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Nanoscale gyroscope for measurements of cellular dynamics in vivo using
diamond spins

Yuta Kumiya', Ryuji Igarashi', Takuma Sugi*”, Shingo Sotoma',

Hidehito Tochio', Yohsuke Yoshinariz, Yoshie Haradaz, Masahiro Shirakawa'*

'Graduate School of Engineering, Kyoto University, Japan

’Institute for Integrated Cell-Material Sciences(WPI-iCeMS), Kyoto University, Japan,
3JST, PRESTO, Japan

Nitrogen-vacancy centers (NVCs), lattice defects in fluorescent nanodiamond (FND), are
known to have an electron spin-triplet ground state, and exhibit extraordinary photostable
fluorescence signals even in ambient conditions. Because the fluorescence intensity depends
on the spin state, electron spin resonance measurements of NVC can be performed with
significant sensitivity by monitoring the fluorescence signals. In this work, we focused on this
property of NVC and established a method of “nanoscale gyroscope”. Our method enables
quantitative measurements of rotational dynamics of FNDs by measuring the Zeeman effect,
which depends on the relative orientation of NVCs to external magnetic fields. Here we show
that the nanoscale gyroscope can be used for the determination of attitude of 200-nm FNDs
with an angular precision of +3°and the measurements of the dynamics of nanodiamond in
vivo and in cell.
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Folding destabilization of a protein by ubiquitylation

oDaichi Morimoto !, Erik Walinda ', Kenji Sugase 2, Harumi Fukada 3, Yu-shin Sou 4, Shun
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Ubiquitin is one of the most stable intracellular proteins, but it is often found in inclusion
bodies associated with neurodegenerative diseases such as Alzheimer’s disease. To gain
insight into this contradictory behavior, we have examined the physicochemical properties of
ubiquitin and its polymeric chains that lead to aggregate formation. We found that the folding
stability of ubiquitin chains unexpectedly decreased with increasing chain length, resulting in
the formation of amyloid-like fibrils. Not only polymerization of ubiquitin itself, but also
ubiquitylation of substrate proteins causes fibril formation. Furthermore, when expressed in
cells, polyubiquitin chains also formed aggregates depending on chain length. Notably, these
aggregates were selectively degraded by autophagy. We propose that the instability of
polyubiquitin chains drives fibril formation, which serve as an initiation signal for autophagy.
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Structural basis for the stress signal transduction via MAP kinase p38a
oYuji Tokunaga', Koh Takeuchi®, Hideo Takahashi®, and Ichio Shimada®

' 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.
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pH unphosphorylated p38a (PDB: 1A9U) (A Swiss model based on PDB: 1CM8) H(p.p.m)

5.pH ETFIC#S p38a DEAFHOELS L VEEER
(@ pH7.5 BLY 6.3 [ZHITD*FIL HMQC RRH k)L (Met-e $E1H) (b) Z Bi{E3Z# (EXSY) R
Ry FLDOEREDLE (c) A, B REBODIEES I FEBELY ATP PHAJHESICHESIEEY T
ELOMOEETO Y + (d) p38a O ATP 7FOJIHTHEMES LUV B REFESFED pH
H&EM (e) p38a DFREMS S UWIEHEEETIVICHIFS His174 & U His199 DOfIE (f) pH 6.7
[2E1+5 H1T4A & U H199A ERED lledd (ATP #EEIEL) ¥V FILHElE
[Z£]

AWFFEIZ T, ATPOFEG DS p38u-ATP-FE O INE G ERIER O e & &
Ry XU ZHAEERAB LD pH KT, Wiy 10 FREOEE 7 ATP Btk
HIRIC D & | p38a DIEMEHEIMRIS L OVEMMFFHC T 5T 52 LN ol
Z OFREIFE TR L OWMESRM: T COATPHFMEDOHE KIE, A b L AR S ATP
RERTRFICBN TS, p38aATP-HE & ORINE G IROI N HE MR L, > 7
TN EENRIARZET D2 2 BICT A7 TR CTH D,

(&3]
Tokunaga, Y., Takeuchi, K., Takahashi, H., and Shimada, 1. Nat. Struct. Mol. Biol. (2014),
21, 704-711.
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P64 KAGHELLETTORS STMASIZE AT Y UAHA FORFE
Offe 2 KM+, Stephen Wimperis
HE T A T —RFPRFBE

A natural abundance **S STMAS NMR study of ettringite
oAkiko Sasaki, Stephen Wimperis

School of Chemistry and WestCHEM, University of Glasgow, Glasgow G12 8§0Q, UK

There have been very few *S (spin I = 3/2) solid-state NMR studies in the literature, owing
to the low natural abundance (0.76%), low gyromagnetic ratio (vo = 30.7 MHz at 9.4 T) and
the high expense of *S isotopic enrichment. Owing to the recent advances in the development
of high-field spectrometers, solid-state NMR studies of NMR insensitive nuclei are now
accessible. Here we demonstrate the feasibility of high-resolution natural abundance **S NMR
at B = 20.0 T and 9.4 T for our compound of interest, ettringite. Our first-principle DFT
calculations of **S NMR parameters using CASTEP code, upon comparison with
experimental results, suggest the presence of fast dynamics in the vicinity of S nuclei in
ettringite.

Introduction

Quadrupolar nuclei account for more than 70% of
NMR-active nuclides. For quadrupolar nuclei with
half-integer spin quantum numbers, the inverse
dependence of the second-order quadrupolar interaction
upon magnetic field strength makes the use of
high-field spectrometers highly advantageous. The
sensitivity limitations associated with low-y nuclei can
also be overcome by high-field NMR. Recently,
following the development of high-field spectrometers,
339 solid-state NMR studies have begun to attract
interest owing to the prevalence of sulfur in nature and
materials science. Natural abundance **S solid-state
NMR, therefore, has great potential for future
applications.

The MQMAS and STMAS NMR experiments both
yield high-resolution NMR spectra of half-integer spin
nuclei. STMAS is known for its increased sensitivity'

owing to effective excitation of the single-quantum
satellite transitions, making it advantageous for the Figure 1. Crystal structure of ettringite
study of NMR insensitive nuclei such as *S. (tetrahedron = SO,>).

#S NMR, quadrupolar nuclei, solid-state NMR
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Ettringite
Ettringite (CagAly(SO4)3(OH)12:26H,0) is a cementitious mineral that is central to the

chemistry of concrete and cement. The crystal structure is known® (Figure 1) and there has
been an early ’Al MAS NMR study.’ There have been two **S MAS NMR studies of
ettringite at high field.*” These two studies disagree, with one simulating the **S MAS NMR
spectrum with a single S site* and the other simulating it with three S sites’ (in accordance
with the diffraction study), leaving uncertainty in the number of crystallographically different
S sites observed by >*S NMR. Here, we aim to characterise the distinct S sites in ettringite
using S STMAS at natural abundance and resolve the ambiguity present in the current
literature.

Implementing 335 STMAS
Despite its sensitivity advantage, STMAS is known to be more technically demanding

compared to the MQMAS technique. Here, for successful implementation of natural
abundance **S STMAS, we thoroughly considered (i) the choice of diameters and effective
ST excitation, (ii) STMAS pulse length optimisation using 33 MAS of AINH4(SOy4),-12H,0,
(iii) spinning axis calibration using **’Rb STMAS of RbNOj5 and (iv) sensitivity check at B
=20.0 T using a model system (1:1 molar mixture of Na;SO,4 and K,SOy).

335 STMAS and CASTEP NMR calculations of ettringite
Natural abundance >*S STMAS spectra of ettringite were successfully recorded at By = 20.0

T and 9.4 T. The resulting two-dimensional STMAS spectra were analysed by
centre-of-gravity method, and the quadrupolar parameters were refined by fitting to the
one-dimensional MAS spectra. A set of quadrupolar parameters for three crystallographically
distinct S sites was obtained to achieve consistency over the one- and two-dimensional **S
spectra at different By fields. Our isotropic (F;) projection analysis reveals that our fitting
parameters are in better agreement with the experimental results than the set of fitting
parameters previously suggested in the literature.

CASTEP calculations of **S NMR parameters were performed, including chemical shift
reference establishment and evaluation of geometry optimisation schemes. Notably, the
calculated Cq values of ettringite were significantly larger than the experimental parameters,
implying the presence of motional narrowing of the central transition MAS lineshape,
potentially arising from the dynamics of SO4* ions or the surrounding H,O molecules. The
presence of dynamics could not have been proposed solely on the basis of either CASTEP
calculations or experimental NMR spectra.
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P52 In situFeBRSTEANMRIZ K B AR B 9 —RE /Y
B sensory rhodopsin |0 R EAKFG I RIS IBIEDEEHT
ORLEF B DUHH PR, Aok MEt'. B&E A,
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PiE
BRI K - B T, SRR SRR, R LK - BEE R

Color-discriminating photocycle of sensory rhodopsin I as revealed by
in situ photo irradiation solid-state NMR
OYoshiteru Makinol, Hiroki Yomodal,Yuya Tomonagal, Tetsurou Hidakal,

Izuru Kawamura', Takashi Okitsu?, Akimori Wada?,Yuki Sudo®, and Akira Naito'
'Grad. Sch. Emg, Yokohama Natl Univ.
’Kobe Pharm Univ.
3Grad, Sch, Med, Debt, Pharm, Okayama Univ..

Sensory rhodopsin I from Salinibacter ruber (SrSRI) is a photo receptor membrane protein
with a retinal as a chromophore. SrSRI transfers signal to the cytoplasmic side and express
multiple functions for negative and positive phototaxis during photocycle. To reveal the
photoreaction pathway, we measured *C NMR signal under the photo irradiation condition
using in situ photo irradiation CP-MAS NMR. We have also implemented the photo
irradiation system to apply color-selective photo-irradiation system. We demonstrated that the
conformational change of retinal occurred under the photo illumination. Under the green light
illumination, the retinal configuration changed from all-trans (13.8 ppm) of ground state to
13-cis (19.8 ppm) of M-intermediates. After the accumulation of M-intermediates, under the
UV light illumination, 13-cis (19.8 ppm) transferred to 24.8 ppm of P-intermediate.
Interstingly, NMR-signal of ground state directly changed to that of P-intermediate, under UV
light illumination. These results showed color-discriminating pathways of s#SRI such as G—
M (green light), M—P (UV light), G=P (UV light).

L]

Sensory rhodopsin WX DIEHICAFET o2 o —HlELZ X7 ETHY . 7+ b
PA TN EMHIN DA OISR /T, EB X OEOEMNZ R T RS
bLOH L NTETH D, SRIOE SIREEMILY v 7GRS LI LT —L oot
PARIZ R VB EEZ SND M, X X7 B Th HSRIO KRR IS L T2k
L. SRIARZETHY | EFDOZ R EOBIERTBRNETH L7, EDIEK
RIS DFERNIAE S v CTuewy, £ 2 C, ZE 72 Salinibacter ruber Hi 3D SrSRID
LFF—IUDNW T, in situEFREEANMREEE % FA VN CERE T ONMRENE 21T -
72

in situ KRG EAENMR, K& X7 E vFF—u

OFEDLLTS, LbLOAE, HRBPIP, WENTHASD,
PhLebWTD, BEONLL, DEHEHY, LI, e HHEH




BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2015 Vol.6

E3iwaiy

SrSRIZE. coli (BL21)%& IV THRILL ., [20-°C]
retinal#E i SrSRI1% R H 5 T o HPGHEIZSrSRI
PGliEE=1 : 30D & /L LL CRA#RK LIIE HFEE LTz,

SRR OB 2 in situdE IR B RNMR L[ 11

Lo THBH T TPCNMRAARY RMLAHIE LT,
HIIZLED K ZEH L, 7 7 A "—% HTElEE
FICHPELZEA LT, 7 7 A /N—ZNMRAE
B E 35 2 & T, v v 7 AAlEEE4 kHz
TR & E il Elds L7222 BOYEIRE T ¢, Pccp
MAS NMRHIGE # 1T > 7z, ARFEEBRTIX, S HITHEE
DOLEDY: (520 nm, 595 nm,365 nm)% A A h—/L
L T E TORME LR Z ATHEIC L72[2],

[t & & 22
SrSRID H A~ BMEAL TR DI R (2K
73572, SrSRIDIE e & B3 25 72 9D1Z
FIRI3>OWELAMHT 522 & T, R TT
DLFF =D FEY 7 MEOEALZRIE LTz,
JEJESIRRE(G-state) DsrSRIIZ —40°C T520 nm D Y
PR TRCNMRIIEZ L2 & 2 A, GIRFE(13.8
ppm) DE 5 DD & Z U 5 MHRIA(19.8 ppm)
DAE B OHEMABELN T & 72(Fig.2 A), HIE LIS
TTIr> TV A T2, 520 nmD Y IRET T T
MF A ZFHIE TE 72 2 LSO BT, +01C
M A Z I O T IRFE T KR A 365 nmiZ 8] 0 %5 2
To& ZA, MARIRIZEAD L, 24.8 ppm D15 53
MM U7z(Fig. 2 B), Z DA B 1ELSrSRID A DA
B 2PHEETHL ERIETE, ElfbF:o 7 b
ESPHBIRD LT — L D& X 13-cisH TH
HZEBRETE T, TOFEBRIZED ., G—(520
nm)—M—(365 nm)—P D JESSRREE DS HED D BT,
512, GIREEIZ365 nm % HERS L= & Z AGIR
RE(13.5 ppm) DAE 75 1XPH AR & 33725 ppmfiric
BE) L7, i, DEFRRERGHP)IZ X HPHIEIK
Ot Z R~ L TWD, YL EXD | SRS EAENMR
WD Z L2 &> T SISRIOEERFH 72 7 4 F
A 7 NVERIE L(Fig.3). BE DI EDZ -
=72 B AT A0 A2 R T RERNED
iz,
[1]Y. Tomonaga. et al. (2011) Biophys. J. 101, L50-L52.
[2]H. Yomoda, Y. Makino et al. (2014) Angew. Chem. Int. Ed.
53(27) 6960-6964.

Fig. 1 Photo irradiation solid state NMR
system [2]. The three wavelength (520
(green), 595(orange), 365(blue) nm) can

be easily switched during measurements.

T T T 1 T T T T T 1
30 2% 20 15 10 530 25 20 15 10 5
ppm bpm

Fig. 2 BC NMR spectra of retinal in
SrSRI, (A) in green light illumination(a),
the dark(b) and green minus dark(c). (B)
in blue(c), green(d) light illumination

and blue minus green(e).

W‘Tiwm
H

erRIG . 520 or nm
558 R
| \N |
365 nm) T 365nm g Kila

lllll

Mggo(attractant)

e,

i
Lyszoy

Fig. 3 Photo cycle of SrSRI [2]
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Solid-State NMR on Solid-State Reaction Process of Quinhydrone
OKenichiro Izawa, Yasuto Noda, and K.Takegoshi
Division of Chemistry, Graduate School of Science, Kyoto University

Solid-state reaction is important in, for instance, drug development. However, its detailed
mechanism has not been explained yet. It is known that quinhydrone (QH) can be synthesized
by grinding solid benzoquinone (BQ) and hydroquinone (HQ) together. In this work, in
purpose of unraveling QH solid-state reaction mechanism, XRD, *C CP/MAS NMR and
ex-situ measurements were carried out. We found that, in the solid-state reaction, the
diffusion process relies on BQ molecular diffusion, and the growing process proceeds via QH
microcrystallines, not via particular intermediates.

(1. &k

R IEZ FHOZR O EFE OGS KD 5 Tt da O & B X A ROS TGO W E D12
HEAARER B A 2 FE Al 2 7oA 7e G EE U CRIICAIBR Ay BRI W CE B L E % 5
D5, BRI IEFR X, BER T CIEM B L 72D R 000 1 MER L T e S OGS A L 2 35
HOEFEE, ZO% P RIARST BT 7 A Z R U CRAEHIR AN T2 H R IEAED
2 DlITkESFFBRBM,

FUERA(QHNIFEENCTHDO AR aF /o (HQM R E VT /L (BQIKZ 1:1 TR
BT BT THERSND RS & <Jb B0 7 THAH(Fig. 1723, ZOREAH G E R
IIRTEFEIAZ TR, [EFEIZ BT AIEROE R TiX, HQ D/KEEFE DK EMILHL T,
BQ(H2V MNE HQ) o 1ML LT QH 1T LAFH(Fig. 2), BRI EIF A THD QH T
KFOBENTE ZIDVR, 20— T, 1 JRF LYV KREZ BQ 43 F 2321 T HQ #& i P
NRFETHIELE 2L, EDOIHRIEBOREEZ R L TWDONE R THD, iz,
QH 121 HiAH b (mono-QH) & = A (tri-QH) D 2 DD L TEARNFET 2, ZnE T, &
JNERES L OVINENEEE ARG F T CREAR S S5 E mono-QH & tri-QH DIR AW 1355
. ZORAEWE 85 CTEULELT 5L HfEHIIZ mono-QH 23 KT 52 EAVHIBAL TV
4 = OISR SR ED AR LT 1ri-QH Tl s & E M S D84 ThaY
M, FDAN = ALIARHTHD,

ARWFZETlEFeR s O EF KIS BREEZH OGN THZEA2 HfgL ., EIRX NMR Z W
T S BIET 2 T o 72, BARBYIZIT, JEBOBETE CIXRICIR R T AR O X,
FARFEITRE W TA LT QH @ BC CP/MAS HIENSJRE T-L4 T- O HHNERL
TWBHBI LT, BB CIT R DR E TREX/eE L ER B D ex-situ NMR &
XRD ZHAGDEDHIET, IR ERE RS IE OB FEX e FUREZE 2 GEBRLT-,

Fre ey, FEMBIE, ex-situ
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BQ HQ QH
Vo o Sl N, B e[S © [Pt N, =)
I Al o 2 ey = =le o e Ny
@ ‘ . b B 1o lecul
Hydr((;]inone Benz?];(]:;inone Quinhydroze )Q = z*{‘% = 2;@;: = 2 I%{ % =
(QH) o =2 2y = = 2 =N =

Fig. 1 Reaction formula of QH Fig. 2 Reaction and diffusion model of QH solid-state
solid-state synthesis. synthesis. (a) Proton diffusion model. (b) Molecular

diffusion model.

(2. REE]

JEOEHIEBOBRRR (T LA TSI _ATA. 7 a s AEHCE T V(Fig. 2a)) &, [B.or FIEECE T v
(Fig. 2b)1 D 2 TN E 2 b D, HEE 7 e ADOMEI 13 E /KL HQ (CsD4(OD),) (= HQ-dy)
FIREFE U CERIL 72 QH @ °C CP/MAS JIlE J O, QH &SR -1- D= # 7 b A N(CTWETT
PEAARATS A2 TRIREL 2D,

A TORUHREL - HQZFDOHKED K FENBQRE N ~2iEL TBQy F i A 52 L
THQW -~ AL LHEB T OHQ L F-1XBQ Ay -2 2 kL), ZOHQZ F-(BQSy )M
FDOBQMY 1-(HQW ) Z T L CQHAEK T DLW ET L ThDH, {LFHIEE E.
RUBUER EOTaRATIEB LW EE ZDNDT2D | FEHQ-dsEBQ LT T M ALK
WFEARE CAR T DQHIL, HQ-ds&BQ-d, 2 572 5QHE  HQ-d,EBQH/2HQHD2-DIT
Bﬁﬁéﬂé(ﬁg' 2a), HQ-ds&BQ-d b g OB e o

3 3 4
A AQHIT A TOAENEARILENT g@gz ooy ¢ 32l
VB comas TS Ly e L L AL
VY, HQ-d,¢BQA 72 5QHIE H-C HQd; BQ-d,  HQd: BQ

CP/MASTHIHISHL, AR, 30—
DCTEATMEE HAR2, 4D —Z7DCT
KA ENENIR LTI T 4]
SHU%(Scheme 1),

Scheme 1 Expected QH molecules (left) and the
3C CP/MAS NMR spectrum (right) according to
the reaction of proton diffusion model.

B. A FLEL : BQ 2 DOH O BHQME N~ R L. 34
HQZ &5 A L CQHMBEKRTHEVIET L THD, b
QH%y T-NIZH T Dproton hopping 23 EU DB ZERE, %n H
BQEHQA & RIIZZENLEINHQEBQ~EZE L T5Z 8 HQd, BQ
13720, ZDT2OHQ-dsEBQOL Ay T-HE OB R 2 1% T4

%3 2QHIZ, HQ-dsEBQMHMHQHD 7725 (Fig. 2b),  Scheme 2 Expected  QH
ZOHAPC CPMASHITEIZIR W T, CTAE Epeakl,  molecules (left) and the °C
3DFREE I Tpeak2, 4D5RE LV BFAXANIZ/NEL, CTAYR  CP/MAS NMR spectrum (right)
{ZRBIZHONBQDO T B O LA EIL | FHx IS according to the reaction of
[FIEEOREINTHE T I DH(Scheme 2), molecular diffusion model.

O
~
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(3. =E&)
Ep S [#%&Jiﬂﬁ] W OHQ, 522 HEAKFEHQ-d&F N ENBQEEAL ., Lk
TR A LT, IRA HERIIBQO A HEMEAZEL, HQ : BQ=1:1.05&L7-, Z#

%OD%E‘?F%’%SOOC&Z“U@%%ﬁiLLko

R fE ] IR Tl OHQEBQZFLEA T TR A LI /MNIIC LD b Teh
MFTE DL EE TRES/REL U, BESZRF U ITEIEGRINENY), 55°C. 90°CDO3FEIHTH
%o — FEWFAIRE % /NE SR I H L RUBHE I ZRE D =R THIE LT,

BIE : [E/ANMR] 7 T F435&Chemagneticst:545 mm MAS probeZ VW TiTo7-, 'HE
BCo RE T Z N F1301.37 MHz, 75.788 MHz, MASI# 138 kHz LLU7-, HIETE
I3'H-""C CP/MASZ V-,

[XRD] ##J &L CCu-KaZ iz 7=Rigakuft:H Mini Flex 600 % W -CHIEZETT 72,

(4. HR-BZE]

[
| : 2 1 OH ceieieses O
a) QH 80 me: a H > 11-{ H A2
CT= 7“%"J\'W Mj I { H H H
—~——, |
CT= 01{1}@, VS '\/"“‘\’V‘/ | [ 3 — 0
[ L] ) JS— § |
b) QH-d,; 80 M :th ’ 3] 1 g
o D H H
CT=7ms | n D H H
CTJQ}MA Ll \ ; :
150 140 130 120 110 O O

chemical shift / ppm
Fig. 3 °C NMR spectra of (a) QH and (b) QH deuteride on different contact time.

[4-1.JEHGEFE] Fig. 312 (a)ilH OHQ LA K LIZQHE (b)HQ-ds HE ik L7=QHD
'H-3C CP/MAS NMR A7 ML %R, BARSCT 0.1 ms, JREAFRENT ms THIE LIZAY
ML Tho, E— 2T OF FISHE LI AN CRIBSNBE, A7) LAk
JU(b) Tpeak2 IR /2D DT, B LTREINZ NN AR E =R THHT-DT
%, CTAT ms TIEQHA T DA TO CIZ'HRMEABEIL THY., a, bilislBlor — 7k
JEISEWIT RSN o7, —F7 T, CTA%0.1 ms T, #ktaldpeakl, 31 HOWA L)
L Tz, BRI DWW Tidpeak2 IAMZIZE A E B LITREEIL TR, ZOREH I
B DQH-ds %y T-73HQ-dsE BQORL THERL SN A Z L%
LTS, ZOFERINS[2-A,B JEFHIEE] Difim \ZhE

>7C, [EFE RIS ETRIC I DR EHEE 7 22 A IXBQD 11

%%*E%IZ)\S*Ei&;‘H%%T%ZDO 0.8
QH 55
0.4

[4-2. 5 F 2] QHD peak2b&B 4y DAL F S 7 M i tri-,
QH no annealing

QH 90

mono-QH D #& f AHIZ Lo THE7RD | %m% ?hpeak2bt
peak2b, |Z%f Iis 35, Ex-situ NMREIEIZLVIGHITZA
NI DN TE =27 55 S otéﬁﬂﬁ%m\ pexreE 7
LIS SN R C LD QHARIZ R 4" Dmono-QH DF| o T
BOLEALE T By LTb DO (Fig. 4) Td%b, mono-QHD R A Y
BIAIE{ (peak2b, [f772) / (peak2b,, i FE+peak2b, A7)} T Fig. 4 Ex-situ experiment of QH
FLI, ZOFER ., EIECREX/E T Emono-QHOEIA L on different annealing process.

monoclinic QH rate
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B EHITIA L2380 Wil E HLIZEAE B DL ro72, 55°C Tldmono-QHDE
AR 23 % Jﬁb“@b IFEAEEL L2 > T2, 90°C Tldmono-QHO IS 3 REf] & LB 1T
f%'jjﬂb\ 10 h#& (2134 T Dtri-QHA mono-QH AR IZ L LT,

ZOREREHEZX DL, @E%iﬁibﬁ&*GZiTFELT}iFBLfﬁ§imﬂDL?%'c%ﬁ’bémono -QHD
FIEDHEINT D2 LDy 7no7, FRHZIOCHEE R ELICEL Td MRS IR0 iEsi
mono-QH, tri-QH 723 RFfH] Cmono-QHHLAH ~EZ(LL TEY | IR E ETNDHI LT
DINTHD, — T, 55CLL FOREEREL CITHIEB T2 IITETE T, HHEAET
1B 135, ZHUTH PR A2 > TA L 72mono-. tri-QH DX 528, St DHEFTIZ L0
ITLTHEINL . —#BDtri-QHD & A mono-QH~EZEA 57~ L5 2 bib,

fE i1 ORR L OFEBEZfENT 2729012, 55CT
BEX72FL7ZQHIZ DU Tex-situ XRDLHAIEL 7=, mono !
XRDHIETIF4 h—82 hicHW T L Tmono-QH J“L”‘ _L_AM_
DY — 7 B HNLT=(Fig. 5). — 5 TNMRICEDHIE  quss o
DFERTIL, 4 h—49 hCIIXRDBAER R AR J \.f\/L
o \L
oy VN

mono-QHDOE — Z7HA R CX7273, 49 h—82 h
TRE—7OZMITE LT, tri-—mono-QHD IR U/\/V\L
HDNEmono-QHDFT AL N e RITFE IEL7=Z & @/\M s
WD ZOFEFRIT49 hEEATSSCIZBITAQHD 15 16 17 27 28 29 30
A & Lo [EARSUS AT IEL . £ O Imono- QH Fig. 5 Ex—situz)tggi)/deeiperiment of QH.
DRIFEDPKEL T ETXRD THELHIA TES

KA PN T=Z &% R LTV D,, ZAUE, B BUS T FILHR T BT 7 AD X578
PRI IE A L DT 872 HEQHD IR db 2N E R T2 & &R L TV,

ZOREREEEFEZ DL BB TERMR LU 72ti-QHE | AR BUS TE L L 72tri-QHD [E1Z
AT HFEIX, i T ORESTHLEHELEIND, ek EETITE HEDORWRE
DD DHEE N RKENTZDtri-QHA>H>mono-QH~DIEIE X E G I I T3 503, IWIRHA
U 72tri-QHIZRIR MM R EIRRB T N DD N EBRINHT-D THY , ZNHIEBEED
RN S OFRETH D,

[5. &R
'H-BC CP/MAS ?E'JEKJ:%QHPZ%&@@UD%*}?& ex-situ NMR, XRD HIiE 12X 5QHAK
Eiﬂ&@iﬁﬂﬂ%ﬁoto TBOBRRITFEIBQSY 3 FHEER DMV HQHE fb N E~BQ

D NRBEL T ZE TRV ETT 5, Eiﬁﬁ& TP AZ R BT, IR RIS
QH@W‘?*BEIZ’J HERR - iR 75, tri-QH2>Hmono-QHA~DEAFS L0 SR KL K
RIFIZITHEERE L OB,
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P 4 6 Measurement of Proton Chemical Shift Anisotropy
Tensors Using Symmetry-Based Radio-Frequency Pulse
Sequences and Ultrafast MAS Solid-State NMR
Spectroscopy
Manoj Kumar Pandey', Michal Malon' and Yusuke Nishiyama'*
'CLST NMR Facility, RIKEN, Yokohama, Japan.
“JEOL RESONANCE Inc., Musashino, Akishima, Japan.

It is well known that H-bonding interactions play a central role in providing structural
stability to numerous chemical and biological compounds. Therefore it becomes important to
get atomistic view of these interactions to obtain piercing insights using the state-of-the-art
solid-state NMR technique. To accomplish this nothing can be better than the very basic NMR
interaction parameter “chemical shift” which provides information about the local electronic
environment and motions surrounding a nucleus. Furthermore, the distribution of charges
inside the nucleus is mostly unsymmetrical which gives rise to orientation dependence to
chemical shift and is known as chemical shift anisotropy (CSA) tensor. While the isotropic
chemical shift values provide information about the magnetically inequivalent nuclear spins
in the system, various anisotropic interactions such as chemical shift and dipolar couplings
contain rich information about its structure and dynamics. Therefore, there is considerable
interest in the development of methods based on recoupling techniques for the measurement
of anisotropic interactions with a better accuracy. Over the past several years, °C and "°N
CSA values have been routinely measured for structural and dynamics studies in solids due to
their large spread of chemical shift frequency. On the other hand, the extraction of small size
'H CSAs from the homogeneously broadened NMR spectra in the presence of strong 'H/'H
dipolar interactions due to their high abundance and sensitivity is a difficult process and
methods for accurate measurement of 'H CSA are still emerging. In the present work we have
carried out a systematic study to find more efficient j-encoded radio frequency (RF) pulse
sequences based on R-symmetries in comparison to the earlier reported symmetry-based
sequences to recouple 'H CSA in the indirect dimension of a 2D 'H/'H anisotropic/isotropic
chemical shift correlation experiment at ultrafast magic angle spinning (MAS) frequencies.
Herein, without any application of 'H/'H dipolar decoupling the spectral resolution could be
significantly improved in both frequency dimensions of a 2D 'H/'H correlation spectrum by
the use of ultrahigh MAS rates (up to 70 kHz) which largely removes strong 'H/'H dipolar
interactions, and at high By field strength (16.4 Tesla) used to amplify rather small 'H CSAs.
The existing symmetry-based '"H CSA recoupling sequences are sensitive to RF field (B))
inhomogeneity, resulting in lineshape distortion, poor signal-to-noise ratio (SNR) due to a

Ultrafast magic angle spinning, 'H Chemical shift anisotropy, Symmetry-based pulse
sequence
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strong central peak arising from non-oscillating components, and poor resolution and
sensitivity. To overcome these difficulties, we have systematically carried out a study to find a
set of more efficient symmetry-based CSA recoupling sequences as compared to earlier
reported sequences based on R-symmetries through extensive numerical simulations in
combination with experiments. We demonstrate that with a reasonable RF field requirement a
set of symmetry-based recoupling sequences with a series of phase-alternating
composite-180° (namely 270°)-90°5¢) pulses are more robust towards B; inhomogeneity and
show improved 'H CSA recoupling efficiency and undistorted powder lineshapes in
comparison to the earlier reported symmetry-based sequences with a series of
phase-alternating 180° pulses at ultrafast MAS condition.
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Figure 1: Two dimensional "H/'H anisotropic/isotropic chemical shift correlation spectra of
citric acid (A) and malonic acid (C) at MAS rates 70 kHz and 60 kHz, respectively, recorded
using symmetry-based R16 (180°) (blue), R18](270°90°) (brown) and R205 (270°90°)
(green) pulse sequences from 700 MHz spectrometer. Recoupled "H CSA powder lineshapes
obtained from spectral slices parallel to the anisotropic dimension () extracted at isotropic
'H chemical shift values in the direct dimension for citric acid (B) and malonic acid (D).
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Carbon Chemical Shift (ppm)
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BH VARG OPUEIZ X o T nm Y A A5
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b T “ B W& 3L 18 (nuclear magnetic reso-
nance)” &\ ) WEEASERSCIZHIN /2D, Gorter D
19424E DKM EBR OGS 72 572", Gorter i, 4
TS 2 528 X472 Rabi O E 72, L aisic
L Twh, L2L. Rabi 5032t "ML
(magnetic resonance)” 1N % b OO 1 FiilaE L
W47-565, EZTHHLZE»EAHTH S,

Beii RO NMRDIEH) L CTH 6 HEHIZ BiER
" AMflEbN-bIFTIE D o720 TNEWIIES
& 72 Purcell 5 3 X OBloch 5 ¥ 13, #hZhik
AR L7CBIE - HihE BRI X 2 L5
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TeBCPAT AL 2 rf U Tl & 24 2 THRAL %
e, 2BV HE 2O T A IWIHESHE L
BRENZNET 2 LICE > THBZRM Lz
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HIE ootz i Abviud, &

WRLE 2O ANbWviz, £ T03EYD
LU DN DB H 727259, R
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resonance” TYHKT — ¥ N— A2 MK L TH DL
20070k ey M L7z LAL. 19494F121% "Bk
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AT X —IZ7% b7 Mo 7znuclear spin resonance |&
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DA E— A Y FEMRELTEBY, £
DEDIZBWTHHEIZF L TH L, Ll BT
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RO BIN 72, 1983 4RI/ — /N = R R K
SR B T AR B R 2 0 A & Fi b 172 Taveras
7%, AJR (American Journal of Roentgenology)
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BLoTWD, FFEDGI O TEH DOMEN 7
EZZWHO LR TH D, 1272, KEOYH
FRBIEFEREDIT, FAMHRLIMEHTE S0
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MRTechnology, Inc.
>

B Est. 1999 MRIFHE ¥RV M4t (i)

B {SIMRIZE 2% 8 & ik (Windows®—based Programmable console)
15 BhH#E TTNMR/MRIES: firs A8 Bé pR 15 R B 78 B B 3%

Digital MRI developer (GPGPU, DTI, MRF, compressed sensing, etc).
Supporting your R&D for NMR/MRI equipment and image acquisitions.

14.1TeslaiB EmHEIEMRI, 0.2T~2T/NEK A R AMRIZ A FHSET 3
R ARRIE/ Mk, ZE. Y. BmFREILAMRI

14.1Tesla ultrahigh filed MRI and 0.2T 2T permanent magnet's MRI.
Customized MRI for Human head/peripheral, mice, plants, food, and etc.

BOREB AR A RTINS : PE., NE. BB RH b
HBEMEEEERRBAEMMRIRM, MR EFEL

Wanted: Business partners and collaborators in your country.
Let us make a new MRIs for venture business and science together.

) MATTOERT Y RERIETESHISNMREEZEAT YV RAAMRIZZ YRSk TRFLELT, Shld, JSTD
Seimat B MR - AR T OIS LOXIEO T, TL-7—IL-TH/B0— BRRERRE, HEKREICLYEKIN-LDTT,
HAZ24FAMRIIE#RELERL / The top Japanese company of scientific MRIs.
v /NEINMR/MRIEE / Professional of compact NMR/MRIs.

vV RF{RE. GIREIMIERET R B1E / Custom made RF coils and small G coil inserts.

v EFEZGIREMRZE T E / Development tool for latest MRI sequences.

v505 LU LA ER: 26, £EH. BANHREEK KL / Installed in NASA, Cambridge.

vV B AR AEHZE MmII10%~50% / Low cost and maintenance free MRI systems.

v BREASBENZERIELE / JIS safety instrument approved by Japanese FDA.

v R R RIHHE ARKFEMRI / The leader of outside/inside MRIs for plant physiology.

v iREE 2R DARI S FEIREEE / Mouse gas anesth. and synchronization system.
[Address] Sengen 2-1-6, Tsukuba, Ibaraki, 305-0047 Japan

mete [Phone/FAX] +81-29-859-5075 / +81-3-5953-8878
[President] #Ef%8 2 (Tomoyuki Haishi, Ph.D.)
[email] information.mrte.tsukuba.japan@mrtechnology.co.jp

ZEE ENMREB RN IDA A—20 5 TA—TDEERFTR P/ ARAS—IIVRARRDY—ERE{To>THEYET,
A HEEGETHRIAGZaAILIZ&Z1DTOT7AILEHBIDA A= 5, MU0V EEE)HAIREICARYET . TSN,
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Head scanner
%%5F 2004-089906

President
T. Haishi

http://www.mrtechnology.co.jp/
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In Fast Field

STELA Cycling NMR EH;H%EBT% ﬁﬂﬁ?il:i?ﬂfﬂﬁﬂ‘lzib.\o
Relaxometry B2 BaA:E e mail: infoustelar it

http://www.stelar.it/

[FE&5 . Fast Field Cycling NMR Relaxometry]

SPINMASTER FFC2000 - High performance 1T system: T; measurements from
10 kHz to 42 MHz (1H larmor frequency) and T, (depending on conditions); Multi-nudear
operations (induding 1H, 2D, 19F, 7Li, enriched 1?’C); Fastfield switching time allows measurement of
relaxation times down to a fraction of a millisecond; Fully automated acquisition of NMRD profiles;
Precise temperature control (range from -140 to +140 °C with a 0.1 °C; resolution); New more
powerful PCNMR console supports a wider range of NMR experiments; Integrated NMR Windows
software; Minimum operating costs (no cryogenic gases necessary).

NEW SPINMASTER FFC2000 0.5T Wide Bore Edition: Ideal for FFC
measurements on 1inch rock cores.

NEW SPINMASTER FFC2000 DUO: The most comprehensive FFC system with both 1
Tesla narrow bore and 0.5 Tesla wide-bore magnets incorporated. Ideal for 10 mm and 25.4 mm
samples.

SMARtracer™ - Innovative compact bench-top 0.25T system:
Measurement of T, and T, (depending on conditions) for 'H and *°F nudei; Measurement of NMRD
profiles from 10 kHz to 10 MHz (1H Larmor frequency); Temperature control and PCNMR console
as for SPINMASTER.

3T EREREBEM AL T ary - High-T. cryogen-free superconducting
magnets for high field relaxometry: Manufactured by HTS-110; T, and T,
measurements ideal from 10 MHz to 125 MHz (1H Lamor frequency); Extends the NMR field range
up to 3 Tesla eitherin combination with Spinmaster or SMARTracer™ or can be run alone through
the new more powerful Stelar PCNMR console.

[ FFC-NMR Relaxometry Applications f#E<{7 4o —ar DR EHID BT

* H AGEOLA I html FEHD email THRED <7230,

v' Paramagnetic agents (MRI contrast/Therapeutic nanoparticles)
PHARMACEUTICAL / BIOTECHNOLOGY v" Protein dynamics (aggregationstates, cross-linking)
v' Formulations (hydration states, crystalline states, micelles for drug delivery)
v" Rock core studies (wettability, porosity, pore size distribution)
OIL, GAS & PETROLEUM v' Aggregatesin crude oil
v" Polymer dynamics (cross-linking density, fillers)
POLYMERS v' Quality control
v'  Battery electrolytes (Lithium dynamics)
HIGH-TECHNOLOGY / ELECTRONICS Y Liquid crystal phase studies
FOOD v" Quality control & shelf-life
v' Counterfeit products (DOC/DOGC/DOP product control)
. 100
Each point onthe NMRD profile T=15°C
" .
. . correspondsto1/T; at one . een,, § Wlseesess, .
5 magneticfield strength g el Tegn, ee = Aggregated -é S e
5ad © i o 3 i . b
RS z S BLLIE -
% . ﬁ % 5 .. 3 b bound
5 “ae, o % we L i Paramagnetic to protein
© T, ° | ®
= * X o6+ H £
: I g S e EE " L E
2 5 "as ] g
. . ey | RNNE LT 2 2eeescsscnnena,, free
s = Unspoiled s S [l S ®eee oo
e : A A : 12 001 100
Proton Larmar Frequency, MHz Proton Larmor Frequency, MHz Proton Larmor Frequency, MHz
NMRD of food before and after expiry NMRD of aggregated and non-aggregated NMRD of Gadolinium contrast agents
proteins

BHaE e EREL &EERE MR BfA< BB & e T a2 2BEHE e NMRD-prefile (&2 TRBHBERT |
STELAR s.r.l. via E. Fermi 4, 27035 Mede (PV), ITALY, Tel.+39-0384-820096 Fax.+39-0384-805056
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Direct Recovery (DR)

— NILF VAT LRI
A ATLAGD o ATL80) Lt EHONMRA SAUSLEEIRL  BREET
B — Compressor for ATL160 ST ENTIEE,

C — Helium Purification Unit

D - Low Pressure Buffer Tank

E — Medium Pressure Storage Tank (1000 liters)
F — Back Pressure Controller

G —ATL160 Power Distribution Unit

H - AT Recovery Hub — MP

| - Low Pressure Stand

X — NMR cryostat

AT NILADELEL
BN S T T 270 ATLRBIC L B8
ADEEIEHDEE Ao

BERNSVRT7—

A ce—F—ZERNELTRD | EAFEHIT
BERRA. NSV RA T 7 —BRCH AR RPN —
VIFRETY,

5y FIRIV AT EENHIH
B PRIEIE. 5y F RIVTHT S T EDATRE
B R LEBHE T,

Medium Pressure Recovery (MPR)
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|

Complex Carbohydrate Research Center, University of Georgia, Athens.

EARE

B ATL8O ATL160
SN ITERE BEHERED 12L/H 2L/H
SRRBRZEMARERKE Fa—RE 0L 6oL
W EE av7Lyi— AR SEEIZEAT or KSR
ST A HEEN 3.8 KW ~ 54 kW 6.5 KW ~ 7.5 kW
cHUTAILZ TR RETE 530 mmx 1370 mmx 1440 mm 790 mmx 1780 mmX 1550 mm

+Ia—IFKF ftt XBRBENDIERTEIANVVLADHMEPEAICLI>TERDET, RETERFIWXDXHTT,

=—< QuantumDesignJapan fi05%6i66% Taxos 9646621 Emalinfo@adsco.ip
S S F P I NL R 2 % Xl hitp:/www.qd-japan.com/
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BEEZNMRAL hO7 1w NETRE
I TILHRHEDONMRANE D ETETT
Agilent, Bruker, JEOLONMR CEIMEEBEL HDET

SEEBEENHIE
BERBERIE. 288 - BEAEGROLOH. RBARBFTE
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® F—hHpFhy 2 ©

© BHAKBREE

JHRS-100CW-N JHRS-100CW-0  JHRS-150CW-0 <MARE>
ASEBhIERED 06L/H 09L/H EEIEKRE
BETT Y b 300 MHz ~ 500 MHz 300 MHz ~ 600 MHz RRERAF ft
] et RDK - 408D2 RDK - 415D MNMREEA—HEBICEHEHD
GMA .
AREEN 10W at 42K 15W at 42K
et F-50L
Al i

I FEAER HEEN 6.5 kW ~ 7.5 kW

KEFPHIBERNIERIZIANVILADMECEAICLI>TERDET,
JHRS-T00CW-NIFTATAYVLAEBROBRMBN FIRLRELTT .

QuantumDesignJapan
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T171-0042 REBEERBR1-11-16 BRI I CH2ENL
Tel:03-5964-6620 Fax:03-5964-6621 Email:info@qdj.co.jp
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(13C ISN D 17-180)
Cambridge Isotope Laboratories.Inc(C.1.L)

® NMRA

7S/ B 8RR CHLEH# NMRBEE 2EXF>
® r—H—HERA

WM& HERIE FRR WEERH 1CO, NaHCO, fi
@ AFITFAIN—TRiE

Fe Cu NiCr Cd Ca Na K f
@ FHARUEEGHR

He Ne Ar Kr Xefth

<Thih, FTRRA—ID—ROBRFTRBELLTEYET, >
05T (BA), ISOFLEX$E (AL 7), ICON#LCKE) . OMICRON#ECKE)

R E R Gk ZEE S

RERMALLEESEH(IR-MS)ZE AL, TERBIAF
(3C BN D 80 ¥#S)DEFEZHZEITOTLET,

@ AEIRH

3C 5N D 130 34S M Natural 2T Tracer
@ HITEHIR

H—F T4y v— HAIOTAO197HE
DELTA s XI. DELTAP!"s Advantage
DELTA V Plus, DELTA V Advantage it

SIY /I A (I B EBRBEBERGHEG) IEARME—DISNERBA—H—TT, "NIRBLELEMDIE
M KREIThIEYCILEE (o) FAYR—TF SRSM)—X) OEARRFGRBELEL T, BRERMA
ESDEET7I/BEIILHBRLILSHEBRILEMECRHELTHBYET -, SIAZILOSHREFH
AGE, RERBMABEEBRHERLRYFE->TEYET,

(3) S| 1T A tER R

T345-0023 B ERAEMERF FRTAREL73-3
TEL:0480-37-1555 FAX:0480-37-1533

E—-mail:isotope@si—science.co.jp
URL:http//www.si—science.co.jp/
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L.A.Systems Inc.

NMR7O-7/7ot)— S ORBAKERIK- EfNMRA7 7t iH)—

NMR Probes and Accessaries HE7O54 Solids NMR Accessories
Combined assignment and dynamics Revolution NMR, LLC
‘-—"? Dory algorithm for NMR applications B oot
SCIENTIFIC C —

e Qo

Y7L LK —ayBF/—b BEENMR7OtY 9 )78 217
Electronic Laboratory Notebook Multivendor, multiplatform software for visualization,
Biovia | Pﬁc:‘ssoingv,zalysis and reporting of NMR data
g I Il
- o Wikt -EMiEn | -
. NMRZ—s@m®@. |- | |
(%7 o A | = —
o SELIRNMEE ik 2itn
o REAFHELBTFRE/—MORTREMENPT o ZIVFNMRN S
L. ¥7-BO6BEICRATELR R —D7PLNT%— R
o EAR—-Z207OtARICHL T20%D2hE %R 2yt
INE B EREN—F e N ASsR AT AF+ B EEREFAE HIEB
Compact Digital Microscope BREFRAEMNEE ANIhOX—%
Probe—scanning High—speed Benchtop Electron Spin Resonance
FI“O (7‘/) Atomic Force Microscope Spectrometer

NanoExplorer PS-NEX Micro-ESR™
|l -

o A1 VHYDNALEEUSRF
DF/ R — IV EIEHRE OFIR
o XE¥HMRMEMASDETHE
T8 & .
o HHEYIXHKIREH N

W

Ve Sty o {tABMNOMALE
YO LS RFRELHBAN
shax—s—
o FMMERET 2L e WindowsiEi
® SA7E-REAF+VE—NT o ZYFNRRNICLD
FRLHEX AR {E

MEXEH TILTARTFLRX  T110-0005 RRHEHEER EF1-11-5 BEtSEEEJLIF
TEL : 03-5812-5311 Mail : support@las.jp URL: http://www.las.jp
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BREHDIVEH U TLEFTDOLOZLEICLTARLEZVATHIFS V OREHEICHOEK
BBEZERCEEN, me <4 o 0K MFAF1—TIXLEA Smd 22D T bnm DR EF—4 —
EVHRERTEET. BITA— U TIS5—2 CHRAOBERICIEITA—TZ2EEBLTHRESF
—A—EBVEEBELLELSTEL., HBAWNE 5mm OFTO—TTHLEDFEEFERATEZZ AU Y FAH
YEF, THMA1L.Tmod. 2mmp. 2.5mmd . 3md. dmd DS A V7 v TIhHYET,

omm 5mm 5mm 5mm

M o 1 a

3mm 2. Omm
290uL 106uL

B | 2R | LEMSE R | TEHNME 5 THARLE HUTILEE

= 60mm M BF) ul
SP-501 | 180mm 5mm 50mm 1. 7Tmm +0. 01mm 18

SP-502 | 180mm 5mm 50mm 2mm +0. 0Tmm 106
SP-503 | 180mm 5mm 50mm 2. 5mm +0. 01mm 168
SP-504 | 180mm 5mm 50mm 3mm +0. 0Tmm 290
SP-505 | 180mm 5mm 50mm 4mm +0. 01mm 446
5mm ¢ @ 60mm D FE /WD EEDEE(L 800uL T,

B 042-624-2207 (9 B ~16 B¥) - 2 — : o
FAX 042-622-0937 @ et O = huwiwwwshigemicop
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L RERMEREERS S N EAHFY

L RER OIS/ B AR S YMELOZLE L.
EMAa<A" SI SS

i+
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BPTI 7057 7—t41EES-

15N BPTI : Trypsin (1: 0)
15N BPTI : Trypsin (1: 2)

s
Wismat

///// RRRRS > OHERF
®

/
/

W - B A NE AR AR

Biological Magnetic Resonance pg;a'é%nk 5358, 5359 were used for assignments.

Ras (Y32W) £ /N7 8D'H, ""N-HSQCAA 7L

| HUNTT (CATAVNUEBAR R T

- HE 5mg/ml). RRHERF [ & - e R
H19< A Quick | £ THENT o
=, cp It

T
i i [}

AV BERR T — LR

Telggnil

ZHRft  BACPRRPIER D T AT LEBRIE R NMR/N1(T

HE  FEWAMS M) REES B HE  FEMAME M)
A107-0144 | 7 /BRREWIKAER-ULd 1mL ZHRR A42-0075 | 7I/BREAWKAR-UL-'°C,°N.d 1mL 35,000
~ A39-0072 | PI/BEREHIKAR-UL-°N imL 15,000 A91-0128 | 7I/BRAHWIKAR-Lys.Arg-UL-°C,'*N | 1mL 20,000
_— A41-0074 | PIUBERAMKER-UL-N.d imL 18,000 A92-0129 | 7I/BBEWKAR-LysLeu-UL-"°C,°N | 1mL 20,000
A40-0073 | 7I/BESHKAR-UL-°C.°N 1mL 30,000 A108-0145 | 7X/BREAMKAR-SeMet 1mL AR

() Salts (15N iy
@ Deuterium Oxide 99.9atom%

“%ER

® NTPs / NMPs ('3C, N, d)
® Phosphoramidites ('°C, "N, d)
® RNA-DNAAUIT AR

¥ RBRAEZRVBATHIUETOTHER
%Biomolecular NMREFIA4ZOJ&ZAEL THUETOTH

LY PIJE - TE
® L-Amino Acids (°C, "N, d)

® Algal Amino Acids ('*C, ®N, d)
® a-Keto Acids ("*C, d)

RE

® Pf1 NMR Cosolvent
® Tris-d;;, MES-d,5, HEPES-d,
® Water-'"0 (10-90atom%)

BICBROELEZZ0N,
TEICBHOEDELLEZL.

X = I)L7
R—LNR—

KEEHEHNS4 SIERSE
T142-8558 HR#B&JIIX/NL1-3-26 F*¥Blds.
Tel.03-5788-8550 ({%) Fax.03-5788-8710
QERDIFEKIE. KIGABE THREIC
K L R Isotope. TNS@tn-sanso.co.jp

7 KL http://stableisotope.tn-sanso.co.jp
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TZ4A310)0 MAS 70—-713 BEE 2 BBENMRAED [BKE7O—7 | EL T A EE R T CaREEIE AN S BHR
DAMCE)EVMESHZF HEER REB7O—THMZI/ICHL24 mm F21—F7IV 7544310 MAS 70—7 13, {3k
NDEBTO—TELBL TAENRELERLEL /. (BIZRE141 T "HHIEEKH 600 MHz)



111 kHz MAS Probe

® Gain new insights from your NMR analysis

Bruker®111 kHz HBEEMAST O— & & E CIAIE RS
HEFEFAEOEERZ (I v I ADHEICHETRIE
AERIBIZEHNGZTO0—TTY,

0.5ulEWVWSEBMEDY  TIVELEBEREICKY. T TIb
EVLEREICHIRINZTEE AR REEZHR TE
ANMRDBIE DN ATBEICTEE T,

Fle FelCBRINE< Y v ARERHIHT X T LMASII
ISBERNSBERLCEDRLEVEERETICEWTTE
LZEICEEEFIEL 111 kHz BEEMASTO—J DltaE
BARICFIEHLEY,

111 kHz BEEMAS T O—T & EDBrukerDER AT LT
ELEYHFRIRE TR T T IV F T DI DER DK
%‘1’!5%;—}[/&%“1\?*4%7&9‘1“/'7?'%7:&)@%%55%(?%?3‘1#
BLEY,

B 111 kHzDEBEERMAS

MASIINZ & B MASDE % E I
MRDEFENA A RBFORAICHETERSA VT VT
FEOPTEHEBRLIEY TV Y =)

HEY Y TIVEEL S LBERE

[ DRIE & B3R G recouplingZ FIAEE T B IEEIC
SUORFIEARE

Innovation with Integrity

GB1 side chain connectivity

(H)CTSICH
15 s mixing
27 kHz spin lock

1 ¢ :

ATERLILLS W s
e g e 70 60 50 40 30 ')

T pi

Side chain connectivity in a microcrystalline GB1 detected by
use of TOCSY based solid-state sequences.

NMR



(NEASTAD)

BB L - 7= T u Y-
HAAG V5 5 794 Uikttt
SIH A = v ZpkR et
BT VI Y AT AR
Hestt v 7 3
KB H kA At
H A HRa At

TN — « N4 F AE VRSt



