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Magnetic field sensing using Pulsed ODMR
ORyotaro Tanabe', Ryuji Igarashil, Masahiro Shirakawa'
! Graduate School of Engineering, Kyoto University

It is significant to analyze neural network quantitatively for gaining insight to information processing
and mechanism of memory. In this work, I focused optically detected magnetic resonance (ODMR) using
fluorescent nanodiamonds as a method for imaging neuronal network, and I developed a device for
magnetic imaging. Consequently, I got an ODMR spectrum influenced by a magnetic field while real time

fluorescent imaging.
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Structural analysis upon pH-change of retinal binding site in light-driven sodium ion
pump rhodopsin, KR2, by solid-state NMR

OArisu Shigetal, Shota Itoz, Takashi Okitsu3, Akimori Wada3, Keiichi Inouez’4, Hideki Kandoriz, Izuru
Kawamura'

' Graduate School of Engineering, Yokohama National University

* Department of Frontier Materials, Nagoya Institute of Technology

3 Department of Organic Chemistry for Life Science, Kobe Pharmaceutical University

*JST + PRESTO

Recent research revealed crystallographic structure of sodium ion pumping Krokinobacter rhodopsin 2
(KR2) extracted from marine bacteria. In the vicinity of retinal, specific residues are conserved depending
on its function, for example, Asp85, Thr89 and Asp96 (DTD motif) for Bacteriorhodopsin (BR) and
BR-like proton pump, and Asn112, Asp116 and GIn123 (NDQ motif) for KR2 and other sodium ion pump.
These motifs are thought to be essential to express proper function, especially Asp116, a counterion, which
side chain flips depending on its charge. Hence, we focused on the retinal binding pocket at neutral and
acidic pH and determined chemical shifts of Retinal C20, Retinal C14, Lys255Ce, Schiff base and
Tyr218CL. Chemical shift of Lys255N( indicated the torsion around retinal Schiff base which we revealed
to be caused by the different location of Aspl16 compared to BR-Asp85. This peak shifted upon
pH-change which may indicate the protonation of Asp116 and reorientation of hydrogen bond. At the other
side of retinal, Tyr218 forms weak hydrogen bond with nearby Asp251 in comparison with BR, which is
probably characteristic feature for sodium ion pump as Asp251 works as temporal Na™ binding site. These

features may give us new insights about unique mechanism of sodium pump.
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P1 0 4 Simultaneous observation of 'H detected *C/'H and "*N/1H 2D
correlation solid-state NMR spectra in natural abundance at very
fast MAS > 60 kHz
You-lee Hong' and Yusuke Nishiyama '

'RIKEN Center for Life Science Technologies, JEOL Collaboration Center,
Yokohama, Japan.
’JEOL RESONANCE Inc., Japan. ©

Heteronuclear correlation experiment is useful to investigate molecular structure and dynamics of naturally
abundance samples by NMR. However, the low natural abundance of *C and "N together with intrinsic low
sensitivity of NMR is challenge in NMR measurements and analyses. 1H-detection alleviates these issues
due to the high gyromagnetic ratio and natural abundance of proton and is optimal choice for solution NMR.
On the other hand, *C and >N direct detections are much common in solid-state (ss-) NMR due to broad 'H
resonances of rigid solid. Recently, the developed very fast magic-angle spinning (MAS) > 60 kHz reduces
severe line-broadening of 'H resonances, making 'H-detection of heteronuclear correlation experiments in
ss-NMR routinely applied and enhancing the sensitivity in C/'H and "“N/'H experiments of natural
abundance samples.' However, the each measurement of multidimensional spectra requires long times,
especially in using naturally abundant materials. Thus, parallel acquisition of '*C and '*N signals are proposed
to measure two distinct spectra simultaneously. This gives maximum 2 fold reduction in measurement time
and extensively demonstrated both in solid and solution NMR. However, the requirements of additional
equipment like parallel receivers hinder common usages.* The 'H detection with parallel acquisition, also
proposed to improve the sensitivity in the solid, cannot combine the different magnetization transfer for °C
and "N because “C and "N magnetizations are transferred to 'H simultaneously by the second cross
polarization (CP). Moreover, the 'H/"*C and "H/'*N correlation spectra are obtained by subtracting or adding

the two spectra can induce additional t1 noise in the resultant spectra.™
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Figure 1. Pulse sequence of dual CP-based HSQC for 'H detection in ss-NMR with 80 kHz MAS.

Here, we present a novel approach of parallel acquisition for multidimensional ss-NMR data experiments.
Analogous to the previous parallel CP sequence, we utilize simultaneous CP to polarize 'H to both BC and
>N nuclei and then "*C magnetizations are evolved, while '°N magnetization is kept along the z axis. The

resultant °C magnetizations are transferred to 'H followed by 'H detection. Finally, '’N magnetizations are
&/

Fast MAS, Dual cross polarization
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brought to the transversal plane for time evolution and transferred to 'H for detection. This sequence has
several benefits which overcome the drawback of other dual CP sequences. 1) The parallel CP is able to
reduce the measurement time to obtain two spectra with a maximum reduction factor of 2. 2) The separate
transfer to 'H for each nucleus allows different magnetization transfer schemes to be applied. It was
demonstrated with a combination of J-coupling based 'H/"*C and dipolar-based 'H/*N correlations, which
requires similar measurement time, maximizing the time saving factor. 3) The additional # noise which could
come from addition or subtraction of spectra can be avoided, since the resultant 'H/®C and 'H/®N spectra
are observed separately. 4) The two separated spectrum can be measured without any special hardware, since
all the signals are observed by 'H. 5) Since both the *C and N are rare nuclei in natural abundance, there
are no interference between 'H-'*C and 'H-"N during dual CP. Unlike uniformly *C, "N labeled samples,
no signal loss is expected. The developed dual sequence based on the heteronuclear single quantum coherence
(HSQC) was demonstrated by 2D "*N/'H and "*C/'H correlation spectra of naturally abundant N-formyl-L-
methionyl-L-leucyl-L-phenylalanine (f-MLF-OH) at the fast MAS (80 kHz) as shown in Figure 2.

N o
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T e -
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"H Chemical shift/ppm 'H Chemical shift/ppm
Figure 2. 2D '"H/"*C and 'H/"N correlation spectra of f-MLF-OH obtained by dual CP-based HSQC. The
'"H/"C and '"H/"N spectra is right and left. The 2D spectra were acquired with a total number of 1200 scans,
relaxation delay is 3s, and total time of measurement is lday 20hr for both experiment. vg=80 kHz

‘L'Cp1:2mS, Tcp2:2ms, and ‘L'C])3:0.4mS.
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Structural studies of the RNA-binding multi-domain protein Nrd1 by NMR and SAXS
OAyaho Kobayashi!, Kan Nagai!, Ryosuke Satoh?, Yutaka Ito', Reiko Sugiura® and Masaki Mishima'
'Graduate School of Science and Engineering, Tokyo Metropolitan University

2School of Pharmaceutical Sciences, Kinki University

Nrd1 (Negative regulator of differentiation 1), a multi-domain protein, consists of four RRMs (RNA
recognition motif), which one of the key components of stress granules. In addition, Nrd1 functions as an
RNA-binding protein and the physiological role is known as a negative regulator of sexual differentiation
in fission yeast. Recently, it has been revealed that Nrdl also regulates cytokinesis, in which physical
separation of the cell is achieved by a contractile ring comprising many proteins including actin and myosin.
Nrdl binds and stabilizes the mRNA of Cdc4, which encodes a myosin II light chain, required for
cytokinesis. Interestingly, Nrdl is phosphorylated by Pmk1 (fission yeast MAPK) and results in markedly
reduced RNA binding activity. The mechanism by which Pmk1 regulates the RNA binding activity of Nrd1
is unknown. In an effort to delineate the relationship between Nrdl structure and function, we took the

combination approach that utilize NMR and SAXS (small angle X-ray scattering).

-
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Fig. 2. The 'H-'>N HSQC spectra of RRM1, RRM2 and RRM3-4.
The 'H-""N HSQC spectra of the '*N -labeled RRM1, RRM2, and RRM3-4 shown of the left, middle
and right, respectively. The spectra of RNA-free and 4-fold excess unlabeled UUCUU are shown in
black and red, respectively.
GEED)|
RNA L OfE & 8k
U ®IZ, Nrdl®D EDOFHIEARNA L DR GICEHE ThH 2D EFH 5720, FRRMI EIZHE
REERL, ZOFMEIT, NMRIZ X 5 Cded mRNA & OFEGFEBRZ{T o7, KREBBRENZ &
(2, Pmk1iZ &V U o iRfk S 4% Thri26 257 (£ % RRM1 TIZRNA & DfE A28 /603,
RRM3-RRM4 % > 7 AfEIEk C IR AYTRU MV G D3RR S 4U72 (Fig. 2). RRM3BUM S o 7'V id s iR
TIZBWTORFRARETH 07272, RNAL OFERFEBREITH Z LN TERN-720%, RRM4
HURCIIRNA & OFEE NS N2 o722 L6, RRM3PRNA & OFEGIZEE TH D Z LR
e X A7z,

RRM] D+E AVEH

RNA & OFSAFEBROFES, BHHEY VLS ARRMI TR L, U VBB ST 2 /1R
Bl 133 VO RRM3ASRNA & OFEGICEHETH D Z E PRI N Z &0 D, Nrdl ORNAKE S
RED I A2 BAE S 2 72DI21E, RAA CEOBRENY VLI KL > TED LD ICET 200 %
FHREVENDH D, £ T, RRMI-RRM2D ¥ 5 AGEIE & 3% 29 2 £ RRMESM O H-SN HSQC
AR NEREELIZEZA, (b7 MEI—H Lo Z LD, RRMIERRM2D R A A >
AR EAEH DFFAEDSRIE S 7. RRM3-RRM4 % 7 AFEIRICE L T H RBEDORE NS LT, 4
DOORRMAE T % & A2 T HRRM1-2-3-412OWT o FUFRICh L, 27 FL %
RRMI1-2KX URRM3-4 L [ L7 & 2 A, ZNEND AT ML —F L7 (Fig. 3). L7=»X-T,
RRM1-2 & RRM3-4DBNITH EAERNEE LW Z EAURE S /-, £7-, RRM2-3, RRMI1-2-3
DOV PV GBIT o720, Eh 5 BEEAKZ L=, RRMI1-2-3-4, RRM2-3-4, RRM3-4 CD Y
TGRHBIZIER I L TH Y, RRMAFRRMIDZEICH G LTS & B X bk,

o) Fig. 3. The 'H-'SN HSQC spectra of RRM1-2-3-4, RRM1-2
and RRM3-4.

The spectra of RRM1-2-3-4 in black, RRM1-2 in light gray,
and RRM3-4 in dark gray are superimposed. The peaks of
RRM1-2 and RRM3-4 were well corresponded to those of

RRM 1-2-3-4.
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Dynamics of gas molecules in porous coordination polymers.
(OMasanori Tamura'!, Munehiro Inukai!, Koichi Nakamura!

! Graduate School of Science and Technology, Tokushima University

Porous coordination polymers (PCPs) constructed from metal ions and organic ligands have been recently
expected for functions including gas storage and separation. In addition to new schematic synthesis,
fundamental understanding such as the dynamics and the local structure of gas molecules has been essential
to improve the amount of the gas storage. In this work, we show high-resolution NMR for CO, and D,
adsorbed into PCPs. To tightly seal gas molecules into the NMR rotor, we fabricated a inner cap with two O-
rings. 13C or 2H MAS NMR spectra reflected the interaction of CO> or D, molecules with the [Zn(CH3-
ip)(bpy)]. or [Ca(Cs04)(H20)], .This analyses indicate a slow dynamics of CO> or D> molecules in PCP,

leading to a new design to trap the gas molecules in pores.
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Fig. 2. Crystal structures of (a) CID-Me adsorbed CO; and (b)
CaSq adsorbed H,.
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Measurement of water transport in an outdoor tree using a 0.2T permanent magnet
MRI

OAkiyoshi Nagata', Kenji Fukuda®, Katsumi Kose', Yasuhiko Terada'

! Institute of Applied Physics, University of Tsukuba

* Department of Forest Science, Graduate School of Agricultural and Life Sciences, The University of

Tokyo

We have developed a 0.2T permanent magnet MRI system to measure an outdoor tree since 2013. In this
study, we measured water transport in principal cross-section of an outdoor Zelkova serrata tree using the
MRI. The tree height was about 4 m. Water transport was measured by g-space imaging (QSI) and the
volume flow maps were calculated on basis of the propagator approach. We analyzed diurnal changes in the
volume flow in the xylem and phloem regions where the sap flow was transported. The xylem exhibited
upward flow which was faster at midday than at night. The phloem exhibited downward flow which was

almost constant during the day.
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Fig. 1 (Left) MRI system and Stevenson screen. (Center, right) Installation of the RF probe. The solenoid

RF coil was (center) covered by the shield box and (right) covered by aluminum foil.
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AREBOWFRMEN K E D2 oTe, T E D SFER IR ZH LIS < OBHK Z % LTV
HEEIENTED,

Fig. 2 (c) 122016 4 8 H 3 H D 0 B2 FHHI U 7= Wi O RFE 44 Tdb D, Fig. 2 (b) D5
i & AR E REREROMITBHI S T2y, IS TIHECER Y L TRANS D
BTN, KEEBIER TRPoTIedEEBE I bND,

Fo, BRI PO O THRBEROMEIZE Th o7z, ZIUIRTEOWRNS EMETHDH I L ER
LT3,

water phantom

Fig. 2 Diurnal change in the volume flow in the xylem. (a) SE image (g=0). (b),(c) Volume flow maps
measured with PFG-SE (b) at 13:01 on August 2, 2016 and (c) at 0:36 on August 3, 2016.

3.2 HliE N % iidl S Rk i 0> QSI

QSIIZ X B ERF ORI A 21T » 72 i % Fig. 3 127”9, Fig. 3 (a) (& stimulated echo (STE) ik
WL OB LEEEA PO ZmEmE Th b,

Fig. 3 (b) %, 22 BT~/ RIEFHAA D QSI NT A —HIZ LV | 2016 428 A 2 HD 12 KfiC
FHA U 7= i ORRE Ry A, Fig. 3 (c) 132016 4 8 A 3 H o 0 BRHIFHA L 7= AR o40 TH
Do FIEIL, STE Eifg A B OFERO A 2 L TRR LT D, AiEBOEERIZER T
ERRN2 o1z, Fiz, AEOEEROMEITATHY | FHORNANTRE THHZ LERL
Tui=,

Fig. 3 Diurnal change in the volume flow in the phloem. (a) STE image (g=0). (b),(c) Volume flow maps
measured with PFG-STE (b) at 12:26 on August 2, 2016 and (c) at 0:01 on August 3, 2016.
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A o CRHRITE 2 5 U, REESRICHA% UChel U7z, Sap flow meter (3EMIEERIC K D IREZAL
ZEHT D 2 L THIRIRIEZ RO D Z LN TE D, Fig. 3 (a) I 7T ZIFAFEARR S T ARE
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DIEFEFRORFME{LTH D, e, Fig. 3 (c) ([Z7”T Sap flow meter THHAI L 72t &AL & 13L&
PERNIC—F L TWDZ ENmnd, L, &EMIC, QSI CEHAIL72iED FNRE Dol

Fig. 3 (b) (T~ d 27 7 71X O EIEG O RE#Z L T 5, BB ORFEGE O e 2 E1%-0.0122
£0.00483 mm’/s TH Y | EFHN T & OFRIABLE S iz, Bl O AT I IERHAHIC X 558
WERN o Tz,

1.5
ze @ A ﬁ
STl AL st
_%%\ 0 u Mfw W W —s=—phantom
28
-0.5
oo | ®
B2
= ME 0 —e—phloem
g £.-.0.01 - —=—phantom
%2}0&
"= -0.03
(©
'_|0.04
L IV AV L G AW AV AW A oY
aa 0

8/1/0:00 8/3/0:00 8/5/0:00 8/7/0:00 8/9/0:00
Fig.3 Volume flow measured at different times of the day (from 8/01/2016 to 8/08/2016).(a) Volume flow
averaged over the whole region of xylem developed in 2016. (b) Volume flow averaged over the whole

region of phloem. (c) Sap flow measured with the conventional sap flow meter.

4. fE

EIMEARFHRA MRI % T, QST K 0 AKHER & Bl 2 iid 5 BHk O A 21T > 72, K
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Structural dynamic analysis of SOD1 in living cells

ONaoto Iwakawal, Daichi Morimoto', Erik Walindaz, Kenji Sugasel, Masahiro Shirakawa'
! Department of Molecular Engineering, Graduate School of Engineering, Kyoto University
* Graduate School of Medicine, Kyoto University

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease that leads to movement
disorders. One of the causes of ALS is intracellular aggregation of Superoxide dismutase 1 (SOD1).
Unfolded monomeric SOD1 is thought to be a precursor of aggregation; therefore, we focus on the folding
equilibrium of monomeric SOD1. In many previous studies, this equilibrium has been investigated in
diluted solution. By contrast, the aggregation occurs in highly crowded intracellular environment consisting
of various biomacromolecules such as nucleic acids and proteins. In this study, we quantitatively analyzed
the effects of crowded environment on folding of SOD1 by adding protein crowders using relaxation
dispersion NMR spectroscopy. Our results show that the crowded environment thermodynamically
destabilizes but kinetically stabilizes the folded state. Similarly to these results, the folding equilibrium of

SOD1 would be affected by the crowded environment in living cells.

MHEEMEIEMIRIELAE (ALS) & 1T, EBl— 2 —n o NR SN, HEEERICHEN T X 285 ChH
L. EATHENE L, RBIENDI~SE TR NEEIC L VTS 5. BifE, BERRO—>E LTE
Z BN TWD DX, Superoxide dismutase 1 (SOD1) & VY95 & 237 O TOEMEAR K TH
4. W, SODIT Bk L U THRE L, MIIIN OISR 20 fR9 5. — 5, “BIRIiREEL,
SRS DPT O B E NI T 4 — b RIRRE (PIREE) 1TEHE R ORIBA L 7227 > 7 4+ — 0 Rk
RE (UIRTE) & O EHPIRAE L 72 5 (Fig. 1). FHRMEALSIZ /2 515 SODE s DR H I, SOD1DOHE
WERLENRL, UKEZ 5052868 % LR && @;g

B2 IR IR MBI 5 L i STV 5. -

D CABIRICBENTIE, 0T 4—ATF 4T «k;

PR H L . e
SODID 7 4 —/VF 4 v ZIZET HH581L 2 o

FTRELLL TR TS, L, TOLELIN F state U state

FREE P TOMFETH Y, MIENE VD FIRE  Fig. 1. Folding equilibrium of SODI.
DAERE T TiRA B > TZBREIC BT DM AITZ The SOD1 mutant used in this study shows a
L, 22T, MIANEREIASODIO 7 4+ —/L7 4 simple two-state folding equilibrium.
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ThHIgEZ T > 7.

SOD1, folding, in-cell NMR
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Fig. 2. N R, relaxation dispersion profiles for Val57.

The relaxation dispersion profiles for Val57 without (left) and with (right) protein crowders at 310K.

Obtained R, were plotted by the Carver and Richards equationm.
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NMR-NQR double resonance technique for enhancement of NQR signals
ORyutaro Ohira, Yui Otagaki, Meng Han, Yuji Miyato, Hideo Sato-Akaba

Department of Engineering Science, Osaka University

Nuclear quadrupole resonance (NQR) is a promising method for detection of the counterfeit medicines,
since almost all of the pharmaceutical products contain nitrogen with the nuclear quadrupole spins, and their
NQR frequencies are specific to the crystal structures. However, NQR signals are too weak to be measured
within a reasonable detection time from a small amount of sample such as tablets. In order to increase the
NQR signal intensity, we used NMR-NQR double resonance technique, which enhances the NQR signal
intensities by transferring polarization from 'H spin and *N spin systems via dipole-dipole interaction. A
prototype of the experimental equipment to observe the effect of NMR-NQR double resonance was
developed, and the signal enhancement factors were evaluated due to the cross polarization. Four of the tested
five samples showed the signal enhancement and their enhancement factors were 1.7, 17, 9.1 and 7, for
imidazole, metformin hydrochloride, diethylamine hydrochloride and acetaminophen, respectively.
©
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Fig.1 Schematic diagram of energy diagram (a) Fig.2 Schematic diagram of level crossings during
before and (b) after cross polarization. When 'H the 'H demagnetization process. N has three
NMR and “N NQR energy splittings become different NQR frequencies, which means the level
equal (level crossing), the relative spin population crossing occurs three times during the
difference equalize via dipole-dipole interaction.  demagnetization process.
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Fig.5 Schematic diagram of single measurement Fig.6 Dependence of signal-to-noise ratio on
sequence for metformin hydrochloride. polarization time for metformin hydrochloride.
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P1 02 Satellite transition selective {*’Al}/'H D-HMQC experiment at very
fast MAS for the determination of quadrupolar coupling constants

Nghia Tuan Duongl, Manoj Kumar Pandeyl’z, and Yusuke Nishiyamal’z.

! RIKEN CLST-JEOL collaboration center, RIKEN, Yokohama, Kanagawa 230-0045,
Japan

2 JEOL RESONANCE Inc., Musashino, Akishima, Tokyo 196-8558, Japan

Solid-state Nuclear Magnetic Resonance (ssNMR) spectroscopy is a powerful analytical technique to
characterize the atomic-level structure and dynamics of materials. However, unlike spin/ = ', the appli-
cations of ssNMR to quadrupolar (/ > '%)-containing materials are still limited owing to the large
anisotropic interaction, arising from the interaction of electric quadrupolar moment and electric field gradient.
This interaction, not completely averaged by magic-angle spinning (MAS), severely broadens the spectral
lines, resulting in the low resolution and low sensitivity of acquired spectra, preventing the extraction of
valuable structural information. Multiple Quantum MAS (MQMAS)! is a two dimensional (2D) sophisticated
technique that enables the acquisition of high resolution spectra for half-integer nuclei, hence facilitate the
structural investigations. From the spectra acquired, not only are the number of sites of nuclei of interest
determined but also are their quadrupolar parameters (Cq, 779) as well as the chemical shift information
extracted. Despite being widely used for characterizing materials containing quadrupolar nuclei, the
disadvantages of this technique lie on two points. The first point is the inefficiency in exciting sites
experiencing large quadrupolar interaction since the excitation of forbidden triple quantum is required. The
second point is the analytical fitting of MQMAS by SIMPSON simulation? is time consuming.

The proton-detected dipolar heteronuclear multi-quantum coherence (D-HMQC)>* at very fast MAS is
one of the alternatives to alleviate the problematic issues when studying quadrupolar nuclei. By utilizing this
approach, the advantages are multifold, including the larger sensitivity as proton is detected; better resolved
correlation peaks between 'H and quadrupolar nuclei; and probe ringing avoidance. Furthermore, recent
study has demonstrated the application of D-HMQC to probe 'H/*Cl on pharmaceutical compounds to
determine quadrupolar coupling constant (Cy) based on the relative shift difference between the ST and the
central transition (CT) peaks.’

The applicability of this technique is further investigated on spin / = 5/2, namely >’Al; and kaolin was
used as the sample since it consists of one site, and this site does not experience large quadrupolar interaction.®
However this is not a straightforward study owing to the intrinsic characteristics of Al nucleus and the
conventional D-HMQC, especially if the quadrupolar interaction is small like kaolin. For the first point, 2’Al
consists of three transitions, namely CT and inner (ST1) and outer (ST2) ST, in which CT and ST1 are
partially unresolved no matter how “soft” the radiofrequency (rf) pulse is. Regarding the conventional D-
HMQC, the 7,” of 'H detrimentally affect the resolution of Al in the indirect dimension. In order to
overcome these limitations for reliable C, achievement, we performed constant time D-HMQC’, in which

the time duration between two recoupling blocks is fixed. The advantage of this modified version compared

Keywords: Constant time D-HMQC at very fast MAS; 1D satellite selective excitation experiment;

quadrupolar coupling constant (Cq) determination for spin / = 5/2 nuclei GN))
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to conventional D-HMQC is that the broadening effect caused by 7>’ of 'H in the indirect dimension is
alleviated, hence providing better resolution for *’Al spectrum. Moreover, no peaks shift or splitting were
observed unlike the conventional D-HMQC.

The CT shift was determined by the use of constant time D-HMQC without rotor-synchronization in the
¢, dimension. The unsynchronized indirect dimension prevents the overlap of spinning sidebands (ssb) to the
center bands of STs, hence dramatically reduces the intensity for these transitions. As *’Al CT is not affected
by the first order quadrupolar interactions, under MAS condition this is the only detectable peak in the

indirect dimension; hence this resonance is reliably assigned.
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Figure 1. (a) The 2D "H-*’Al correlation spectra acquired by constant time D-HMQC at MAS frequency of
70 kHz, in which the indirect dimension was set to 210 kHz and (b) the projection of the indirect dimension
was (up) and was not (bottom) shifted by the spinning frequency of 70 kHz. The arrows in (b) help
visualization of the shift of identical resonances while the ellipses denote the shift differences between the
ssb of STs with the CT and center band STs.

After the precise assignment of the CT resonance, the next step is the ST shifts determination. In this
study, we performed constant time D-HMQC at very fast MAS (70 kHz) under rotor-synchronization with
the indirect dimension equal to 210 kHz, three times the spinning frequency. As STs are affected by the first
order quadrupolar coupling, this results in the occurrence of ssb in the spectrum. Hence, based on the shifts

of spinning sidebands, we could identify the ST shifts as shown in Figure 1(a) and (b).

Knowing the shifts of CT and ST1 and assuming 74 equal to 0.5, Cy, is estimated to 3.5 MHz, which is in
excellent agreement with literature.® Since the experiment with large indirect bandwidth is time-consuming,
and low sensitivity was achieved, we further developed selective sidebands excitation approach for getting
ST resonances. Instead of applying rf field at the center band resonance, it is applied to the first ssb, namely
at 460 ppm for the sake of intensity. The aim of this experiment is to selectively excite the ssb of STs, not the
center bands; and from the direct one-dimensional (1D) spectrum, the ST resonances would be precisely

acquired. Numerical simulations were performed (not shown) so that the intensity of center band is negligible
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compared to those of ssb STs. The experiment for numerical verification was demonstrated in Figure 2 below.
Based on the ST resonances from this 1D experiment and the CT shift achieved above, Cq is calculated to
3.3 MHz, still in good agreement with literature.® Further step was performed for higher resolution by the
application of similar 1D satellite selective experimental conditions to the conventional D-HMQC, the shifts
of STs were identified and Cq was calculated to 3.3 MHz, which provided similar results as the 1D experiment
aforementioned. The reason for similar result obtained could be explained owing to the utilization of

conventional D-HMQC, leading to the broadening effect of ?’Al nucleus in the indirect dimension.

*| SSB
ST,

X 10

*
SSB \ CT+ST
ST2 LM\‘W‘WWVWLAW
8(')0 ' 6(')0 ' 4('30 ' 260 ' 0 ' -2'00
27Al shift (ppm)

Figure 2. The one-dimensional ’Al spectrum acquired by the application of rf field at the first ssb (460 ppm) instead
of the center band at 10 ppm. At the optimized conditions, it is observed that the intensities of center
band peaks are one tenth compared to that of the ssb of ST1, leading to no significant interference of center

band resonance to the shifts of the ssb ST peaks. The asterisk denotes the spinning sidebands.

In short, this study provided the utilization of constant time D-HMQC for the precise determinations of CT
and STs shifts, from which the Cq of Al ({ = 5/2) could be derived, which is in excellent agreement with
literature. The selective sidebands excitation method is another alternative approach for the STs
measurements, providing a reliable Co value. For the perspective, we aim to apply these approaches for

investigating of more complex systems where more than one sites are involved.
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NMR (#rgaa L) 2E

NMR (Nuclear Magnetic Resonance ) systems

NMR spectrometer Z.

JNM-ECZR/INM-ECZS series

NMR spectrometer Z 13, {35 =— XIZMRIL B2 5720, REREOWRE LR hoa »
87 b & FEPL L 2R NMR 268 T3 T2 7 VI 2 538 L 2B RN L, itk

PERE & R 70 BE LA LAZTA b, E O X A LR TH D5 NMR 06EHE. AL E TV ofEk it
Ty A X% 55% LLEHIE L. WEEII % 65% ML EHHRL £ L7z

The ECZ NMR spectrometer is a ‘next generation’ system that incorporates the world's highest
performance in the smallest chassis, so that it can fulfill a wide variety of applications. The heart
of the NMR, the spectrometer, was reduced in size by 55% and the power consumption by 65%

compared to earlier models.
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