Zurich, Switzerland.

“Laboratoire de Chimie Inorganique et Biologique, UMR-E3 (CEA/UJF)
and CNRS, INAC, CEA, Grenoble, France.

“Institut de Biologie Structurale, UMR 5075, Grenoble, France.

Low sensitivity is always a central concern in the NMR community and a number of
techniques have been developed to improve the sensitivity of NMR. In particular, thanks to
the recent instrumental and theoretical advances such as the developments of high-power /
high-frequency microwave sources, low temperature magic-angle spinning probes and
polarising agents, high-field magic-angle spinning dynamic nuclear polarisation (MAS-DNP)
has been recently developed. It has been proven to be a powerful technique to enhance the
sensitivity of solid-state NMR in many different types of systems from inorganic materials to
biological systems. MAS-DNP has great potential to tackle challenging tasks and we have
recently demonstrated rapid natural-abundance 'C—"°C correlation NMR on biomolecules
and “on-cell” NMR using DNP-enhanced solid-state NMR.

In MAS-DNP experiments, systems of interest are usually dissolved or suspended in
glass-forming matrices doped with polarising agents (e.g. TOTAPOL) and measured at low
temperature (< 100 K). Glassy matrices distribute

polarising agents uniformly around the sample of

interest at low temperature. However, MAS-DNP EMO-

often faces the obstacles of line-broadening and §150

reduction of effective sample weight owing to the use %150_

of such frozen glassy DNP-matrices and thus %1?0

application of MAS-DNP is not always & ]

straightforward. In order to successfully perform g 180 .

MAS-DNP experiments, we have demonstrated  ig¢.] 20 minute
matrix-free DNP [1, 2]. This utilises a binding natural abundance!

100 9% 8 70
3C chemical shift / ppm

Fig. 1. A DNP-enhanced 2D DQ-SQ
BC-"*C dipolar correlation spectrum

affinity of polarising agents, clearly evidenced during
the on-cell MAS-DNP studies below. We have
obtained very encouraging results where only 20
minutes were sufficient to record natural-abundance

13
2D C-"C correlation experiments on cellulose (Fig. of cellulose at natural “C abundance.

Solid-state NMR, Dynamic nuclear polarization, Magnetic resonance force microscopy



1) [1]. Furthermore, technologically interesting self-assembled peptide nanotubes were also
studied in this manner [3] - which would have required two “Saturn-years” using
conventional solid-state NMR. Importantly, intermolecular constraints were obtained for the
peptide nanotubes, which demonstrates the feasibility of supramolecular structure
determination of such nano-assemblies at natural isotopic abundance.

DNP-enhanced solid-state NMR also makes it possible to study structures of molecules in
whole cells, the concentration of which is too low for conventional solid-state NMR. We have
developed a new technique to selectively enhance the sensitivity and improve the resolution
of surface signals using MAS-DNP and demonstrated “on-cell” NMR to study cell-wall
structures of bacterial cells [4]. This technique will be a great investigation tool for “on-cell”
studies.

Though above hyperpolarisation technique will allow one to reduce the sample amount
dramatically, conventional NMR still requires > 10"’ molecules for measurements. Magnetic
resonance force microscopy (MRFM) which utilises force detection instead of traditional
inductive detection has been emerging as a promising technique to study structures of single
nano-objects such as large molecular complexes and virus particles (Fig. 2) [5]. We will
present our approach towards structural biology using MRFM, including the use of isotopic
labelling for regional image contrast. We will also discuss potential target systems such as
membrane proteins embedded in lipid bilayers.

Fig. 2. A: Basic principle of MRFM. B: 3D images of virus particles at a spatial
resolution of about 5 nm.

[1] H. Takahashi, et al. Angew. Chem. Int. Ed. 2012, 51, 11766-11769. [2] H. Takahashi, et al.
Chem. Commun. 2013, 49, 9479-9481. [3] H. Takahashi, et al. Angew. Chem. Int. Ed. 2013,
52, 6979-6982. [4] H. Takahashi, et al. J. Am. Chem. Soc. 2013, 135, 5105-5110. [5] C. L.
Degen, et al. Proc. Natl. Acad. Sci. USA. 2009, 106, 1313-1317.
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Single particle analysis of porous functional materials: '*’Xe single particle
spectroscopy and imaging utilizing hyperpolarized gas

oHideaki Fujiwara', Hirohiko Imai® ], Kazuyuki Takeda?’, and Atsuomi Kimura'

" Graduate School of Medicine, Osaka University, Osaka, Japan.

’Graduate School of Informatics, Kyoto University, Kyoto, Japan.

IGraduate School of Science, Kyoto University, Kyoto, Japan.

Hyperpolarized '’Xe gas can provide extraordinary enhanced NMR signals, and hence it
will be able to promote advanced studies in materials science as well as medical diagnosis.
Here, porous functional materials such as zeolites or other organic nano-compounds are
considered as targets of application for the hyperpolarized gas, and applicability is tested for a
single particle imaging using our homebuilt continuous-flow hyperpolarizer. Our apparatus
can provide hyperpolarized '*Xe gas in high Xe content without using buffer gas such as
helium. Single particle imaging was successfully observed for 9-14 mesh F9 zeolam (TOSOH
Corp.) with an Agilent UNITY INOVA 400WB NMR/MRI system. The sample was located
ina ¢ 3 X6 solenoid coil inserted in DOTY Gradient Probe DSI-1117. Elaborated images are
now attempted to get fine information.

[FF] A T4 bD X5 22 UMK, EEN - WAECBRE S 5 WX OER
TR IRMEDHIT, i OBEREM B L CTHIBDNED » TWd, NMRAY Z D L 9 7atEHE
MEOX ¥ T 272V B—2a VICEDCRIATE S Z L1, "PXeNMROE AT A b
~Oii 198044, (i « FraissardlZ7») LW IL<ATONT=Z EMbH 2R 2 5,
ol DRBARFRFANTIZ L 0 P Xe NMROEEN S HfeEE Tl L4528, BLO2®k
JENMRD X 9 R e il 0% K& 72 E 56 ' Xe NMRO Z 0 51 T OF A3 B
(T EHIFFTE D,
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v, =7 —7L LTag i (34x6) #¥35 LM% (H1E) 2DOTY Gradient
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Fig.1 '??Xe NMR
Spectrum.  F9 | Fig.2 '*’Xe Adsorbed-Phase Fig.3 '*Xe Adsorbed -Phase
(4particles) Image. F9 (4particles) Image. HalosorblI( ¢ 1X3).

[ Ciik]

1) H. Imai, A. Kimura, and H. Fujiwara, Anal. Sci., 30, 157-166 (2014).

2) A. Kimura, H. Imai, and H. Fujiwara, in “Hyperpolarized Xenon-129 Magnetic
Resonance”, ed. E. Brunner and T. Meersmann, Chap. 2.6, Royal Society of Chemistry,
London, in press (2014).
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Molecular dynamics of m-conjugated polymers and applica-
tion to bioinspired signal processing devices

Naoki Asakawa,! Koichiro Umemura,! Shinya Fujise,! Yuta Ohno,! Koji Yazawa,?
Tadashi Shimizu,® Masataka Tansho,® Teruo Kanki,* and Hidekazu Tanaka*

Y Molecular Science Division, Faculty of Science and Technology, Gunma Univ.,

2 JEOL RESONANCE, Inc.,

3 National Institute for Materials Science,

4 Institute of Scientic and Industrial Research, Osaka Univ.

Abstract: Stochastic threshold devices using trap-filling transition coupled with
molecular dynamics in regioregular poly(3-decylthiophene)s [RR-P3DTs| were fab-
ricated as potential key devices for noise-driven bioinspired sensors and sig-
nal/information processing devices. The dynamics of the order-disorder phase
transition (ODT) for powder samples of RR-P3DT were investigated by differen-
tial scanning calorimetry (DSC) measurements and high-resolution solid-state *C
NMR spectroscopy, and the correlation of molecular structure/dynamics with elec-
tric properties was discussed.
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High Resolution NMR/MRI Using a High Tc Bulk Superconducting

Magnet with a Higher-order Shim Coil
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A high resolution NMR/MRI using a high critical temperature bulk superconducting magnet
with a higher-order shim coil has been achieved in this study. The bulk magnet can produce
strong and stable magnetic field without liquid cryogen. However, the field inhomogeneity,
caused by crystal imperfections and susceptibility distribution of the material, leads resolution
degradation in NMR. To improve the homogeneity, we developed a single layer shim coil for
the bulk magnet using the finite difference method.
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Local Structure at Defect in Lithium Overstoichiometric LiCoO, as Studied
by *’Li Solid-State NMR
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Lithium-overstoichiometric Li,CoO; (x > 1) with few phase transitions is promising as a
positive electrode material for lithium ion batteries, however, the detailed lithium local
structures around excess Li ions remain unknown and need to be elucidated. In this study, we
apply solid-state “’Li MAS NMR and show that there are five "major" minor signals at ca.
-16, -6, 3, 185, and 1100 ppm with the intensity ratio of 2:4:4:2:0.5~1.0, in addition to the
major signal at 0 ppm. Further, the 2D dipolar-correlation and the rotational-resonance
recoupling experiments give us distance information among Li ions around the paramagnetic
Co ion in Li,CoO; (x > 1). With the distance information, we examine the assignment of the
minor signals to Li sites at three possible defect models.
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CSA measurement of multi-component lipid membrane by centerband-only
analysis of spin echo.
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Multi-component and dynamic structure are essential for cellular membranes to play key
roles in numerous cellular processes. Uncovering the behavior of individual lipids in
membrane dynamics is crucial for understanding the molecular mechanism in biological
functions of cell membranes. In present study, we elaborate on simple methods to measure
individual lipid P CSAs in multi-component bilayer systems. Lipid 3'P NMR signals were
separated on MAS spectra according to isotropic chemical shifts. CSA was reintroduced by
spin-echo with various delay time and evaluated by curve fitting of centerband modulation.
By the centerband-only analysis of rotor-unsynchronized spin echo, we evaluated molecular
behaviors of individual lipids in DMPC:DMPE:DMPG three-component system before and
after addition of Ca®".

BRI, B BB OREEES 1T Cle | X L7 B OREEI AL « BEEER B, IBE
RAA DS B L, AT v 7 RAPSREEORBICE S5, M TIX
SARTR T IS —I1204 L TR Y |l 2 OIEFE IR E 2 N E VR R 7 5B 2 B
7292 & T, MM 7 T BERE T A B 2 T\ 5, IBE —EHED 4
FAEEIEATICIR, B &R S DA IENILH S5 D5, BLEERI G DREE A3 /)N
1T BT DALFAERT DN K X | AR 10> BT OIRE 7 OMHE %
L2 L IIREECTH D, — T BRSO /D 20 VB RIS AREE R & FI FH 4 2 NMR
ki\ Ry fARDZFEE 2 EHRD Z E N TE D ik & LT, REIREBREORE G

ZEICHIA SN TS, ﬁ*%cwmﬁi T DA\ THIB RS R E D
FER S THD Y VIEEICHEATE 5720, FIREERCER A0+ & O EAEH 05
IR s nTxL

UUIEED Y vy 27 V0P CSAIL. IEEEAIEDOTRICEAG D4y T EE)

ZXVREE S, IREOMREEZ K L-BEE 525, £, AT &0
ml—ﬂ”ﬁﬁﬁ HAEE 4T OEEIMEIC B L KIET 720, P CSAEDZE L E LTS
%o —fRETP CSAIT., #RIEMIEDILIE ALY FL, FITKHEMAS TO A B =
T A RN ARG = RATIZ LD RO B DD, DB OGEITY 7 o5k
DREETH 5, RN LTiX, SEHbFT 7 MK D> 7 F V458 & CSA

e 7 MR, RER, Avrza—

OFoki LIFD, 200b Po0nh, ©eblc b



W E 2 RIREZAT S5, H - @IEMAS T O R ILCSAY
T TIENEM SN 5%, L L, CSADRERET
X, BELIC L DEEREDKR T E, ATF—U 7
BN L D MREDIC T ARIE & 722 0 | IR IR
~OJEHIER STV S,

AT AT, EORREMASSEME T, Hifliz A &
VI A= 7V DCSAIC K B IE LT % —T
TAYT AT THIET, ZRATEORERNEE
{8l % DCSARNE 2Tz (K1) o CSADENRE
WA LSBT 2720, ESREE 5 2 HMAS
v H =N ROHBEFIH LTz (Centerband-Only
Analysis of Rotor-unsynchronized Spin Echo
COARSE) , PATFIZ, %k EF VISR D Ca?
I & 5 FRRALIC BT 5. il 4 OIFE R O
T 2T,

3a (T dimyristoyl phosphatidylcholine

(DMPC) :dimyristoyl phosphatidyl- ethanolamine

(DMPE) :dimyristoyl phosphatidylglycerol (DMPG)
JRAET VI (1:1:1 molar ratio) @ 37 °C 12851 %
P NMR #f 1k A7 b LB LY MAS A7 kL
s LTc, frIEART RV (7 L—) TRk HHE
D Z A THEEITHE YT H0EK) 45 ppm D AT |
B E T, —T7, MAS A7 Fv (GR)

920 180

3p I 'r” T %W
T

rotor
1 fEHALE VA —F A, 1

PEESE, AT a—RED
CSA\Z X 2 EHREREST D,

2 U UNRE S F oAb

TRV E TS 7 FOEIZEI D 35D UNRED Y 7 F U h3 4yt U BRI S 7=,

(a) (b)

DMPG DMP\C

\ DMPE
/_ DMPG

DMPE
\

100 50 -50 -100 100

0
3, (ppm)

50 0
4, (ppm)

3 RANEEET VD *'PNMR (37°C, 'H non-decoupled, MAS at 5 kHz),  (a) DMPC:DMPE:
DMPG (1:1:1 molar ratio) 50%v/w D,O Dl A~X7 kL (FL—) & MAS A~X7 b (),
(b) DMPC:DMPE:DMPG:CaCl, (1:1:1:1.5 molar ratio) 50%v/w D,0 D#fIE AT kv (FL—) &
MAS 27 Fv (B, AT & — 0 ROILRZRT,



(b)

R e — 3 14— m 1@ °
08 & r 08 +————w/" 08 +¢— @
506 —g— 506 n $£06 g —
304 .yt > 0.4 St 04 -—'1—,. A
0.2 0.2 0.2
0 . |A| =27 ppm 0 : |4|:24| ppm_ 0 . JAl =29 ppm
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
7(ps) 7 (ps) 7 (ps)
(d) (e)
1m = 1@ e
I In__ = o
8 =l -
304 n g S04 ® 4
0.2 LE B 0.2 oo ¥
.0 T T ‘A‘ — :?7 ppIIll ‘0 I‘A‘ = 3I7 pprrll
0 40 80 120 16C 0 40 80 120 160
7(us) 7{us)
X 4 RENEEET VIED >'P COARSE OFE R, Bl 1 hoo— 2 —fFHEFHE A4 T 5,

HEIIFF BRI AT o8 7 — N FOEZRE (S) Zr=0 DEFRE (S,) THEEL
Tefifi, t= 1T, TS/So=11272 D K D12, TfEMIC X 22 M1E L7z, LE:Z DMPC:DMPE:
DMPG (1:1:1 molar ratio) 50%v/w D,O H'® DMPG (a), DMPE (b), DMPC (c)%&/~3, FERIZIX
DMPC:DMPE:DMPG:CaCl, (1:1:1:1.5 molar ratio) 50%v/w D,0O #1 DMPE (d), DMPC (e)D#& F %
T, K, BAOVUVRMVIERMETHY . o, B, %, 1T DMPG, DMPE, DMPC
Y, IREOFERITFHEMEEZ RS, 7 A THOBIERIZHE > - #EREDH 2 E L. 7=0
& LCIAfEA 0.5 ppm BN CTHEA L FEBRE & i bW R % 5 2 o dH AR R 2t TR LTz,

MAStE YV H — NV ROAY = a—iRERMb a2 N —T 7 4T 47 3THZET. %
NEND'P CSAD|AEEFFD Z ENTE -
(X4a-c) , DMPCIZHAF) 72 HRELAH T A Z
REE A S 3 5 |A| =29 ppmZ 7~ L 7=, DMPG fx
IX|A] =27 ppm&EDMPC L D & /NS UVMEE R L,
DMPC L ¥ HARMEEREOFE H AR E N T A
T HEE DR TR STz, FHESREIREE 3

50 °CODMPE(ZL, HEIRE CTIIANR ST VAT
HDHMN . PC,PGEIRAMEE L= Z & TR L .
DMPC.DMPG X ¥ &/ S WM A| =24 ppmZ 7~ L
oo ZOfEIZX, MMEEH OO ENRRENT
A FRETEIZHY L, PE-PGLT AN L iR
BRRES D,

K IZDMPC:DMPE:DMPG:CaCl, (1:1:1:1.5
molar ratio) JEETTFT/NVEAZFHEIL . Ca¥ D
BT, K3bDOFH AT ML (FL—)
TIECa DIRNNC & 2 FRIE DR D3RR S,

PG-Ca?*
complex

P'E PG

¥ 5 COARSE 7> b 7RI & 4172 Ca® TRANIC
DMPC: DMPE:DMPG & &€ 7 VI A& % D
HEAIK, Ca™ MBI IR D@
DMPE (T, =50°C) X DMPG (T, =23 °C)
& PE-PG X7 Z BT % Z & TR T A
THEEE LS, Ca B WY 5 & DMPG-Ca®
OFEWEAVEMIZ L Y DMPE 7% DMPC (T, =
24°C) HIZHLB( L. DMPC & DMPE MRS
L= T A TR E TR T 5,



TNARD T A ZREEITH YD AT FIVIERI60 ppmDSBLHl S 4172, MAS A~ kL
(X3b ) MIM@CDM%%%Héﬂt#]m&G@/?fwiﬁ%wato

UL, BB Y UIEE TH HDMPG & Cat NE AR A TR L, S Y RO o BRI e
THEZIL L TWVWD Z & &R L TW5, DMPCEDMPEICCOARSEZ A L71-& = A,
EHE LB NAARD T A TREEICH YT 3P CSAME|A| =37 ppm% = L7= (K4b) , =
DFEEIL, PG-Ca” B AETERIC & W PE-PG2T 7> 5DMPE M i L. DMPC & iR&

5 2 & THEERIRE N 230 O PC-PEIRAZRD F D T A THEEN R Sz 2 &
a5 (XS) .

Ala], P NMROCOARSEIZ L ¥ . Ca" IRINC X % 257 VB EIR O FAR ARl
BTV UHREE A OFENBH SN E e oTm, B FOME T, MR ARE O
E%ﬂ > TH HPC, PEIXZNZINEBEDSMEl & NANZIEFRIZ oA LT\ 5, R
PEY S IT HRIE  5 T d> 5 73, PE & Bl 7= M B 0 FERE oy A 23 s T
BT ARERTHR SN XD 72Ca* T L D BRI D 5 RS S EAET 5 FTRE %ﬂ%
0. HIERE D A FREERE & O BB, BIfE. COARSEZ AW TCHRE —IFE.
VXTGBT EAERIC I T 8 2 ORRE O EhENT b D T D,

275 LK

1 P.R. Cullis, B. de Kuruyff, Biochim. Biophyc. Acta 1979, 559, 399—420.

2 a) D. D. Laws, H. L. Bitter, A. Jerschow, Angew. Chem. Int. Ed. 2002, 41, 3096-3129; b) L.
Shao, J. J. Titman, Prog. Nucl. Magn. Reson. Spectrosc. 2007, 51, 103—-137.

3 a) D. P. Raleigh, E. T. Olejniczak, R. G. Griffin, J. Chem. Phys. 1988, 89, 1333—-1350; b) A.
C. Kolbert, D. P. Raleigh, M. H. Levitt, R. G. Griffin, J. Chem. Phys. 1989, 90, 679—-689.

4 P. Garidel, A. Blume, Eur Biophys. J. 2000, 28, 629-638.

5 L. Li, X. Shi, X. Guo, H. Li, C. Xu, Trends Biochem. Sci. 2014, 39, 130-140.

6 C. Laroche, H. Simonin, L. Beney, P. Gervais, Biochim. Biophys. Acta 2005, 1669, 8-16.

7 B.D. Smith, T. N. Lambert, Chem. Commun. 2003, 2261-2268.



L1-7 REWHSi Ik EBEEDBTEELTAOO—(CET HHR
OWT BT %W BE" V4 VT LAYy <A 7% @R H
ET KRBT, BRI, =T 4= KRS %

NMR study for elucidating Silk II structure of Bombyx mori silk fibroin and
its morphology
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Department of Mol. Biol. and Biotech., University of Sheffield, South Yorkshire, UK.

Bombyx mori (B. mori) silk fibroin has been attracted attentions to its applicability as a
potential biomaterial because of its excellent physical properties and high biocompatibility.
The deep knowledge about its molecular structure and morphology before and after
processing the silk materials will be a key in the development. The primary structure of B.
mori silk fibroin consists mainly of (GAGAGX), repetitive region (X = S (main), Y or V). So
far, we have been focused on the molecular structure of the crystalline region, (GAGAGS),.
Here, we present the structure of this region clarified with solid state ?C NMR, especially
around the Ser residue in the sequence. ROt Roz Aol Ro4 A0S Ros  Ro7_ Ros ROS R10 Ri1_ Ri2
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A E 2, FAEEBERMELE LT Fig. 1 Primary structure of Bombyx mori silk fibroin
FIABFZE D 0 Jo o4 X Cuv%,  heavy chain'. The main sequential region with

—JF5 . FEEOMEFRIF D=z, (GAGAGS), occupies ca. 55 % and can be separated by

*% CENE A FLAE L U 7= Mg - n o-chymotrypsin treatment, which is called Cp-fraction.
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Bombyx mori silk fibroin, B-sheet structure, Relaxation time
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Fig. 2 2D "“C-""C DARR spectrum of
[U-"C] Cp fraction (silk II) observed with a
mixing time of 10 ms. Intra-residue
assignment of the detected peaks and
expansion of the Ser Ca-CP correlation are
also shown.’
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Fig. 3. Gaussian line shape fitting of Ser-Cp

peak in "*C CP/MAS spectrum of [U-">C] Cp
fraction (silk 1I).> The individual peak
position was determined from Fig.2 and
Ser-Cp chemical shift contour map.’
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Conformation of seven-helical transmembrane photoreceptor membrane
protein as studied by solid-state MAS NMR

olzuru Kawamural, Satoshi Nakatanil, Y oshiteru Makino' Naoki Kamoz, Akira Naito'

1. Yokohama National University,

2. Hokkaido University

Membrane proteins play important roles as transporter or signal transduction. Pharaonis
phoborhodopsin (ppR) is a seven-helical transmembrane negative-phototaxis receptor and
forms a 2:2 complex with the cognate transducer in the cell membrane. We have
demonstrated that the functional photo-intermediates were successfully trapped using by
in-situ photo irradiation solid state MAS NMR. We will show the solid-state NMR data of
ppR under near physiological condition and discuss the conformation and dynamics in the
lipid environment.
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MASJE#%c11.6 kHz TIT - 72, BEA2Z(L S8 TPC, P"NONMR A7 b L 28U L
770
AR NMR, Alfaf, [y X278

O bWVWT L, RNl SE L, FEDXILTD, bRBE, RNESHEH
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B IO Static NMR i€ 1T -7, HIEICIZ 2 BB T e -T2, HT v 7
> 7' 2 F "C Hahn Echo 1£% FiVy, MAS A% 12 kHz TiT- 7=,

[ 2]

PC DARR (mixing time 50 ms)#HlE<C"N CP-MASHIEIZ & - T, ppROPCR15N
NMRIE 52 8Ll L7z, RT3 D15 5 O ECRIE 2 8= C, EEhE 2 T L
oo FEMTRE FILRERE Tl L 72\,

pPROTyrFEH D0 NMRZEER X, ppRIDTyrlZ117EEH Y . WL DD TyridZ D
BEREIZBI - LT b7, K0 FEMICHEEZ(LZ AR NERH D 2 L NEREIT D
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Z RIS LK), =D L& DOMASE L UStatic?D ALY kL 3K — T SCHER[4] &
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A method to prepare labeled proteins using suspension cultured plant cells
and some examples of its application

oShinya Ohki'

! Center for Nano Materials and Technology (CNMT),

Japan Advanced Institute of Science and Technology (JAIST)

A new protein expression system using suspension cultured plant BY2 (Nicotiana tabacum cv.
Bright Yellow 2) had been developed. To achieve higher protein productivity, we prepared a
DNA that encodes an RNA virus vector and a sample protein. Then, the artificial DNA
fragment connected to the DNA of a transcription factor activated by estradiol were inserted
into chromosome DNA of BY2. It was found that use of ER targeting peptide effectively
works to express and fold proteins containing SS-bonds. This BY2 system was employed to
prepare plant peptide hormones, stomagen and ESF1, for the NMR study. Both of them are
defensin-like secretory peptides containing several SS-bonds, so that it was difficult to
express them using popular E. coli systems.
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e e | Fig 'H-5N HSQC of BPTL

o 15N-labeled BPTI was expressed as a
— e soluble protein with the proper
e Argdle Lysise < o8 : .
aum yz0 98 0 conformation in the BY2 cells. Thus,
2 min Cysl4 g;}*m” 0 HluT L‘}'Sf]' Lan &

AspSd
Lysdbe Lg% Al

g AT TE refolding process to form SS-bonds is
Fhedse Gin3le e "..-\luu.ﬂ_ulu ’ *

s TR unnecessary during the sample
O Aty At purification [1].
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Functional mechanism of membrane proteins revealed by methyl TROSY
oMasanori Osawa', Shunsuke Imai', Koh Takeuchi?, and Ichio Shimada'

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

ZMolprof, AIST, Tokyo, Japan.

KcsA is a tetrameric K channel that is activated by acidic pH. Methyl TROSY analyses
revealed that the selectivity filter undergoes an equilibrium between permeable and
impermeable conformations under open conditions. Here, we report that population of the
permeable conformation (pperm) positively correlates with the tetrameric stability and that the
population in a lipid bilayer nanodisc (rHDL), is lower than that in detergent micelles,
indicating that dynamic properties of KcsA are different in these two media. Perturbation of
the membrane environment by the addition of 1-3% 2,2,2-trifluoroethanol (TFE) increases
prerm and the open probability, revealed by NMR and single channel recording analyses.
These results demonstrate that KcsA inactivation is determined not only by the protein itself,
but also by the surrounding membrane environments, including lateral pressure.
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[ 71E] 2K KesA (LR, C RuaDFRILF 5 % L T KesA160 & F195) 38 L U KesA
D C Rz K& U= BAK KesA134, KesA132, KesA130, KesA128, KesAl25 % KI5 H#
(2 CHEBL, DDM CRVAE L, GETRICHE > TR L7, 462 2 /%7 BUZ DU T, SDS-PAGE
IZ& D pH3. 2 123861F D 4 BIRDENZ EMEEZ T ~To, £, SFITFET H V6 DA F )L
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Utilization of yeast expression systems for stable isotope-assisted NMR
analysis of difficult proteins

oHideo Takahashil, Mayumi Onamiz, Toshihiko Sugikiz, Masayoshi Sakakural, Koh
Takeuchi®, and Ichio Shimada*

'Graduate School of Medical Life Science, Yokohama City University, “Japan Biological
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Escherichia coli expression systems are widely used for the production of isotopically
enriched recombinant proteins for NMR analyses, but a number of eukaryotic proteins are not
functionally expressed in E.coli because of problems related to disulfide bond formation,
post-translational modifications and folding. Instead, yeast expression systems are attractive
alternatives for successful production of these proteins because yeast expression systems
combine several advantages of both other eukaryotic and prokaryotic expression systems.
Here we introduce a cost-effective isotope-labeling system using yeast Kluyveromyces lactis
and show that a high level of uniform deuteration is possible using the yeast expression
system. Moreover, the methyl-selective 'H/'°C-labeling can be effectively achieved by
co-overexpression of branched-amino-acid-aminotransferases in cytosol. This kind of yeast
expression systems would be a good candidate for the expression of large eukaryotic proteins
for NMR analyses.
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Figure 1. Upper: The expression scheme of perdeuterated
target proteins by K. lactis expression system. Lower:
1D 1H NMR spectrum of unlabeled (left) and deuterated
(right) MBP prepared using K. lactis expression system.
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References: T. Sugiki et al., J. Biomol. NMR, 42, 159-162 (2008); H. Takahashi and I.

Shimada, J. Biomol. NMR, 46, 3-10 (2010); T. Sugiki et al., Meth. Mol. Biol., 831, 19-36
(2012); M. Miyazawa-Onami et al., J. Biomol. NMR, 57, 297-304 (2013)
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Improvement of cell-free protein synthesis system for the stable

isotope-labeling

oJun Yokoyamal‘ 2, Kae Higuchiz, Natsuku Matsudaz, and Takanori KigawrcfL 3.4

" Tsukuba Laboratory, Taiyo Nippon Sanso Corporation, Ibaraki, Japan.

? Cell-Free Technology Application Laboratory, RIKEN Innovation Center, Yokohama, Japan.

g Laboratory for Biomolecular Structure and Dynamics,Cell Dynamics Research Core, RIKEN

Quantitative Biology Center, Yokohama, Japan.

? Department of Computational Intelligence and Systems Science, Interdisciplinary Graduate
School of Science and Engineering, Tokyo Institute of Technology, Tokyo, Japan.

The cell-free protein synthesis system is a powerful tool for NMR studies that can be
incorporated the stable isotope labeled amino acid into the protein effectively. We have been
developing a practical cell-free protein synthesis system to avoid stable isotopic scrambling
and dilution. Precise amino acid selective labeling can be achieved by using the E. coli-cell
extract with reduced endogenous amino acid metabolisms. We also developed a system which
can be efficiently synthesized disulfide-containing proteins for NMR analyses by optimizing
the redox potential condition in the cell-free protein synthesis reaction. In order to promote
the widespread use of the cell-free protein synthesis system, we had commercialized a series
of the cell-free protein synthesis kits "Musaibo-kun", which are optimized for NMR studies.
In the presentation, important features of these kits will be introduced.
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VRTEAKF Y P T, NMRBIEIZHE L SNDI VT T AR —IVDH XY
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1) J. Yokoyama, T. Matsuda, S. Koshiba, N. Tochio, T. Kigawa, Anal Biochem.411, 223-229
(2011)

2) T. Matsuda, S. Watanabe, T. Kigawa, Biochem Biophys Res Commun. 431, 296-301 (2013)
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Applications of Stable Isotope Labeling by Mammalian Cells to Antibody
Therapeutics.

(OTakuya Torizawa
'Research Division, Chugai Pharmaceutical Co.,Ltd., Kamakura, Japan.

1

The biotherapeutics market is expanding rapidly, and global pharmaceutical companies are
competing to develop drugs in this field. Chugai, a member of the Roche group, is a pioneer
of antibody therapeutics. We were the first to launch a developed antibody product on the
Japan market and our research pipeline includes various candidate molecules that could
become the next generation of antibody drugs. This rapidly developing field requires a wide
range of analytical information on the molecules of interest, first at the discovery stage of lead
drugs, then in their optimization to become drugs, and finally in subsequent production and
quality control. To provide this essential information, we are using NMR analysis to discover
what is going on around the antibody molecules in terms of structure, physicochemical issues,
and interactions. This presentation will introduce a range of NMR activities, including basic
experiments for sample preparation of antibody labeled with stable isotopes by using
mammalian cells, NMR measurements for them and applications to antibody therapeutics.
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Noise-tolerant Amino-acid Selective Stable Isotope Labeling with Error
Detection System

oTakuma Kasai', Seizo Koshiba'*?, Yokoyama Jun'-**, and Takanori Kigawa'**

! Laboratory for Biomolecular Structure and Dynamics, RIKEN Quantitative Biology Center.
? Tohoku Medical Megabank Organization, Tohoku University.

3 Cell-Free Technology Application Laboratory, RIKEN Innovation Center.

* Tsukuba Laboratory, Taiyo Nippon Sanso Corporation.

? Department of Computational Intelligence and Systems Science, Interdisciplinary Graduate
School of Science and Engineering, Tokyo Institute of Technology.

Amino-acid selective stable isotope labeling (AASIL) is useful for the main-chain
assignment process of difficult target proteins under challenging conditions such as in-cell
NMR. We have developed Stable Isotope Encoding (SiCode) by regarding AASIL as a
“encoding-and-decoding” process, that is, information of amino acid type is encoded to
isotope labeling ratios and decoded by analyzing NMR spectra. From this point-of-view,
various techniques of informatics, such as error detection and correction codes, can be
incorporated to AASIL. We will report the improvement of noise tolerance of SiCode by
adding check digit, which is a widely used error detection system.
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Figure 1. (a) Labeling (codeword) table of SiCode to distinguish 19
amino acids using 3 labeled samples. Each amino acid is assigned to
one of the ternary three-digit codewords. (b) Additional labeling pattern
of the fourth sample as a check digit.
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Labeling techniques utilized for purified proteins
OChojiro Kojima
Insititute for Protein Research, Osaka University

Chemical modification techniques were utilized for protein NMR. First, we applied lysine
BC-methylation NMR to monitor protein-protein interactions. The affinity and the
intermolecular interaction sites of methylated ubiquitin with three ubiquitin-interacting
proteins were successfully determined. Also we quantitatively demonstrated that the salt
bridge formation induced the upfield shift and the split peaks in the "H-"*C HSQC spectrum
of the methyl group of the methylated-lysine residue. Second, we utilized a novel lanthanide
chelator with limited molecular weight and rigid structure for paramagnetic NMR study. The
observed PCSs were enough large and the position of paramagnetic center was uniquely
determined. Third, we utilized PRE to refine the solution structure of a protein which NOE
data was insufficient for the structure determination. By combining a total of 867
PRE-derived distance restraints with NOE-derived distance restraints, the structure of the
protein was successfully determined with sufficient convergence and accuracy.
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Microbial and plant biomass analysis by solid and solution-NMR

oJun Kikuchi'***

'Grad. Sch. Medbio. Sci., Yokohama City Univ., Yokohama, Japan. RIKEN Center for
Sustainable Resource Science, Yokohama, Japan. *Grad. Sch. Bioagr. Sci., Nagoya Univ.,
Nagoya, Japan.

Microbial and plant biomass is difficult to analyse due to its complexity and insolubility. First,
we employed solid-state dipolar dephasing filtered (DDF)-INADEQUATE, in order to
remove signals derived from cellulose, allowing for the hemicellulosic signals in
lignocellulosic mixture to be detected. Then, the chemical shifts of B-D-Xylp and a-L-Araf in
glucuronoarabinoxylan, which is the major hemicellulose in the secondary cell walls of the
gramineous plant were assigned in uniformly '*C-labeded lignocellulose. Comparison of *C
shifts in solid-state and solution assigned by 3D-HCCH-COSY showed similar values,
whereas signals of C4 and C6 cellulose were far different. This difference is attributed from
formation of rigid structure of cellulose
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Stable isotope-assisted NMR in living systems: novel MRI and in-cell NMR
techniques

Masakazu Lee', Yoshiaki Enokizono?, Kohsuke Inomata®, Hisatsugu Yamada®, Hirohiko
Imai°, Akira Makino®, Shunsaku Kimura’, Tetsuya Matsuda®, Teruyuki Kondo’, Masahiro
Shirakawa', and O Hidehito Tochio®

! Dept of Molecular Engineering, Grad Schl of Engineering and *Dept of Biophysics, Grad
Schl of Science, Kyoto University. *OBiC, RIKEN. ?Dept of Energy and Hydrocarbon
Chemistry and °Dept of System Sci, Grad Schl of Informatics, Kyoto University. °Biomedical
Imaging Research Center, Fukui University. "Dept of Material Chemistry, Grad Schl of
Engineering, Kyoto University.

In this study, we tried to develop a novel molecular probe for MR-imaging that can visualize
tumors in living mice. Several different polymers were designed and synthesized with '*C
enrichment. The polymers were injected to mice implanted with tumor cells, for which the
'H-{"*C} HMQC-MRI were measured on a 7T MRI scanner dedicated for small animals. The
obtained images clearly demonstrated the accumulation of some of '*C-polymer in the tumor
region, implying a future possibility of detecting cancer. We are also working on analysis of
proteins in living mammalian cells with NMR spectroscopy. Electroporation was explored to
deliver "*N-labeled proteins into HeLa cells, for which 'H-">"’N HMQC measurement were
performed. The spectra were comparable to that obtained by using the CPP method that we
previously reported, showing the usefulness of the method for in-cell NMR.

B R G OREERRIT O 12012, Kk % 7222 T AL (R EE ik B 472 NMR 7L A R 51|73
BASE SN T X720, ZOEMERIT, MBENO X VX7 EERR L LIZbDOTH S,
—J7. IE<B#ENTVWD X HIZ, NMR B KD CAKEATEDmWS HIETH
%o B 20X, Y222 B RN REERR 2 i L 72K L B 2 KNI & 54U, invive
NMR/MRS (Z & »> THIERE CTOYi%m O F 2L 2 RRFICBIEET 5 Z &R T
X, ERRIC, RESEBEEOZEICRIA SN TWS, Frxld, ¥ /37 B NMR ©
43U CRESS « SRS N BRI . in vivo NMRICISH L, A EfIa S . fhoF
ETiESgLON VW =— 2 g riERESI ST LA HE L, FEEZED TS,

HMQC-MRI, in-cell NMR, electroporation

OV FEENT, ZOXFODLILLZX, WOEEI ST, RLELEVEIOL, WEVD
AOZ, FEOHEL, TRHLwAILK, EOETHR, ZAEITEHYE, L
MHOEIOAH, EHBUOTOE



AggFRTrx, OB MRI 2 - 7=~ 7 AEEO in vivo fil & . @b b H RS ZEH
o Co# 737 NMR  (in-cell NMR) (Z25W T, FilfOEH 244 %,

'H-{'3C} HMQC-MRIIZ K B RFA *—P T &%

— %97 eMRIIZ., AK'HTHEBLL TWD 2D, KNOZEMRIEER RN GO b
DO, EFZIZHFETD [5F] ICOWTOIFRERHSZLIFETET, Wbwd 45+
AA=D T ICHWDHEITERY, 20, flziE, ¥RV =7 sk EniE
WANCEERIEE 2T 20 F 2 AR bE T, ZOIEEEMRIBR 5 Hik/ A
FRINTEEY, Lrl, BBMEEEANER T BT A M, AKOBRESCIE
TFWEDOEBZZ TR0 Wiz, F 7 0 —7 HIEONMRIE 528l TE 7213 95 28,
B Thf & L ERM I L HIfFT& 5,2 2 C #4143, 'H-{*C} HMQC-MRIY
OFIHZ /IR, BCEky 70— 7 O EZHED T\ D, AMRIVSLARIITIL,
HMQCIZ L - T, BCLEH#HHEA LI HOBMLO A Z& IR L, ZZHEREIOMRIE L
ARHN A DbE T BEFREZ = a2 — RT3 5 Z L TRCER DD & Eifg{b+
e HFTu—TL LTIiE, FiER

P % BCEERL LT G ks o 1% iz, 1H-{13C}-HMQC MRI
% BRI R O3 5135 PR — 01k o HMRI of C-polymer
#T7 MR, RELT,
BUAIA> SR NMRIZ 57513 B 5, I\

G LTcEmn a2 B L e X r B

— P~ RICEBENES L.

1H-{13C}-HMQC-MRI (= T i 1% 1k, % |

ﬁ-ﬁ_r L TCD % U)%%‘ - 77 2 Hﬁi'f}f& | Colon26 cell inoculated BAL.BfCA mouse
ELAFIC S % 18C- 55y 7243 % = | @ Temor(colonze) 1 Scamcr: bruker Blospec 7T

ENRTERE (K1) .

Fig.1 'H-{"*C} HMQC-MRI of a mouse bearing tumor

In-cell NMRIZ & 5 #ll8A 2 /80 B O fEHT

NMR 73y, ffastebz2 5@ L T 290N TE 5720, HoREOLER
(EARKERR & o X7 B AP HE TE T, MNEREE FICh D MiE% Y 7 ED
NMR A7 M ERGTE 5, 22k, MIlBNTOZ X7 EOREERH A+
2T ABMHTCE S AL Fox 13 BB EACHE S A EXEELIED in-cell NMR
~DIEH %R 72, HeLa Mgz M, HNT 2EBR IV ADOELERE S 72 8 REt
LR, xR EICHE L-Mlapngi@ <7F R&fio 7= Fik DL RSO in-cell
NMR A7 hvZ, XY #ELRBETHEOND Z ERhoTz, ZOFRFIZHONT
s

BE 3R

1) van Zijl, et al., Magnetic Resonance in Medicine 30, 544—551 (1993).
2) Mizukami S. et al, JACS 139, 794-795 (2008).

3) Inomata K. et al, Nature 458, 106-109 (2009).






$£—_HH
11 B5H (K)

HELwY 3V

Day 2 (Nov. 5, Wed)

(English Sessions)




L2-1 HRILEMOEESS NIR
ORI, FAKHE, T AR, )IPEES, FHEHEA,
ri FH s
IR AR E R A R
LUSESS oS 7 R b
IR B AR E R B
FULERIERTT A 79 A =2 A EHTHAL e > & —

Sulfur-33 NMR of Organic Solids

OKazuhiko Yamada', Daisuke Aoki?, Kentaro Kitagawa®, Hiromitsu Sogawa,

Masato Takahashi®, and Toshikazu Takata?

'Multidisciplinary Sciences Cluster, Research and Education Faculty, in charge of Science
Research Center, Kochi University, Kochi, Japan.

’Department of Organic and Polymeric Materials, Graduate School of Science and
Engineering, Tokyo Institute of Technology, O-okayama, Meguro-ku, Tokyo, Japan.
3Graduate School of Integrated Arts and Sciences, Kochi University, Kochi, Japan.

Division of Structural and Synthetic Biology, Center for Life Science Technologies, RIKEN
Yokohama Campus, Kanagawa, Japan.

We present the experimental investigations of field-swept **S solid-state NMR spectra of a
cyclic octaatomic molecule of elemental sulfur, o-Sg, and diphenyl disulfide at the Larmor
frequency of 16.2 MHz with a superconducting magnet varied from 6.32 to 0.50 T. Analysis
methods for the field-swept **S NMR spectra in which both Zeeman and quadrupole
interactions are dominant, were developed, and, for example, the quadrupole coupling
constant, Cq, and the asymmetry parameter, 1o, were found for a.-Sg to be 22.99 MHz and
0.57, respectively. In addition to the cases where perturbation theory is no longer valid, the
present approach can be applied to NMR spectra with spectral width being extremely wide,
i.e., there is no limitation of the magnitudes of quadrupole interactions.

Sulfur atoms play important roles in a variety of research fields, e.g., the cross-linked
structure of a rubber and a biological molecule involved in a disulfide bond. Thus, solid-state
338 (1= 3/2, natural abundance = 0.75 %, y = 2.055x107 radT"'s", 0 = -5.5x10?* Qm™)
nuclear magnetic resonance (NMR) spectroscopy has attracted the attention of researchers
because, regardless of a sample state, it can be used to unambiguously determine the
molecular structures, the molecular dynamics of compounds, and the electric properties.
There have been a large number of literatures concerning **S NMR of inorganic compounds,
which has made a tremendous impact on the development of chemical and physical sciences.

Sulfur, Solid-state NMR
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However, much less is known about **S NMR of organic and biological molecules, more
specifically, compounds forming covalent bonds with the sulfur atom. This is not surprising
because large quadrupole interactions originating from sulfur involved with a covalent bond
considerably broadened their line widths, making **S NMR experiments more difficult.

In addition to frequency-swept types, the  (a)
NMR experiment of field-swept types is an
attractive option for recording of NMR
spectra with spectral width being extremely
wide. The advantage is that, contrary to the

frequency-swept types, mechanical setting
of NMR spectrometer is not severe since the
transmitting and receiving frequencies are
constitutively fixed, while the disadvantage
is that the spectral analysis is not trivial, in
particular when perturbation theory cannot
be applied. Under the current situations
where 10-30 MHz of Larmor frequency, vo,  (b)
is generally used for swept-field *S NMR
experiments, the **S NMR spectrum of o.-Ss,
whose quadrupole frequency was reported
to be approximately 23 MHz, is expected to
be more complicated. To the best of our
knowledge, the research field of analyzing
of such line shapes has been undeveloped,
and there still seems to be room for the © 1 2 3 : 5 6
development of NMR experiments of MagneticFleld / T

field-swept  types. We present the Figure 1 (a) Experimental and (b) best-fitted
experimental investigations of field-swept  calculated field-swept **S NMR spectra of
#S NMR of elemental sulfur and organic a-Sg, as measured at 16.2 MHz. The analysis
compounds and  discuss  simulating  of the stationary NMR spectrum where the
procedures for analyzing of NMR spectra in  existence of a single sulfur-site was assumed

which  both  Zeeman and quadrupole  yiclded the following parameters: Cq = 22.99
interactions are dominant. MHz and ng = 0.57.

-
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MagneticField / T

-

Figure 1 (a) shows experimental field-swept **S NMR spectrum of o-Sg at the Larmor
frequency of 16.2 MHz, acquired at 260 K. Two sharp peaks were observed at approximately
1.3 and 1.4 T, which were assigned to the NMR signals of copper 65 and 63, respectively,
arising from the transmitting and receiving antenna in the NMR probe. Figure 1(b) shows the
best-fitted calculated field-swept *S NMR spectrum of a-Ss at the Larmor frequency of 16.2
MHz. On the assumption of the presence of single sulfur site, the analysis of the stationary
NMR spectrum yielded the following parameters: Cq = 22.99 MHz and nq = 0.57, which is
agreement with the previous results.



L2_2 Proton decoupling and recoupling under
double-nutation irradiation
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In NMR of organic solids, "H decoupling is essential to obtain highly resolved spectra of rare
spins. To attain better decoupling performance, various rf-modulated schemes have been de-
veloped. Tekely et al. proposed to apply periodic phase reversal of the decoupling rf field[1].
This method, also known as X inverse-X (XiX), works well especially under fast MAS[2, 3].
Bennett et al. developed two-pulse phase modulation (TPPM) decoupling[4], in which a pair of
phase-shifted pulses are applied one after another. Recently, Vinther et al. proposed refocused
continuous-wave (rCW) schemes, reporting that insersion of rotor synchronized # pulses during
cw irradiation can suppress residual couplings up to the third order[5]. At present, TPPM and
its variants, such as swept-frequency TPPM (SW¢-TPPM)[6], SPARC[7], SPINAL[8], cosine
phase modulation (CPM)[9]. and so on, have found extensive applications.

The effect of TPPM on spin dynamics is diverse, depending on the choice of the three
parameters: the rf amplitude v, phase angle ¢y, and pulse duration 7, (Fig. 1(a)). In general,
under MAS and TPPM decoupling, the spin Hamiltonian acquires time dependence according to
three incommensurable frequencies due to irradiation, phase modulation, and sample spinning.
Scholz et al. exploited a triple-mode Floquet theory to derive analytical expressions for the
effective Hamiltonians carrying the residual couplings, which, in many cases, arise from the
cross terms between anisotropic chemical shielding interactions of the irradiated spins and the
relevant heteronuclear dipolar couplings[11]. The cross terms were studied as a function of the
phase shift ¢y and the pulse width 7, for various rf amplitudes 1,¢, and were shown to have
minima along the line satisfying .

= Uyt COS O (1)
for such small ¢q that tangy ~ ¢o. The reason why the condition given by Eq. (1) leads to
better decoupling was accounted for by Gan and Ernst[12], who showed that double nutation,
i.e., simultaneous nutations of the 'H spins around a pair of axes, contribute to second averaging
of the residual couplings.

(@) (b)
Fig. 1. (a) A TPPM sequence. (b)

When the parameters satisfy Eq. (1),
the irradiated spins undergo double nu-
Do | -Pg l Vi — . .
tation, in analogy with double rotation
n

Tp of a macroscopic body.

Key Words: proton decoupling, double nutation
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For double nutation that TPPM and its variants can perform, the second nutation frequency
Vo is inevitably much lower than the first nutation frequency vy, so that the case where vy ~ 15 or
11 < vy has not been explored. In this work, we complement the study of 'H decoupling under
general DOuble NUTation (DONUT). Since the rf irradiation ought to cause spin evolution
according to the propagator of the form

U(t) = exp [2wivgtl,] exp 2mintl,] (2)
the corresponding rf Hamiltonian H,; is given by
Hee(t) = iU (U () = —2mw, (L, cos(27mwat) + I, sin(27wst)] — 271, (3)

whence we obtain the amplitude a(t), phase ¢(t), and frequency offset Av(t) as

rl=
—_—
e
—

a(t) = 2w [vf cos?(2mvat) + vﬁ] ,

(t) = tan™! [L] : (5)

vy cos(2muat)

and
Av(t) = —v; sin(2mwat). (6)
In practice, it is often convenient to incorporate frequency modulation into phase modulation,
so that
Hye(t) = alt) (I cos @' (t) + I, sin¢'(t)], (7)
where
t
() = o(t)+2r f ' Av(t)
0
— o)+ ? [cos(2mat) — 1]. (8)
2
v, = 100 kHz
(@ a®

Fig. 2. Modulation profiles of the (a)
amplitude, (b) phase, and (c¢) frequency
corresponding to double nutation with

the first nutation frequency vy of 100

kHz and the second nutation frequency
© v (d) o® vy of 10 and 50 kHz. (d) shows phase
[ ] [ profiles when the frequency modulation

is incorporated according to Eq. (8).




Figure 2 shows examples of the amplitude, phase, and frequency profiles required to imple-

ment double-nutation decoupling.

We performed double-nutation decoupling experiments in polyerystalline 2-*C,'N-labeled
glycine in a magnetic field of 9.4 T at room temperature, and examined the peak heights of the
methylene ¥C resonance as a duplex function of the 'H double-nutation frequencies (11, ).
We observed a number of recoupling bands caused by interference of the spin part of the dipolar
Hamiltonian (modulated by irradiation) with the spatial part (modulated by sample spinning),
and found that all recoupling bands draw straight lines (Fig. 3). This is in contrast to the case
of TPPM, where the recoupling bands are on somewhat complicated, curved lines when the

decoupling efficiency is plotted as a function of the TPPM parameters (v, ¢g) (Fig. 4(a)).

v, = 23 kHz
- 3% Al
- v
u [}
- -
100 . T
“3$ . - . . -
80 4 %l Fig. 3. Lines of the recoupling bands satistying
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The partial equivalence of double-nutation with TPPM justifies interchange of the parame-

ters between (v, 1) and (v, ¢p). We found the transformation rules:

V2 4 Ey 2 .2 (9
2

vy = — tan ggl. (10)
T

Egs. (9)(10) indicate that, in the v-15 plane, the line of constant rf amplitude is described by
an arc of an ellipse, while the constant-phase line is a linear function with a slope given by
(2/m) tan .

Very interestingly, this transformation maps the TPPM recoupling bands into the very
straight lines that coincide with those obtained for double-nutation decoupling (Fig. 4(b)).
The result indicates that, even though the rf amplitude and the rf phase are the straightforward
basis parameters in TPPM, the nutation frequencies v, and v, would give a natural basis set
from the viewpoint of spin decoupling dynamics. Such a change of the viewpoints gives an
instructive insight into the interference effect causing recoupling and thereby degradation of

the decoupling efficiency.



Fig. 4. (a)Experimental peak height of
the '3C resonance line of the methy-

(b) lene group in polycrystalline 2-3C,1*N-

labeled glycine obtained under TPPM
decoupling as a function of the rf am-
plitude v,y and the phase angle ¢g. The
spinning speed was 23 kHz. In (b), the

same data is plotted as a function of

0 .
20 40 60 80 100 120 20 40 €0 80 100 120 the first and the second nutation fre-
vef | kHz vy / kHz quencies v, and v of double nutation
according to the transformation rules

given by Egs. (9)-(10).
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L2_ 3 Studies of minute quantities of surface-bound molecules
using 2D heteronuclear correlation spectroscopy
under 100 kHz MAS
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We demonstrate that despite the miniscule rotor size, ultrafast MAS technology offers the
opportunity to measure 2D 'H{">C} spectra of natural abundance solids using pulse sequences
similar to heteronuclear single quantum correlation (HSQC) experiments used in solution
NMR. Remarkably, high quality spectra can be measured on samples containing
surface-bound functionalities, containing just 10'® of "“C-'H pairs. We show that the
measurements are easy to optimize, remarkably sensitive, and compare favorably with those
carried out using much larger rotors capable of MAS at 40 kHz. In favourable cases, the
heteronuclear multiple quantum correlation (HMQC-type) schemes can be used, as well.
Moreover, by using appropriate mixing conditions the CP-based HSQC measurements under
MAS at 100 kHz can serve to produce spectra equivalent to J-based schemes.

The 'H/"C correlation spectra were obtained by CP-based HSQC method (Figure 1). The
'"H magnetization is transferred to °C by the first CP. The first CP conditions are optimized to
maximize the total magnetization transfer. The contact time for the first CP is typically 1 to 2
ms. The C time evolution is recorded under CW 'H decoupling in the #, dimension. The
magnetization is stored along z direction at 2 tgg With suppressing residual 'H magnetization.
The magnetization is finally measured after transferring to 'H by the second CP. The 'H-">C J
coupling is suppressed by WALTZ/SPINAL64 "*C decoupling.

1H HORROR

2 7pg

Tep1 41 Tcp2

Figure 1. Pulse scheme used to measure 2D 'H-BC HSQC-type spectra.

Ultrafast magic angle spinning, volume limited samples, natural abundance
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Figure 2. 2D 'H-">C HSQC-type spectra of f-MLF-OH taken at 14.1 T under the
following conditions: (a) iH{”C}, vg = 100 kHz; tcp; = 2 ms, tcpz = 0.4 ms; (b)
]H{BC}, VR = 100 kHZ, Tepl = 2 ms, Tcpx = 2 ms.

Figure 2 shows the 'H-">C HSQC-type spectra observed at two different contact times for
the second CP transfers. Both spectra give satisfactory sensitivities even for the limited
sample amount of 0.3 mg without any isotopic labeling due to sensitivity enhancement by 'H
indirect acquisition [1]. The spectra recorded at shorter contact time of 0.4 ms gives only
directly bonded 'H-"C correlations, while that obtained with the longer contact time of 2 ms
gives even inferior sensitivities except for methyl correlations. This is because of the
suppression of 'H-'"H dipolar interactions at ultrafast MAS, resulting in dipolar truncation
during the second CP. The major internuclear interactions during CP at ultrafast MAS are
recoupled '"H-""C dipolar interactions. These interactions do not commute each other, thus the
strong interactions dominate the spin dynamics and weak interactions play only minor role
(dipolar truncation) [2]. Thus magnetization is efficiently and quickly transferred for directly
bonded 'H-"*C pair due to suppression of magnetization leakage even at short contact time of
0.4 ms. Although the maximal magnetization transfer occurs at the contact time of 60 ~ 70 s
for typical 'H-">C pair, the ramp CP needs much longer contact time due to short efficient
contact time. On the other hand, magnetization transfer between non-bonded "H-"C pair is
suppressed due to dipolar truncation. In addition to selective magnetization transfer between
bonded ]H-UC, short CP further avoids the loss of magnetization due to T, relaxation. The
resultant efficiency after two-way magnetization transfer is typically more than 30%.

In the presentation, we will show the demonstration on several surface modified
mesoporous silica. Notably Phenethyl-HMDS-MSN shows very long 7T, relaxation time,
which enables 'H-"C HMQC-type measurements. The overall efficiency of two-way
magnetization transfer is more than 60%, enabling 9 mins measurements at '>C natural
abundance.

[1] K. Mao, M. Pruski, J. Magn. Reson., 201 (2009) 165-174.

[2] P. Paluch, T. Pawlek, J.-P. Amoureux, M.J. Potrzebowski, J. Magn. Reson. 233 (2013)
56-63.
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Imaging mice with using vertical superconducting magnets for NMR
oTomoyuki HAISHI
MRTechnology, Inc., Tsukuba, Ibaraki, JAPAN

The number of small animal MRI scanners having a capability of imaging rats, is about
1,000 in the world, while the installation of human whole body MRIs is 20,000. Major reason
of the limited popularity of the animal MRI scanners is, say, the cost of horizontal bore’s
superconducting magnets. On the other hands, vertical bore NMR systems are now
commodity and the total installations are about 10,000 in the world. The NMR’s vertical bore
magnets have potentially high filed compared with imaging magnets because each has small
bore. If we giving up the rat imaging and the horizontal bore for the scanners, we can avoid
the problem of the cost for making a MR scanner for mice. Out motivation is to produce the
simple mouse imaging system at low cost, which utilizes existing vertical NMR Magnets.
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Fig.1. Concept of the mouse imaging unit which utilizing existing NMR systems
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Fig.2. Three-axis cup-shaped gradient coil set and DIXON imaging result of a live
mouse (C57BL, 31g) of prone position in a solenoid rf coil (35mme).
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Water flow in mantle cavity of bivalves analyzed by 7 T NMR
microimaging

oYoshiteru Seo", Eriko Seo’, Masataka Murakami’, Kazue Ohishi*, Tadashi Maruyama*
"Dokkyo Medical University School of Medicine, Tochigi, Japan.

?Atmosphere and Ocean Research Institute, The University of Tokyo, Kashiwa, Japan.
INational Institute for Physiological Sciences, Okazaki, Japan.

Institute of Biogeosciences, Japan Agency for Marine-Earth Science and Technology,
Yokosuka, Japan

Water flow inside shells of bivalves (Mytilus galloprovincialis) was measured by
phase-contrast magnetic resonance imaging (MRI). Water entered from the inhalant aperture
(40-20 mm s™), and filled in the lower mantle cavity. Then, water approached to the
demibranches (5-10 mm s™'). After passing through the lamellae to the upper mantle cavity,
the water stretched the interlamellar cavity, and turned to posterior direction in the upper
mantle cavity, and exhaled out from the exhalant siphon (50 mm s'). Dynamic changes in
water velocity were imaged by using the inflow effect of T,-weighted MRI. Spontaneous
opening of the shells caused a quick increase of the flow in the mantle cavity within 1 min.
There was a high correlation between the area in the inhalant aperture and that in the exhalant
siphon. However, the flow in the interlamellar cavity showed a low correlation with that in
the inhalant aperture. The flow in the right and left interlamellar cavities changed
independently. These results suggested that the mussel controls the amount of flow by
changing the area and region of active lateral cilia in the demibranches. In conclusion, a
combination of PC-MRI and the inflow effect of T,,-MRI allowed us to perform quantitative
flow analysis in all of the cavities in the mussel.
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Characterization of Elusive Electronic Sate of Ferrous High-Spin (§ = 2)
Heme in Deoxy Myoglobin

Liyang Xu', Ryu Nishimura', Tomokazu Sahibata',OYasuhiko Yamamoto', Akihiro Suzuki?,
and Saburo Neya®

!Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba, Japan.
’Department of Materials Engineering, Nagaoka National College of Technology, Nagaoka,
Japan.

3Graduate School of Pharmaceutical Sciences, Chiba University, Chiba, Japan.

The heme electronic structures of deoxy myoglobins reconstituted with 7-PF and 2,8-DPF have been
characterized by '’F NMR. Analysis of temperature dependence of the paramagnetically-shifted '°F
signals allowed qualitative characterization of the thermodynamic properties of the equilibrium
between spin quintet (S = 2) °E and °B, states of hemes in the proteins.

INTRODUCTION Despite their physiological importance, deoxy forms of oxygen(O,)-binding
hemoproteins have been the least understood in terms of the molecular and electronic properties of
their heme active sites. Heme Fe’" in the deoxy protein adopts the high-spin d° system with the spin
quantum number S = 2, and its ground state d-electron configuration still remains to be unveiled.
The d-orbital splittings derived from °E, (d,)'(dx,)*(dy,)'(d,2)'(d242)" or (dyy)'(dx)'(dy,)*(d2)' (d22)",
and °B,, (dxy)z(dxz)l(dyz)l(dZ2)1(dx2_y2)1, states for the heme complex (Figure 1) are close in energy, the
contributions of these electronic states to the electronic and magnetic nature of deoxy protein have
complicated the data interpretation in terms of structural features of its heme active site. We
characterized the admixed d-electron configuration between E and B, states of deoxy form of O,
storage hemoprotein, myoglobin (Mb), reconstituted with trifluoromethyl group(CF;)-substituted
hemes, i.e., 7-PF [1] and 2,8-DPF [2] (Figure 2), deoxy Mb(7-PF) and deoxy Mb(2,8-DPF),
respectively, through analysis of the temperature dependence of the paramagnetically-shifted '’F NMR
signals.

RESULTS AND DISCUSSION In the "’F NMR spectra, two well-separated signals were observed
at ~35 and ~50 ppm in each spectrum of the deoxy Mbs (Figures 2A and 2B). The unequal
intensities of the signals in Figures 2B reflected the fractions of the two isomers due to the heme
orientation disorder, i.e., heme is accommodated in the heme pocket of apoprotein with two possible
orientations differing by 180° rotation about the 5-H-15-H axis, with respect to the protein. The
assignments of these signals have been obtained by making use of the nature of the heme orientational
disorder and characteristic paramagnetic shift pattern. Considering that the signals of diamagnetic
carbon monoxide(CO)-bound proteins (Mb(CO)) were observed at ~30 ppm (Figures 2A’ and 2B’),

Curie law, Heme electronic structure, Paramagnetic shift
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the values of ~5 and ~20 ppm were yielded for
paramagnetic shifts of the signals of deoxy Mbs.

Plots of the observed shifts of the "F signals of
deoxy MD(2,8-DPF) against reciprocal of absolute
temperature (Figure 3) demonstrated that the signal due
to CF; at position 8 (8-CF;) exhibited anti-Curie
behavior, i.e., paramagnetic shift increases with
increasing temperature as opposed to Curie behavior
that paramagnetic shift decreases with increasing
temperature, manifesting the occurrence of the thermal
equilibrium between the °E and °B, states. The plots
of 8-CF; signal of the protein could be fitted using
van’t Hoff equation, InK = AH/RT + AS/R, where
equilibrium constant K = [’B,]J/[’E], in order to
characterize the equilibrium. The fitting indicated
that the °E state dominates over the °B, one at ambient
temperatures, and yielded the values of -22 + 8 kJmol'
and -67 + 30 JK'mol™ for AH and AS, respectively.
Almost identical results were obtained through similar
analysis of the "°F signals of deoxy Mb(7-PF), i.e., the
AH and AS values were determined to be -20 + 4
kJmol" and -64 + 10 JK'mol”, respectively. These
results suggested that the thermal equilibrium between
the °E and °B, states of heme in deoxy Mb is
independent of the number of CF; substitution.

In contrast to the plots of 8-CF; signal of deoxy
Mb(2,8-DPF), those of 2-CF; one apparently obeyed
Curie law (Figure 3). This result could be interpreted
in term of delocalization of unpaired electron density
from heme Fe atom to porphyrin © system.
Paramagnetic shifts of the 2-CF; and 8-CF; signals
depend primarily on the contact shifts due to unpaired
electron density delocalized through d,, and dy,
orbitals, respectively. The contact shift of the 2-CF;
signal is essentially independent of the thermal
equilibrium between the °E and °B, states, because,
irrespective of the states, one unpaired electron resides
in dy, orbital (Figure 1). In contrast, the contact shift
of the 8-CF; signal is affected by the thermal
equilibrium, because the number of unpaired electron
in dy, orbital is 0 in the °E state and 1 in the °B, one.
Hence the paramagnetic shift of the 8-CF; signal
should be more susceptible to the equilibrium between
the °E and °B, states than that of the 2-CF; one.

REFERENCES
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Figure 1. Coordination structure of heme Fe atom
in deoxy Mb (A) and d-electron configurations of
SE and °B, states (B).
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Figure 2. “F NMR spectra of (A) deoxy
Mb(2,8-DPF), (A’) Mb(2,8-DPF)CO, (B) deoxy
Mb(7-PF), and (B’) Mb(7-PF)CO at 25 °C in 90%
H,0/10% 2H,0 at pH 6.5. Molecular structures of
2,8-DPF and 7-PF are shown in the inset. M and m
represent two different 7-PF orientations differing
by 180° rotation about the 5-H-15-H axis, with
respect to the axial His93. Signal assignments are
indicated in the spectra.
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Figure 3. Plots of the observed shifts of the “F

signals of deoxy Mb(2,8-DPF) against reciprocal of
absolute temperature

[11H. Toi et al., J. Chem. Soc., Chem. Commun. 1985, 1791-1792.
[2] T. Shibata et al., J. Am. Chem. Soc. 2010, 132, 6091-6098.
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In actual biological cellular environment, biomolecules such as proteins are generally
surrounded by high concentrations of macromolecules, so-called ‘macromolecular crowding’.
The effect of this macromolecular crowding is thought to strongly influence the structure and
dynamics of the biomolecules. NMR spectroscopy is an ideal tool to analyze this effect
because it is able to non-invasively observe the structural dynamics of biomolecules at atomic
resolution. In order to elucidate cellular events at atomic resolution, we have been analyzing
structural dynamics of biomolecules in the cellular environment mainly by using NMR
spectroscopy. We have been also developing new NMR technologies for sample preparations,
stable-isotope labeling, measurements, and data analyses to acquire unprecedented detail of
the structural dynamics of biomolecules.

To further understand the structural dynamics of proteins in environments with molecular
crowding, we are conducting detailed investigation of the NMR relaxation data of the model
protein systems including those composed of extremely high concentrations of villin (32 mM)
and/or protein G (16 mM) proteins. These systems were also analyzed by using all-atom
molecular dynamics simulation in collaboration with Prof. M. Feig, Michigan State
University, and Dr. Y. Sugita, RIKEN (1). During the course of the investigation, we found
that the conventional model-free formalism is not adequate for NMR relaxation data of
proteins in highly crowded environment. We have therefore developed a novel method of
model-free analysis especially suitable for analyzing the data of proteins in macromolecular
crowding environment. Our newly developed model-free analysis has been successfully
applied to elucidate characteristic property of structural dynamics of proteins under
macromolecular crowding environment.

Amino-acid selective SI labeling (AASIL) is particularly useful for analyzing difficult
targets, such as large complex systems, low-solubility proteins, and proteins in actual
biological cellular environment. We have developed a novel SI labeling strategy called Stable
Isotope Encoding (SiCode), which is based on the idea that AASIL can be considered as an
“encoding-and-decoding” process. SiCode introduces a new concept into AASIL, by enabling
the combination with information techniques. For example, the robustness of SiCode can be
improved by introducing the error detection mechanism using the check digit. We anticipate
SiCode could be useful for analyzing difficult targets under challenging conditions.

1. Harada, R., Tochio, N., Kigawa, T., Sugita, Y., and Feig, M.: “Reduced Native State Stability in Crowded
Cellular Environment Due to Protein-Protein Interactions”, J. Am. Chem. Soc. 135, 3696-701 (2013).

Protein dynamics, Stable Isotope Labeling, Macromolecular Crowding

(OTakanori Kigawa
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In vivo observations of 3D structures, structural changes, folding stability, dynamics or
interactions of proteins are essential for the explicit understanding of the structural basis of
their functions inside cells. In-cell NMR [1] is currently the only approach that can provide
structural information of proteins inside cells at atomic resolution. We have reported the first
3D protein structure calculated exclusively on the basis of information obtained in living
E.coli cells [2,3]. The results opened new avenues for the investigation of proteins’
conformations under the effect of macromolecular crowding and how they change in response
to biological events in living environments.

Extending in-cell NMR to study proteins inside higher eukaryotic cells, and thus making
this method more useful in medical and pharmaceutical researches, was another issue to be
investigated. Inomata et al. and Ogino et al. introduced innovative methods for in-cell NMR
studies in human cultured cells in which cell-penetrating peptides [4] or pore-forming toxin
[5] have been used to deliver proteins into the cells. However, the low intracellular
concentration of target proteins in HelLa cells makes it difficult to perform detailed NMR
analyses, such as backbone/side-chain resonance assignments, collection of various structural
information etc.

We will report our recent methodological developments/optimisations in stable isotope
labelling of target proteins, extension of “life time” of cell samples by using the
BIOREACTOR system [6], rapid measurement of multidimensional NMR spectra, improved
data processing algorithms [7], and efficient structure calculations from limited structural
constraints by employing the idea of the Inferential Structure Determination [8].

[Reference]

[1] Serber, Z. et al. J. Am. Chem. Soc. 123, 2446-2447 (2001).

[2] Sakakibara, D. et al. Nature 458, 102-105 (2009).

[3] Ikeya, T. et al. Nat. Protoc. 5, 1051-1060 (2010).

[4] Inomata, K. et al. Nature 458, 106-109 (2009).

[5] Ogino, S. et al. J. Am. Chem. Soc. 131, 10834-10835 (2009).

[6] Kubo, S. et al. Angew. Chem. Int. Ed. Engl. 52, 1208-1211 (2013).
[7] Hamatsu, J. et al. J. Am. Chem. Soc. 135, 1688-1691 (2013).
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The conformational changes macromolecules in cells and dynamic properties of cellular
components, such as plasma membranes, cytoskeletons and organelle are coupled with and
important for various cellular functions, including cellular responses to external signals.
However, the conformational changes of molecules and molecular assemblies often take place
as rotational movements of lobs, domains or subunits of molecules relative to the other parts.
These structural changes alter rather little spacial distances between sites of molecule and
their assemblies, but are associated with large orientation changes. For measuring dynamic
properties of cellular components, tracking the orientations are practical.

We have constructed microscopes which enable to observe optically detected magnetic
resonance (ODMR) spectroscopy. Then, by combining the ODMR microscope with an
assembles of pulsed-magnetic field generator, we could determine the orientations of diamond
particles. I will introduce several cell-biological applications in which nanodiamonds are used
as probes.

ODMR, fluorescence, diamond
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SL2_4 In-Cell Thermodynamics - Curvatures and transient interactions
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SOD1 aggregation and fibrillation kinetics in vifro mirrors with remarkable
accuracy the spinal-cord aggregate build-up and disease progression in transgenic
mice. This similarity between in-vitro and in-vivo data suggest that, despite the
complexity of live tissue, SOD1 aggregation follows robust and simplistic rules,
providing new mechanistic insights into the ALS pathology and organism-level
manifestation of protein-aggregation phenomena in general.

SODI aggregation starts from the fully unfolded state, and although the
principles of protein folding and stability are well explored under simplified
conditions in vitro, it is yet unclear how these basic self-organisation events are
modulated by the crowded interior of live cells. To find out, we used in-cell NMR to
follow the thermal unfolding of a SOD1 variant protein inside living mammalian cells.
Challenging the view from in-vitro crowding effects, we find that the cells destabilise
the protein at 37 °C but with a conspicuous twist: while the melting temperature goes
down the cold-unfolding increases, coupled to an augmented heat-capacity change.
The effect seems induced by diffuse, sequence specific, interactions with the cellular
components, acting preferentially on the unfolded ensemble.

However, not only the unfolded state undergoes transient interactions with the
in-cell environment, affecting the physical-chemical properties of the protein. Also
the folded state forms short-lived interactions with the surroundings, affecting
rotational and translational diffusion. The transient contacts are modulated not only
by overall net-charge, but also by charge distribution and surface topology.
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The non-invasive character of NMR spectroscopy allows researchers to investigate the
conformation and dynamics of biological macromolecules in their natural environment, for
example the cytoplasm of cells. In the past we have used in-cell NMR investigations to study
several proteins as well as the behavior of telomeric DNA in different cellular systems. In
addition to giving an overview of the field of in-cell NMR we will show data on two different
systems.

The telomeric G-overhang is the 3” single stranded protrusion of double stranded telomeres
and consists of repeating d(TTAGGG)n elements. These elements form G-quadruplexes,
which however under different in vitro conditions can adopt several different conformations.
In order to investigate which of these conformations is the biologically relevant conformation
we have injected quadruplexes of different length into Xenopus oocytes or investigated them
in oocytes extracts. These investigations revealed that G4 units coexist in two conformations,
the hybrid-2 and the 2-tetrad antiparallel basket.

In addition, we have used in-cell NMR to investigate the behavior of Pin-1, a
peptidyl-prolyl isomerase and show that the protein uses its WW domain to nonspecifically
investigate other proteins as potential substrates. This non-specific interaction can be blocked
by phosphorylation in the WW domain.

in-cell NMR
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I L1 Recent Advances in Nanoscale MRI

Christian Degen'
]Department of Physics, ETH Zurich, Zurich, Switzerland.

Magnetic resonance imaging (MRI) is well-known from clinical medicine for providing
noninvasive images of objects with three-dimensional resolution and rich image contrast.
Although MRI is typically limited to micrometer-to-millimeter-sized samples, extension to
voxels of a few (nm)’ containing 10*-10° nuclear spins has recently been reported by several
techniques including magnetic resonance force microscopy [1] and diamond-based
magnetometry with nitrogen-vacancy (NV) centers [2]. An especially worthwhile goal for
such “nanoMRI” would be the direct imaging of the internal structure of macromolecules, like
protein complexes, which would greatly aid molecular structure determination in biology. In
this talk I will present our group’s effort towards this goal.

In a first part I will introduce the basics of diamond-based spins sensors, and show how they
can be applied to detect NMR signals. By reducing the distance between the NV center and
target nuclei on the surface to a few nanometers, we find that it is possible to detect a few
hundred, and more recently also single proton spins. I will further show how the local
gradient of the NV electronic spin can be used to determine the spatial coordinates of
individual protons. These results indicate that NV centers may be capable of mapping atomic
positions in molecules up to ~10 nm in size. In a second part I will provide an outlook on an
alternative nanoMRI technique, known as Magnetic Resonance Force Microscopy (MRFM),
which is applicable to larger objects. I will briefly explain the principle of MRFM and show
our effort to image the coarse structure of macromolecular assemblies on truly single entities.

[1] M. Poggio, and C. L. Degen, “Force-detected nuclear magnetic resonance: Recent
advances and future challenges”, Nanotechnology 21, 342001 (2010).

[2] R. Schirhagl, K. Chang, M. Loretz, and C. L. Degen, “Nitrogen-vacancy centers in

diamond: Nanoscale sensors for physics and biology”, Annu. Rev. Phys. Chem. 65, 83
(2014).
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I L 2 Solid-State NMR for Investigating Membrane-Curvature
Induction by Viral Proteins
Hongwei Yao, Tuo Wang, Byungsu Kwon, and Mei Hong
Department of Chemistry, MIT, Cambridge, MA, USA

I will present our latest studies of the structure and dynamics of curvature-inducing
membrane proteins and the development of chemical and biological methods for
membrane-protein structure determination by solid-state NMR. Many proteins generate
membrane curvature for function. Examples include viral fusion proteins and proteins that
mediate virus budding and release. How protein structure underlies membrane-curvature
generation is so far poorly understood. We are investigating the conformation, dynamics, and
lipid interactions of two curvature-inducing membrane proteins: the fusion protein of the
paramyxovirus PIVS, which catalyzes virus-cell membrane fusion, and the influenza M2
protein, which mediates membrane scission during virus release. °C and '°N chemical shifts
indicate that the fusion peptide (FP) and transmembrane (TM) domain of PIVS adopt
dramatically different conformations in different lipid membranes. *'P NMR lineshapes and
correlation spectra reveal that these conformations differ in their abilities to induce membrane
curvature and dehydration, which are necessary for high-energy fusion intermediates, thus the
multiple conformations have different functional relevance. We characterize the nature of the
membrane curvature by solid-state NMR, supplemented by small-angle X-ray scattering, and
propose possible FP and TM conformations involved in the hemifusion intermediate and
post-fusion states.

To investigate how the influenza M2 protein generates membrane curvature for virus
budding, we developed novel relaxation and correlation approaches involving oriented
bicelles under static and off-magic-angle-spinning conditions. The data show that an
amphipathic helix in M2 causes high membrane curvature and M2 is localized in this
high-curvature domain. To determine the conformation of the cytoplasmic domain that
encompasses the amphipathic helix, we have adopted a two-pronged approach, assigning and
simulating the spectra of uniformly ">C, *N-labeled full-length protein, as well as measuring
site-specifically labeled proteins produced using chemical ligation. The results consistently
indicate that the cytoplasmic domain is highly disordered, suggesting that binding to other
virus proteins or membrane domains may play a significant role in M2 function.

Structural studies of membrane proteins at very low temperatures often suffer from
significant line broadening. We have investigated a number of cryoprotectants for enhancing
the spectral resolution of lipids and proteins down to ~200 K. Our results suggest three
promising cryoprotectants, which have significantly better performances than the commonly
used glycerol/water solution. Our data also provide insights into the molecular mechanism of
line narrowing and structural ordering of peptides in lipid membranes at low temperature.

Acknowledgement: This work is supported by NIH grants GM066976 and GM088204.
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H L1 NMR structural biology on transcription factors and
chromatin-related proteins.
oYoshifumi Nishimura
Graduate School of Medical Life Science, Yokohama City University,
Yokohama, Japan.

Transcription is the most important process in gene regulation. Here, I will show our NMR
works on transcription factors and chromatin-related proteins.

At first we worked on prokaryotic transcription factors, the
osmolarity response regulator, OmpR (1,2) and the phosphate
response regulator, PhoB (3-6), both are involved in
well-known two component regulator systems in E. coli, as well (
as the purine biosynthesis feedback repressor, PurR (7). These
proteins contain a DNA binding domain, which is essential and
sufficient for binding to a specific DNA sequence, and a
regulatory domain, which modulates the DNA-binding activity.

We examined their specific DNA-recognition modes based on Figure 1. NMR structure
their complex structures of the DNA-binding domains bound  ,f the PhoB DNA-binding

to DNA, and their DNA-binding regulation mechanisms by  4omain bound to pho box

their regulator domains. DNA.

We then worked on several eukaryotic
transcription factors, a proto-oncogene
product cMyb (8-10), which plays an
essential role in the regulation of
hematopoiesis, ATF-2 (9), which is activated
by stress activated protein kinases, p38 and
JNK and binds to the cyclic AMP responsive
element (cre) DNA sequence, and neuron

restrictive  silencer factor (NRSF) or

repressor element 1 (REl) silencing Figure 2. NMR structure of the cMyb
transcription factor (REST) (12, 13), which is DNA-binding domain bound to the Myb
a master regulator of neuronal and glial fate specific DNA sequence.

specification acting at multiple levels of stem
cell differentiation and is responsible for neurological diseases.

()

Transactivation Domain DNA Binding Domain
Bari Rewton  Louvcine Zipper

........

Figure 3. ATF2 domain structures (left) and superimposed NMR structures of the transactivation
domain consisting of Zn finger-like and intrinsically disordered subdomains (right).
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Figure 4. Schematic representation of a transcription factor, activator or repressor, consisting of
N-terminal and C-terminal activation or repression domains, which are intrinsically disordered,
and a DNA-binding domain bound to DNA in chromatin (left). Both regulation domains interact
with coactivators or corepressors by a coupled folding and binding or string-like mode (right).

In addition we have examined a general transcription factor TFIIE (14-16), which plays
important roles in preinitiation complex formation and activation of transcription, and the
transition from initiation to elongation. TFIIE consists of a aff heterodimer, both core domain
structures were well determined (Fig. 5b and ¢). We found that the C-terminal acidic domain
(CTAD) of TFIIEa bind to the PH domain of p62 subunit of TFIIH for recruiting TFIIH on
the promoter and determined the complex structure of CTAD bound to the PH domain (16).
Recently we have first revealed the complex structure of the phosphorylated p53
transactivation domain bound to the PH domain (17).

@ g o ;“f © (d) ?L‘\
“ < -
£ 8 S

Figure 5. NMR structures of the repressor domain of NRSF/REST bound to the PAHI domain of
mSin3 corepressor (a), the core domain of TFIIEP (b), the core domain of TFIIEa (c), and the
C-terminal acidic domain of TFIIEa, which contains intrinsically disordered N-terminal tail (d).

(c) A
QRN
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Figure 6. NMR structures of CTAD of TFIIE bound to the PH domain of THIIH (a), the
phosphorylated p53 transactivation domain bound to the PH domain (b), the Esal
chromodomain responsible for RNA binding (c¢), and Chpl chromodomain bound to
histone H3K9me responsible for non-coding RNA binding (d).

As for chromatin-related proteins, we have been studying essential telomere proteins, TRF1
and TRF2 (18-21), both of which are necessary for maintaining the ends of mammal
chromosome. And also some choromodomain containing proteins associated with the
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remodeling and manipulation of chromatin: Chdl (22), Esal (23), Chpl (24), Swi6, Eaf3,
Clr4 and HP1. We are going into the structural study of chromatin itself and now examining
interaction between histone H2AH2B and a histone chaperone, NAP1 by NMR.
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H L 2 Analytical and Biotechnological Applications of NMR
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In 1977, I started my NMR career in Central Research Lab., Ajinomoto Co., Inc., in
which the environment of NMR utilization was well refined and maintained mainly by two
great seniors Drs. Kainosho, M. and Nakamura, A. The latter pioneered NMR of amino acids
and peptides with Jardetzky, O. I attended 17" Annual Meeting of the NMR Society of Japan
in the next year for the first time, and admired the profundity of NMR. Although Varian’s
XL-100 was there, the apparatus I myself used at that time was Bruker’s minispec P-20
(broad-line & pulsed; 20MHz) for research on evaluation of food texture. By attaching a
mini-computer to it, an automatic recording system was developed for water content and T>
measurements as continuous function of temperature. The advantage of that system was that
high-sensitivity temperature measurement was possible with special device. Freezing-thawing
hysteresis phenomena, such as (1) recrystallization of solute and freezing of released hydrated
water molecules in frozen aqueous solutions, and (2) hysteresis as the characteristic feature of
gels, and (3) super-cooling of capillary water in water-insoluble materials were analyzed [1].

Around in 1982, our company purchased 400MHz NMR from JEOL and I was
responsible for the good use and maintenance. Soon after, I was ordered, in 1984, to stay and
study at UCSF (Prof. Tom James Lab.). Pure absorption phase proton 2D NOE spectra at
(Nicolet-GE’s) 500 MHz were obtained for [d (SATATATATAT3")], at several mixing times.
The experimental spectra were compared with theoretical spectra calculated by using the
complete relaxation matrix analysis method and X-ray determined coordinates of several
forms of DNA and those of energy-minimized structures via AMBER. It was concluded that
the wrinkled D form yields the best fit for the A-T decamer [2]. It is more impressive that no
simplex crystal structural model was good for longer mixing time data and it was realized that
it is necessary to introduce ‘“conformation ensemble” concept. Later, the program
MARDIGRAS developed based on this concept played an important role to understand
significance of flexible region in enzymatic reaction. In 1987, I came back to the company.
Although, as for structure determination of small molecules, taste modifiers (kokumi &
atsumi) [3] and hypoglycemic agent metabolites [4] are profoundly memorable, I started to
work mainly with two categories of macromolecules, i.e., polysaccharides (B-D-glucans such
as lentinan [5]) and proteins (sweet proteins [6], interleukins [7], and enzymes) by using
Bruker’s 600MHz NMR, whose installation was not straightforward and therefore fantastic.

Being strongly influenced by a preprint from Prof. Riiterjans H. who was studying
ribonuclease T1 (RNaseT1) with MARDIGRAS (Pfeiffer, S, Karimi-Nejad, Y, Riiterjans, H, J Mol
Biol. 266, 400-23 (1997)), the existence of a flexible region for substrate recognition by an
enzyme was first discovered through a structure comparison study among RNase T1-related
molecules (collaboration with Prof. Tanokura, M.), including intact molecules, those

— 110 —



complexed with 2’-guanylic acid (GMP), and carboxymethylated ones complexed with
2’-GMP. Next, it was demonstrated that a microbial transglutaminase (MTG) activity could
be enhanced by identifying the flexible residues that affect the active site using NMR [8].
Finally, such an approach was used to increase the production of 5’-inosinic acid (5’-IMP)
and 5’-GMP which are key materials of umami seasoning (AJINOMOTO"). The enzyme is a
nonspecific acid phosphatase (NSAP) with pyrophosphate-nucleoside phosphotransferase
activity that is C-5" position-selective. The crystal structure of G74D/I153T given by random
mutation with a reduced Kw is virtually identical to that of the wild type, and the two regions
around residues 70 and 140 show the most flexible conformational rearrangement upon
phosphate analogue binding. On the basis of 3D structural information, some practical,
high-performance enzymes for 5’-nucleotides production were discovered and a long
cherished dream (“enzymatic production of nucleotides™) was accomplished [9].

By the way, phosphorylation of His-containing proteins is a key step in the mechanism
of many kinases and phosphatases. Hence collaborating with Russian Academy of Science,
the GROMOS96 force field parameters for phosphoimidazole molecule---a realistic model of
the phospho-His side chain were developed and resulting parameters were incorporated into
the molecular modeling package GROMACS and used in molecular dynamics simulations of
such a protein as NSAP in explicit solvent [10]. After the above mentioned success,
engineering of Escherichia (E.) coli L-serine O-acetyltransferase, desensitization to feedback
inhibition by L-cysteine became also successful using the similar approach [11]. Next,
effectiveness of such approach was confirmed with activity improvement of MTG, in which
the rational mutagenesis was named as water-accessible surface hot-space region-oriented
mutagenesis (WASH-ROM)) [12]. In conclusion, as there is a common tendency between
these cases, i.e. effective random mutation cites clustered on one side of the molecular surface,
combined approach with rational mutation is favorable for activity improvement of enzymes.

On the other hand, around in 1992, a solid state NMR (CP-MAS) equipment was
attached to the 400MHz machine and one more 400MHz for solution was installed. Through
the above mentioned 20MHz NMR study, it became very clear that water proton signals
disappear in two ways; one is in ice formation, and another is in glass transition of its
hydrated materials. On the basis of this understanding, the change in molecular structure of
the soy protein samples as a result of MTG (main ingredient of ACTIVA®, a texture providing
formulation for e.g. kamaboko) treatment was studied using solid-state '*C NMR
spectroscopy, and the relation to the glass transition temperature (Tg) was examined. From
NMR measurements, the structure of the local region of the Ca methine was observed to
change, and the region had relatively high mobility, and the state of the secondary structure of
a protein was suggested to be a key in determining its Tg [13]. Solid state NMR was also
useful for analyzing crystal strucutures of glutamate and aspartame (a peptide sweetener) [14].
Another example of our NMR studies of enzymes for food processing is reaction mechanism
elucidation and its product micro-imaging of «-glucosidase for cooking rice [15], and the
structure of another important glutaminase, i.e. a protein glutaminase, could be determined by
NMR only [16] (collaboration with Prof. Inagaki, F.).

In the stream of P. M. Obuchi’s "millennium project" and establishment of the AIST
along with government offices reorganization, Profs. Kyogoku-Shimada’s project started and
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the Japan Biological Informatics Consortium (JBIC) was established in the summer of 2000.
Under such condition, collaborative investigation with Profs. Shimada, I. and Takahashi, H.
produced the following valuable results: 1) Collagen-binding mode of vWF-A3 domain
determined by a transferred cross-saturation experiment [17], 2) Direct determination of the
insulin-insulin receptor interface using transferred cross-saturation experiments [18], 3) Rapid
identification of protein-protein interfaces for the construction of a complex model based on
multiple unassigned signals by using time-sharing NMR measurements [19], 4) Rapid
identification of ligand-binding sites by using an assignment-free NMR approach [20].

In vivo NMR is also useful and important for biotechnology, i.e. fermentation. At first,
by using a wide-bore 400MHz machine, we observed *'P-NMR signals of intracellular
phosphorylated metabolites, i.e. ATP, NADH and UDPG, in the aerobically cultured cells of a
derivative of E. coli K-12 without circulating fermentation system (CFS), which needs much
more cells. Each NMR spectrum was obtained with a 25 mm @ sample tube mini-fermenter
equipped with a pH electrode and three supply routes for O: gas, aqueous ammonia and
glucose. When glucose was consumed, *'P-NMR signals of ATP disappeared first and then
those of ADP decreased to below the limit of detection. The intracellular concentration of
ATP was estimated to be ca. 7 mM [21]. Second, to determine the actual potential of the
energetic conversion efficiency of E. coli during aerobic respiration, apparent P/O ratios
under either limited or standard glucose-feeding conditions were estimated. CFS was
developed, and *'P NMR saturation-transfer techniques were employed. By coupling with
on-line NMR observations, CFS allowed us to evaluate cellular energetics directly [22].

In U.S.A. of 2008, it was reported that certain lots of other’s heparin were associated
with an acute, rapid onset of serious side effects indicative of allergic reaction, and '"H NMR
is one of the convenience but strong analytical methods to identify a contaminant in heparin.
However, an NMR signal from the contaminant in some cases was overlapped with a satellite
peak from heparin, leading a misunderstanding of the presence of the contaminant. Therefore,
we showed the satellite peak observed close to the NMR signal of the contaminant, and
recommended the '*C decoupling NMR to discriminate the satellite peak from the
contaminant [23]. As for satellite peak demonstration, we’d like to appreciate immediate
approval by Prof. Nishimura, Y. for our use of NMR machines with several frequencies.
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I L3 Substrate- and Ligand-Modulated Conformational
Dynamics of Membrane Solute Carriers Revealed by NMR
Sven Brueschweiler!, Qin Yangl, Marcelo J. Berardi', and James J.
Chou'?
'Harvard University Medical School, Boston, USA
“National Center for Protein Science, Shanghai, China

A key aspect of membrane transport proteins is the dynamic coupling between solute binding
and protein conformational switch that facilitates solute translocation across the membrane.
With rapid growth of crystal structures capturing various states of transporters and advances
in molecular dynamics simulation, it is increasingly feasible to address conformational
dynamics of transporters by computational means. But, experimental observation of ligand
modulated dynamics and allostery of membrane transporters is still technically limited. Here,
we demonstrate the use of the latest NMR methods to investigate the function and mechanism
of mitochondrial solute carriers including the uncoupling protein (UCP) and the ADP/ATP
carrier (AAC). Our structural and titration measurements of UCP2 characterized the
mechanism by which UCP uses fatty acid to transport protons across the mitochondrial inner
membrane to generate heat (Figure 1). Furthermore, our R, relaxation dispersion
measurements of the AAC revealed how transporting substrate can modulate the dynamics of
interconversion between the two alternating access states of the transporter.

Intermembrane Space

Matrix

Figure 1. Interplay among UCP, fatty acid, and GDP in modulating H" translocation across the
mitochondrial inner membrane
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I L 4 Magnetic Resonance Imaging in Real Time
Jens Frahm'
‘Biomedizinische NMR Forschungs GmbH am Max-Planck-Institut fuer
biophysikalische Chemie, Goettingen, Germany

This lecture presents recent advances towards real-time magnetic resonance imaging (MRI)
which result in high-quality image series of dynamic processes with acquisition times of only
20 to 40 milliseconds.

The acquisition technique employs a radially encoded gradient-echo sequence
(spoiled, refocused or fully balanced gradient conditions) with up to 30-fold data
undersampling and the use of complementary sets of radial spokes in successive frames.
Image reconstruction of multi-coil data is accomplished with the use of an iterative algorithm
which jointly estimates the image and all coil sensitivities as the solution of a nonlinear
inverse problem. The basic approach therefore emerges as an advanced reconstruction
technique for parallel imaging. However, in order to properly solve the ill-conditioned
problem for high degrees of undersampling, it becomes temporally regularized by exploiting
the continuity of successive frames within an image series. Online image reconstruction and
visualization is accomplished by a highly parallelized version of the algorithm and its
implementation on a bypass computer equipped with 8 graphical processing units which could
be fully integrated into a commercial MRI system (invisible to the user).

Apart from a description of the acquisition and reconstruction technique, the talk
will cover a variety of experimental examples ranging from joint dynamics to speaking and
swallowing processes as well as access to turbulent flow. Most importantly, real-time MRI
largely facilitates the immediate physiologic monitoring of cardiovascular function and
quantitative blood flow without the need for ECG synchronization and during free breathing
or in response to specific protocols (e.g., pressure, stress, exercise).

Selected references:

M. Uecker, S. Zhang, D. Voit, A. Karaus, K.D. Merboldt, J. Frahm. Real-time MRI at a
resolution of 20 ms. NMR Biomed. 23, 986-994 (2010).

S. Zhang, A. Olthoff, J. Frahm. Real-time magnetic resonance imaging of normal swallowing.
J. Magn. Reson. Imaging 35, 1372-1379 (2012).

A. Niebergall et al. Real-time MRI of speaking at a resolution of 33 ms: Undersampled radial
FLASH with nonlinear inverse reconstruction. Magn. Reson. Med. 69, 477-485 (2012).

D. Voit et al. Real-time cardiac MRI at 1.5 T using balanced SSFP and 40 ms resolution. J.
Cardiovasc. Magn. Reson. 15,79 (2013).

A.A. Joseph et al. Real-time flow MRI of the aorta at a resolution of 40 ms. J. Magn. Reson.
Imaging 40, 206-213 (2014).

S. Zhang et al. Real-time MRI of cardiac function and flow — Recent progress. Quant.
Imaging Med. Surg., doi: 10.3978/.issn.2223-4292.2014.06.03 (2014).
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Figure 1 Real-time MRI of the human heart in a short-axis view — consecutive frames (top left
to bottom right) from a respective movie at 33 ms temporal resolution (30 fps) and 1.5 mm
in-plane resolution (6 mm slice thickness). The images represent a single cardiac cycle from

peak systole (top left) to early diastole (bottom right) demonstrating the rapid post-systolic
expansion of the contracted and thickened myocardium.
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I L5 Metabolism and Microarchitecture From Advanced 'H
and "C NMR Spectroscopy and Imaging
Noam Shemesh,l Jens T Rosenberg,2 Jean-Nicolas Dumez,' Avigdor
Leftin,1 Tangi Roussel,' Rita Schmidt,l Hadassa Degani,1 Samuel C.
Grant® and Lucio F rydrnanl’2

Weizmann Institute, Rehovot, Israel
“National High Magnetic Field Lab, Tallahassee, Florida, USA

Sensitivity remains a crucial problem to overcome in nuclear magnetic resonance
spectroscopy (MRS) and spectroscopic imaging (MRSI). /n vivo MRS and MRSI seek to
exploit the unique fingerprints that metabolites residing in tissues —usually at <10 lower
abundances than water—can provide in a non-invasive fashion. Performing such
measurements with good sensitivity could be crucial to understand the structural, functional,
metabolic and energetic changes associated to health and disease. Substantial obstacles arise,
however, when attempting to mine this low-sensitivity information; this talk will focus on two
emerging, complementary ways to overcome MRS and MRSI’s sensitivity challenges. One
originates in relaxation-enhanced 1H techniques that solely excite the peaks of interest, while
keeping scrupulously clear of water. When executed at ultrahigh magnetic fields,
distortion-free in vivo 'H MRS traces delivering >50:1 signal-to-noise ratios in under 6 sec,
can be obtained from 125 uL brain volumes. This is orders of magnitude more efficient than
what is currently available from state of the art commercial instruments and standard
sequences (Figure 1). The new kind of microarchitectural and biochemical aspects that this
kind of sensitivity can provide, will be exemplified. A second route to sensitivity
enhancement is offered by ex situ Dynamic Nuclear Polarization of slowly-relaxing *C sites.
Due to its reliance on the observation of highly polarized but metastable nuclear states, the
full utilization of DNP’s potential calls for the development of new, fast acquisition strategies.
These will be discussed, and exemplified within in vivo metabolic and functional contexts.

9.4 T MRI w/Cryoprobe 21.1 T MRI Figure 1. Comparison
8 min acquisition 6 sec acquisition between a state-of-the-art
Cho Cho NAA 1H MRS acquisition using
Cre Cre conventional sequences
« and fields (left) and one of
H,0 NAA Lac
(outiof scale the new sequences to be
discussed, executed at
NHMFL’s 21.1 T MRI
N |J\ User Facility. Notice the
PRESS sequence w/Vapor Relaxation Enhanced 'H MRS scquence different acquisition
S/N (NAA) =40 for =125pL 8/N (NAA)= 60 for =125pL. timescales.
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I L6 Solid State NMR of Disease-Associated Proteins: Methods
and Results
Marvin Bayro, Jun-Xia Lu, Eric Moore, Dylan Murray, Alexey Potapov,
Kent Thurber, Wai-Ming Yau, and Robert Tycko
Laboratory of Chemical Physics, National Institute of Diabetes and
Digestive and Kidney Diseases, National Institutes of Health, Bethesda,
Maryland, United States of America

Our research group works on the development of solid state NMR methods for structural
studies of biological systems and on the application of solid state NMR to specific systems
that are of biophysical interest and biomedical importance. In this lecture, I will summarize
recent progress on molecular structures of amyloid-p (AP) fibrils associated with Alzheimer’s
disease and capsid (CA) protein assemblies associated with HIV-1 infectivity. [ will also
briefly describe methods we have developed for making site-specific, quantitative structural

N,"C-labeled proteins in the solid state, methods for

measurements in uniformly
computer-assisted assignment of chemical shift values in multidimensional spectra of
uniformly-labeled proteins, new technology for solid state NMR measurements with
magic-angle spinning (MAS) and dynamic nuclear polarization (DNP) at very low

temperatures, and recent contributions to our understanding of DNP mechanisms under MAS.

In the area of AP fibril structure, we have
developed detailed molecular structural
models for two distinct polymorphs of
40-residue AP (AP40) fibrils prepared in
vitro (Figure la,b), one AB40 polymorph
that was derived from brain tissue of an
Alzheimer’s disease patient (Figure 1c),
and a metastable “protofibril” formed by
the disease-associated Asp23-Asn mutant
of AB40 (Figure 1d). We are currently
investigating other structures from human

tissue, in part to determine whether

Figure 1.  Structural models for AP variations in AP fibril structures are
fibrils. viewed in cross-section. correlated with variations in disease
development.

In the area of HIV-1 CA assemblies, we have obtained nearly complete chemical shift
assignments for the 231-residue wild-type CA protein in tubular assemblies, allowing us to
identify structurally ordered protein segments, disordered and dynamical segments, and
segments that undergo conformational changes within CA assemblies. Recent comparisons
of solid state NMR data for tubular CA assemblies with data for planar assemblies, formed by
the Argl8-Leu mutant of CA, show that the variable surface curvature of these assemblies
arises from conformational variations within the disordered and dynamical segments.
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Our ultra-low-temperature MAS NMR experiments are motivated by the goal of using solid
state NMR to characterize transient intermediates in processes such as protein folding, protein
aggregation, and protein-protein recognition. Transient intermediates can be trapped by
rapid freezing and subsequently studied by ultra-low-temperature solid state NMR, but the
low protein concentrations require sensitivity enhancements from DNP. For this purpose,
we have designed and built MAS NMR probes that use liquid helium for sample cooling
(20-25 K range) and nitrogen gas for sample spinning (up to 7 kHz with 4 mm diameter rotors
and 80 pul sample volumes). With microwave powers in the 0.7-1.4 watt range at 264 GHz
(9.4 T magnet), enhancement factors of 50-200 for cross-polarized *C NMR signals are
achieved (Figure 2). Initial results from studies of the AP40 aggregation process will be
presented.

(a) ——ca
Figure 2. Ultra-low-temperature
DNP-enhanced MAS NMR.
(a,b) Schematic diagram and
MAS rotor photograph of the head of the
ultra-low-temperature MAS DNP

probe. (c) “C MAS NMR
spectrum of "*C-labeled M13
peptide bound to calmodulin in
frozen solution, with and without

microwaves

(c)

microwave irradiation (4 and 64

scans, respectively).

50 200

100 50 o -50

150
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L3 _1 Error analysis of NMR parameters in equilibrium systems
O Rieko Ishima
Department of Structural Biology, University of Pittsburgh School of
Medicine, Pittsburgh, PA 15260, USA.

Recently, advances in NMR technologies have tremendously increased the sensitivity of
NMR relaxation experiments, which also emerges systematic errors more prominently. Thus,
we are studying NMR relaxation experiments and analysis of the ligand-protein titration data
from the aspect of the error analysis.

Since NMR relaxation rates depend on the magnetic field

strength, as well as the relaxation mechanism, it is important ~ ~ “ o |

to optimize and validate relaxation experiments and their i ooo,_‘)l

analysis under a wide variety of conditions. Previously, we %05 56 o
characterized effect of cross-correlation between 'H-"N N

dipolar interaction (DD) and "N chemical shift anisotropy

(CSA) in the Figure 1. A cartoon of CPMG R,

dispersion experiments. The data

(A) R, R, {IH}‘ISN NOE  points that are significantly
I'. éﬁ 7N\ experiment at high deviated from the curve is often
: il ' . i field due to the off-resonance error
13N Gpm) magnetic ie
0s strength [1].
% 03, (B} Using Initial 6 points ° Subsequently, we have studied off-resonance error in
g on 9&%@80 o B the "N transverse relaxation rate (R,) determined
o ot o %g 8% » . . .
TN bt ° using a  Carr-Purcell-Meiboom-Gill  (CPMG)
o o5 . : - . sequence and that in the dispersion, and validated the
05— 2% f f the CPMG ith and without
= °* T(C) Using the last 6 points per orman'ceo e s'equence with and withou
= . an alternative phase cycle (Figure 1) [2-4].
& s SEPED Fp Ol 6B % © %0
€ 03 We also re-investigated performance of the N
X o5

0 w s w0 1o longitudinal relaxation rate (R;) experiment with a

Off-resonance frequency (Hz) focus on error generated by sources other than the

Figure 2. "N R, - R, of *N labeled water-amide 'H exchange. Since "N R; mainly
perdeuterated ubiquitin, shown as a function
of N off-resonance frequency. R, was . ; .
determined at 900 MHz using (A) the initial subject to pronounced systematic errors at high

6 points, and (B) the last 6 points. Reduction  magnetic field strengths. We demonstrated decrease
of R,V - R,® was observed even around the
"N carrier frequency due to the imperfection . lev 15 15
of the cancellation of the cross correlation, correlation effect between "H-"N DD and "N CSA at
but not only by the pulse imperfection. high magnetic field strength by monitoring the

R,"V-R,® (Figure 2) [5].

decreases as magnetic field strength increases, it is

in the effectiveness of cancellation of the cross

Rieko Ishima

OwnwLEnzz
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High sensitivity of the current

NMR instruments also emerges (A) ® v

: ) : 36 7T 3% 0161 (B) A7
systematic errors in the chemical : wed 126 oo 0144 et
shifts more prominently: the _ 2- 26% o Em« yd
importance of uncertainty and § | g - Em' ' _ESS
systematic error estimation is not g % G‘:?T 2 o EEE: il
limited to NMR relaxation rates. = n]| & s o2 % =52 S 0], A8
Using the currently available " i g 8 S 02| (¥
NMR instruments, such as 600 M UCUD" e
MHz or above, changes in 9.0 H (ppm) 8.0 [BHMPO7] (M)

chemical shifts, even at about 10
Figure 7. (A) Overlay of 'H-""N HSQC spectra of RNH (15 kDa)
at different inhibitor, BHMP, concentrations (protein: inhibitor
ratios are 1:0, 1:0.5, 1:1, 1:1.5), and (B) changes in chemical
(<< 10 Hgz, i.e., < 0.02 ppm for 'H  shifts plotted for some representative residues [6]. Although the
at 600 MHz) these days. Because approximate dissociation constant could be determined by
analyzing the several datasets, (1) it is not known whether the
entire datasets are reasonably explained by the dissociation
reflects minor events other than constants, and (2) the source of the errors in the titration datasets

the major (desired) interaction Were not investigated in detail.

pathway may be detected as well as the major pathway in the fast exchange systems. Such

Hz, can be easily detected with
sufficient accuracy of resolution

of this, chemical exchange that

minor events might include non-specific interactions or artifact due to precipitation of either
ligand or protein (or both). Given that the magnitudes of chemical shift changes in the fast
exchange systems do not correlate with distance from the ligand, it is essential to analyze all
chemical shift changes above the detection limit, i.e., shift changes over a wide dynamic
range: small shift changes are not eliminated simply due to their small magnitudes. Thus, we
are investigating an analysis method for assessing an entire dataset to conclude whether a
selected interaction model is adequate or not.

[1] Gong Q & Ishima R (2007) J. Biomol. NMR, 37, 147-157.

[2] Myint W, Gong Q & Ishima R (2009) Concepts in Magnetic Resonance, A34, 63-75.

[3] Myint W, Cai Y, Schiffer C & Ishima R (2012) J Biomol NMR, 53, 13-23.

[4] Ishima R (2014) CPMG Relaxation dispersion experiment. Chapter 2 in Protein Dynamics
(Methods in Molecular Biology), Humana Press. 1084.

[5] Ishima R (2014), J Biomol NMR, 58, 113-22.

[6] Christen MT, et al (2012) Chem Biol Drug Des, 80, 706-16.
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Features of intrinsically disordered proteins monitored by NMR

Yu-ichi Ono', Manami Miyashital, Yumi Ono', Honoka Okazaki], Satoru Watanabez,

Naoya Tochio?, and oChiaki Nishimura'

!Faculty of Pharmaceutical Sciences, Teikyo Heisei University, Tokyo, Japan.

’NMR Pipeline Methodology Team, RIKEN Systems and Structural Biology Center,
Kanagawa, Japan.

Intrinsically disordered protein is one of the targets for the development of effective
medicines. The residual structures in the intrinsically disordered protein may be responsible
for the binding to the small molecules. In this study, the residual structures of 5 proteins
were analyzed by the secondary chemical shifts and amide-protections by CLEANEX-PM.
The relaxation studies were also employed for the analyses of the globular folded proteins,
which were predicted to be highly intrinsic disorder from the sequence. A feature for
intrinsic disorder was the behavior of the signal intensities. As reported in o—synuclein
studies, the intensities of signals were diverse and random on the sequence. Furthermore,
amide-protections at the helical structure were compared with those at f—structure.

FIREME AEIL. pHT 72 POERREHE T THLIV 2o EnRWERE TH 5,
hoOEAE EOHMEERIZEY, MO THVEEFNDZ b HD, TOIY Toi=H
FERECIR AT L T Dl 2 PR © 2 hiE, B B E O AAER S RER BL~DIAZE )15
bNbEHEZD,

BEAHEOREERICEBWTSH, DBAEMCHV-7-ED b0 Gk 3) b, 2) &
¥R EMHEER LTI TV 727-EN5 b0, )0 I=izEFn20nbond b
DS, RIREMEREICH RAREMEICE LT, xR ZEBMENDD X5 I2Bbh
5o TNETHLIL, RREMEOEWT VT 77— X7 LA VERIED NMR 7T Tl
CLEANEX-PM Z FIWC (CLik 1), a7 7 F ShAEEMEE T L C& /-, &51THE
WRIREME & 7 2 BEECA 6 TRISN D0, &2 AT 2 HIV-1~ h U v 7 AEH
BTk 2) & 7y REBAE (GCiEk4) OfEHT ClIsE i e &2 W Tiftir L T& 7=,

AWFFETIE, TOFEORRENEEZGTHIHRB VAN ABEEABED CHi RAAL
L BERAIZE S L OEREEMRIZBEET 5X) 72 2D Clis FAA ORARE
HEZ bF7 b7 I R7a bR EROLIZHWNTHRIT L TE 20 THET 5,

Yu-ichi Ono, Manami Miyashita, Yumi Ono, Honoka Okazaki, Satoru Watanabe,
Naoya Tochio, Chiaki Nishimura
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FUA AL VO 7 MEE T D & BREE S L TEICT VT 7 —E X
—AEELWEAE E LEATW, FRcZind 2 MOEMEEAE O P RaERki i
{bFy 7 MENLT D L, BHERA~Y v 7 AREENTFEL TR, 7 R b
DTvT Y ariZET S CLEANEX-PM Z2HIELTH, HTFOHWIesr s g
LBl SN2 hote, —HZDIENZ, XV 72U 2D Chi BAA HTiE, N
IR IZ W T e T 7 va UHRBIHI S0, FoEsiMbF 7 MEr BT 5 L.
R—=AEETHDHZ ERNbholz, FTEMETANVAEERED C i KA A Tl
~V w7 ZEEDOEH EDFE DO EEIB I HT-H_X— FREEH T, 5B s LT
aF 7 arhBillEnt, ¥V 722 TlE, YT FARENRA~NY v 7 R
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~Y w7 AREIE T, 4FRIEM Z L IKBREE DR S 4L, RPN 2RI 1E % TRk
THZ LWL, a2 b A—F—~OHEBRB VIRV a— VI HBEAERAH LT
HbH, 2O LIk, ZOEMEAEOEFHEPICEET DILFEY 7 MENHHE
EENDH~Y v 7 AEES, 70T 7 v a yOFOVRME~Y v 7 AEETH 5 AlHE
MEEZTNWD, R=2HEETIL, a2 " A—F—lHE5ET a7 v 000K
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ZD X I RARENEEAEORFEE I BV TR, ~Y v 7 Al & _X— 2 g
IZBWT, BT 272 a llEVOLLAREEEZZEZ TS, S HICEMHRETIE
%%%ﬁ%%%?‘]f%/‘“?%l&%ﬁ/m LiZ < " &.‘m\j'??}'b}:) ‘7)—'(.—\ *%mﬁfﬁi@ﬁ"ﬁ/&&
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LTWhEZuy,
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e e e e W w e  protein,
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1. Okazaki, H., Ohori, Y., Komoto, M., Lee, Y-H, Goto, Y., Tochio, N., and Nishimura, C.:
FEBS Lett. 587, 3709-3714, 2013
2. Ohori, Y., Okazaki, H., Watanabe, S., Tochio, N., Arai, M., Kigawa, T., and Nishimura,
C.: Biochim. Biophys. Acta, Proteins and Proteomics 1844, 620-626, 2014
3. Aoto, P.C.", Nishimura, C.", Dyson, H.J., and Wright, P.E.  Biochemistry 53, 3767-3780,
2014 'Two authors contribute equally.
4. Okazaki, H., Kaneko, C., Hirahara, M., Watanabe, S., Tochio, N., Kigawa, T., and
Nishimura, C. Biochim. Biophys. Acta, Proteins and Proteomics 1844, 1638-1647,

2014

PONDR (iniriecsscal sisorder)
o o o =
-
PONDR (intenaical ducrder)
e e e

- 127 —



L3_3 GRASEM ) MEERZEE LT 5 25 HESHIEHE
FDBRER IS
offy fE'MEH  —5k2
PERER R AR AN TFTa T s A TR 2 —
THRURE « KRB R E R

Entropy-driven dynamic multidrug recognition by multidrug
transcriptional repressor

oKoh Takeuchi', and Ichio Shimada®

" Molecular Profiling Research Center for Drug Discovery, National Institute of Advanced
Science and Industrial Technology, Tokyo, Japan

2: Graduate School of Pharmaceutical Sciences, The University of Tokyo, Tokyo, Japan

Multidrug transcriptional repressors (MDTRs) serve as sensors of multidrug resistance
system, which control the expression of multidrug transporters and/or enzymes. However, the
molecular mechanism by which MDTRs bind to structurally unrelated compounds with high
affinity and are released from the promoter region remains largely unknown. Here, we
structurally and dynamically characterized a PadR-like family MDTR, LmrR, by solution
NMR. We found that the compound ligation shifts the preexisting conformational equilibrium
to varying extents to achieve multidrug recognition. Meanwhile, the compound binding
redistributes ps—ns dynamics to the allosteric sites, which entropically favors the high-affinity
recognition. Collectively, the data show how LmrR can entropically achieve promiscuous
multi-target interactions, in a manner that cannot be understood by a static structural view.

Z AN PEE S SR (MDTR) (%, B OMKAN T~ 23851 2785 L. £
FHEH AR > 7 AR 72 £ OZFit a7 O R B %2 Ll X% 5, MDTR (23K
RIDEEAT 5 L. EEHIEEE ~D MDTR OFAE(ERNIH S, O FiicinE
T 5 Z AR T ORBNFEIND, FROEFEIIE McBWTHLRFINTE
D, ENLEZZ—PXR %, HANZLY P BEZ RV ES° CYP3A4 72 EORBLAZT
4% T2 H MDTR IZZAIYES AT AMBIT A —ThHY , MDTR 3%
OREREA BT 2 7-0121%, kx 2EBANEHWBIMETHEAT 2 L & biT. ZORA
%A 70— —m W o OfREEE W O [A— ORREICIRIR T 2 LR H S, Ll
BB, FNHERREE T H0FHEEIIVELEH LN E 2o TN,

AHFFE T, PadR-like 7 7 2 U —IZJ& 3% MDTR Th YV | L. lactis O %72 Z#liit
MAERE A 9 LmrR 2 A2, LmrR D3EE & 70385 2 Bl fn o TR A ) |35k
T 55 TR, BL O TR RikAd 7 e —& —fEl0 6 OfiffE L W ) BED
BEREIC M 52 THERE A2 B 500 578, 1K NMR 1% F V- B A ST Ak 15 fig
Wrait-72,

LmrRIZ2EAIZKEIZ BV THEAZAT L 21 LTI F OB EEET 5 2 &3 A
Multidrug Resistance, Dynamics, Conformational Entropy
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T HDNAFEE~Y v 7 Aa3iE, BV & o7 ' :
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Structural analyses of the interaction between the chemokine receptor and
the cytosolic regulator FROUNT.

oSosuke Yoshinagal, Kaori Esaki', Tatsuichiro Tsujil, Etsuko Toda?, Yuya Terashima?,
Takashi Saitoh® , Daisuke Kohda3, Toshiyuki Kohn04, Masanori Osawa’ , Takumi Ueda® ,
Ichio Shimada®, Kouji Matsushima® and Hiroaki Terasawa'
"Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan, *Graduate School of
Medicine, The University of Tokyo, Tokyo, Japan, *Medical Institute of Bioregulation, Kyushu
University, Fukuoka, Japan, ‘Kitasato University School of Medicine, Sagamihara, Japan,
’Graduate School of Pharmaceutical Sciences, The University of Tokyo, Tokyo, Japan

The membrane-proximal C-terminal region (Pro-C) is important for the regulation of
G-protein coupled receptors (GPCRs), but the Pro-C binding to a cytosolic regulator has not
been structurally analyzed. The chemokine receptors CCR2/5, members of GPCRs, bind to
the cytosolic regulator FROUNT. Studying the interaction between CCR2/5 Pro-C and
FROUNT provides a basis for understanding the signal transduction mechanism via GPCR.
Cross-saturation-based experiments revealed that the binding surface on Pro-C for FROUNT
overlapped with the binding site for membrane-mimicking micelles, suggesting competitive
binding of Pro-C between FROUNT and micelles. These results support an equilibrium
model: chemokine binding changes the conformational equilibrium of CCR2/5 toward the
active state, and Pro-C switches its binding partner from the membrane to FROUNT.
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NMR and SAXS studies on multi-domain protein
Ayaho Kobayashi, Kanaba Teppei, Yutaka Ito, and oMasaki Mishima
Graduate School of Science and Engineering, Tokyo Metropolitan University, Tokyo, Japan

Multi-domain protein shares around 80% of eukaryotic protein, and the inter-domain
interactions play key roles in the protein functions. However, multi-domain protein often has
long flexible linker and the domain interactions are weak. It thus has dynamic property, and
this dynamic nature hampers crystallization. Combination use of NMR and SAXS is attractive
to analyze the structure of multi-domain protein. Negative regulator of differentiation 1
(Nrd1) is a four RRM domain protein. In an effort to delineate the relationship between Nrdl
structure and function, we analyzed the structure using NMR and SAXS. We will discuss
usage of protein ligation and paramagnetic relaxation enhancement for the full-length Nrd1.
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Fig. Structure analyses of Nrd1

A. Pseudo atomic model of full length Nrd1 constructed by GASBOR based on SAXS data
and superimposition of a schematic drawing of domain orientation.

B. Calculated ensemble structure of RRM1-RRM2 by NMR.
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The structural stability of the catalytic site of human Pinl is mediated by
the balance of the “tug-of-war” in the hydrogen bond network

oNaoya, Tochio', Ning, Xu?, Yu, Tamari’, Ryosuke, Tsuda?, and Shin-ichi, Tate'?
!ReMcD, Hiroshima Univ., Hiroshima, Japan

’Grad. Sch. Sci., Hiroshima Univ., Hiroshima, Japan

Peptidyl-prolyl cis-trans isomerase, Pinl, specifically catalyzes the isomerization of
pSer/pThr-Pro motif. Pinl-mediated post-phosphorylation regulation is engaged in diverse
cellular processes. Pinl has two domains; WW domain and catalytic PPlase domain. The
structural analyses of Pin1 PPlase domain showed that the four conserved residues (C113, H59,
H157, and T152) form a hydrogen bond network. We developed a new method to detect the
difference of the strength of a hydrogen bond in this network using the H/D isotope effect to
N chemical shift of the imidazole ring. We found that the C113D mutant, which has less
PPlase activity, showed the stronger D113-H59 and the weaker H59-H157 hydrogen bond
relative to the wild type. We revealed that the imbalance of the tug of war for H59 by the C113D
mutation destabilized the catalytic site structure and reduced the binding affinity to the substrate
through the allosteric effect.
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Figure 1 (legend). H/D isotope effects on the chemical shifts for "N nuclei in the histidine
imidazole ring were measured in solutions with different D2O contents.

(A) 2D "H-'SN®' HSQC signals for H157 collected in the solution containing 6% (left), 50%
(middle), and 100% D>O (right). Data in the top and bottom panels are for the wild type and
C113D mutant, respectively.

(B) Same data set for 2D 'H-""N# signals for H59.

R b7 F K& FWZEXSYHIE S X 0 B AR Z B TR PEDOIR T L 5 4172C113DZ 5
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Bl& | THKBHAWEDNNT L ZADOENN, EHEAOMELZEEZIKT &4,
RN IEREAREAE T T 27 0 AT Y v 7 IS 2583 5 2 & 2B 5 )
IZ L7z (Figure 2).
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Figure 2. Hydrogen bond network and the tug of war for H59.

(Right) Close up view of the hydrogen bond network formed by the four conserved residues
(C113-H59-H157-T152) in the C113D mutant of Pinl PPlase domain.

(Left) Cartoon representation of the imbalanced tug of war for H59 in the hydrogen bond
network of the C113D mutant.
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Evolution of protein conformation observed by the ‘Kinetic NMR’

oKazuo Kuwata" 2, and Keiichi Yamaguchi'

"United Graduate School of Drug Discovery and Medical Information Sciences, Gifu
University, Japan

’Graduate School of Medicine, Gifu University, Japan.

Protein conformations evolve in the environment. Even though their amino-acid sequences
are the same, their conformations are different. The conformational evolution is induced by
structural fluctuation, inherent instability of the native conformation, intermolecular
interactions and oligomer formation. In order to observe the conformational evolution in
atomic resolution, we developed Kinetic NMR system.
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Identification of the molten globule state of prion protein and its relevance
to B-rich oligomer conversion

oRyo P. Honda', Kei-ichi Yamaguchiz, and Kazuo Kuwata
'Medical Course, School of Medicine, Gifu University
’United Graduate School of Drug Discovery and Medical Information Sciences, Gifu
University

3Department of Gene and Development, Graduate School of Medicine, Gifu University

1,2,3

The conversion of o-rich prion protein (PrP¢) to its B-rich pathogenic isoform
(PrP%) is a critical event in the pathogenesis of prion diseases. We investigated the
mechanism underlying the B-rich oligomer conversion of PrP® at low pH, and identified an
acid-induced molten globule state (A-state) as a candidate for its monomeric precursor state.
Hydrogen/deuterium exchange experiment with NMR detection revealed that the Strand
1-Helix 1-Strand 2 segment at the N-terminal was preferentially unfolded in the A-state. This
specific conformation of the A-state would provide crucial insights into the mechanisms of
pathogenic conversion, as well as facilitate the design of novel medical chaperones for
treating prion diseases.

(&% - BHWY]

TUVAFEE I aA Y 72V b YA TR, 7 E xS TR AR B
12CThd, 7VAFHT DARIGEIEITBRIER L, 12 E A LIIRIER 1 2L
PICTEIZE D, 7V A IR DOFRIEREFIZ OV IR 2255 3% s, — iR ICIE#
RV AVEAYE (PrPY) HHRERM TV AL (PrP*) ~OERBIZ L > THERIND
EEZOLNTWD, VA VERHEIIRARRETa~Y v 7 ZEMORREEREZ KT
L0, BERIT VAL B — MENORERZ KT 5, 165 T a— BB RO
HFIRRN T ) A IR ORIEICES G- LTBY, ZOMEE2 X HICMRAT 5 Z &A%
RIEBOIBFIERRIZL RIS EEZEZBRD,

199 0FERNETVAVEABHITBYESRME T TR v— MELOA Y F~— (B~
F U dv—) |THEEEHT D Z LML TV, ZOFEMAREEIIH LS
TIhhotz, BEBREWZ L2, B-FA Y I~—TEHEIXA 4 BmEIZRFEL, K
AFURETIIMO TES R Z EnEIN TS, BAIZZOBRSIZERL, B
PR - IBA A VR TFIZRBWT, B-A4 ) Iv— BB INDIANCT ) AV EAE

TUA, EAT IO Ea—), SATF—IVT 4T

OIEATEY X9, RESHITWVND, <D TEH

— 140 —



MNED XD IHEEREEK L T D 0nEii~T,

(&5 5%]

FEMERE - KA A VT T Y A VEREIR, KRBT, T9E) RARRE
ZRLTWD Z ENnginoie, I HITHkA R p HEMETTA Y I~ — o 2 3
Rl ZAH, ZOFERBRKREOENG LAY T~ —EAHE I ITRVIEOHBNH 5 =
EBHLN R o T, TOHRBKEBIZHEEAETHY . »ONMRAR L Z A7
FEMTICE > T [EAT 7 abEa— VK] ISEWHEEEZ DI EAHLNIRY
ez 1L Z DIRHEAEA-state (Acid-induced molten globule state) &FESZ &2 L7,
S HIZNMR & FKRBRBIEZ GO THEERIT 2172722 2 A, A-stateD s
PRy Zp pEd — N OStrand 1, Helix 1, Strand 2— DOBRNAREETH -7,

[(Z%£ - BE]

AWFENS T ) A VEABEOENT 7 a Ea—)LIKE (A-state) DB, 5
VW MEStrand 1, Helix 1, Strand 25O REENN B-A Y T~—TFpk EE S L
TWAZ ENREB I, BEENZ L2, Strand 1, Helix 1, Strand 2fEiE2S B
= METHZ LIS T AVEREORFENGIEEZ S5 &3 DN
Stanley B. PrusinerbiC Ko TREENTND (B~ v 7 AF)

AWFFEIEA-state B ZMEIT 5 2 L TT VA IEEZHIBE T 2 L2 LRI LT
W5, A-statefERIIWV S DDOFHEAI 22 VRO 7T o KAk, ROWERBO
MIEICL->THIERIEND EEZ LN, 2D KD REALZEIC LTS LAY
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FIGURE. A proposed scheme for the B-rich oligomer conversion of PrPC. In this scheme,
the B-rich oligomer conversion of PrP¢ proceeds via A-state, where the Strand 1 (S1), Helix 1
(H1), and Strand 2 (S2) regions are preferentially unfolded.
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Local compact structure in an intrinsically disordered protein Sup35-NM
determines amyloid conformation.

oYumiko Ohhashi'*?, Yoshiki Yamaguchi®, Yuji O. Kamatari*, Shinya Hanashima®, Kazuo
Kuwata*, and Motomasa Tanaka?

'Department of Applied Chemistry, Tokyo University of Science.

’Brain Science Institute, RIKEN.

IStructural Glycobiology Team, RIKEN.

‘Center for Emerging Infectious Diseases, Gifu University.

Self-perpetuating B-sheet-rich fibrillar protein aggregates, amyloid, are involved in a variety
of neurodegenerative disorders. A remarkable feature of the diseases is that a mutation in causal
genes or conditions in protein misfolding can lead to formation of distinct amyloid
conformations of causative proteins and each conformation dictates different physiologic
consequences such as cytotoxicity and tissue specificity. However, it is poorly understood how
the structural polymorphism of amyloid is encoded in a monomeric protein. Here we show that
a N-terminal intrinsically disordered region of yeast prion protein Sup35 (Sup35-NM) has a
potential to form two strikingly different amyloid cores. In contrast to the N terminal core of
wild-type Sup35NM amyloid, S17R mutant in which serine-17 was replaced with arginine
adopted a C-terminal amyloid core region in the prion domain. A variety of solution NMR
measurements of Sup35NM revealed that exposed asparagine residues play critical roles in
determination of amyloid core regions. Remarkably, intrinsically disordered Sup35NM formed
compact local structures, which regulate self-intermolecular interactions that are required for
initiation of amyloid formation. These results demonstrate that local compact structures of
Sup35NM monomer despite its natively unfolding structure drastically alter amyloid
conformations. These studies highlight conformational fluctuation in monomer as a critical
target for regulation of pathologic consequences of protein aggregates.
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1-13C 7L Sup35-NM % i ’ '30-1“?0dipolza{:recouzingtim:u(ms)
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b (Fig. Ib), ¥ A A~XZ k)L Phe-1-*C-labeled WT (®) and SI17R (o) amyloids formed at

DT —F & XFFTHRMENFTFL  4C

**C NMR signal

U\W' “\

— 143 —



ni-,

FIZWT £/ ~—ZSITR 7 FELY—FRKELTHWSZ & T, SITR 17 3
BA Ra7ZBR L5200, MBERETCIIERES TWTI N SITREOT I n
A RER LIED Z &350 SITR 7 2 v A FiEED WT Sup35-NM 28ELY 9
LAREMED—DTH Y | WHRMEREAE S FOMEN G X0 IRICAR 22 S D
BIRENTWDEHDOEEZ BN, £ 2T, Foxld LV iEMZR Sup35-NM O, ##
OEEWMAED %, Sup35-NM (254 7%3%) "H-"NHSQC ¥ 7 /v D& %17\ \(Fig. 2
left), MK NMR | E Z k7 7=,

¥ % @ LL R O W

Fem b RIE&MET s ze e

Bl 22 X 1 5 Sup3s- 4;;..:2'3-*- . -~ .

NMA U T~—nR7 " E ' . "
TeA ROMER . . - -
FILRELHFEL g - -0
TwBILBADL g T - R
S5TWh, 22T 7 | R AL .

WT } O8S17R O % wof  3E Sy e 2E el pm
) T — RO L L E

1% 'H-1N HSQC & st || e B

— 27 BRI AT R OF oA -E N -
ﬁ’ﬂ?ﬂ@iﬁ%(STD)— Te &2 &z 88 12 T4 ?ﬁ {p;‘i] T8 TE T4 ez B8 7 7%

NMR | & (2 TR~
Too BRA R E T
'H-"SN HSQC A <%
MLVZRET S &, RIRTA Y I —TERAETIZHEV, N R A A O fgfhir o5
AP 7T ADIR T ABIE S N(Fig.2). 22084 ) I~—SFRIHEERO =
T EROTNDZ ENRHELE S NLT=, WTESITRIZ 27 OFEIRIZ K X 7@ T HE) - 72
2, SITRIZ BRI S 7NV DK TFRESLHTH Y . 4V I~ —FAEENRWT & Lk
L CTIEWZ ENRENTZ, STD-NMREIEIZE /) v — LA ) T~<w—n3359522°CT
1To72s WTESITRIZHGE L CTA Y I~—a 7 O +MHEEERANBZE S & R
12, WTTIE 2 7 ONESH], SI7TR TIXCKRmMICZNENAHEEH DD 6 L2 &
ZF R LT-(Fig. 3a), TNHIEZNTROT I oA Fa7OfEENIcHY . 7 I
RIERRICEE R RE 2oL SNDT ANRT X URENEFTLEFITITHDL Z &
b, 7IvnA RERICESTAMEERATHLZERNEZ LN,

Fig. 2. "H-"*N HSQC temperature dependent spectrum change.
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Application of carbonyl-carbonyl correlation NMR experiments with
ultra-high resolution for resonance assignments of disordered proteins
oYuichi Yoshimura" 2, Natalia V. Kulminskayal‘ 2 Frans A. A. Mulder'*>

!Interdisciplinary Nanoscience Center (iNANO), Aarhus University, Aarhus, Denmark
’Department of Chemistry, Aarhus University, Aarhus, Denmark

Sequential resonance assignment strategies are typically based on matching one or two
chemical shifts of adjacent residues, which leads to ambiguity in resonance assignments. In
particular, unambiguous resonance assignments for intrinsically disordered proteins (IDPs)
are often challenging due to high chemical shift degeneracies, as they lack a well-defined
secondary and/or tertiary structure under physiological conditions, and exist as dynamic
ensembles of interconverting structures. Since IDPs play diverse and important roles in
biology, such as transcriptional and translational regulation, membrane fusion and transport,
and cell cycle control, and IDPs are also implicated in various human disorders, it is of
significant biological relevance to study IDPs, and continuous advances in NMR techniques
are therefore necessary for their structural characterization.

We investigated the potential of using connectivities through the three-bond couplings
between sequentially adjoining *C’ nuclei (*Jec: couplings), combined with semi-constant
time chemical shift evolution, for resonance assignments of uniformly "*C, '"N-labelled
a-synuclein. The (HN)CO(CO)NH [1] and (H)N(COCO)NH [2] schemes utilize homonuclear
Hartmann—Hahn cross polarization to transfer '°C’ magnetization between neighbors. Fig.
I(a,b) illustrates sequential connectivities of *C’ and ""N" nuclei obtained by those 3D
experiments. Although the small magnitude of *Jec (about 1 Hz for disordered proteins)
requires an extended isotropic mixing period for efficient coherence transfer, a modified
phase cycled Carr—Purcell multiple pulse sequence with XY 16 supercycles (MOCCA-XY 16,
Fig. 1(c)) allows a significant reduction of relaxation loss as the magnetization is kept
longitudinal during the trajectory between the 180° pulses [3]. As shown in Fig. 2, an
extremely long (> 500 ms) mixing with the MOCCA-XY 16 sequence correlated up to seven
adjacent >C” and ""N" nuclei, which strongly lifts chemical shift degeneracy of the backbone
nuclei in IDPs. Although proline residues are often abundant in IDPs, which complicates
sequential resonance assignments of IDPs, connectivities across proline residues are also
obtained, and all the backbone 'HN, 15N”, and "C’ resonance assignments can be completed
de novo with a single pair of 3D experiments.

chemical shift degeneracy, isotropic mixing sequence, *Jc-c--coupling
OkLLDH WHINL, 72V dH < HHATHRR, SHAT LHIE—
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Figure 1. (a,b) Sequential connectivity of *C* (a) and ""N" (b) nuclei, obtained by 3D
(HN)CO(CO)NH (a) and (H)N(COCO)NH (b) experiments, respectively. The 3D
(HN)CO(CO)NH experiment provides a “diagonal” resonance (]3C,-_|) and cross resonances
(®°Ci, BCia, BC;, and °Cjiy) in the @, dimensions in the strip plot of the amide group of
residue i with the °N; (@) and 'H; (&3) frequencies, whereas the 3D (H)N(COCO)NH
experiment provides a diagonal resonance ('SN,-) and cross resonances ('SN,-_z, ISNH, 'SN;-H,
and ""Ni.,) in the @ dimensions in a strip plot of the amide group of residue i. (c) Basic
building block of MOCCA-XY 16. The RF field of the 180° pulses in MOCCA-XY 16 was set
at 8.64 kHz with a duration of the 180° pulse (d) of 57.9 us, which was determined such that
3C* nuclei experience an effective 360° rotation during each carbonyl 180° pulse. The delays
between the 180° pulses (A) were set at 500 ps. The supercycle of the phase of the RF pulse

for XY16 (¢) is: ¢= {x, y, X, ¥, ¥, X, ¥, X, =X, =V, =X, =V, =V, =X, =V, —X}.

a Vi1 T2 b 1v7

T72 ¢ d
i T AB9

(H)N({COCOJNH (H)N(COCO)NH V1 v70  (H)N(COCO)NH VIONT1  (HN)CO(COINH
V7o 107 ms 250 ms

G73

AB9

w-w«uJ \srmsmtadthsteptw el s,
130 125 120 115 110 130 125 120 115 110 130 125 120 115 110 178 177 176 175 174
'5N chemical shift /ppm ‘5N chemical shift /ppm ‘5N chemical shift /ppm ‘30 chemical shift /ppm

Figure 2. (a—c) Traces extracted from a series of 3D (H)N(COCO)NH spectra recorded at 'H
frequency of 500 MHz (11.7 T) with MOCCA-XY 16 isotropic mixing for 107 (a), 250 (b),
and 536 (c) ms. (d) A trace extracted from the 3D (HN)CO(CO)NH spectrum at 'H frequency
of 500 MHz (11.7 T) with MOCCA-XY 16 isotropic mixing for 536 ms. The chemical shifts
of "N" (@) and '"HY (@») are 124.92 ppm and 8.33 ppm, respectively, for the diagonal
resonance of V71.

References

1. Grzesiek and Bax (1997) J. Biomol. NMR, 9, 207-211.
2. Liuet al. (2000) J. Biomol. NMR, 16, 127—-138.

3. Felli et al. (2009) J. Biomol. NMR, 43, 187-196.

— 147 —



SL3_5 E{ANMRETEMIZ L S E AL P VIZEBITAS 7204
R 2 B & B H4E D fiZBR
OWjiE &' - IELEON Y VA 53EVR, Namsrai
Javkhlantugs', JTHEER®, HBREES, JIAT W' T BE FiE EE
. EH—E
BREK  BEL
2T R BBl
IRIRER BRI o & —

Amyloid fibril formation and inhibition mechanism of human calcitonin as
studied by solid state NMR and TEM.
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Human calcitonin (hCT) is a 32-amino acid peptide hormone and involved in calcium
metabolism. hCT tends to form a fibril precipitate of the same type as amyloid. Fibril
structure of hCT was examined using '°C solid state NMR spectroscopy. It turned out that
antiparallel and mixture of parallel and anti-parallel B-sheets grew at pH 7.5 and 3.3,
respectively. Kinetic analysis indicated that hCT fibrillation mechanism showed two steps
autocatalytic reaction with nucleation (k1) and elongation (k2) rate constants. hCT mutated to
Leu at the position of 16 (F16L-), 19 (F19L), and 12, 16 and 19 (TL-hCT) were examined to
reveal the role of aromatic side-chains. It turned out that aromatic residues play important role
to stabilize the fibril. The fibrillation process in HEPES solution was examined using TEM. It
turned out that HEPES stabilize spherical intermediates in the nucleation process.
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T~ — R A BT A DD-MASTE LR HERL 73 2 3~ H CP-MASTEZ R B AL, [F
— BN T~ — LR HER S D PC NMRIE B2 4Bl CTHlE L=,

[FERLZE 5]

[E{A&"C CP MAS NMRIfIlE (= X 2 #rifEtE & O e
Fig. LLWCWT-hCTIZE I 5, pH=3.3 £ pH7.5IZB W THIE L7="C DD-MAS & *C
CP-MAS NMRA X7 hVZERT, (b5 7 Ml— " REEEFBE D S hiEic BTt
G10-F22DFEIENE /) v —TlIa—~V) v 7 A% L V| BHETIIP->— MEEEZ L 5 2
EANVHIBA LT, —0, BEICBW T, £ = —IXGI0-F2DFEK Ca—~V v 7 A% &
D08, BHEIZIB WO TIEG10-A31 O fEL & G10-A26 D fEIE TR-— M2 & 25 2 i
OIRAIRRETH 5 Z L AVHIBA L7=(Fig.1), 2 DB~ — MEEIZ OV TIFASLDO[E
R 2RI TND Z &S EITR-v— k EMEATR-+— M IRAIRIEIC 72
TWAZEWRBEINT, SHIZ, FE[1-"C]Phel6, ["N]Phe19-hCTIZ 2\ T
BC-UN BB A REDORIEIZ L W MIE L, 3 AV R T L7z, ZDOfEH. Phel6
EPhel9lFp-A F 7 ¥ R T1BREFRNIAMEBICHEETHAZENHPALE, 20X
D IRWEATR-— R ETERTHE LTMDY R =2 L—3 3 V21TV, M RRICEE
AR EAE 2 R LIS g, Y22-F22(n-n), D15-F19 (n-anion), F16-K18 (n-cation)?’
WHEER CTH D Z EAVHIBA L2 (Fig,2),

Phe??C=0 Ala®" CH3 Gly'°Cc=0 Ala®® CHg

DD-MAS i e
r:ndom random ,

a-helix coil J (monomer) a-helix coil | - s P

1
B-sheet p-sheet random random
\\M«P—TSJ coil B-sheet pﬂj,j —_N'/J\\C'ﬂﬁn Fron ru:hrit;h I l BI lsI m sheet pllmr
CP-MAS
random
B-sheet Pll-’s/u/\ coil  (Fibril) pH7.5 B-sheet | BRI '.': romee pe > S
B-sheet l! l 1 }

N OFITKl N YIR T o« I|

i
mnr nems ¢ T VI
180 170 180 I

1
30 180 170 1ao : i;

CGNLSTCML(II 'TYTNDFNKF?HTFPETA1GVGA*'PNH,
- » o-helix Y22-F22 : n-n

H 7.5 ey D15-F19 : nm-anion
fibril {" N B-sheet F16-K18 : n-cation
pH3.3 Z > g

>

Fig. 1. *C DD MAS and CP MAS NMR spectra before
and after the fibril formation. Bottom part shows the
region of secondary structures.

Fig.2. Interaction ways
between peptide strands
by MD simulation
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RRAHEIE R 0D I i 3 JEE AT
PRAEZ R DR ZE L 2 CP-MASDOE 5T E 4 7' v b5 Z &2 & 0 fighr L 7=, Fig. 3
WRT K DI, BRHEIX 5 O Rpf] OB IERF D%, BIIZAERE LTV D OBEMl S i,
ZHUEFig 312”2 B H U RS ORF I TH D, Thb b BV KG Kk,)
DA NFRAE

FIG (ko) 235] % " —

@ Two Step Autocatalytic Reaction

. r k
AANE R of? o | (GPMAY) nA = A, - B, (Nucleation)
oL TCW5, ik E" k,
Bromtgre s " o A+B, = B,  (Fibriliation)
BOBT L7 TR b omososoe (DDWAS) |
P T £k % Table 1 (dt/dt) = k,(1-f) + k,af(1-f)
R, ZofR, T —mek k=S pbelieok]y
K 1Tk Z e ThX s = = = . L+ pexp[(1+ p)i]}
LN 2N nA A, B,A  B,, f: Fraction of B
BD. 70 ke a: Initial concentration of hCT

I PEASERYEIZ
TIEA TN & Fig. 3. Time course of fibril growth vs. time. Analysis in terms
AN L7, of two step autocatalytic reaction mechanism

Table 1. Kinetic parameters of the fibril formation of hCT

pH ki(S™ ka(ST™M)
WT-hCT 3.3 3.3x10° 1.0x 103
7.5 2.7x10° 2.3

[E{APC CP-MAS NMR & 0 FEI /1R EIC LD E FAALY b= DT I A P
BRI BT 2 5 HEERIL DR

E RNV b= R TH IOy F= 3 EUOFEEEZ DI b 6T
704 MR RBICIEN D E R TWS, 73 BESIE RS L. $
HNy =Tk Ay h=20 Tyrl2, Phel6, Phel9 739X T Leu (2t -
TWA, 2 C, AFETIEE ALY "=V OFFKRT I BRERLNRT I a4 i
HEF R BE L2 - 2. B BBl 2 ff 3 5 B TR 21T o 72,

B RO b= OBEERT I /8% Leu ([Tl LRE (F16L-, F19L,
TL-hCT) ZiHML L. ZHENIZHOWTT I a4 FEHERGEE &34 13C NMR ¥
XUV 227 MVRENSRIE LT-, ZOFER, ZRIKE hCT & OMHMER R H E
ZHEET 5 & AR RERR OB E ER ke BERCEEEZIT T, BENIEL 2D Z
& DV L7=(Table 2), & HICHHMEIERGEE ki 1ZiZd E D ZEOLNWZ LAV
Lizo S TFBIAHSEEIC LD . BRSSOV TR L7 R, BEIET 3/ ikl
DRHERE DL EIZHFE L TV D Z LM L-(Fig. 2), D728, F A LICE
MDD ZLICL Y, BHEEENTLEICA Y | SRR EEE RS 7D 2 & AVHIH
L7,
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Table 2. Rate constants of the fibrillation of hCT mutants

pH3.3 pH7.4
ki(s™ ka(s'M™) ki(s™) ka(s'"M)
WT-hCT 2.71x 10% 1.04 x 1073 2.79x 10°° 2.29
F16L-hCT 1.84 x 10 6.16 x 107 1.88 x 107 4,79 x 10
F19L-hCT 1.27 x 10* 1.58 x 10 7.41x 107 2.90 x 102
TL-hCT 5.38x 10° 482x 107 3.40x 10° 2.98 x 107

13C CP-MAS NMR 5 L O TEM (2 L % HEPES i o TR 2 Bkt R o &L
HEPES ¥&if 1 C hCT DM R ER 21T 72, ZOFER. VU U EEiEE R (b)),
WEBRE L (FetE) h o> hCT RBRHEZRRIZ EE R TS BEICRRHEIZ R DS < 72 5 2 & 23 BH
L7z, EHIZ, ZOHATT 2 Bt E CAERISHEEIC W T, BIBRGERE, k. 2
BHZELS 2B Z I LTz, ZORRZMEAT 5720, TEMIZ LY | $REEEGETE
BRI LT, ZFOFER, hCT % HEPES {F 1 CHRAMEIZ R S8 T- & 2 A, FOHHhERE
T, BRIVEOPREIBR S -, 512, ZORRPREERITIEEBICLIES FHmz
Hh, ZOERKPHIERORE D HBRHERTBRA N BT 2 F2BRIT 2 2 LN TE -
(Fig. 4), ZD%., Z OFHERTEAILME LT, BRFPRAEIIE AT 280880 X
iz, ZOFERIT, 2 BB CARMEERSHE TIRE L TW MR H 2 W ix P ko
EEXKEHAOLMMICLIZZ L 5 = .

T e A
DL 2BDIE, BEdH DN
X EMAAHEPES 12 X - T
ZEE ., T DFMDIE
BElc R 725 Z L AFIKA
ThdZENHBPLE, Z
DER PR DTFAEIT AR |
RTF RIZBWTHEHE
INTEL, MiEEtEom
WZ EDRGNOTUND, | —
hCTIZBWTH, ZOERR 0 days
ob [ A 23 I T v A& R
ONE S IPEHLMNZT
L2 LA HBOBETH
5o

7 days 17 days 50 days

Fig. 4 Fibril growth process of human calcitonin in HEPES
solution. Bars indicate 50 nm length.
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Development of an extended model-free analysis for
macromolecular crowding environment
OHideyasu Okamura', Naoya Tochio?, Shusei Sugiyama'?, Satoru Watanabe'?,
Isseki Yu®, Michael Feig'#, Yuji Sugita'?*, Takanori Kigawa'?¢
'RIKEN Quantitative Biology Center, RIKEN Systems and Structural Biology Center,
*Department of Biochemistry & Molecular Biology and Department of Chemistry, Michigan
State University, ‘RIKEN Theoretical Molecular Science Laboratory, SRIKEN Advanced

Institute for Computational Science, SRIKEN Innovation Center

The interior of biological cells is a crowding environment. Such macromolecular crowding
environment is significantly different from the experimental condition performed in diluted
solutions. The model-free analysis for NMR relaxation data is one of the most popular
methods for obtaining the dynamic information of proteins. However, the application of the
conventional model-free analysis to macromolecular crowding environment has proven
problematic. Here, we newly extended the model-free analysis to be applicable to

macromolecular crowding environment.

MIFANIZECE mg/ml & Wb D0 FIRMEEREIZH Y . £ 2 COEREOIRD FVT
T TRV ERBE L 1357 B TREME S B ), model-free iRMTIEIZERE XA F I 7 A%
RO MR FIED 1 D Th L0, - FIRMESE T CILEARNETHLZ L L
FLIEHR#HIN b, FxlEMED NMR fmaickBnT, EAERE S
0.4-135mg/ml & &L &, £ 5HI2x%k LT 400-900MHz O #i%t> NMR # & CHu s
U TZRERNT — & Z AR ZARAT U7 A5 5. MIRE S T OEBE S 2RO RIERES)
Z ALY 5 72 DIZIZEHAME BRI 3D L b 2 DB TH D Z L 2 Lz, s
X, ZTO®%, ZOX I RRICHISTE D X 5 ITHE L2 #H#l model-free figik% B
L. BT — 2 DT 21T > 72D T, ZORROFEMZ Aiias CHET 5,

FEANfiEHT, model-free f#ffT, 7 IRMEBRET
OBNLLOTRT, ¢bBRBe, 7&80ELwyw >N, biRXELD, oW
SHE, 520 FWTFD, TEZDIL, ERblnrDy
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Villin head peace sub domain (36aa)% 0.4 ~135 mg/ml £ T4 2% = & T, Adaik
EREE (0.4 mg/ml /0.1 mM) 755y FIRMEEREE (135 mg/ml / 32 mM) ~DZALDET L
VAT ANE LT, ZTIUDOFEFESRMFIZRT LT, 400, 600, 700 33 L TN 900 MHz NMR %
B Y. FH N Ri, R, NOE BT — X 2 4537=, BUE, STV 5H kA7
model-free iFATIE CIXH— OBESRE CRFTBITX D L 917> T aE 0, Fhx O
B LT=HiETlE, 854 C 50 2oz BERR 2 R ET 57202, T —4
DRESHRAFE D B RIEW E 72 5 O T, EE OB RE CHG LcfEmT — 2 2w
HZENHITEE o TWD, Fz, I FREOEHLGEE) I L I MNAREZEE L
BGVEDET V% JHFTH 7/ NEREENZ 1T 2 D OMBIRER 2 8> b 00 LA A b
DETNREITHHIE L TV D, Fig ] [IZA#Efrof & LT, 0.1 mM & 32 mM JREESfF
TOFRERERT, TOL T, AEERBREE & i ERIEER S Tl 2o [BlisE
B & NEREE) N CHHE AT D E WO RRBEL N TV D,

0.1mM 32mM

04 04
02 0z

0.0 00
45 50 55 &0 65 o 75 45 50 55 60 65 Ll s

Residue Number Residue Number

Fig. 1. Model-free analysis for Villin relaxation data at 0.1 and 32 mM concentrations.
The axes of rectangular coordinates (Drx, Dry and Drz) represent the principal axes of the
overall rotational diffusion tensor. Ellipsoids represent the amplitudes of the overall rotational
diffusion. Si* is the square of the generalized order parameter characterizing the amplitude of

the internal motions.
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Development of new methods to compensate distortion of quantitation
caused by difference in molecular weight (transverse relaxation time)
Hideyasu Okamura'* 2, Hiroshi Nishimura®*, Takashi Nagata', Takanori Kigawa®, Takashi
Wamnab83‘4, oMasato Katahira'*

!Institute of Advanced Energy, Kyoto University, Kyoto, Japan, ’RIKEN Quantitative Biology
Center, Yokohama, Japan, *RISH, Kyoto University, Kyoto, Japan, *CREST, JST, Tokyo,
Japan.

To determine the amounts of each component in solution is a fundamental first step to study
the solution. HSQC is one of the most powerful tools to achieve this. A week point of
quantitation with HSQC is that magnetization reduces through transverse relaxation during
INEPT and reverse INEPT periods and that the volume of a correlation peak is affected and
distorted by the molecular weight-dependent relaxation rate. Here, the method to correctly
quantify the amounts of each component was developed by combined use of HSQC and
TROSY. This method was applied to a solution that contains biomass-related components
whose molecular sizes differ largely, and the validity of the method was proved. This method
is also tolerant to other factors that distort quantitation such as either variation in 'JCH or
imperfectness of pulses.

() WiRIZE EN 584 W EOBZ M D EE. IWEOMYERFZECRIE H k0B %
2179 BT, EAMARE S TH D, HSQUEIIMEZERT 28R FIHETH DN,
SR 5, [AIEOINEPTH & reverse INEPTHIZ BT, BABIIAGRFIIZ L - THES
T 5, BEEMEEII D TEARKEWVWEZIVRVOT, GO TROWEIZ RIS LL .
AL/ NS 72> TLE D, ZOBEHSQCOME Y — 7 ORI, @ rEOYWEIZE
INSL D, ZOhERA T REAETHIMEORARICX L TiX, #HEEY—27 ok
oSV TYERLZER LSS, ELWLEEASG LNV, ZofEEfRRT 5
224 E], HSQCHE & TROSYHE 2 M AA b= LW ERIEZ B L=, & TE)N
REL B2 D oD, F~ AFEEYE ORI Z O FiEZ2#EH LR, E8&0
EREICTE DHENEIEEINT-, F-HSQEIZ X 2B EREZ R IEMIZT DoKX
(DR =g v 2SIV ADARERM) I L TH, REFXHIGAETH D,

WVE E &, TROSY, 734 F~ A

B O0TRT, L6 OAL, Bl L, EBxblhob, b=l
HL, OnF0bFEEE
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(FEREBE) A A~ AHEYETCHDL ) V= 2 8KE H— FF > (Fig. 1) ZDMSO
RIS ENVEEIR L=, 2 OWRIKOHSQCARZ M RIEL, V7= 2 &K+
LAY —271-4L 1— RT7 BT 2HBEE—29-1204% % OIRREZ 51 L7,
V7=V 2 BIKIZET A E—27 OFHEE 1 ITHB L L7-bD%Fig. 2EITRT, B
— R 03) V=2 2 BRKIZHARTOFENIDDICKE WS, BEEREE N HE W,
Z DA INEPTHI & reverse INEPTHIZ BWTH— R OBHMEIZ L W 5T L. FOF5HR
FIR B — 27 DIRFEN R 0 /&L A>T LE D CEMIME0. 671), = D ZAHSQCOFHBI &
— 7 DIERFEIZIESN T, WHEHORLZEHICIET HHITTE AR,

TROSYIEIZ IR \WTIE, 7 b a o DOEFIRIERUCHz L 1 — 7R 2 D E &R AEREAL C2D 1
F, MY — 2 IcHET 5, FiECBWTT e b oHskRo ki, INEPTH] & SP2-PT
H DOl 7 TREFERIC X » THAL G5 28, — i —R ko bix, SP2-PTH
TOHRBFEMIZ L > TRALD WSS T 5, - T e b HEDOTROSYFEE—2 &4
— 7R R OTROSYFHBY & — 27 D58 D LLh> 6, INEPTHIZ 351 2 b o wiss &l B
THHEREBET2ENTEDH, ZOFRICES O THSQCOFB v — 7 ORFE % fiiE
LS %Fig. 2HIRT, I— FI BT 2B — 7 OFERR L TREL 2
. V7=V T 2B Y — 7 R & KE SIS 720 CEEE0. 989), -
TZOMIEZ b U7 2 VAU, 201 (BERE R AR < B 2WEICE L
T, FOREEZIEHRICRET HHENTE 5, CH50H
o DIEERC R Y | Bl 13 A~ ABEWEICH L 01
TIE, 115 Hz 726 175 Hz BEDOANY =—2a Uind 5, 'Jy Zlﬁo- (\9
ORI U T, INEPT $I& O reverse INEPT #2351 2 Ré(L0D 0. g -<in
T VAT 7 —hRITEAF LTRAL ORI AL . £ DOFE R N
BE— 2 ORMNEEL%Z T 5, ZOELWEO RO i >

HO < 0/@4
1 594

0]

WEAIT 5, AREIE, INEPT #] & reverse INEPT HilZF51T 5

AL DOWEIIIZEE L, 2z g & Z 3 RIRICBER e < HE B —

7 DEFEEMIETE 2D T, ", PN RE S B2 5WEIZH 3 o d
LCh. ERERRLERETIHENRTE D, o |

INEPT #1235\ T °C 180° /LRI X % "CBMEDO R34 Fig. 1 Molecular
Ty MUEFELTRERTHIHAICH, HEE—2 Off§ix  structures  of a
WML TS5, KREEZO L D REAIC LB AAHIEY 5 X, gﬁgdf‘}ignin(“g;f;g
R ZIEMICIREST 2HFNTE D, (lower)

1.4
1.2
1.0
0.8
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0.2
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1 2 3 4 9 10 11 12 1 2 3 4 9 10 11 12

Fig. 2 The volumes of each 'H-""C HSQC correlation peak; 1-4 for a lignin dimer and 9-12
for a curdlan. The volumes are normalized so that the average of peaks 1-4 is 1. Left; no
calibration, right; calibrated with information derived from TROSY
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L3_9 Theoretical calculation of 'H/'*C NMR shifts indicative of salt
bridge between methylated Lys and CO; group of Asp or Glu
residues in proteins

Jakub Sebera', Yoshikazu Hattori?, Yoshiyuki, Tanaka’, Chojiro Kojimaz,
and Vladimir Sychrovsky!

I Institute of Organic Chemistry and Biochemistry, Academy of Sciences of
the Czech Republic, Flemingovo n. 2, 16610, Prague, Czech Republic,
E-mail : viadimir.sychrovsky@uochb.cas.cz

2 Institute of Protein Research, Osaka, Osaka University, Japan
3 Graduate School of Pharmaceutical Sciences, Tohoku University, Japan

The measurements of 'H and 'C NMR shifts of methyl groups of methylated Lys
residues in Ubiquitin, Thioredoxin and FKBP12 protein indicated their dependence on
distance between Lys head group and CO; group of neighboring Asp or Glu residues. The
measured 'H NMR shifts of methyl groups decreased by ca 0.2 ppm and '*C NMR shifts
decreased by ca 0.4 ppm when distance between terminal Ne nitrogen of lysine and CO;
group was smaller than ca 5 A. The observed behavior of 'H and '*C NMR shifts could be
therefore indicative of salt bridge between methyl groups at lysine and CO> group at Asp or
Glu. In this work we confirmed the assumption of salt bridge by theoretical calculations of 'H

and 3C NMR shift.

The initial geometries of pairs of amino acids consisting of Lys and Asp or Glu
residues were extracted from original crystallographic structures with the PDB ID 1D7J,
1UBQ, and 2TRX. Two methyl groups were added to the Ne nitrogen of Lys residues to
comply with experimental structures because the original x-ray structures contained non-
methylated Lys residues. The rotation of head group of Lys was sampled because actual
mutual orientation of methylated head group of Lys residues with respect to CO> group of
Asp or Glu was unknown. Three starting structures with head group of Lys rotated by 120°
were prepared for each of amino acid pairs. The geometries of amino acids in pairs were than
optimized: the head group of lysine (except Ne nitrogen) and all hydrogen atoms added to x-
ray structure were optimized freely keeping the rest of atoms fixed in their x-ray geometries.
The calculated geometry of amino acid pair with lowest energy was employed in subsequent
calculations of NMR parameters. The '"H and '3C NMR shifts were calculated as NMR

shielding of respective atom calculated in Lys monomer that was extracted from amino acid
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pair minus NMR shielding of the same atom calculated in amino acid pair. The Adx and Adc
NMR shifts thus described the effect of presence of CO2 group in neighborhood of Lys
residues. The 'H NMR shielding was calculated as average value of six NMR shieldings
calculated for hydrogen atoms of two methyl groups at Ne nitrogen of Lys. The *C NMR
shielding was calculated accordingly. The B3LYP method and 6-311++G** basis set
including CPCM model of water solvent was employed both in geometry optimizations and

NMR calculations.

The majority of '"H NMR shifts calculated in amino acid pairs decreased by ca 0.2
ppm upon close contact of Lys head group to CO2 group of Asp or Glu residues. The trend
that was observed experimentally was thus calculated with large statistical significance
(Figure 1). Only the '"H NMR shifts of Lys 73 residue of FKBP12 and Lys 11 of Ubiquitin
increased when distance between Ne nitrogen of Lys and CO, group was close to 4 A (Figure
1). The Adc shifts calculated for the two residues also did not correspond to experimental
trend (data not shown). A closer look unveiled the Ady shifts calculated for three conformers
describing rotation of Lys 73 head group differed significantly: 0.35 ppm, -0.03 ppm, and
0.48 ppm while the respective energies of these conformers differed less than 1.7 kcal mol ™.
Similar situation occurred also for the Lys 11 residue of Ubiquitin. The sampling of
conformers employing one structure that was derived employing original x-ray structures of
non-metlylated proteins seemed to be insufficient in these cases. Large variation of the
calculated 'H NMR shifts was combined with relatively close energies of Lys conformers.
The reliable x-ray structure of the three proteins containg methylated Lys residues would
apparently improve the sampling of structures and subsequent NMR modeling. In any case,
only the two pairs of amino acids out of 23 pairs extracted from three different proteins did

not described the experimental trend correctly.
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Figure 1. The dependence of 'H NMR shifts on distance between Ne nitrogen of Lys and CO»
group of Asp or Glu residues calculated in Lys — Asp and Lys — Glu amino acid pairs
extracted from Ubiquitin, Thioredoxin and FKBP12 protein. The dashed line indicates the
trend of 'H NMR shifts owing to salt bridge formation that occurs when amino acid residues

get closer than ca 4 A.

To summarize, the 'H and '3C NMR shifts of methylated lysine can be used for detection of
the salt bridge involving methyl group at Lys and CO; group at Asp or Glu residues of
proteins. The structural interpretation of original NMR experimental data by means of
theoretical calculations confirmed the assumption of decreasing trend of 'H and '*C NMR
shifts upon salt bridge formation. The NMR detection of salt bridge can be employed as new

structural constraint in NMR studies of proteins.
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Study on 3D structure and dynamics of glycans using ’C selective HMBC
Olun Uzawau, Masaki Katol, Hiroko Seki2, Hyuma Masuz, Y oshiki Yamaguchi1
'Structural Glycobiology Team, RIKEN, *Center for Analytical Instrumentation,
Chiba University

Abstracts

"Jeu scalar couplings across sugar residues are one of the important NMR parameters for
the analysis of dihedral angles. In this presentation, we report an NMR analysis of three
model glycans including a pair of sialoglycans. A novel pulse program, "°C selective HMBC,
was developed and applied to these model glycans. In the measurement, we focused on
quaternary carbon (Neu-2), which is characteristic of sialic acid. We could estimate the
inter-residue "Jc.y coupling constants in a reasonable time. Further, we found that the
conformation of the sialic acid linkage differs depending on the type of NeuAc-connecting
sugar, GalNAc or GlcNAc.

ETN
Ei)

NMR T & 2 SR & ORF I3 KIAIR P IC B D LRG3 7 AT 5
EMAFRFIC/OEND EVNIBNZFEERF>TWS, C-H AEHEER (Jen
) W $HEEBR/NNTA—=FD—DThH%, Jenlliztssd HR-HMBC IEIFREE S I2L > T
BRI N-ARBHEETH D D, HEIL. Glucose 3 BEX D 72550k (1)% WL CH
EL, WERZEBEEFS 2014 ERBITBVWTHE Lz, SEIE. KD ERFTOH
EMERE & BN D BC selective HMBC £ D /X)L A RHI 2 BIFE - Miat U7z, BEsEEERE
WCBWTEEL S 7 OO —D Gal-p(1-3)[NeuSAc-0(2-6)] GalNAc-p-pNP (2)% £
IVARBEE LT, & NMR %2 W THlHE OMEMRITE2fT o 721, PC selective
HR-HMBC {£IC & D ey i Z1577, FG-SIMBA {£2ZHWN5 Z EI2L D, Yoy ITBET
5IEmE S SRR THEZ, ZNS5ORRZREIC, 2 TEINFEDEOE THREL
TAERZMET D, WEKEHEICK 2% (GalNAc & GIeNAc DEW) ZfETd 572
D, Gal-p(1-3)[NeuSAc-a(2-6)]|GIcNAc-B-pNP ) DWW T HfEiiHh Th 5,

F — 17 — R:HR-HMBC, "C selective HMBC, 415
OI8bULwwh, MEIFIX, HX0VAZ, FT0wIE, RECHILE
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Figure 1. Pulse sequences of °C selective HMBC.
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Figure 2. HR-HMBC spectra of (1). L7z, 0lZDWTld DPFGSE-SPT- Diff”
34 mg/0.5 ml.f2;4 K,8 ppm. £1;512,100 ppm. #HIEN SN MEREZIHAL 2. £,
25°C. 12 hour. fl,2 Hrryoozra AT MUC

5 HITo7m, U LEOHEEZET,
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K 0 CTHIE AT EE/R HR-HMBC-CV B2k D ) O 2175 77,
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Figure 3. HR-HMBC-CV spectra of (2). (a);Neu-C2 and GalNAc-H-6 correlation, (b);Neu-C2
and Neu-H-3ax,eq correlation. 10 mg/0.15 ml. 2;2 K,6 ppm. f1;32,12 ppm. 15°C .4 hour.

Neu-2 H—HRADOHBIL, WS DONDTTIVEBEAILEYIZH@ML T, HEAIC
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Figure 4. FG-SIMBA spectra of (2) and (3). 15°C. (a):(2);10 mg/0.15 ml, £2; 2 K,128 scan,5
min for each spectrum. (b):(3);4 mg/0.15 ml, f2; 2 K,256 scan,10 min for each spectrum.

Power spectrum mode.
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L3-11 [\V/Hg NMRASKIZE HKBEN LI-FI-FI Y
BEXDIBERE S L UVEFIREEN
O, KGR, AT, MARZP, /N, BEFIE,
Vladimir Sychrovsky®, V2IEF7Hk?
VAL RBESE, 2K -+ B A, AR T, CERAE, THURERRER, T
N L

Structure determination and electronic structure of Hg"-mediated T-T
base-pair in DNA duplex with "N/"’Hg NMR spectroscopy

OYoshiyuki Tanaka' , Takenori Dairakul, Kyoko Firuitaz, Itaru Okamoto“, Akira On03,
Hidetaka Torigoe’, Vladimir Sychrovsky®, Chojiro Kojima®

! Graduate School of Pharmaceutical Sciences, Tohoku University, “Institute for Protein
Research, Osaka University, *Faculty of Engineering, Kanagawa University, *RIKEN,
’Faculty of Science, Tokyo University of Science, *Academy of Sciences of the Czech Republic

In order to determine structures of metal-complexes in solution and coordination-
geometries in biomolecules, observations of heteronuclear NMR signals from coordinating
atoms and metal centers are indispensable. In this presentation, we report a structure of
Hg"-mediated T-T base-pairs (T-Hg"-T) in a DNA duplex.

We observed 2-bond '"N-""N J-coupling across Hg", 2J(*°N,'°N), and N3-Hg"-N3 linkages
in the T-Hg"-T base-pairs were identified. We further observed 1-bond '*’Hg-'"N J-coupling,
'J(*Hg,"N) for a thymidine-Hg"-thymidine complex in DMSO, and its value was found to
be huge (1050 Hz). This is the largest 'J('*’Hg,'°N) value which was observed so far (3 times
as large as the pre-existing value). From this result, we experimentally demonstrated that
J(*Hg,""N) values intrinsically possess quite a wide range of 'J(**’Hg,"’N) values.

&R SE IR DOVRIEAEE R L OVEMRSG TN O & B EANHEE O 2J(15N, 15N) = 2.4Hz
PRI 1T, FNLELO~T 15T ONMR ALY RV OB >_4°/\°)\_<
PR TEH B, Al KEA Ao %5 LI=T-THiHE / N—Hg'—N ¥

(T-Hg'-T) OALFMEREEZET 5, BRI, ZOL I 7% ﬂﬁ; gmh
GIRA A B LIHIERT O 2 & % A 5 OISR EDFOY, A T (159Hg oK) = 1050 He
X aiixt # E0DNAS T D2 L& A X uDNAL ST & . . _
o35, Figure 1 T-Hg -T base-pair

A AT PN T S A A LZZDNAZE S A T2 Tl L
Too IANE D F 2 U H RN PNAER S LTV A DNA 8 58 A% 1 Tld. Hg* & DNA
CTHLEASTOBEABIEEIEC, AWML (N3) O 7 FANRKBRFE2 L7z
PN-PN J-coupling CJ(°N,"N)) (2 & v “EHUTHZE L 7= (Figure 1) ', Z OEFDOZJ(PN,N)
1324 HzCTH -7 (Figure 1) ', Z O X 5 IERKESF (DNADT) FIZHWT,

ZNMRIGIE, @B, A Z o HgHx)

Ol LeE, FOoL o, 550 xr95Z, BhbiWnWr=s, Bob
x5, LVIZZOTEN, Y 7u72F%— 753VI—)L, ZLELEILAD
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TV U-HS A REY L E LT, 1100 1750 -1800 -1850
(LFAREIRE X DTdIT, KA A DAY Oty (ppm)

B F U NAIED LT T, v, A Hsysttt Figure 2. Mercury-199 NMR spectrum
(DMSO) 1z T'"Hg NMR#}lIE % 1T~ 7=,

FOFER, PHgY VT ANPNEE L DJ-F v 7Y 7 (U(PHE,PN)) TEEBITHY
U KB LT oo0F 2 VHEENES L TWD Z ERbho 7= (Figure 2) .
72 B AR (P HE, PNYEIZ1050 Hz & W 5 ERARMECTh - 72, @BEICER S -k
'J("°Hg, PN)fiE73395.5 Hz (EDATHZIACYDTA L H" D EK) Thol-Z Lhbd
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TWE L P X VRREBRIZIENW T E N ERMITRENT,

F BRI LV L S - T-He - TH 3% 3 X O (Me;Si)oN ] HgdE (4>
J("Hg, PN) DB IR BRI A2 B — 8 AR L2 (CyDTA-Hg"#8 &k o R 3ok iE
DI=%) , Lo LI Hg, "Ny @ 12 =6 L FREZ 220 7= (P Hg, PN)fiE
DED LD 7etlERF (ERIFEFOPLERMRES) BT E2@EMmTE 512X
Eo TR,

%12, T-He"-THE ST RIS E 9 F 2 N3O PN Y 7 MEZENL (30 ppm DR
W7 M) L’_Ol{\fﬁﬁﬂ‘%’)o ISN*/}(U)I&@&E#( (Ul:’aN) I oisn =0p + op «t%éﬂ\
HWIWF SO _S>OIENGR5 (op: KEEMEE = @i 7 MHE; op: WREMER =
(&R 7 FIE) 5, 7 u b LA OBFETIE— % IT|op| << |op| THY . (LT b
I Xlop[iIc K& HKTEL T D, |op| « 1/|4E| (AENTRIERZE » OFEF O T bt = %
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Elop| DTG N R E L R VIR > 7 b4 575, T-He-THiJE% Tk, N3-Hg"-N3#k
BOIEA G4 (N3:” Hg® "N3) 2%£ 25, 2 2 CRABMIZA Uz o — <7 HN3-H
fEe (N3 HY) ou—r7 Xk Lod 0 (= N3-HgfEA23N3-HiS A L 0 A 4
UPEREY) EEXDH LT, KBS Y T FRBRBTE DS (~TukFy T MEE
NEDOFEIRFEEE) . Z D X 9 IZ~T T EDONMRT — # [ L8R DAL FAEE R E DI TR <,
BIREMNTCET 2T — 252525 Z L ofigo 7=,
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Magnetic Relaxation of Water Protons in Fumed silica/Water Coexisting
System

oHideshi Maki', Ren Sogawa', Ryo Murakami’, Masahiro Yamamoto®, Minoru Mizuhata'
'Graduate School of Engineering, Kobe University, Hyogo, Japan
’Department of Chemistry of Functional Molecules, Konan University, Hyogo, Japan

“Dry water” is the solid/liquid coexisting system with hydrophobic interface. In this study, we
investigated the water molecular behavior of dispersion in the dry water by 'H NMR and Raman
spectroscopy. 'H NMR result indicated that the dry water signals were broader and shifted to lower
magnetic field than that of bulk phase. This result shows that water molecular mobility in the dry
water was more reduced than in bulk phase. It is noteworthy that the detected amount of water
molecules which estimated by the integral intensities of '"H NMR signals is decreased with an increase
of the actual amount of water molecules. Raman spectroscopy suggested solid-liquid interfacial
adsorption of silica at low water fraction. There results suggested that the water molecules in the dry
water were stabilized by silica with hydrophobic interaction.

(5]

b A & K & T IEM AR T A BRI RISV CE, BHEEHFICE
T DA OZEE D EA I D O EE ST, A A OG- E RIS DX
(b7 &, Ny LR RPMEERTZ ERRESATWDY, EiERE TOWRIMSY
FOEE®Z D Z L E, BEEEFRICBIT 2WEBEEIRR 2T 5 L THEHETH D,
BUKMEZ AT HEMHEPIERT 5 B IAER & i U<, UKL A3 2 EHEP KT
% BT A REBIT A Ze v, ARBFSE T D Dry waterl LB % 5 S W72 AR
U iR ORBEHH TRV X—%2 (T S5 720K IS L il E >V
AR ERIZAET 5 Z & TEONENZ L BEOIRIKE G 72 ) b EAE um O
ERER LI b DO THDHY, AFFZETIE, BUkMEREICNE S 7-Dry waterH 0K
Oy FROEMRE R O B8 2 'H NMR A7 h LR 3B L ORAEFIEERE, 7~
VA EEE PIITRRE 21TV, K FROEME DA MER 21T 28, BIW
Z DWW RIKAFEIC DWW T B R AT o 7=, FIRFIZ, BIAKMEEM VY 7 &2 KB L OE
IR — DS T-R L bLITo T2,

[ 35 1k]

KN BKPEZEMES ) B 2SS wit% S Lz v A ROz s U, = O4 a2 ik
¥R L CDry waterZ{ER U7z, K ZBRZE L7zDry wateralfHH OPNELK O HE RS 3313
TGRIFEIZE V0934 ThoT=, ZOREINLIRFEFE SR, fiv. ZHD S 572013
Z HIRI S TR 7 I SR ZER R S CNEUKE R S8, BB &7, —F, BUKIE
ERNMR, [EiE 5, BEKEER

OF& OTL, £ A, Lok D r o, RELE L3005, ATIEHL
HD D
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B Y 73 Z AKITHE o0 S TR O ERL L | [ARRICA 2 B L S CHRIE 21T o 7o,
NMRBIERE, #EE v > 7 BB CRBEOIRS Z8E T 2 7= D[Rl — & 7 VE 2
VN, Varian Unity INOVA 40012 CHIE %17 > 7=, RIEIZEREIEE, RHIEIZCPMG
HBIZ L VT o7z, DR T HEERESRFI 8L A O Xigo nanotoolsth:#Acorn area f\ 7=
R\, RoFEFH L E %247 - 72,
[FER & B4
% fu\ZH31T D Dry water 33 K OVK — BUKMEZNES U B H0HERO 'THNMR A7 bV
PV K E AR E L EREE L, BT 0K F OMEEEIL AL 7 REEX D b
KFT5Z EnBHLMER-5T=, Figl (2 Dry water sVEHZ DU TS S f s & 4 v
7-7E® NMR (gQNMR) f#¥r 217> 7= f R r Lz, o883 "HQNMR 12X > T
HIEZNOKPN R SNTGE 2 RT D, f DE WS B W) TR F O R
METFLTWD Z ENRyio Tz, Dry water WIZKNBERICTHFET D856 BKMELME
U IR ENCBOKMEEEAER B S ITER T 5 2 L CHARMERmOX Yy hT—2
RG2S R v, B mEIZ BT 2K FOESENME T T 5 B2 615, flixd
SulZHBIF D Dry water iEtD T < AT MVOD B — 7 53Rt 21T > TR H. @& fy
T CIIKk O OH X E — RIZJE S5 3200 em™ & 3450 em™ (L0 B — 7 [
PR AL 7 KEFE L TW=DIlZxt LT, o METT51EE, Ko FROKEREE
([ZIFJE S A5 Out of phase (ZHEEKIT 5 3450 cm™ T D B — 27 3 RBBE K L=, EHIC
K —BUKMEZENE S ) W ECRTIL, BKEBORNNCHE > T T 895 —77, Dry water
REFCIE, BARIURLTIZEAE—ETH-T- (Fig2), TN DA £ fEkiCBIT 5
K —BRARPEZENES Y D OMBEER OB K ZE% L, Lo 'H gNMR fi#tr 2 X4
HIERTH D,
X B IZBIARMZEME S Y B % 1.0 mol- L' LiCIO, KIEHRICY) — i S ¥ 72 R Tl Ak
REBLSED LK FITH U TEMED R 82 RT3 & BT U A 2358
R Z RIETHEBENGFET D2 ERHLNICR T,
ABFFEIL CRESTIST 7’0 o= 7 MIFZERRIR [0 /L 3 — @b 3R H oo 7= 8b oA i
B oxiitbiiz,
(51 k]
1) M. Mizuhata, et al., J. Mol. Lig., 1999, 83, 179
2) R. Murakami, et al., Adv. Mater., 2012, 24, 767
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NMR parameter estimation of lithium borate glass by combining ab initio
molecular dynamics and GIPAW calculation

O Takahiro Ohkubo®, Yasuhiko Iwadate!, Eiji Tsuchida?

L Graduate School of Engineering, Chiba University, Japan

2 National Institute of Advanced Industrial Science and Technology (AIST), Japan

An atomic structure of a molten 0.3Li,0-0.7B,0; glass melt at 1250 K has been
investigated by using ab initio molecular dynamics (abMD) simulation. The GIPAW
calculation was applied to the structures of 500 snapshots, which were obtained from
each time-steps of abMD calculation. Obtained chemical shifts and quadrupole coupling
constants were analayzed into detailed classification of B units, which was identified
based on number of bonding bridging oxygen and coordination number. We discuss a
possibility of discrimination with these structural units by means of NMR parameters.

[#EE]

RN 7 AHD B ISR HEARAZR L, SNETKAVES 7 ZAD[EE 1B NMR
2 & DREEMBT DL HREIN TS, FYBY 7 ADRFTEEMRTICEE LB NMR O
HREDSR#HRS D S, "BOT I AL 7 b (6) EVIBFREAEE (Co) &, #9
FH D B-O &K O-B-O faAOHMEICHKT 280w afiz b > TE D, dik & Cg
DEED» 722840 % BEE L BN T CHER 3 5 2 & 288 L v, V4R, WIS o F o
JEBH U 72 BB B BB % 5. 2 T biso 2 HEXE T % Gauge Including Projector Augmented
Waves(GIPAW) ¥£1%, B 5 dio Z PHIT 2581y — NV & L THEI LTV 5, 1L
Y777 AMERC & IS T B I 2EEHE (MD) TERK L 72 R P& I 50w T GIPAW G %
7w, EHIL 72 NMR AR7 bV ORE 2 bR R 2179 MD-GIPAW Ik 57 70 —F
DL S G I T 5, GIPAW FHEIE, BAEDFHHEEER T LWEEHEFOR %
WRELRLEIEDBRATH S, ko T, MD-GIPAW (Z X 2 #dEfbTix. RS il
S5l S4B o & Co KA ABBED MM ZEAL TARZ bUARY -2 S 2
L—a vy FEN-RNIITONTWS, L L, HEETDLE—D2DiE» 6/ 56
N5 biso & Cg ¥, MEOHMEDRE AT ARy M7 =7 HEDTXTEHIL LY %2
AHEME D & 2 EIEHAL2TO NMR 287 XA —% Z5FHili L Tw 3 13 wilio, KifETlid,
VF I LRI T ABMAE NI X )RR NMR 2A_7 FLofitEZHIE L, BEE
TOR—FEESTE I E» 6B 6N 5 500 DR F v 77> a v b (ETHEE) O GIPAW
RHEZ T 2 LT, NMR 89 X = D55z AL 312 NMR A7 PV Z2#EET 5
77u—F 2 RAIDTWET S,

[:i2iiwaps 3|

FEFTRIRE L) F 9 L8 T H 7 AfEIEX, 0.3Li,0-0.7B,0, DL E L7, GIPAW
AT o R TG, BEROMIE D Tir o 72 202 KT 5% 2O % F LY T8
NEHEDL SR SN 500 MDA F v 7o ay FERRICL &, GIPAW i 1X, QE-

GIPAW, R 7B 7 A
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GIPAWS5.0.3 /8w 7 =2 Tfr\e, fifR 7 > 2 v Vi, PSLibrary0.3.1 Z {7z, 7 AL
7 P EMFE—XAY FDY 7 7 LY AR, FMEHE L dio B LD Cqp BEERIOYE TR S

A -
Ry & LR ZHERR L 72,
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UHBNMR D7 I ALy 7 DY 77 LY AE
X O f-E — % ¥ b iE, LiBO,, NaBO, £ X O
B,O, fiifd GIPAW GHHL L D 527, 206 K
D GIPAW FHE X D857z bigo 13 1.8 ppm DA,
Cq & 0.05MHz LI TIHBRft & —B L 7z, GIPAW
PoRFONT bigo & Co i3, HITAZY F T =0 %
BT %5 B & O OMfEHHGE ICE D W TaBL 7,
INETORIEET 7 ADHE LD, B ORI,
O LoFMEIZ L DY v 7 HRkD 3 Eifz (BO3ring).
VY v 7D 3 EAL (BO3nonring) ¥ & ONPUH 4
D 4 iz (BO4) Hifiz =y b & LTHISGN T
%, AWIFETIZ, B LA LT 2 QUGN R
BLOYY v IHETRKRESCHHEL ., Figure 1 128
&) BMED 7 XVAHT 217> T GIPAW 12 X
NIELNS di, BLN CQ PP, 2T,
BO3nonring /& B3Tm(m (& B IZ#5#A L T % 4246
#3%%0). BO3ring I3 Tmr(m /& B IZ#5A L T0 54
WEIEFEEL). ring ZHEEL L T 72\ BO4 13 Q4To(o
& BICHEG LT 2 & EL). ring ZHEK L <
V3 BO4 1 Q4Tpr(p i3 B 1Tk A LT v 2 4246
FE) LI UAT L7, B-O #itr R 4EE & IEGUE
BEOHEIZ, B-O OB MEARICES »Th y
b A 7 B 2.0A 2L TiTo 7,

Figure 2 %, GIPAW FHRIC X W 507 6 &
Co DEALT T L (Giso & Co @ bin i 0.1 ppm
& 0.05 MHz) % Figure 1 D7 Hif&ET7ay b L
TRz T, Oiso & CQ A ZFF>TED .
E—7 Fy ZI3EBR L DB S N D BO3ring,
BO3nonring 8 £ W BO4 @ ;50 & Cp & R 8
L7z, HHIREMHELE LT, Q4T4 D b, 13 thD
BO4 i & e U TEBESINC b 28T, E7
B3T2 @ Cg i3 B3T3 & KL Th&EWw Cg &R L
foo 2O K ) ITHEE DM 2 BIC D w T NMR
NRIRA—FZHAETE S Z ik, EFroBEons
diso ¥ Co DO 7224l L HiE & DBARR 2 ka3
ZB3CEATH %, T L & 170 ofERIcD
WTHIET 5,

SE R
1) T. Ohkubo et al., J. Phys. Chem. B, 117,
56685674 (2013)
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Figure 1: Depiction of B structure
on basis of coordination number and
bridging oxygen number. Circles of
black and gray face color are B and
O, respectvely. Circles with gray
edge color are B assigned to bottom
symbol.
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Chemical Shift/ppm
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Quadrupole coupling constant/MHz

Figure 2: Calculated ''B chemi-
cal shift distribution and quadrupole
coupling constant of each B strac-
ture.
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High-energy conformations of proteins as a new target of structural biology
oRyo Kitahara', Soichiro Kitazawa
College of Pharmaceutical Sciences, Ritsumeikan University.

Although transiently populated conformations of proteins, which have higher free energy than
the basic folded state, can be involved in their functions as well as molecular assembly,
characteristics in structure, dynamics, and thermodynamics of the high-energy states are
largely unknown. By using high-pressure NMR spectroscopy, we performed an NOE based
structural determination of the ubiquitin variant Q41N at 2500 bar, where the alternatively
folded conformation of ubiquitin is 97% populated. Because conformational changes from the
basic folded state to the alternatively folded state match changes seen on binding of ubiquitin
to the ubiquitin-activating enzyme E1, we suggest that the E1 recognition of ubiquitin occurs
by conformational selection, rather than induced-fit motion. In the case of RNA recognition
motif 1 (RRM1) of TDP-43 protein, which is a core component of ubiquitinated inclusions in
FTLD and ALS, we found time-dependent changes in chemical shifts without signal
broadening. These observations indicate an accumulation of misfolded conformation of
RRMI1. Pressure accelerated the misfolded reaction. Because the misfolded regions are
involved in the core of the RRMI-aggregates, the misfolding could trigger following
oligomerization and aggregation of RRM1. It is challenging to investigate atomic coordinates
for the misfolded conformation of RRM1 and how the misfolding of RRM1 induces
pathogenic conversion of TDP-43.

& X IR ARG B 2SR HE D [H]
RN O WTWD, mEEREBXL Y SV
HHTZ X LX—ZFokEE (B Rr/L¥—
PRAB) 1. Hr IS DS EEVBK PR JE S
BHLREERDGELHY, Z X0
DREREFEBLZ VT T < S FREEIZE D > T
LAt H 5, TF, TR X—REE
2 5FEE LT, BMOBIETZ T Thl&m
EijMR%%%& LigHhTis Y N %?:Z\\}I/f\ig Fig. 1 Solution structures of WT ubiquitin
REOMIE, F AT X7 ARLRIIFHIEHIE 7] par (N;, PDB:1D3Z) (%) and Q41N
DIEMAL L T 5D, RBEFRTIE, BESNREE  variant at 2500 bar (N,, PDB: 2RUS) (£).
ZHWEEZ 2L X —IREBO SR EE L I A
T r =T 4 TREOHRITOW TR T 5,

high-pressure NMR, high—energy state, misfolding

O XEs vxr)H, &b ZHo50WHEAH
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BN E DOSNAREIETE AL & B /VIREIIZIEOREE R & 5 72 MFEIZ LD 1%
TENEEIVKFN LT 0B VIR N S 7 fREEDNZEIL SN D, IEE & BT, KEE
WREZ )T L 7R EE, 372 b B L ERIESC RT AR EER Eom= L ¥ —
WENZEN S, RICEMERENLZELLEIND, ZD7D, @EN T THEITRILFX
—IREEZ BRI LB TENIE, T ONASEEMAT N ATRE L 725, BES FCTLE
fbanz@ xR X —REOHEEIT, FIRFETORL Tk —IEMIc & D &
BW—HZRLTWD, BlziE, 2% F 0 TIIITNERPEIEORE L, 0spATIX
/KR ASHANMRYE CHLH S 7= B E R AR ORFE L2 T4 V' F— L TIER2EE RN 45
T SN RHEE BN —E%E L TWD, D OFERIT, TSI E T CHENTTE
ETHETFNF—REOGAREBINEETNWD ETEEZ ML XRFT D,

[= &% F UL EIREE O SR & AT ]

X T U OEERED SHRICE S AR T I VBRERICLY HIERFETT
YEZZ TEARBEN, DA R A2 T1% S OB BARQUINDERUC R Zh L=t Z o7 I /g
ER LB OMAEDEICL Y, N,OSAAEE 225005 T T E THED, 3K
TENMRIFTE N -5 < ks BE 72 SEARAE EARAT (2 il L7z (Fig. 1)°, 12454 o BB 8 & 72
il D =85 i A T WIS H D < SEARAEE OREEE I, A THFIE DT RS B 2 Rig oo L,
1 5 ONMRFEHE 12 L 2 ENTRE FE 12TV, REBREOWFIZ, RO G I BT
VIR X T UAEMELEEREL EHHEERT S EE IR T A ar T A—v g vk
FRLL TWEEND, 28X F UK DEIEER ORI, FEEa ClIndar >
F A= a EPITHDL Z L ERB LT,

[TDP-43 RRMIR A A VDI R T 3 —)VF 4 7]

TDP-43134Z % » N7 B TCRNAT ut v o v VOB EZ T 505, Mg ~0 BT
FESC M B B N ~C D SRR AR T 5 23 Al 98 {1 BR 3E 28 PEAE (FTLD) M OV ZE M P40 3 0 L i
(ALS) JRRBICKIETEENER SN TW5S, TDP-433Fi > 2 DDORNARRGREF — 7
(RRM) @ 5 5D 1 DRRMLIZ DWW T, RN OERAL TR A[HIIC T I RKFEET
I REROLFEY 7 MEPREILT D FEEFA L, L5 7 ML E /R LT
FORBNCERF L TNDZ &, £ 0 A —7 OMIEICEb NN &2 X8
REIKFERH D Z D, WS TR EERIZEY I AT +—1T 0 v 7IREE
NDET7y7ENTL0 IS D, BERENEFEIZ, 200055 TOESJALERIZ XV [H
FED I AT 5 —)LT 4 REEDN B NTIERR S 7=, RRMLIE, BMLEERIR & 9 | JE
TN > TEEREZ T D08, S AT 3 —)VT 4 7T HELI., $etE o 7 58l &
BW—HZRLTWALZ END, BT RAX—REHRILII AT +—/1TF 4 7 RFE~
DESFE DN EEERTE R DB & 4 & 72 2 DR 725,

BT L —IREEEIE I A 7 4 — L RIRRED LA EERBH S 0272 D & A
REOMHDOIRR O, TNHZIERLE LI Ry F o7y ab—ya RSk
BYORRR LA AE B & LEHBERSEN T Ve —F L Alie L 725, & EJINMRE
TEDBEIZBEF LD/ 2ICETRFELTBY ., #EMT2 & 075 5 DIENRT
Ta—FNERER T BT RV IRRE AR & U T IE A T SE O R R DS B
=D,

(275 3CHk] 1. Kitahara et al. PNAS 2003, 2. Kitahara et al. Biophys. J. 2012, 3. Maeno et al.

H51EINMRF w2, 4. Kitazawa et al. Biochemistry 2013, 5. Kitazawa et al. Biochemistry
2014, 6. Shodai et al. J. Biol. Chem. 2013
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Development of the method for production of the isotope labeled tyrosine
kinase, and its application to NMR analysis of the interaction between
kinase domains required for activation of the receptor tyrosine kinase

oYoshihiro Kobashigawa'~, and Fuyuhiko Inagaki’
"Kumamoto University, Kumamoto, Japan.
’Hokkaido University, Sapporo, Japan.

Tyrosine kinases are key protein family, which play central role in cellular signal
transduction. Their aberrant activation is related to progression of cancers, thereby tyrosine
kinases are assumed to be attractive therapeutic targets. NMR is a powerful analytical tool for
drug discovery. However, use of NMR is quite limited due to difficulty in production of
isotope labeled tyrosine kinase, presumably by toxicity against E.coli. We developed a
general method for production of tyrosine kinase for NMR analysis. Using this system, we
performed NMR, cross link experiment and docking analysis to clarify transient and weak
interaction between kinase domains, which is required for initial trans-phosphorylation step
for activation of the receptor tyrosine kinase.

Furi o F—BIIF RN EOF L DY b i AEETH Y |
b MZIX 97 FENGFET 5, MlANT 7T MeED N H—L B2 NI ETH
V. ZOIEMHEITEE IR STV d, BELOTUE, BT 2GR L O RNEE(L
ERAZIITOE U TERA 2RBICEDY | Y —7 > hoEZEL—RAHS, %
REAT a7 —8id, MEs s ~0 Y T ROfEEE2/RE LT 2 &KLl
MEEZEAEDFHR IND 2 & THIEFIRN O X F—8 R A A URENEEEL, Ao

o i) %%TJ/Mmbéiikfﬁ@mﬁéo%nyy#%~?@ﬁﬁi%%~
T RAAL CHOEHEAL—T DV UL E D Hl#E S D0, £ OIRFEIZBW T,
Jagh KA A O AEERTE T TEARTHSTHY , ¥ —8 NAA U RIENHEAEEH
L. 2 BMMEEEZIRT 22 EBARARTHD, ZOFFT—8 KA AL UHOMAIEH

tyrosine kinase, isotope labeling, transphosphorylation
OZELnp XLOA, WhRE 500C
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F5 <, WENLRLOTH LD, Bl
ITEEL VW, 20O XD ekl KUHMAAE
MEEZ % ETiE NMR I3HR 72 FIET
boH, LPLRRL, Fryrxri—~F
ERIGE I L CEMEZ R T oD, &
E RN AR ORI EE L <. NMR
OFIHITRE S TWD, X KfG e S g
BN TH, MDA T v Fray
k& U TIRARIE Z B35 DIAMIIT T EN
Rinole, TDH, KIS0 S HZA  Fig. 1. The structural model calculated by
KRFry X —Foh T, IEMEL  using HADDOCK 2.1% @) software for
IL—70U U biZBi A FF—E8 KA  homo dimer of FGFR1 kinase domains
A O 2 BEREENRIRME I N TS D based on the distance restraint from the
IZIGFIRPDO AR TH B, £D7=8, 2D 2  cross-link experiment.
BEREEN T VR —RBlcBs Tt

W00, FLe RS THDONTIH LN TIERV, RIFIETIL, KIBE % H
W Z RN T v o o F T — B ORI R BB FIEOEE LT o7z, S HIT,
ZTOFEEFAL, SBERMFa X —ED 1 THDH FGFR1 DL E FRINAKIE
ka2 FH8 L. NMR, Cross Link, Docking Z#HAGHEHZ LI2L D, ZDOiEE
kv =700 VEEICEE D 5% F—8 R A A UROFEA/ER B L ONRIER 2 &S
R LTz,

Z OFER, FGFR1 O % F—E K 2 A 273 head-to-head D%t 5272 VAT 2 Beliilit %
BT 5 Z LI B leoTz (Fig. 1), F£7o. {EMEA L OVEMELL— 7 LIS b
JRWGEIR T 2 0 FMHAEAER L TWnWD Z E B 602 & 72 572, IGFIR Tl head-to-tail
T ORIFR72WOEAT 2 BARMEEZ TR L, F8AEAER EIZIETESRAL &GP by — 7T
RIS 2 Z LA LIS TEH Y  FGFR1 O 2 BFfEEIL, 2 & X8R > Tz,
BUE, oFrs =R onWTrz#ED 5 & L bic, AFFETHLN L 2o
7o 2 BIREE O AAERE AR & LIZRFAIORR ZED TN D,

References

() Wueral.,.(2008) EMBO J. 27:1985-1994.

(2) de Vries et al., (2007) Proteins: Struc. Funct. & Bioinformatic 69: 726-733.
(3) Dominguez et al., (2003). J. Am. Chem. Soc. 125: 1731-1737.
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NMR study on protein dynamics by the SAIL method

OMitsuhiro Takeda' and Masatsune Kainosho'~

!Graduate School of Science, Nagoya University, Aichi, Japan.

’Graduate School of Science and Engineering, Tokyo Metropolitan University, Tokyo, Japan.

A new NMR approach for investigating the protonation states and hydrogen exchange rates
for the side-chain amino groups of lysine (Lys) residues in proteins will be described. The
method, which was developed as a part of our efforts to obtain NMR information about the
exchangeable protons on side-chain functional groups, utilizes the isotope shifts for the
13C-chemical shifts of e-carbons, induced by deuteration of the amino groups. For this
purpose, proteins specifically labeled with [e-13C; g,e-D2]-lysine were prepared, and the
chemical shifts and line-shapes of the 1*C; signals in H20/ D20 mixtures at various ratios
were measured. Using this approach, we investigated the hydrogen exchange rates for the
amino group of Lys-15 (P! residue) of hovine pancreatic trypsin inhibitor (BPTI) in the free
and trypsin-bound states. Other aspects of this approach will also be discussed.

EHEOMSBERRIEIL, KEME., EMHAERZERT 2 FICL YV EREOEE
BRSOy ikl AR 545, ZD=H, 25 DMBEERELDIFF L ~L Ok
TETE IS SR REFH BT ZE I B W CIERICRI M E A B, Los L, FEHT I REL
TSR RER 2 7' — 7 & L7c \R AFZEIZAD 72y, 0B & L THIBHERERIC
AL hATEHT I FRICEA LD oIz 2H0 5 3HIEEKE DL
AN AER D H AL O NUR JIE TIRE BN T E 2 WEE N2 0 mnZE S
SND, 720, BERKRE ZE D AIHERERICOWTAHADL L, KEEEEZERTIH
TZDKEZHGHENIEL 720 HAEHH O NMR H7E THBMFREL 25, 2D X H 7
PEF LI = S U 7 AZHL O BV MUEH B RE L A MR AL [RE C Z AU, R E O &
VMERRIR L 725 Z LI s n 5,

T~ 1% SAIL-NMR DS HEABERE D—> LT, & 2237 BRI E RERE D /K FE AT H
DML 2D TV D, T, BREEDAZFEF-NEAZERIND Z LK
0. BEETDRFED BC-NMR ¥ 7 VIZFHR SN A RNMAERY 7 NhREFRIAT 5,
BEOK/EK(1:1) IRETREEHIC AR E TR B O fRBENE B RE I O BFE IR 2 D % 3R WIT 1BC-
e LR O E R B AR S, BC-NMR ¥ A28 LA R LT
FRFR FE D B RERE b DK /BB ALZBEENFNAR S 7 oWk v &+ T i,

SAIL. #4+37 %, 13C NMR

OrFrELESUS, D LriESoh
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BC-NMR > 7 /L350 B U TR S s A BE )3+l & SE b s iz 77
ARBH SIS, ZOX D RFENAES 7 MIREZFIH L FETREREL, Zh
F TIZ. Ser, Thr, Tyr @ OH %, Cys FRHD SH R A FEN) & LT fETIEZ B L=, Ga
1 —4)

KFERTIE, FIARFEOMT % E L (Q) o H D D
THIA T b o7 Lys BEQIgE 7 =, NI INTD N D oD
EICELUTRAT 5, Lys M7 . -

FEITE K/ BEAR(LDIRAIEBE I E LD | | |

& . NHz, NH2D, NHD2, KOV NDs DFRZHE (1) (©)
FEPEARAY 1:3:3:1 OFIA TR L72RiE L

A, T 4-oDFEMEKRD BCe-NMR > NH2D NHD2
TFIWFTAEWNALF 7 MER D | 3% NH3 ‘ . ND3

BEDKZ N U T KB/ E KT X o LA
DEABL TG, b L, TOBEN,  — —
Rk 7 MEAE DB 0.0 ppm - COEFEZTE Bes i 7 b

BE)L VBWNGS. BIERORZ Y 7T

JUSASBIEERIR S U 1:3:3:1 O 4 T )N ELA Fig. 1 (a) Equilibrating four isotopomers in a
S, BESEENH TS ES L Ene 1 mixture of H2O and D20. If hydrogen
1oL 7F e LTEBllshS, (5 exchange rate is slower than the size of
[4) 13Ces 7 F L idok FEASHGEEE |- 1o isotope shift effect, the 13Ce signals gets
BT X 2727 OB B K FEAHE resolved for the isotopomers (b), otherwise
FEORWT I R EBRNICRET 5 averaged as single averaged peak (c)

DHRE L 72 %, ERERER & LT s

MU T UBEFER BPTL B LMY 7o AR ERR L LT, b 7o IR
PR > MST YA MK S L7 Lys1s OIEET < /7 D KFRASHIEE 2 ]~ 7=,
T ITA R LTz [e-13C; g,e-Da]-lysine 1T &L V) BUEGR S 417z BPTI k2 FHV T Lysls
7 PCE-NMR ¥ 7 J )L 2 8K ARG TR TEZBINT 5 L | FRHF S 7T
MU ZUUERAIRBETIX T ERE L TR STV, M U UEICHED
1:3:3:1 O 4 WA EREET 2 FERBUIS N, ZORERIZ, Lysls Ol 7T </
FLORFMIRED S1 Ry MEMIC LD RIBIZEL 72 5 F 2R L T2,
FTo, AEETIEENAES 7 SR EZFIA L7z Bl ORI B REE IR 2 S TSR D 7]
REPEIZ OV T HRERT D,

[BEE] k) ¥ OABERITSFNRE L, BUBHRSR T R S AT FE B 28 35 L 7,
AWFFEIT, B RS B SREBAIR M & ORI SR 2 DB 2 52 1 TIT bz,

[f# 5]
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A bioreactor for NMR observation of biological events inside living cells
oNoritaka Nishidal, and Ichio Shimada'
!Gtaduate School of Pharmaceutical Sciences, The University of Tokyo, Tokyo, Japan.

in-cell NMR is a useful approach for obtaining structural information within living cells,
but the rapid increase of the dead cells has limited the usage of various NMR experiments that
require long-term measurements. To overcome this problem, we developed a novel bioreactor
system, in which fresh culture medium is supplied to cells encapsulated in thermoreversible
Mebiol gel inside the NMR tube, thereby maintaining intracellular ATP level and reducing
the dead cell population. Using the bioreactor established above, we successfully identified
the binding site of the externally introduced protein, CG1 (the microtubule-binding domain of
CLIP-170), for the endogenous microtubule based on the in-cell transferred cross saturation
(in-cell TCS) experiments.

[ BAY] in-cell NMRIEITHIIEN O L E RN ARFER, Z > 737 ' ONMR ¥ 7' )L % [EH 4%
BUL, zoMEEHREED FIETHD, T, L EELRWILMREZSE Lz
in-cell NMRYEDBA%E S 4u, M FLAIIEAN CHEERICE = 2 EMmBIR OB, MR B
TFTCTORIFEARAZ V—=2 T 8 e RGN/ SN TS, LiL, BEEOH
a2 NMREEHE NIZ Fe 18 L CTHRIE 24T 9 in-cell NMRIE T, MlaNBREE DLk &
OHHRRAE SRR A C A 720 R HAVTZEFEIN T L2SNMREH 21T 95 Z LN T 73
WEWH NS 72, & 2T, A ITMIENEREE &2 f > 7= % £ RFF Oin-cell NMR
HEZEIT O T2 DDFHNAA AV T 7 B — 2T LOBFEIT., FIFAN OGRS %
BT 2 FEOMSL % B L7Z(Ref.1), A c—Cam

[535] AAFZE Tk, NMR JIE H O a2 5 Hh A 1 (gv;ggﬁ;?m) '
MT 2o AF VT 0 2—4ELHFE LT (Figl), £
T ML & IR ATEMEO Mebiol gel LIRA L. NMR | e
P FAETIAL MRS L LT, ZO%, Ho i‘
TNVEEIHHA LT T AX Yy T —L 0 —F
OB THMAMG Lz, a4 Ry b L T&
HfEE KE LT 52 & T, BHp D AESC IR E
L. ZHEDSCIRE Y V7 R LLBRETE D,
F VU TVE EEOBRE R IE T AL — & —

- . KHela cellslimmobilized——
WX - Ts| LT, by Mei:ioll;el =

To aspirator

NMR tube-=-

- . —— - Fig.1 Schematics of  gel-
in—cell NMR, \A AV 7 7 % —, B AERFE encapsulated bioreactor system

OIZLZZDY zdy, LEREVWLE
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[F5 5L ] OFAAPNATPYE FE D FRIEFZ AL,

NAF VT 72 —Z ATl 2 BRI T
TWANTRL 725, 3P NMRIEIC X » THIAA
ATPIZHKT D 7T 28R L. & O5mEZRL)
O AE N ATPIE B O RRIRFH 28 2 T, fEkIET
HEZAT - 12356013, BAGD 530531 OFF AT

0241

o
=3

Normalized intensity
of ATPBP
e
.

o
L

NATPIXIZIE S LTz, — . ATV T 7 2 —% 04— : : :
FAUN 72 53 1 20 RIS % 5 MIILIN A TP EE 1307201 T e
BEED80%LL 1T/ TR Y | Ha B ERES|Z Fig2 Time-course of intracellular ATP
1%#]; é: MTI/ LT L b Eﬁ E’ ML f.ﬁ - f:(Fig.fl)o concentration with (black) and without

(white ) usage of the bioreactor system

QIR & X7 E OB

ARAFZETlE, BNERES X v 737 B CLIP-1T0D I/ NERE G R A A > TH HCGL (9.4
kDa) Z#UIx4 & Uiz, CGUT S MIE=E T Z v E TITBA%E L72SLO%Z v 7=l 7
fEZ i iERef.2) (22 Y, HeLa S3MIZEA L7z, MIIHNCGIONMR + 7 F V% &
JREECHIE S D728, Tle, Leu, ValOHIIH A /L3238 IR H, PCERE L 7-CG1 & 81
x5 & LC, "H-"C SOFAST-HMQCIEIZ & Din-cell NMR A2 bV OJIEEFT > 72,
FF. WERET 1 B Din-cell NMRIEIE 21T 5 & MIER OMNE _EIF2 S HIE TS
W L72CGIHERD > 7Bl ST, XA AV T 72— HOCHIE%E
ToteHaid, MEHO EHENSIXCGHTHKT DY 7 it s A CEII ST,
& o R BORBEPRTE D RO L o Tz,

Qs Efufn (TCS) ¥E%Z AV =M & o 27 B [AH AAE A O &L

NRAFVT I B —Z N5 Z & TEMEOin-cell NMREIES AIREIC R 7272 B
L72CG1 28T 5 NIEMERUINE & O AAERRAL 2 TCSIEIZ £ 0 fi#HT L7, in-cell
TCSHEBRDFKER, L77,190,192, A, [ c

V103, 1117 ICHB W CHHE iR ©
FERD Fe AN B S AL 72 (Fig.
3A), TANHOBKIEIT Gl »  Los

ARG BIZRB W T —EDH
ZIERL, S TWD
CGl OWUINEMEIEMAREL By o

—H L12(Fig. 3C), —%7, %l fos

BEOCGlZ W2 ATCS%E  gos T
BlzBW T, chboskikic 2%

(LB 2 SR R 1B S gf *ﬂ

9°(Fig. 3B). in-cell TCSERR® ~ s

ﬁﬁ&? /@Z’}‘ [N 4%‘:5'\3 E/‘j 77‘05 *B H. 'ﬁzﬁﬁ Residue numbe:h

%}i@% LTWs Z L 75)3{:1:# é hf:o Fig.3 Results of the in-cell TCS experiment

ST
(1) Kubo S., et al., Angew. Chem. Int. Ed., 52, 1208-11 (2013)
(2) Ogino S., et al., J. Am. Chem. Soc., 131, 10834-5 (2009)
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SL3 _1 0 Dissecting Oncogenic RAS Signaling by NMR

Mathew J. Smith, Mohammad Mazhab-Jafari, Zhenhao Feng,
Christopher B. Marshall, Mitsuhiko lkura*

Princess Margaret Cancer Centre and Department of Medical Biophysics, University of
Toronto, Toronto, Ontario, Canada, M5G 1L7
*mikura@uhnres.utoronto.ca

RAS proteins are frequently mutated in cancer (~25% of all human tumours) and have been
known as major drivers of tumourgenesis for decades. However, the development of clinically
effective, RAS-targeted cancer therapies has been unsuccessful, and RAS-driven cancers
remain among the most refractory to available treatments. This is largely owing to the lack of
understanding of how mutant RAS functions and alters related signaling pathways in tumours.
To overcome this, we sought to develop better functional assays for, and mechanistic insights
into oncogenic RAS-affected pathways. We employ NMR spectroscopy to study RAS
enzymatic kinetics and the underlying mechanisms of catalysis, as well as interactions with
downstream effector proteins. We have extensively used real-time NMR-based GTPase
assays we developed previously (1-3) to characterize oncogenic Ras mutations and Noonan
syndrome-derived mutations in the Ras guanine nucleotide exchange factor (GEF) Son-of-
Sevenless (SOS) expressed in mammalian cells. Our parallel and quantitative NMR assays of
RAS-effector interactions demonstrated that mutant RAS G12V alters properties of the
integrated RAS network (4). RAS is prenylated and functions on the plasma membrane, but
previous mechanistic studies were mainly carried out using a truncated, soluble form of RAS.
We employed the nanodisc technology developed by Sligar and coworkers to study
membrane-anchored RAS, which enabled us to characterize how the biological membrane
affects the structure and function of wild-type and mutant RAS. These structural and functional
characterizations of RAS by NMR may help to design new therapeutic strategies for anti-
cancer agents and diagnostic tools (Supported by CFI, CIHR, CCSRI, HSFO, and CRS).

1. Marshall CB, Ho J, Buerger C, Plevin MJ, Li GY, Li Z, Ikura M, Stambolic V. Sci Signal.
2009 Jan 27;2(55):ra3.

2. Marshall CB, Meiri D, Smith MJ, Mazhab-Jafari MT, Gasmi-Seabrook GM, Rottapel R,
Stambolic V,lkura M. Methods. 2012 Aug;57(4):473-85.

3. Smith MJ, Neel BG, lkura M. Proc Natl Acad Sci U S A. 2013 Mar 19;110(12):4574-9.

4. Smith MJ, Ikura M. Nat Chem Biol. 2014 Mar;10(3):223-30.
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Photo-induced exchange spectroscopy applied to peptide folding
oToshio Nagashimal, Keisuke Ueda', Chiaki Nishimura®, Toshio Yamazaki'

! Center for Life Science Technologies, RIKEN

Faculty of Pharmaceutical Sciences, Teikyo Heisei University

Azobenzene derivatives are used as photosensitive molecular devices utilized as polymer
material, liquid crystal, and optogenetics. A structure of azobenzene was controlled by light
irradiation, that is a conversion from trans- to cis-form by irradiating UV light and from cis-
to trans-form by irradiating blue light. The isomerization of azobenzene derivatives followed
change of distance between both the ends. We apply the distance change to force a peptide to
transform its structure. To promote photo-isomerization of azobenzene in NMR, we
developed an effective photo-reaction cell for NMR tube. Furthermore, we obtained
photo-induced exchange spectra of azobenzene-alkylated peptide.

TR R BRI, RS T

NAREL TR~ — H{dh AT =T oV

47 ATHIFEN TV, JRMALRISICE QN//NQ — Y
>C, UVIREL T transh b cis~. T 56 Blue or A QN//
Teish o trans~a] I TED, 7

RBU O, 4 OISR YR trans (E) cis (7)

iﬁ%*ﬁ%%ﬁ‘ﬁt%é}‘ ﬁ[ﬁi‘l‘iftﬁﬁﬂli Fig. 1 trans-cis isomerization of azobenzene is
DISAMBIAAIZEALEELZEMTED, £
7o BEA LI A — 2 — Tl IH LS
NTCND, ZOMEEEAL LG E 2T FROT 5 — VT 42 7 IRRE &SR H I 2 b st
D5 A AAyFELTUSHATDHIEEE 2 T,

FT SERIZRNMRIN IS D128 DIEBEREGLA T T, UVEF L L T, iR %E
AT TE, 2230 ONMROE AV VB TR EILOT W EWO B T, R4 A4
—R(LED)& 8 kL —H—(LD) % FV =, UVEJREL C365 nm LED (Thorlabs, H #fif,
T77ANAELFIREL) 100 mW), FEEIREL T, 455 nm LED (OSRAM#L, 150 mW)E7-
13450 nm LD (Z# ko UH—F, OSRAMEL 1000 mW)ZfE I L7=, XlFEHY 7 VET
DT 7 A 73 % B U CHEIREE O Z I 3572012, HFIINMREEA EEICT —7C
B E LTz, A AR T T 7 AN RIT3A— MV E Ve,

NMRWN Y S 51513, CIDNPORFFE Sy BF ThE 4 RSN TEY, A RIZEEOZnS

induced by photo-irradiation or thermal relaxation
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DFEESZIZU TR ET o7, JEROSTEIROH|RECRIS D@ ba BEL T,
WAL~ T X E (U7 UE) OFLE T 7 A NN BT D& D'V 2B L
77 450 nm 1000 mW LD @ 100 msF 5 D FRET R C cish b trans~DREEZ b A =42 &
N TELIDNT o T, 7 VAL~ 2 AD I CTIEE AV AL Z S DD+ 43 5V R
\ZBELTZ, £Z2°C, NOESY Dmixing timeDH 5y THEIEZ (LA S H ARG 52T,
TR B D NFEMAV SN Z DAL FZ A YA T NV DO B A1 T -7, Relaxation delay
T365 nmD ¥4 FSTL . mixing time T455 nm® Y& M U755 8. cisOf % transdD
ECBIT 220N TEIz, OIS FIETIE, transh > cis~D 1 )5 [A|OREE AV T
ZIZW® | FERTFRZ L PR AT L BMED T,

N AT VR VB I RO KIEET Y R P iR E R 2 myoglobin®H  helix#l 4y
DT FRIZS-TAF AL LT, XTI F R, 2EDVAT A ERET Y XBUBNEST
HZETNREED O 2T 7= BT, 7Y XU BV FHEREE S LT T
R D transiRAEDONOESY Z I & L7 G . EEHOHN-HNOHFNOENM RIS N /=Z b
a NV I AREE TR L TWDZEDR R CTE 7z, UVEIH L Coist & o 2L, 20
HN-HNOEFNOEN BRI SN2 o 72728 a ~) v 7 ANEN -2 L bR &=, 7/
RUBUFHEROMNGOEEEZE 2 DT, XTI FROEENELL TODIEDHEZLT
X770 RIT, cistEIGED D transtiis . D FVT7 7+ — IV RIRBENS 7 3 — LR BE~D JAb
FRMANRT I ERIE LT AER, WSO DTIBETT 74—V NIRREED V7 v %>
F—/LRIREED(LFL 7R TR T&7z, 2O RIS 2N ETEIIBI O ENS T +—
NT A TICT 7T a—F TEDHIHNTRY, FLWH RGO FTREME A R T2,

DC Burns, et al. Nature Protocols, 2, 251-258 (2007)
C Feldmeier, et al. Journal of Magnetic resonance, 232, 39-44 (2013)

(a) 0

pre— pr— ﬁ 12 i e g O
365nm irradiation t1 455nm irradiation . '
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Relaxation Delay t1 Mixing time 9 @ e 0
1o
U T80 3

R °

Fig.2 A pulse diagram of photo-induced exchange

B2 ato Tho EL7] T4 T To0 &80 1]

spectroscopy. (a) 365 nm light irradiation during
relaxation delay followed by 455 nm irradiation  Fig.3 Light-induced EXSY produced
during mixing time. (b) in case of light-off, the asymetric 2D spectrum. Arrows indicate

pulse diagram is normal NOESY. magnetization transfer from cis to trans.
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Broad Band WET ---a new method to observe quantitatively
minor components in foods
K. Furihata”, C. Sakuma® and M. Tashiro®

The NMR analysis of foods frequently suffers from a problem of dynamic range. In many
foodstuffs, the main components such as sugars (especially evident in fruits) are observed as
strong signals as well as water. The signals of water and sugars make the minor components
undetectable or detected with very low sensitivity due to the limitation of dynamic range.
Because in foods the information of minor components is important like major ones, it is
indispensable to suppress the strong signals of water and sugars simultaneously to detect the
minor components with high sensitivity.

In order to solve the above problem, we have developed new techniques, Broad Band WET,
for saturating a broad bandwidth. The proposed methods were applied to saturate the
resonances of water and sugars simultaneously in pineapple juice as an example, and the
quantitative ability of Broad Band WET method was systematically evaluated.

NVR O EREEI LN, DV 2 —AZDEETNR AT MABRHETE S X9
([Z7x o T, ZDORMDEEHED NIR D AR FUE, REIZED LD RN EEND
mERL, TORMOREZRT Z LMK DS, L LEED MR A7 MVITIRE
MTHHETH D720, AT ML BEEER DM TH LB TE 20, -
DR Z NMR A7 b BITEG I TE 20, £ D72 JREW DR D NR
AR AL ERDB L OMER S %, EEZEORBET 22 LFETET_L
DO NR F—% OFREO FCTEEICR D EBbhb,

IRHDOEMD NMR A7 bz IET 256 0ORBER E LT, TORKRITEAT
HY . Flo, BRMDOFETHLWEDO Y 7T NP Bl SNnND, £Dls, BK%E
saturation L CHIRVVEED > 27 /112 X U NMR @ dynamic range 23 XL S B 728,
BELSN OB By % SN K<SBUIT 5 2 LITHREEC 22 2 LA LIXLIESH D, 20
A& RS 20715 & LT AR & BED > 7 F v AR < A TR Ry 22 819
LINEBEIIIR>TWD, ZOBKENES 7T NV ERS A, ERS 289 577
& LT, Broad Band (BB)-WET i & fhat L RAFRFIR AL Z ey CEl Y,

Broad Band (BB)-WET ® PULSE %%l

1, 1201 BB-WET ([CEfR L7= 4 DL 2% (a)WETID, (b) WET-NOESY1D,
(c) Improved WET-NOESY1D, (d)BB-WET Z#/~7°, Z D 4 DD pulse |[ZX}ind D AT K
V&K 212779, Z O Broad Band (BB)— WET {£1% NOESY1D & WET ik % fHA &7z /%
VAR TH D, 2O BBWET ED XL ADFHH & LT, JHK (a)WETLD,
(b) WET-NOESY1D, (c) Improved WET-NOEST1D, (d) BB-WET D A~ ML ZR3 Z L2 X
Y . AfafiZ broad band saturation N RIREIZ/R DA T (K 2), o 7 /Wi DSS
AANNTFRYET ) —ZHALESMEORREL Lz, 2 TOREITEWT, BKO

WET, Broad Band (BB)-WET
O&LVIFErTE, S<EbEZ, =2LAALDD
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pre-saturation Z Nz 7=, (a)lX WETID & A
N7 ML TH D Y, WET-pulse 1% E-BURP % 1{#
L., 9T 90° pulse ZfHEH L, £7-
saturation #EHIX. 2. 98ppm 7> 5 5. 28ppm |2
WELTZ DY T Fidm s ) — LD AF
N T TFADES 1/3 O LN E T
saturation ¥ 5 2 &N TE7-, Lol K
> 7V pre-saturation Z#FH LT\ A
bbb Bl S, ek, AT
> IV DK K OBED saturation EL DA
7 VT 4 (a), DI L TW5, (b)IX
WET1D & NOESY1D % &AL 7= WET-NOESY1D @
AT MV TH D, Mixing time L 1. Omsec
Z#%E L7=, WET-NOESYID A7 kLTI,

WETID A7 kL EIZIZRIFREEIC, 8K & Hf
@ saturation N A[FETH o7, Mixing time
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ZEAiE vy, (o) 13k B WET-NOESY1D A2
MV TdHh D, mixing period (27212 gl-sel
90° -g2-g3-sel 90° (£)-g4d ZHALT, =
D_2@ selective-90° pulse IINZFHFEIL
DFER. 0° 7L L& 180° sV R LR

selective pulse IZ L DKEWED T 7 F 0%
HESND, TORER, O 7 F i
WET-NOESYID A-~X7 kL (b) LV iZ& 5iZ1/5
@ LEVEL ¥ CTKI§IZ saturation 52 &N
AJREIZ 72 572, (d) IX BB-WET D A~ K LT
H5, gl-sel 90° -g2-g3-sel 90° (+)-g4
pulse IZH721Z 180° pulse ZEAL7=, (c)
DANRT "L LTond Lo,

180° pulse ZE A L= TN 7LD
saturation %2 I HITE O H&EE Z -
T EAHBA LT, 2D X 92, BB-WET &I
KRR KK OBED > 7 )V 2 iR sy & W

(@) WET1D WET.

YWY |
H pre-sat(H20)
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@1 62
1 Acq(63)
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Fig.1 Pulse sequences of Broad Band WET. The thin and thick
bars represent 90° pulse and 180° pulses respectively.

saturation range

(a) WET1D

.__.}HJ A_AMM, LJMALA,JAJJA«_

(b) WET-NOESY1D
_L_J B T e P

(c) Modified NOESY1D

N ﬁ}L. K ,.,,w_:j"\ A ML\_..M Al

(d) BB-WET

. Jy FEOTI.Y MAA.A/‘J“/\__A Fandlpha
55 50 45 40 35 50 25 20 15 10 05  pom
Fig.2
"H-NMR spectra of pineapple fruit juice with a capillary
sample of DSS. The reciever gain was set 40 dB and
water presaturation was employed in all measurements.
The saturation was set in the range of 2.98-5.28 ppm.

B AHWIZENLLF DO L)L E T saturation 75 2 EBNRENT-, Z D BB-WET A2
7 RVIE, WET-1D A7 RV & i U, BT 2 ERK O > 7 F VORI TIF &
WEBEDLOLTEDEE L 7T NAORBESIEICHEARETH S, Tk, BB- WET @
mixing period MIEFIZEWTZDIZ, T IZXD VT T AREICITREL/2WEE X

Y

3 1Z1% Broad Band-WET & Conventional WET @ saturation @ profile %7~
KDY 7 F v % O T B of fset & 100Hz A7 S A2 L CHIE L7z, Selective
pulse | E-BURP- pulse Zff ] L 1175Hz (2. 35ppm) % saturation 95 X 9 IZi%kE L7=,
ZDEED selective 90° pulse E 3. 88msec THo7-, (a)Conventional WET-1D T
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I saturation i IX BB-WET & [F] U TodH D73, "
saturation 7 F/UIZEBWTIL, WET /LA

Conventional WET-1D
(eburp=3.82msec, 1175Hz)
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FEE L7= saturation #HLL FIZ saturation T e T T b T T e
SNV T FIVOZIRMEEZ KD TWNE, TS O sbmee, 117542
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2227 kL, (c)DPFGSE-1D (saturation) & < e
27 R L. (d)Conventional WET-1D 222 kL, “Sstonte| o ’L \J -
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(a) EH @ 1ID-NMR A7 FL Tl BERKA e M . J Y
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Do Z DIFD receiver gain(RGAIN) =0 Th D, ﬁE’-}fIMR spectra of pineapple fruit juice The values of
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L ethanol O 7 FIVOLDBER S N-, £

7= AR AN 5. 5~10ppm O REIER Tl EK 7 D> 7 F NV OBHIZRE TH - 7=, (b) I
NOESY1D-presat 512 X ¥ #8/Kk % saturation L7z A7 ML THD, ZDOANRT FL
TIFHEO L 7T AR B S ND D, MEKS T IV BOY 7 F VDRI TTE S
IE EDOFRE TIFEH S TuZevy, (o) 1 DPRGSE (water—gate) A% MV Th D Y,
DPFGSE (water—gate) 113 DPFGSE £ M —-gl-sel 180° —gl-g2-sel 180° —g2- sel 180°
pulse % sel 180° -Hard 180° pulse (CE XMz 7= HFIETHY . MKREBIKS 7L
D saturation {E T bH, ZDHIEEZEKIIND Tl @K EBERZPED saturation
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Pre-saturation ZEA L& 57> U HE/K%Z saturation LT 5, Selective pulse
IZ RE-BURP 2/ L. <D pulse DI 4. 1 msec TH -7z, Z DAY kL TiE Oppm
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ZH ERIFFIZ, 3. 05~5. 40ppm D THREEDFRVK EHED S 7 F )L 2 LT\ %,
DO T FE, BIRENE OV 2 OIRIREESEC XD off resonance AV TH D,
F£72, citricacid(2.52ppm) DV 7 FMITITRENDL L HIC, AV UREAEDORE RV S
F IR, J-modulation (285 ¥ 7 F LD DN LM S v, FES5RE ORI
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K& > 7=, (d)Conventional WET-1D
27 RV THD P, WET-pulse I
2. 98ppm 7> 5 5. 28ppm % saturation 95
L OICRE L7, Selective pulse X
E-BURP ZffEH L., & @ pulse DIf1}% 3.9
msec THhHholz, TDARYT FLIZEBWT,
ek L BED L T F V% saturation L7 2

BB-WET-TOCSY

<~ WET—> <— NOESY o« TOCSY —>
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Fig.5 Pulse sequences of BB- WET-TOCSY. The thin and thick bars represent
90° pulse and 180° pulses respectively, and sine shapes are E-BURP-90°
pulses. All pulses are along x unless otherwise shown.

BB-WET-saturarion

LICk, RGAINZ 40 T RIFAHZ &N
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7o, Ll BAKDOT 7T IVE+7IC /10 -
I% saturation HRTW v, £/, HED — " b .v;‘*l o |
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kAR5 bD L BbRS, (@F  axl W

BB-WET-1D ;(/\"7 ]\/I/—/C\jbéo WET_pU1se Fig.s(glg)-WET-TOCSY spectra of pineapple fruit juice

1% 2. 98ppm 7> & 5. 28ppm % saturation 4" Fx F2.= 6700 X 6700 Hz, Z?C; =512x2048
HEIITERE LT, Selective pulse I% ’ '
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BB- WET £ Tl presaturation ZfJfH L. 8K EHED saturation Z{17-o72, Z DA
7 RIVIZBWT K EHED S 71 (2. 98ppm~5. 28ppm) DFEMKAS saturation S 4L,
Lb, BEDOT T F TR WTIZWET 2327 b (d) L0 0372 IRz b 2 &n
ARE L 7o 77, F 7~ saturation L T2 W \iEesRl (0~3. 1ppm) & KRS (5. 5ppm
~10ppm) DOIRERLST D> 7 F IV PRGBS iz,

BB-WET-TOCSY A7 k)

5 &K 6 12 BB-WET-TOCSY D/ L ARH|EZD AR N )V&E7RT, BB-WET {£03
2D-NRIZIGH TED ZENEBETH D, N T T D XD RSN T LS b
D 7 F PR B SN DG TIE, MER D DIFIEEIT 912X 2D-AXT [L
DNAIE 722 T UL 72 B 720 X 6 12779 K 9 1T BB-WET-TOCSY A7 R LTIV T,
BKBLOBED L 7 F NV EIIEFITELS MDA ENTE, MERSTD 7 e A —7 %
T &x 0 EBIAITE 2, L F2 iDL 7 LBEE O TR VEIL T, Rk o
J R AE—7 OBHINARETHL Z L ER LT,

RS

AARD NMR A7 MVORERITEOK EFEO > 7T AR BIIS DT, 2D
T FNEAN NS SRS Z D 0N TH - 72, BB-WET L 38K L fED > 7 v
% [RIRFITAR < 2 BB Ry OB Z " REIC LTz, LD BEZIIE D FRECTh - 72,
F 72, T @ BB-WET {413 COSY {£X° TOCSY {EIZ BICHMN A[RETH D, ZDHiEZEISHL
AR E R Sy D> 7T NV EIRIB TEX 20D MEE 72 5,
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Effective amino acid labeling method using auxotrophic mutant E.coli
protein expression system.

oYohei Miyanoiri', Yojiro Ishida’, Mitsuhiro Takeda', Tsutomu Terauchi**, Masayori
Inouyez, and Masatsune Kainosho'”?

IStructural Biology Research Center, Graduate School of Science Nagoya University, Nagoya,
Japan.

’Center for Advanced Biotechnology and Medicine, Rutgers University — Robert Wood
Johnson Medical School, New Jersey, U.S.A.

Graduate School of Science and Engineering, Tokyo Metropolitan University, Tokyo, Japan.
ISAIL technologies, Inc, Kanagawa, Japan.

During the past several years, we have been trying to develop relaxation optimized SAIL
methods, to allow us to obtain precise information for the structures and dynamics of very
large protein particles, for which conventional SAIL methods cannot be applied. We have
already succeeded in observing and assigning the aromatic ring and aliphatic 'H-">C signals
for a 723 a.a. (82 kDa) protein, E. coli malate synthase G (MSG). To make this innovative
method available for the worldwide biological NMR community, our efforts have also been
focused on developing efficient and practical protocols to prepare proteins specifically labeled
with expensive labeled amino acids, such as SAIL amino acids. In this presentation, we report
a newly derived E. coli auxotrophic mutant for Val, Leu and Ile, which is extremely useful for
labeling proteins with these important amino acid residues for structural studies.

[FF)] Fexld, ZAvE CIOSLARBEFIFEA AR, (stereo-array isotope labeling: SAIL) i
B L, fEROEENMRIE TIEREEE ShT& iz, @i (>50kDa) EHED
FEHNLAEE OfNT FIE A BRI L T & 72, MEEOER T TIC, SR MEE %
JEAIZHIE L 72 B BISAILY X/ e DBA%E . KR OVKRIGEE & 58 8% 4 T2 @IRSAILER

WEAEOREEAR 0 ha V2B L. /0 FE82kDad Y v I A KB (malate

synthase G: MSG) (ZDWT, AF M, H&EBR KL ONSHEISE 0 HPCHBIS 7 v
IR (B L SEAREE IR E DO L AR ANOEY 7 VB EEE ICRIR T 5 Z LI
SAILIE, mi/y FREAHE, KiGEEEERR

OHRDODWND LH~, WLEXLSLAD, HTEREASVUA THIHIBD LT,
WODIZEELED, Mo LroEEOR
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R L7, AMELS T, SAIL-NMREOHEZR S GERE AL EZHEEL, 73/
e BRI E 2 I U 7 U R E 2 2 L 7= D C, 575,

|ZEBR]) lle, Leu M U'WVal FRILD B RM: %A -7 BL21(DE3) E.coli (ILV 3 KM K5 )13
P17 77— % H W =B 7P transduction) CIEHL L 7=, Ile, Leu, VallZ 37 {44 5
M 22 E RN AR, 2 Jii U7=SAILT X / EEZSAILT 7 /J a v — Xtz kL v Gk L7z
(Fig.1a,b), =45 SAIL-Ile/Leu/Valld, il & O KI5 & ILVE KM KNG EE 2 F ) T MSG
~HRY A E T2, M9/ (SAIL-le/Leu/Val, [U-*H]- 7 /L =2 — &, [PN]-H#i{k 7 >
=T A5,99.8% HK) ZHANT, HRxRERFFT CEMNEREORB &L MR LT,
Fo. 1FONTZRUB 2 K fE % IIMS AT U, R IREE Rk oA TR O A7 16 4 fife
B L7, iHL L 7=SAIL-Ile/Leu/ValFEiEMSG D A FEANMR A X7 K /LD HIFE I, cryoprobe
%435 L 7= Bruker AVIII-900 % U600 {8 i L 7=,

[7 X7 BRERMEXRBEZFIA L-RARRARY] A ECToONEL Y., @O REGEZ
FIR L7=3A. Wz 1EValikik290% UL EoESR CAMEREICRVIAEEL1-0
(2%, MO/ LS 1100 mL&>72 Y 10 mg DOValfE k2 i+ 2 ERLETH > 72, Al
BRx 2EE R AR 2 BT Lo R, ILVERMERGE ZFIH 3559 C, lle, Leuk DVal
DENEZ KIGIZI 2o, FriAH 098 % LU L0 @V VERH R C© HAYE HEIIZSAIL
T MERVIAEREDZ EICARH Lz, ERBRIC, ILVESRME R E 2 FHV T, MSG
EAEAZMARLZEZ A, 73 7 BENEZ KBIZES Loob, EHEORBERS
729 Z e, &7 X/ BER RAICHEER S - MSGRlkH &2 g - TP LTz,
NMRA X7 hUZEBWTH, MERFERR A F LT 7TV OBRSCNOEY 7 )LV %
RS LB U ERE SRR T S 3RS B Rk L 72 (Fig.1¢),

[FEdl 7 JBER () o, 260,H (c) 18

EXRBGEZFMH LI M ol T
SAILT X/ BT aUR AN ? ot 8 e e
D i B % W T (ST ’ _z| ‘.:"“ § Cone e
L. AFEICED . O pue p o teom & | el o
SAILY X/ B> i ik il wd T L. e

& RURICHIZ B M) WReT el N e

RE & 72V | SAIL-NMRi% 5 9 Yo

XV HEOEHWF 28] e o
kab—c‘ﬁﬁﬁ—d—é%ﬁ‘ 15 1.0 05 0.0
T&T=, 5%, bkx 727 ' ' "H [ppm)

2 BIZHONWT. T

Fig.1 Structure of (a) y1-Val and (b) 62-Leu. (¢) methyl TROSY
spectrum of y1-Val / 82-Leu labeled MSG, prepared from ILV
auxotrophic mutant £.coli.

Pl SR KB 1 & B RER
R L SAILZ (FH L
TW FETHD,

[3CHR] 1) Y. Miyanoiri, et al. (2013), J. Biomol. NMR, 57: 237-249
[BHEE] AWFRIIRIIE G5 FF2EB) R ORIBEE SRR 77 v h 7+ — LD
Az TiThbhE L,
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NMR Measurement of Minor Constituents in High Alcohol Concentration
Liquors

oTakashi lwashital, Noriko Nakamuraz, Shoko Mori', and Kenji Sugase]

'Bioorganic Research Institute, Suntory Foundation for Life Sciences, Osaka, Japan.

’Suntory Global Innovation Center Ltd., Osaka, Japan.

Usually, a small amount of deuterium oxide was added to the aqueous samples for the lock
system of nuclear magnetic resonance (NMR). When searching physicochemical property and
minor constituents of liquors containing high concentration alcohol such as whisky using
NMR method, it was very difficult to obtain high resolution spectra of constituents, because
the lock signal was broadened by chemical exchange between the ethanol hydroxyl group and
water. This difficulty could be avoided by use of deuterated methanol instead of deuterium
oxide for the lock substance, because the deuterated methyl group was not influenced by
exchanging between hydroxyl proton and water in the solution. This method enable us to
investigate physicochemical property and minor constituents of liquors using the stable
high-resolution NMR spectra.

[#65] R IERE (WR) ZHWTY A AXF—REBRET Va—LEEHT5H
BEOWER BT L0428 22 254, WREBOEE CHEAKEL LG
WEEZRINL, ZOEKREEFESOLGEREEZ Y 77 Lo AL LTS OY) x5
DTRFTDIVERD D, —RITKEEY > 7 MIBWTIZI0%REDEKEZMZ 5
AV, ZOENEET D, LL, VA AX—REERET V- LVEGET
HIEDHA. [FAEEICIONREDEAKZMZ D L ) —)L, HK, BAKRTOLER
B Z Y 2O ARDOERAIERORMEIZ LY EAREEFEFR7e— L
TLEW, BHOEIHT IEEND TES Rolz, R LT, MEShI-E
R AT NV OGS FREEIFEELS 720 | A7 MUV OBHINE S 28I+ 5 = &
NCERPoTz, ZOMEIINRE v 7 HIEE L TEADNKRYIZEAY 7 —LEH
W, BAY ) —VOEKFBILATFAVEOESZY 77 LA LTHWAZ EITE-
TEMET D ZENTET, Tbb, BAX ) —NVOEKFELATFLVETRERTO
W ABEREEE B L WD Ty Yy —FRESE2HF TN TE, =
NEYV 77 LU RALTHZLICL > TEWDREEDOERKILB A7 ML ELR
HE TR Tz,

[328&]) s, KEEY > 735720 L10sD EA (b5 :D0) ML Tr v

BT V3 —Vil, LR, vy v

Owb Ll »l, b OhZ, Y LxH>Z, ¥838& TJAL
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SEEED, VEOICEME ZKIENLTH IV ETHHA. WEIZKSF LR
BarTRER BRI N b o 72 & UL THEFA R EO Ky FBFIET D 72012 O VT
— HIZ5ERITM - T2 RRBIC 72 %, D728, HKFE Y — 7 OFMIEILTE 55w IR EE 2 £
DIENTED, THIZH L TRNICKEOZZ ) —/VREET D EFigure 1. (A) D
Iric7e b EEhtREBEKFESULOFRENBET DI LIRD, Thbb,
FAL10%%Z T84, HDO & EtODD 2 FifE D F /K EDIEE L CUWNTF ORI AS N TEAE
THRERD, =X ) — IV GEe/KRRY > T AZER W L10%DE A X ) —)v (b5
X CDOD) ZWIMUBEAFLEINTZATFALEOESZHNTE v 7 2HTT-54.

Figure 2. B) DO X S IC3FBOTEAFENFET HZ LD, ZDHH, =& ) —)L
BEOAY 7 =V OKEEIE L KOB T FAMBFET D03, HAX J —/LOHEK
FEA F NI ER T D0 FREBFE LRV, EHICHEAFEAFLVEDLFEY
7 MIAKEBERECK I Y 20 @BGMICHFEL, E— 27 RELRVOTESIZZOY
— iy 7 BT TEFE2E=X—T 5 LNTED,

(A) (B)
H D H CD,
O\ + /—/ + 0‘ O\ + /—/ + Q
H HO D H HO D
ﬂ 10% @ 10%

Figure 1. (A)Addition of Deuterium Oxide, (B)Addition of Deuterated Methanol

il & L CFigure 2. IZ7 /7 T —)LD60% T X / — )L %G T /KIEHEY 7 W Z10%D
HAKEMZ T
?‘ﬁ“ E L 7= % 'l%' B) 0]
L9%A L/ @_(
—NVE MMz T (o} "
HELESE Furfural
Z g L COR J l x
b, HEAKRRMO o5 %0 as

A)

e, THUEL JL TJL

T T T
75 7.0 6.5 Ppm

L

: .
7.0 65 ppm

53 R RE Y b A
S TW7ZRWD 95 90 85 g
IZ % L TH XA Figure 2. '"H-NMR (750MHz) Spectra of Furfural in 60% Ethanol
2 ) — L TClix Solution , (A)+10% D,0, (B)+9% CD,0D
AL — A
UREEIZ L AP E S R 2 D FE THREN LR > T\ 5,

(5] B CEA S ) —VOEAF NI T v 7 2T 7258 O3 @\ iRie
DAY FVBREBIL, X BIZFEMANMRERR 21T 5 A BIF R A7 hL & it
THLOEZXOND,
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p5 ErEEM#REE AL V= calbindin Do, @ in-cell NMR HI5E

OWGERE—L2, A)I[EL, mrp 12, 3F E {212, fhagkicte,
=RIESLL, A)IBZR3, Ok 2
(E KRB BE L, 2CREST/JST, 35U KPe- L, )

An in-cell NMR study of calbindin Dy in cultured human cells
(OHajime Kamoshida"z, Maho lshikawal, Takashi Tana.ka"z, Jin inoue"z,
Teppei Ikeya'*, Masaki Mishima', Masahiro Shirakawa’ and Yutaka Ito'
('Dept. of Chem., Tokyo Metropolitan Univ., “CREST/JST
3Dept. of Eng., Univ. of Kyoto)

Recent developments in in-cell NMR techniques have allowed us to study proteins in
details inside living eukaryotic cells. The lifetime of in-cell NMR sample is however
much shorter than that in culture media.

In this study, aiming at measuring 3D ftriple-resonance NMR spectra in cultured
human cells, we evaluated the life time of HeLLa and HelLa.S3 cells during in-cell NMR
experiments with/without the BIOREACTOR system. Human calbindin Dgg, which is
incorporated into the cells by using the procedure with cell penetrating peptides, was
used as the model protein.

[#=E]

WEAEFLT- B3, BREE3E I HeLa |~ calbindin Dok 8 FIE A AL, in-cell NMR
ZRESTHZET, Ml Ca2til & D& 828 L 7= 5 A d & L7 [1]. In-cell
NMR #IE Tlakk 4 2278 K05, B - a2 o7 NMR #0EHE H Ol
fan a2, £RFHEO NMR JIEZL T TWDHEEbIz, VARSI
B E A DO MLEMEN BRSNS LT > TN,

AWFZETIE, in-cell NMR Jll7E s OMfa A OHER 2 H 1912, NMR #UBHE ~Kf
iz HEAE LT 5 BIOREACTOR o 27 A[2)% V- B A 1T 7. BRANMEEL
CHeLa <° HeLa.S3 fifiaz Ay, MilaNICEATHENEAELL T, Caisa
EHHETHY, CaztD /w7 7—DETEEH-> TNDHEE 25T, Bl calbindin
Dok (80 a.a)Z M 7=,

[3£5%]
HeLa <> HeLa.S3 #ifiA iV T in-cell NMR HIETAH7-D120%, #EixHIck->T
In-cell NMR, calbindin Doy, BIOREACTOR> A7 A

OMBLTE 1XE8, Wk FHIE, 72720 72000, WodHrz LA,
W ToRW, ALE FXX, Lo £IUDA, &) pi=n

— 190 —



BA¥E X7~ cell penetrating peptides (CPPs)% % 5 ik[812- L=, FEBRIC
M5 calbindin Dok &L Tld, Prod7 58 5E12831F 5 cis-trans b 205 1F A4 R
(P47M) &, CPP t0OfEAH® C Kt Cys 783 (C80) i AL7-t 7 [calbindin
Dok(P47TM+C80) 1% vy, “ZE RN AR AT o 72,

il 7- calbindin Dgx 2 HIV TAT Hi3® CPP(CPPTAT) LihASH, D4
HeLa <° HeLa.S3 #llaNIZE AL, BIOREACTOR v A7 ALADOFVEELT 2D
1H-15N SOFAST-HMQC #|'E%179Z& T, BIOREACTOR T AT LD 5h RO Ft
ZAToT-. 7R HE OBIZIE, RIHEE R (15N i) (2 nonlinear sampling i L,
1D MaxEnt ZHf W CTARZ MLV EFREELT-.

i e - B 22 ]

CPPTAT %y /= calbindin Dex DOME~DE AN RITIEF IZ BRI T, ERED
2D 1H-15N SOFAST-HMQC A~=7 MA@l ¢x7=. BIOREACTOR ¥ A7 A% fif
I E LI AV E, In vitro THRIELT-, Mg2tiE &, CazHii &Ml A
IV ED )G, HeLa <° HeLa.S3 flid N @ calbindin Dok (3, & BHAAE. %
I Mg2HE AT THY, TDHBRIFAIC Caztif AT~ T DI ENHIAL TV,

HLZ NMR #BMEICE AL &MET, RIS T —Yefade FVCTALF R % R
HolobZA, EHFEFED 80%LL EE2HRERM]AY HeLa Mild CTidfy 6 K, HeLa.S3
FRL LXK 9 RERRIEWD RS J 72 o 7=. HeLa.S3 MifidiX (HeLa Ml 1 X ¥720) 17 ikE
IREETORERG WEETHLHI2D, ZOMWEDENAELFR (Fm) DEICEKRNTEEZEZ
5%, BIOREACTOR v A7 L% H =354, HeLa Mifid TI3AY 12 Befi] AR
) 80% WO FE R NS ST (Fig.1) . £7- HeLa.S3 Ml CIEEHICEIFFE O
NMR HiENagEL/ 2 ~7=. BIfE HeLa.S3 #fild+BIOREACTOR “ A7 AT 3D
triple-resonance NMR O EZFAA TIY, ehGEMIMN COE AE F8{ NMR
VIOl EEZ BFRL TV,

108

A , B c D E
I . . 1t R} T r
ey R 2| o b na S s &
t o i ' o R
BN PNt g A il -
(ppm) '} o e i ﬂ’?gf "é‘g: ot F';
it e, - - 1o ¥
lw:— ° LI
\25:
“__‘n----g-____g- --------- g ----------- G““é ------------- 0 9 L} [ 0 L] 7 L3 L] L 8
'H (ppm) H (ppm) "H (ppm) 'H (ppm) H (ppm)

Figl. Time course of the 2D "H-""N SOFAST-HMQC spectra of uniformly '*N-labelled calbindin Dgy(P47M+C80) in
HeLa cells by using BIORIACTOR SYSTEM. The spectra were obtained during the period of 0-152 min (A), 153-304
min (B), 305-456 min (C), 457-608min (D), 609-760 min (E) from the start of the in-cell NMR experiments.

[ 3R]
(1) Hembram, D. S. S. et al., Biophys. Biochem. Res. Comun.438, 653-659 (2013) (2) Kubo, S..
et al., Angew Chem. Intl. Ed. 51, 1-5 (2012) (3) Inomata, K. ef al., Nature 458, 106-109 (2009)
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Technological development of pCold-GST system for successful over
expression of isotopically-enriched recombinant challenging proteins.

Saori Kataoka, oToshihiko Sugiki, Kyoko Furuita, Toshimichi Fujiwara, and Chojiro Kojima.
Institute for Protein Research, Osaka University, Osaka, Japan.

Expression of sufficient amount of isotopically-enriched recombinant protein is a first
essential step toward its NMR studies. At present, many kind of recombinant protein
expression systems are available. Among them, an expression system that utilizes Escherichia
coli (E. coli) as living host cells is most widely used since it has many advantages; easy
availability and handling, rapid growth rate, wide variety of isotope labeling techniques,
powerful recombinant protein expression potential, etc. However, it remains difficult to
over-express protein which has complex disulfide bonding network, membrane proteins,
kinases. In this study, we examine better E. coli host cells which more suitable for pCold-GST
systems in an effort to over-express such challenging proteins.

R R 2 R BB O 2 E RN AR & RERBUL, T4 o0& B8 ONMRFEER
LT DA TIRONIDLELERDAT v 7 ThDH, BE, KIGEBERZIICO, BERE
RCERBMIEAEEE L RB R, BB BR R E ZROBB LN EHINTEY
FRAT IR OEREIZA DY THRA RBBLRZFEE PRIRCTE D RMITFEL IR L
TW5, TOHTH, N9 < (AT LRV, BIRGEEE N E D, B IR 20k
EMBEL LR, 22 E) | BRx IR R CHIGE AT HE Chk & 70 & E AL AR % 25 W]
BETHLF, MOBBERICH_THBL EAEORBERELZWHFEL NG, KIGHE%E
HRITEL ODHETH BIRTH D,

BMEIR T AV T 4 NEER OIS IEH 72 @ R E ORI LB HE . Z5(mlEE
EiRREAE, B (U UEMEEERR ) | BIRREMS LB S AR EOEA
B C1E, KIBERER TIIREESBOTZ LW, BB L THIEMZRE LIk
RECHRELT D Z ENRREIC R 5B B,

FrixohnEFclo, KEHFE Y oe—¥—2FH L CHMEAB 2o KEIC
BB EHHpCold Ry & — L [IRMEARHE % 7' GST & A5 ot 7-pCold-GSTR 7 ¥ — %
BHRE L., KIGEEBATREA L2 BOEAZE BRI IELZ LR LEE,
L, ZEOTANT 4 RiEG ORI B2 & AR HEH e & O R BLE A
BRI L TiL. pCold-GSTY 2T A Zx b > T L THIEBNRNEETH LA N LT,

oz 1X4 1], pCold-GST & K 1E Mk DA G W M@K L, XV
SRICHERBIE ORI A UET SRR A2 RRE LT,
pCold-GST, %7E [RNL KRR, FAHINMR

mEBhakBy, OFE &L L0Z, 5250WeExrHZ2, ALbbELAL, ZLULE
HLroLAD
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[25%]

I AVF=rFF—F TOR OD—FiTh 5 Human SAPK-interacting protein 1
(hSinl) &, GPCR class-B (ZJ@3 % PTH2R LU GLP2R @ N FKumfilask K A A
Za— R345% cDNA(HE) 2, N EN pCold-GST R/ X —D~<)LFra—=r 74
A MTHAIAAT,

ZNHD 3 FE¥EO pCold-GST A MTF 7 b, ZhEh 5 T KIGHEK
BL21(DE3)Rosetta (Novagen), ArcticExpress(DE3) (Agilent), Chaperone Competent
Cell pKJE7/BL21(DE3) (TaKaRa), Chaperone Competent Cell pGro7/BL21(DE3)
(TaKaRa), SHuffle Competent Cells (NEB) |ZIWHE#n#a L7, b= vV an
=—% M9 HiHh 10mL (ZHEE LT 37TCTHEE L. WEE 0Dy, DAY 0.5 [Z3E L7
JLUCHEE M2 OKOKIZIZ LT 10 S AUEGH L 72 ICHIRE InM @ IPTG 23N L .
lEREE 13 CT—BEEZ1To 72, HREBEOBIOA ML SDS-PAGE | THER
L7z,

[ & B 5]

AElfEtf4 & L7z hSinl XY PTH2R, GLP2R %, #EH DY AN T 4 RiEA
EHTHEABE TH S, hSinl 1L, pCold-GST T AT A% ANTH, —fA7A KIGE
HD—>Tdh % BL2L(DE3)Rosetta ZHW AT &< EAEBHNRD L)
o7, KR vz = Cpnl0 & Cpn60 % HAHYEH & LRI X5 KGEK
ArcticExpress (DE3) Z W24 6, hSinlEREORBREIIMD TZ LWEETH
~7=, LirL, ¥ <12 DnakK, DnaJ, GrpE # HAYEAE & 3B X+ 2% Chaperone
Competent Cell pKJE7/BL21(DE3)., ¥ X1’ GroES & GroEL # HAYERE & 3
Hl X% Chaperone Competent Cell pGro7/BL21(DE3). Y AN T 4 KfiaA VY AT
—¥ DsbC # HREMRE L RS E S SHuffle ZEE L LZBRIC, hSinl BEAE
DIATEEPE I IZFBLDFED BTz,

—Ji. GPCR class—B (ZJ&9 % PTH2R # KT GLP2R @ N Rimfifast K A A4 1%,
BL21 (DE3)Rosetta Z JHWZBRICIE, AR CITE AE IR DGR D I3 Al
PEB T BB Lgiho7-, L LT+ % ArcticExpress(DE3), Chaperone
Competent Cell BL21(DE3), F L UF SHuffle |ZZ5W L7-f5 5. AlaMEmES I EAE
ARBIEDLT ENTET,

ArcticExpress(DE3) 3 JUF Chaperone Competent Cell BL21(DE3) I%., pColdi A
T A EMAGDE CTRIBREFEICHT I LIV BWEREORBEEN I HIZ
WETHZ ENMESN TS, LA L pCold-GST ¥ A7 AlZ, pCold ¥ AT L%
KOBAZHBE LSO THY | HRVERBES — AR AEEEEHE THEME EIC
EOTRABOLENHDITERTEDLZ ENDMH>TWS, LrL, pCold-GST ¥
AT L HWTHRERENZ LWERE, FICAERET 21T -7 hSinl <> GPCR
class-B O L HIZ, PANT 4 REEEE2ZEETHEAEOLEIT. vy Xn Y
ANT 4 FFEGA VY AT—EBD X ITHIER Y ANVT 4 FiEEF v b U —27 O
AT AR FE LRI T ERFEICEDTHS Z LB LT,

(2% k]

1. Hayashi K and Kojima C. (2008) Protein Expr. Purif., 62:120-127

[FEE]
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NMR studies on a novel sialic acid-binding lectin mutant from the
C-terminal domain of an R-type lectin from earthworm in the sugar-free
state or in the sugar-bound states

OHikaru Hemmi', Atsushi Kuno?, Sachiko Unno?, and Jun Hir::lbalyashi3

'National Food Research Institute, National Agriculture and Food Research Organization
(NARO), Japan.

? Glycomedicine Technology Research Center, National Institute of Advanced Industrial
Science and Technology (AIST), Japan.

IResearch Center for Stem Cell Engineering, National Institute of Advanced Industrial
Science and Technology (AIST), Japan.

We tailored a novel sialic acid-binding lectin (SRC) from the C-terminal domain of an R-type
lectin from earthworm Lumbricus terrestris (EW29Ch) by natural evolution-mimicry and the
crystal structures of the sugar-free and the sugar-bound SRC have been determined. However,
the X-ray crystallographic analysis does not explain the characterization of dynamic structure
of the extended loop of subdomain y. In this study, we performed NMR studies on SRC in the
sugar-free state, the lactose-bound state, and the 6’-sialyllactose-bound state, respectively.
The NMR signals of K143-D146 in subdomain a and those of S239 and A240 in subdomain y
were almost same between the sugar-free state and the lactose-bound state, but those signals
were largely changed in the 6’-sialyllactose-bound state. Thus, the results suggest that the
crystallographically observed interactions between the sialic acid moiety of 6’-sialyllactose
and G148 or S239 of SRC occur in solution.

BEELITZ, TNET, NMRIZEADA I I AHFKRM L 7 F U CRIG KA A

(EW29Ch) O¥EfFEA A = A LITHOWTDOIFEEZITV, HFHND 2 SOFEEEE
ML OBEREBTEMED . XS BV CEEA PRI CHAEERZ TR L TWAIZHE
DO a BEREAEALA v B AL 10065 @V 2 & (1] L &5, #Buvs
TSN X AEOR S TP ATEEICERTAZ L 2WALMC L [2] . —
Ji. ZTORML I F iyt THETFEC IV SGE ST T T B EEL 7 F
> (SRC) ZAIMIL, SRCE T 7 h—AKRDR6 =T VLT b—ARLOBEAEKRDX
PG SRR 21TV, T OREER, oG oAb L FEE L, v ST S L
b, FL YT INT I F—ADT I b—ADESLTlX, EW29ChD o PEFEE

Lectin, Sialic acid, Natural evolution—mimicry
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HNLOSGE EIEE AR CHAEERZRT L L BT, YT ABOES EI3H-lc2o
DOKFFER F T RAL L ahDGI48 EHT KAA 2y D S239) BNEREND Z
LER LT, FOFHIITERENTZ2O00KEFHEEDIBLO 12, VT FAAL vy
DOHEFEGIERNDHER LD LI &M, YT RAL 2y D 1 ODNAL—TRH T KA
AV a OREERENATIE~Y 7 5 Z LIk W ATREIC A o T2 U T VIR & DK FEHE
ATHD [3], LU, ZORRNAR S T IVEEFEGE G REES A h =X L2>
WTIE I TE Ty, ZOMBHO—E L LT, 4, 77 b—AfEEKHE
W2z, EREERRE R OV 7 VEEFESH  (6°-sialyllactose) & IREET?D SRC {22\ T,
F4D NMR ¥ 7 FADIFEEITH & & BT, PN EmEEEIC X 559 FREEIC-S
WTOEHT AT T2D T, RO DFRERIZONWTHET H,

(R & B2

4la], SRC ZFHERIE T, ZE L TR S 2 Hika itz 2 Lk, kR
HET PN 7 VLR SRC % Fi#L L 7=, HEBERIE T PN T ~UL K SRC, & 1} 6-sialyllactose
Z R RN L 7= PN 5 ~ULfk SRC % FV T Bruker 4182 DRX 600MHz |2 L ¥ . 'H-""N
HSQC. "N-edited TOCSY K% U} "N-edited NORSY % #|5E L . IR HE J 18 6°-sialyllactose
FEAWRIETOESD NMR V7 F A% ZERMBTH 2 N TE, FOfE, 'H-PN
HSQC A7 MILDHMZIZHBNT, 7 FAAL » aF D K143—DI146, D162 D44 &
W161 O, RO 7 RAA >y D §239, A240 DD 'H-"N & NMR > 7 F
IV, EEEIRIE L T 7 P —ARERIRETIRZ E A LR U TH - T2h3, 6 -sialyllactose
FEARIETIX, FL LT HZ R gh o,

Wiz, 15°CT, PNEHEM (Ry, Ry, LOY{'H}-"NNOE) DOHIEZFTV ., WFHERE K
O 6’-sialyllactose fi - IREEIZ 31T 2 43 FINIEBYORFT 21T > 7=, ZTOFRER. 727 h—
AFEBWHE L RREIZ, BT R AL vy O —TFfEIE (K233—A240) 123 C{'H}-PN
NOE DfEIMEL . A TEH % EW29Ch & Hilli L THFRIEEIAE L @2 &4
Mo 7=D3, 6’-sialyllactose AR AE T D A4 A240 O {'H}-'"N NOE Ofifias, WEEERHE K
0T 7 b —AFEAIREETO {'H}-"N NOE DI L W AEICENWZ Enb, S239 Lo 7
I & DKFAECTERRIC LV 2 FNIEE 2 H S -k R L HERl S 5,

L EDFERMNE, SRC DY T KA A vy OA—TF KA, SRC ORI HESGE &
MG A W = A LRBICEETHDL Z EWRRBEIND & EHIZ, afiGENLIZBWNT
H, 77 bR EFEERKOBEOBHER SN2 LD, A% I HIZ, NMR #HW
THMCT 2D 5 T ETH 5,
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Structural basis for the stress signal transduction via MAP kinase p38a
oYuji Tokunaga', Koh Takeuchi’, Hideo Takahashi’, and Ichio Shimada®

"I Technology Research Association for Next generation natural products chemistry.
’Molecular Profiling Research Center for Drug Discovery, National Institute of Advanced
Industrial Science and Technology.

Graduate School of Medical Life Science, Yokohama City University.

‘Graduate School of Pharmaceutical Sciences, the University of Tokyo.

MAPK p38a pathway plays essential roles in intracellular signal transduction in response
to various stimulations. Within the pathway, p38a phosphorylates its specific substrates, using
ATP as a cosubstrate. On the other hand, intracellular ATP concentration is known to
decrease considerably when cells are exposed to stressor. Currently, however, the molecular
basis of how p38a is kept active under low ATP conditions remains unknown.

Here, we investigated the effects of the interaction between p38a and its specific substrates,
as well as of the another stress-associated environmental change, pH decrease, on p38a
structure and activity. We found that both the specific interaction and the pH decrease
independently enhance the kinase activity of p38a, mainly via enhancements of affinity to
ATP. Thus, the p38a-mediated stress signal is able to concomitantly achieve its robustness
and substrate specificity.

[F&& - BF9ED BEY]

MR KPR AR RS 2 Ff D — 07 . A B U ARG T TIRAMR S 1 OB P9 R E 53 28
i 52 &bMboNTEREY, ATP REKTFIZZO—FITHS, MAP ¥ —+E p3sa
BRHIIFFEDO A b L A FIZBWCEH L SRS E 248 9 23, p38a 1TILE Y ik
LIZHBWT ATP Z3HE E LTHWAD, A ML RABRKICHE S ATP BEE T
p38a DX F—BIEMICAFNMB < FTREMER H D, ZD X 91T ATP REKTEMHED
A RLATIZBWTS, p38a B 7/ FAMRESND D THEIIAHTH D, W
PERE OBRRICIZ, p38a & AEH & OFRFERMMAIEM, BLUA MV AFKMIZEA DA
PRAVERBEDS p38a DffIETS L UNEMEIC 5 2 BB VA TH 5, EH L DA
TERIZ DWW TIE, p38a IXIEMESAL (ATP FEAERAIE X ORE U VS B 2 f5 &
T 5 P+l {0 OB “Fy X 787 ICTHEEET AT Y v 7 “Ry ¥
> IHEAERT 2R L, FrRAfE A 2@k T2 (K la), L LAan s, BEfFO p38a-
WHEEAEEE B TIE, Ry Z7HAEER TR SN TWD —F, p38u ik

protein kinase, stress response, signal transduction

ok WHL, iFHHb TH, ENEL OTE, LELZ Wbk
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PEIZ L ERTEEbV—7 LD —EHY Vb 22 T TEB LT AERRIRETH 5720,
IEVEERALICIE ATP, EE Y VEEZ RS OWT N LS L TE 57, p38ad ¥+ —
PiIEMHEORBEL LOFHENICHST D Fy v Z7HEEROEENIIARAHTH- -, —F.
2 b L AR L S AR OELE LT /AN pH OIRFAM LTS 0
®, pH K TFIZFES p38ud it L ONEMEDZELIZARH TH 5, AWFFETIL, ATP i
BT 2> A ML ATIZEBWT, p38a fREED > 7 IRENER S D 4y T
OfgRZ HIE LTz, R, Y7 T aEOREEZH 9 | p38a-ATP-2EE 1672 54
gﬁ%ﬁ%ﬁi"@ﬁéﬁti@&i:%ﬁ L. NMR?E%bFHL\f:ffﬁiﬁéﬂ’%iﬁ@ﬁﬁﬁ%ﬁot(@ 1b),
AT ; ATP ?%P
2?7 K\Tmm
o °® ®Be

ATP ADP
\ Z: ® E
ATP —_—
E ESubstrahe + ADP

MAPKK \ Reaction + Product
Substrate \ N\e® © | complex
E ATP

Substrate

1. (a) p38a MIrFHE. HEL U (b) p38a OEYHY VEERIGEEE
(7]

b R p38a X RMGEIC THBEL L, Lt MAPKK6 # HWiEME{kLr—7 1
Thr180 3L TN Tyr182 % &V vk L7z (LLF. U »Rfk p38u % p38a & il d
%) p38a DEHT I R 7 uE, ALFRHICHIEIR T 2 BEEFLEE RO 72128
40% MIRBARAREChH o To, ZOREZMIT D720, @EED ILVM FERIEA F v
KD T7FNLEFIAL, ZRHIZOVWTIS% & SEARIRAIZIRE Uiz, HHEERAE
FrofEe LT, AFRPIE Th D MAPKAPK-2 OV VEEZ T Thr334 38 LY
C Kl B ¥ B0 6725 334D-peptide % =, £/, Fv ¥ ZHAEM
G ~DOILE ) VR ORE A OB A BT 2 HRYIZ T, Thr334 i
BLAA 572 % 334-peptide, N > ZBLS| D-peptide %Sl L 7=,

[#E2]
1. p38a OKEER I ONEMEIC T 5 By & v ZHAVER OB O

ATP 7 F 1 ZIEAFAE T3 L OMFE TS T, p38a (Zxf L THE/L#D 334D-peptide
ZWRMUTZ, ZOFEE, p38a DX FILHEEL 'H-"C HMQC A2 bbbl ik R
7 b 7 N BIl Sz, FFREEEEE S Ry JE00x ATP 7)o
T OFEE P FEY 7 FELERLEZ—F (K 2a), VU BZEBMNIFEETD
P+1 #BALIL ATP 7 u Z{HE FIZBWTD A, kY7 M kAR L2 (X 2b),
ZDOZEIE, p38a X ATP OFMIZ I HTIHE L OMIZ Ny ZHAEER %K
T&5—J. ATP ZHEE LT REBIZBWTOL, {EWEALIC T Y v w2
BTHZEERT, B, p38a-ATP-LE DS AIAIT ATP #EAE22E LTF
RENDZ ENRHBMNERST,

p38a FF—VRUSRBOAERH (K 1b) (x5 Ky & o ZH AR O %5 7% fif
Br4 5 BHAZ T, p38a @ ATP IZxd 2EFE, JHEH Y S EEZ AL XT3 28
P, BEOY UEBEBRSHEE 2. D-peptide DA MEIZ THEI L=, ZOREE, W
NOEFEL | D-peptide fEEFIZTT R AT Y v 7 | ZHHR - RSN 5 Z L 23 5 )
Eilroiz (I 03),
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b w/ ATP analog
[sno%unrgm P+1 site

a w/o ATP analog

Docking site  P+1 site
=R

o
-

o
2

334D-peptide-induced CSP (p.p.m.)
o
2

w o™~ -] w =] -
EY88328R o e
@CSP > 0.02 p.p.m.

B 2. 334D-peptide #EEIZHES p38a D{LEL T FEL

imbm gm g
E 20
< e gm % B 3. D-peptide HICHI1TSH p38a M ATP
g H § HAtE., 334-peptide BRI, B&U
D £, - oL MM_EE_ 334.peptide ') U EREDEEEH
D-peptide D-peptide
2. p38aDiEIE R K ONETEIC K35 pH 1K T OB OfiRHT
p38a DX F—ViEPk4a . ATP JRJE 2, PH8.0 pH 6.3

mM BEO 0.5 mM, pH 8.0 BLT 6.3
(CCHIE L7z, ZOfEHE, pH 8.0 (20

"

Tix ATP RER FIZfEV ¥ — B itk \ 4
DIEF AR Biiz—7, pH 6.3 2B E /_/w
TIE ATP BEAETLTH, *h—€ £,l2 - —omm L =i
IEHERREF RN (K 4), BiE, K Wasctivn te Ouie.) Bascion thws ein)
pH &2 T, p38a DifPEIL, ATP ) B 4. p38a OEE Y VRILEMD pH B&U
KT LCgh 72D Z L AVRENTZ, ATP BERFE

pH (X TFIZfES p38a F F—BiHMEE L OWEERAE 2 3 2 HRYIZ T, apo &
FC p38a DA FAFEEE 'H-C HMQC A2 M ® pH {KIFHEAFRNT L7, = DfE
. pH 63 (& pH &fF) I T—HDAF I, HHE pH ICTEBIEN TV A Y
Y=V 7T MIINZ T, BEOTHW~A F— 7A@l s (K8 5a), Z Bk
e (EXSY) FEBRICTA Y ¥ — » A F— 7 F Ml e— s gl S - &
2B p38a MK pH SFIZT 2 IREEMOFHLIRIEIZH D Z LR STz (X 5b),
LT, AVY—~AF =T NEh5zbRkEEZNEH A, B RELH£TLT 5,
A RTIEN DS B IRIE~DBATICHE L% 7 ML, p38a IZXfT 5 ATP 7)1

HAICEIEFEY 7 L K<HBE L (X 5¢), 2D ZE Xv, B IREEIX ATP
%FALJ_E&M%U:EM LTIREETH D Z LR STz, p38a @ ATP 7

I 2 BAMET pH K FIZEVRL, ZhEIS LT B REOHFEFHED
i@k L7zZ &6, B IRREDS ATP IZXfT 2Bttt 24 5 2 & iR R Sz
(X 5d), ZD X7 pH KFMEZ S FRILE . ATP 7 7 %2#EA Lz p38a DIF
PEAEMEEE TV BICHRB L7ofE R, b —7 BB KO P+ SEICFET S 2f8
@ His 7%3&, His174 35 KO His199 23 FePEFkIL Lt T2 2 2 /M L7 () Se).

IZHESE pH K FIZFEDS 2D His FRIEEDO 7 a hAkIZ L 0 BRI & O
WA EAER DS 50 S AR G EE N L EL SN ET NV EBR LT, EBRIZ,

Retained

=——2.0 mM ATP
=—0.5 mM ATP
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S His FEILICARMA L7- HIT4A, HI99A ZERAKIZIHWTIL, pH ETICHED
B WHEOEKBRBO 5T, BT A EZ T HMEBEGELNTE (7 5), 61T,
A5 His 7RI pH fEEFERZ I L, M8 pK, EZ2RE LT, fF607- pK, i
X 7 fHEDOREHEVMEZ R L2 8006, A B L RARIKIC X Vs S s hdEnn
59EME~D pH K FIZX L, BURIZIGE TE 5 Z LR,

-—
—

a C
Major €
16 4 4
M194 M194 i
M3s8 m?g’/ MB\SS M}I?Q. o i g5
174 o 1 o / é
_ - Y &
E M8 \ (+] mada "\ Jm £
dgd M198 |
&% maes o9 M265 ~
L __M288 o g
19 F E ° 7
M213 E
/ q 3
20 o . %'o.z
g
Met-g _; o W
T T T I T T T 0y
22 20 18 16 . h‘} 2,}2 20 o ["3“" - Major] (p.pm.)
p.p.m. i
d f Major@:
g [ Minor state population e ol
=1 nor
Kiaah + Los ~ 6§ Wild type|
£ j% Hisi7a €| Major
.g 150 + o3 + a 2
o 150
8 + i 5 LT —~Asp176 &
100 ‘ Foz2 < ~Asp177 H174A
5 ® =] @ jg 1401 Major
50 ® 0 ¢ b 0.1 T
15.0.
%65 7.5 5 inactive conformation pl)oq)awaweted ATP-loaded 130 Hlns?
pH u ated p38a (PDB: 1A3U) (A Swiss model based on PDB: 1331?)(‘ H(ppm)

B 5 pH ETICH#S p38a DHEFHOELLS L UHMEER
(@ pH7.5 B&LU 6.3 IZHBITHAFIL HMQC ARY FJL (Met-¢ §EiS) (b) Z BE{LZZ#®: (EXSY) R
R FLOEREDHE (c) A, B REMOIEEL T FEE LY ATP 7HO57BE8ICESEEI D
FEOMOEEA IOy k (d) p38a M ATP PHOJIcHT2E8HNMES LU B REFERSD pH
R (e) p38a DFEME L VFERMEETIVICEITS His174 LU His199 OEIE (f) pH 6.7
IS8E1F5 HI174A BE U H199A ZERED lle8s (ATP #EAEELL) 7 FIL

€29

AWFZEC T, ATPOFEE D p38a-ATP-REH DFUSHE AR DR L b 2 & *
Ry 7HAEERBIO pH KT, Wb 10 [FREOBE R ATP Bk
HEgRIZ LS & | p38a DIEMERITEIS L ONEMHERFICHF G T 52 Z LWL Mo T2,
ZOIEFET B LR T COATPEAEDOR KIZ, A b L ARIPLIZfE S ATP
B TRIFIZBE VTS, p38aSATP-IEE & ORISEA RO R L MR L, > 7
TN EENRIAGET H 2 L ZAREICT 2557 THECh 5,

(2% 3]

Tokunaga, Y., Takeuchi, K., Takahashi, H., and Shimada, [. Nat. Struct. Mol. Biol. (2014),
21, 704-711.
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NMR analysis of plant defensin-like peptideusing plant cell expression
system

oYoshitaka Umetsul, Masashi Moriz, and Shinya Ohki'

!Center for Nano Materials and Technology, Japan Advanced Institute of Science and
Technology, Ishikawa, Japan.

’Reserch Institute for Bioresources and Biotechnology, Ishikawa Prefectural University,
Ishikawa, Japan.

We studied structure-activity relationship of plant defensin-like peptide embryo
surrounding factor 1.3 (ESF 1.3). ESF1.3 regulates early embryo patterning in flowering
plants. For NMR analysis, E. coli or yeast expression systems are frequently employed for
producing isotope-labeled proteins. However, this peptide was not expressed as functional
form. Therefore, we established a new system using suspension-cultured plant BY-2 cells
with an inducible virus vector. In this method, the peptide are expressed and folded correctly
with proper disulfide bonds. From our elucidated structure we revealed that two Trp residues
of ESF 1.3 play an important role for the activity.

[:1
TE RN AARKER 2 it L 7-NMRY- > 77 L OFREHARN X, KIGHECBERE 72 & 03—/

%w%ﬂé LU, 72 BESINICEE OV AV T ¢ RiEE %2 S O5A O R
BB HE S LD X X7 B e 8 BEAF ORI SCEERE D 1R C 1L i LA e 72 508}
3L < FET D,

Embryo surrounding factor 1.3 (ESF1.3) (%, TEAEAEY) OFET-RIZ IV TIRELD

JeE 7 DA TR I NS 5 wﬁ~7%%tbf KRERE SNz, ZORT
F RAENVE NIRRT I VBEENL R D THIZAHO YAV T ¢