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X1 Mechanism of vulcanization of natural rubber
(A) Radical reaction and (B) Ion reaction
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2 ™C-NMR spectrum for vulcanized natural rubber, obtained
by high resolution solid-state "*C-NMR spectroscopy performed
under magic angle spinning and high power decoupling.
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X3 Estimated values of chemical shift for typical crosslinking
junctions of vulcanaized natural rubber
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5 Plausible structures of crosslinking junctions of vulcanized natural rubber
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K6 Typical *C-NMR spectra: (A) solid-state 13C-NMR spectrum for the vulcanized
natural rubber, (B) solution-state *C-NMR spectrum for unvulcanized natural rubber. The
solid-state *C-NMR measurement was performed with a 4mm FGMAS probe at 18 kHz
in spinning rate. The solution state *C-NMR measurement was performed with a NM-
40TH5AT/FG2SL probe at 12 Hz in spinning rate.
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%1 Summary of relevant parameters for the
spectra shown in Figure 1
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%2 Summary of relevant parameters for the
spectra shown in Figure 3

Figure 6A 6B Figure 7A 7B
Sample Vulcanized NR | Unvulcanized NR Sample Vulcanized NR | Unvulcanized NR
T(K) 323 323 T(K) 323 323
No. of transients 90,000 90,000 No. of transients 128 128
Rec delay (s) 2.0 2.0 Rec delay (s) 5.0 4.2
S/N 4,882 5,295 S/N 26,732 27,178
Half width (Hz) 17.05 11.47 Half width (Hz) 7.00 5.20
Time (h) 76.5 76.5 Time (min) 13 13
d
I a 'f:
450 400 350 300 250 ° \ b
foN
CH;  Ho—
(B) b a C
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(A) ' ||
. I
L L W N
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X7 Typical 'H-NMR spectra: (A) solid-state 'H-NMR spectrum for the vulcanized
natural rubber, (B) solution-state '"H-NMR spectrum for the unvulcanized natural
rubber. The solid-state '"H-NMR measurement was performed with a 4mm FGMAS
probe at 18 kHz in spinning rate. The solution state '"H-NMR measurement was
performed with a NM-40TH5AT/FG2SL probe at 12Hz in spinning rate.
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X8 Solid-state *C-NMR spectra with pulse sequences of
distortionless enhancement by polarization transfer (DEPT) and
attached proton test for the vulcanized natural rubber: (A) DEPT45,
(B) DEPT90, (C) DEPT135, (D) APT.
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%3 Appearance of signals in DEPT and APT spectra
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9 HMQC spectra for the vulcanized natural rubber, obtained through solid-state NMR
spectroscopy equipped with a 4mm FGMAS probe at 18 kHz in spinning rate for 71.5 h.
HMQC measurement was performed in a selective region of chemical shift: 2-4 ppm in 'H

domain and 35-70 ppm in °C domain.
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Introduction

Human APOBEC3G (A3G), an anti-HIV-1 host
factor, deaminates cytidine in the minus-strand of
the HIV DNA so that the HIV replication can ulti-
mately be inhibited. A3G preferentially deaminates
the third cytidine of a CCC hotspot sequence in a
single-strand DNA (ssDNA). Although A3G is a
potential target for HIV therapy, the mechanism of
the deamination reaction is still poorly understood.
In this study, we monitored the cytidine deamina-
tion reaction using real-time NMR,1 and fitted the
data to newly constructed kinetic models in order
to obtain insight into the mechanism of A3G de-

amination reaction.

Results and Discussions

A3G has two cytidine deaminase domains, but
only the C-terminal domain (A3G-C: residues 193-
384) is involved in the catalytic activity. Previous
biochemical studies showed that full-length A3G
has 3'—5" deamination polarity but A3G-C has no
polarity preference. Firstly, we have quantitatively
analyzed the deamination activity and polarity of

A3G and A3G-C using real-time NMR that we de-
velopedl. Multiple TOCSY spectra were continu-
ously acquired to monitor the conversion from
cytidine to uridine on a ssDNA containing two
CCC hotspots. After the addition of A3G, uridine
peak appears as cytidine peak disappears (Fig. 1).
We chased the intensity changes of the cytidine
peaks in real time. To our surprise, real-time NMR
revealed that A3G-C deaminates cytidine with
a strong 3’ —5 polarity and the reaction rate of
A3G-C is comparable to that of A3G. Therefore, we
concluded that A3G-C is the determinant for the
deamination polarity and rate, and thus we used
only A3G-C in all the subsequent experiments.

In order to further obtain the details of the 3’
— 5" polarity of the deamination reaction by
A3G-C, we measured the deamination rates of
three CCC hotspots, each of which was contained
separately in a ssDNA with the same length but
the position was different: near 5 end, in the cen-
ter and near 3’ end. As shown by Fig. 2, the order
of the deamination rates was near 5 end > in the
center > near 3" end. Namely, CCC hotspots in the
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Fig. 1 Real-time monitoring of the conversion from cytidine to uridine by A3G-C. The elapsed time after the
addition of A3G-C is indicated at the top left corner of each spectrum.
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Fig. 2 Location dependence of the deamination reaction by A3G-C

upstream regions, or 5 -side regions, have higher
deamination rates. Here, we hypothesized that the
cytidine deamination by A3G-C is coupled to 3’
—5 sliding. The hypothesis was confirmed by
an experiment using a ssDNA containing a short
double-strand region in the middle of two CCC
hotspots. In the experiment, the deamination
rates for the two hotspots were almost the same
whereas the rate was faster for the 5° side when
just the ssDNA was used. The results indicate that
A3G certainly slides on a ssDNA, and the sliding
is precluded by the double-stranded region.

Next, we asked how A3G-C exerts the 3' =5
deamination polarity. Here, we propose two kinetic
models for the coupled deamination and sliding
on a ssDNA. In Model 1, the sliding rates from 3’
to5, ky-5,,and from 5" to 3, k5.5, are defined
to be different, but the associated catalytic reac-
tion rates were same. In Model 2, A3G sliding has
no directional preference, but the deamination is
direction dependent with different catalytic reac-
tion rates, k-5, and kes-5). In both models, we
assume that A3G-C sliding is caused by Brownian
motion, and A3G-C does not change its direc-
tion when sliding on a ssDNA. We derived theo-
retical equations for these models. and fitted the

real-time NMR data to the theoretical equations.
As a result, we obtained intrinsic dissociation con-
stant, K, (= k/k,,), catalytic reaction rate(s), and
ratio(s) of the sliding rate(s) to the dissociation
rate, k. Model 2, where the direction from which
A3G-C enters into the hotspot, fitted the data very
well and the polarity, £ s -5, Was determined to
be 4 times faster than & .5, This model seems
physiologically reasonable because the sliding
probabilities for both directions should be equal in
Brownian motion, and the difference in the cata-
Iytic rates is expected to be caused by the asym-
metric structure of A3G-C. Analysis of Model 1 is
currently in progress.

In this study, we have demonstrated that real-
time NMR is a powerful tool to elucidate the
mechanism of the cytidine deamination by A3G,
which is coupled to 3'—5" sliding. Further analy-
sis would shed light on a future HIV therapy tar-
geting A3G.
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It is estimated that more than half of all proteins
in nature are post-translationally modified with
varying oligosaccharides. The oligosaccharides
are critically involved in biomolecular recogni-
tion events mediating cell-cell communication
and viral infections. In spite of their biological im-
portance, there are still fewer reports describing
3D structures of the oligosaccharides in solution
in comparison with those of proteins and nucleic
acids. Although NMR spectroscopy offers power-
ful tools for structural analyses of biomolecules,
the applicability of the widely used approach, i.e.
NOE-based structural determination, is limited by
insufficiency of the distance restraint information
given the low proton densitiy in carbohydrates
and the exceedingly low number of proton-proton
NOEs that restrain interglycosidic linkages. In ad-
dition, quantitative interpretation of the NMR data
of oligosaccharidcs associated with their dynamic
properties also remains a challenging task. Hence,
development of novel NMR methods is highly
desirable for characterization of the glycan struc-
tures and investigation on their conformational
flexibilities.

Here we propose paramagnetic-tagging method

rl:“l-

o

1,23

as a tool for NMR analyses of 3D structures of the
oligosaccharides. Paramagnetic effects such as
pseudocontact shifts (PCSs) induced by paramag-
netic lanthanide ions with an anisotropic magnetic
susceptibility tensor (A x tensor) offer long-dis-
tance information on conformations and dynamics
of biomolecules, We focused on the lanthanide-in-
duced PCSs of the CH groups of glycan to extract
unique information on its glycosidic linkage con-
formation, An EDTA derivative was designed as
the tag to chelate a lanthanide ion (see Scheme 1),
A rigid phenylene spacer was inserted to suppress
unfavorable relaxation enhancement of the car-
bohydrate resonances originating from the nuclei
spatially proximal to the coordinated paramagnetic
metal ion. The rigidity of the tag as well as the sta-
bility of the lanthanide complex are crucial factors
for unambiguous interpretation of the PCS data.
To develop a general method, we focused on
N,N-:diacetylchitobiose, the common core struc-
ture shared among all N-linked oligosaccharides,
which form a major class of the glycoprotein
glycans. The lanthanide tag was covalently at-
tached to the reducing terminals of this disac-
charide through an amide linkage that mimics the
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Scheme 1 Introduction of the lanthanide-chelating unit to N,N'-diacetylchitobiose.
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Figure 1 The analysis of PCS of the modified N,N’-diacetylchitobiose. a) 'H_°C HSQC spectra of tagged
disaccharide complexed with Tm* and La*. The chemical shift perturbation of the CH groups is indicated
by arrows. b) The structural model of tagged disaccharide. c) The axial and rhombic components of the A x
tenor (Ax.. AX.) and correlation plot between the observed and back-calculated PCSs.

N-glycans (Scheme 1). The addition of up to one
molar equivalent of the paramagnetic lanthanide
ion such as Tm” and Ho™ generated a new set of
peaks originating from tagged sugar with concom-
itant disappearance of the original peaks. By 'H-"*C
HSQC experiments, the PCSs were measured as
the differences of 'H and “C chemical shifts com-
pared with the compound chelated to the diamag-
netic La* (Figure 1a). The observed PCSs were
largest (1.1 ppm) for C1, the anomeric carbon
located at the reducing terminus, and smaller for
the more distal atoms.

For conformational analysis of N,N-diacetylchi-
tobiose, molecular dynantics (MD) simulation in
explicit water was performed employing AMBER
11 software package with GLYCAM_06 force
filed. This potentially enables adequate conforma-
tional sampling of glycosidic linkage, which has
restricted numbers of energetically accessible
conformations and relatively small differences in
their free energies. The result of MD simulation
indicated the conformational rigidity of the glyco-
sidic linkage of this disaccharide. Accordingly, the
structural model of lanthanide- tagged disaccha-
ride was built with the torsional angles defined by
H1-C1-04 -C4" and C1-O4"-C4'-H4" of 63° and 18°

respectively (Figure 1b). The axial and rhombic
components of the Ay tensor were determined for
this model by using the experimentally obtained
PCSs. The back-calculated PCSs are in excellent
agreement with the experimental data (Figure
1c¢). This indicates that the common innermost
part of the N-linked oligosaccharides exhibit rigid
conformations, which is little affected by the at-
tachment of a tag. Hence, this method is appli-
cable for a variety of N-linked glycans including
those with more flexible conformations.

On the basis of these results, we conclude that
the paramagnetic NMR approach in conjunction
with MD simulation can provide valuable infor-
mation on conformations and dynamics of oligo-
saccharides. It opens the door to conformational
studies various carbohydrate chains of biological

interest.

Reference
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ABSTRACT

Halorhodopsin (HR) is a seven-transmembrane
(7TM) protein and acts as a light-driven chloride
pump in the lipid membrane environment. The
purpose of this study is to characterize the struc-
ture and dynamics of HR in the lipid environment
by solid-state NMR. We report high-resolution 3D
spectra for sequential assignment. They are funda-
mental results of structural and dynamic analysis
of HR using solid-state NMR.

Introduction

While membrane proteins constitute approxi-
mately a third of all proteins, their high resolution
structures are significantly underrepresented
in PDB, with only about 200 unique structures
known to date. Structural studies of membrane
proteins are particularly important because more
than half of membrane proteins are drug targets.
In recent years, there have been intense efforts
to apply structural biology tools, such as X-ray
crystallography, electron microscopy, and solution
NMR, to membrane proteins, yet it is fair to say
that there are still no universal methodologies for
preparation of crystals of good quality for X-ray
and electron microscopy studies, nor solubilization
conditions for solution NMR. Therefore, structural
determination of membrane proteins remains one
of the biggest challenges in structural biology.

Solid-state NMR (SSNMR) provides ways to
study the structure and dynamics of membrane
proteins in their lipid environment. It has been
increasingly used in recent years to provide accu-
rate structural information in the form of distance

constraints, accurate torsional constraints, and

orientational constraints for transmembrane heli-
ces. The capability of magic-angle spinning (MAS)
SSNMR to solve complete protein structures has
recently been demonstrated for several small
globular proteins in a microcrystalline form. MAS
SSNMR study of membrane proteins is more chal-
lenging because of its generally lower sensitivity,
high spectral degeneracy, and more complicated
sample preparation.

We have started SSNMR study of the structure
and dynamics of archaeal rhodopsin in the lipid
environment. Halorhodopsin (HR), a member of
archaeal rhodopsins, is a seven-transmembrane
protein. It contains retinal as a chromophore and
acts as a light-driven chloride pump in the lipid
membrane environment. Its pump activity is re-
lated to cellular electrochemical potential. In the
photo-excited state or chloride-bound state, HR
would undergo dynamic structural changes such
as helix moving, opening of uptake channel, etc.
However, there is no direct evidence for these
structural changes of HR in the lipid. The purpose
of this study is to characterize the structure and
dynamics of HR in the lipid environment by using
SSNMR. In this study, we performed three- dimen-
sional solid-state NMR measurement using uni-
formly or amino acid reversely *C and “N labeled

halorhodopsin for the first step.

Materials and Methods

E. coli strain BL21 (DE3) cells were trans-
formed with a plasmid encoding C-terminally 6 x
His-tagged Natronomonas pharaonis HR (NpHR),
and cultured in M9 minimal medium using “C-

glucose and “N-ammonium chloride. After cells
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Fig.1 2D "C-"C Correlation spectrum of uniformly “C, N labeled NpHR
Carbon-carbon mixing steps were performed under DARR in 20ms. Downfield
shifted serine and threonine peaks are indicated by arrows. Alanine, serine and
threonine resonances are shown in the box.

harvesting and breaking by French press, crude
membrane was solubilized by n-dodecyl-g-
D-maltoside (DDM). The supernatant containing
NpHR was purified by Ni-NTA-agarose. NpHR
was reconstituted into liposome, constituted of
DMPC-d,, and DMPA (9.72:1, w/w) lipid mixture,
at a lipid:protein molar ratio of 20:1. Reconstituted
NpHR was washed several times in 100mM NaCl,
10mM sodium acetate, pH 5.0, and placed in a 3.2-
mm o.d. zirconia pencil-type rotor. SSNMR mea-
surements were performed on a Varian Infinity-
plus 600 and 700 spectrometer operating at 600
and 700 MHz, respectively. The MAS frequency
was kept at 12.5 kHz. The probe temperature was
maintained at -5°C. Carbon-carbon mixing steps
were performed under DARR.

Results and Discussion

To examine the sample quality, we collected 2D
BC-"C and ®C-"N (NCACX) correlation spectra of
uniformly labeled NpHR. Downfield shifted serine
and threonine peaks (Fig.1, indicated by arrows)
strongly suggest NpHR in proteoliposome has /8

-sheet structure. It has been reported that crystal
structure of NpHR (PDB ID: 3a7k) has short g
-sheets in the loop between 2" and 3™ transmem-
brane helices called B-C loop, which contains the
corresponding residues, serine and threonine. In
addition, some serine and threonine residues are
contained in the short interhelical loop regions.
The results from a “C-"C correlation experiment
agree with the crystal structure. High dispersion
of alanine, serine and threonine peaks in the box
of Fig.1 and glycine peaks in a NCACX spectrum
(data not shown) indicate homogeneous sample
condition. We performed three-dimensional solid-
state NMR of 3D-NCACX, NCOCX, CONCA for
the sequential assignment. As a result, we suc-
ceeded in obtaining high-resolution 3D spectra.
In addition, we confirmed a sequential backbone
walk have been constructed by these 3D spectra.

These results are fundamental of structural and
dynamic analysis of 7TM-protein, NpHR by using
SSNMR.

Membrane Protein, Halorhodopsin
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We have developed a novel approach to non-
destructive MAS NMR for thin-film samples,
and successfully traced the sequential annealing
effects on the local structure of a 200 nm-thick
LiCoO, film by ex-situ 'Li MAS NMR. The results
suggest that in the first annealing period of 3 min-
utes, the film transformed from the amorphous
to crystalline phase. Further, we found that many
oxygen defects remained even after 6th annealing

period of 18 minutes.

Introduction

Thin-film lithium-ion batteries (TFLIBs) are
composed of solid films of anode, solid electrolyte,
and cathode materials deposited on a substrate.
TFLIBs are highly safe, light, and flexible batter-
ies, while retaining the favorable properties of
lithium ion batteries, such as high-energy den-
sity and long lifetime." For cathode materials of
TFLIBs, LiCoO, is widely adopted out of various
candidates. The LiCoO, thin films are prepared by
physical vacuum vapour processes, followed by
annealing treatment for increasing crystallinity.
Their characterization is of interest because the
lifetime and the capacity of TFLIBs strongly de-
pend on the state of the cathode.

Solid-state NMR (SSNMR) is a powerful tool
to extract information of the local and electronic
structure in the cathode materials of lithium ion
batteries.” SSNMR enables analysis of highly
disordered systems, and can complement charac-
terization by the other methods. However, it has
not been widely used in the studies of the thin-film
devices.

One of the reasons is that the conventional high-
resolution SSNMR employs a cylindrical container

optimised for magic angle spinning (MAS),"” "

which is an essential technique providing high-
resolution spectra of polycrystalline samples by
mechanical sample rotation around an axis tilted
at the magic angle (54.7°) to the external mag-
netic field. A few MAS NMR works on the thin-
film samples reported so far resorted to either
scratching the sample off the substrate before
being packed into the rotor™, or stacking many
small pieces of the films that fit in the rotor"**.
These approaches require tedious sample prepa-
ration. Furthermore, the experiments destroy the
sample, hampering ex-situ characterization of the
thin film devices. So far, nondestructive SSNMR
analyses of the thin films have only been feasible

"' in which high-resolu-

in non-spinning samples,
tion measurement is limited to samples without
anisotropic structure.

For non-destructive analyses of thin films us-
ing high resolution SSNMR, we have developed a

novel MAS method, named as disk MAS."

Non-destructive MAS NMR for thin-films:
disk MAS

Fig. 1(a) schematically depicts the method. A
disk-shaped sample is put on the top of a rotor via
an attachment, and spun together with the rotor at
the magic angle by a conventional spinning mod-
ule. This is an analogue of microcoil-MAS with a
capillary tube put on the top of a rotor,""" how-
ever, spinning of a flat body requires more careful
adjustment of the weight balance, as the moment
of inertia for the disk is much larger than that
for the capillary. Using a jig, we glued a circular
quartz substrate to an attachment at the exact co-
axial position, which was then mounted on the top
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of a Varian 4 mm rotor. We verified stable spinning
at 7 and 14.2 kHz for sample diameters of 12 and
7 mm, respectively, whereas the nominal maxi-
mum spinning speed for the unmodified system
was 15.0 kHz. Furthermore, we found that even a
square quartz substrate with a length of 8 mm was
stably spun at 7 kHz, by positioning its center of
mass on the spinning axis precisely.

In order to apply radio frequency (r.f.) pulses
to the thin-film sample and detect NMR signals,
an additional probe, named a disk MAS probe, is
fixed on the spinning module, as described in Fig.
1(a). The main body of the disk MAS probe is a
compact board, on which a coil and capacitors are
placed. The coil was wound with a silver wire. Its
diameter, length, and number of turns were 14
mm, 5 mm, and 3, respectively. The circuit was
tuned at 116.4 MHz, which corresponds to the “Li
Larmor frequency in a magnetic field of 7 T. The
quality factor was measured to be 150.

To calibrate the r.f. amplitude and r.f. inhomo-
geneity, we carried out 'Li nutation experiments
with 1 M LiCl aqueous solution. The liquid sample
put in a cylindrical container with a diameter of
12 mm and a depth of 400 xm was placed at the
position where the disk sample was to be located.
The container was made of a Teflon rod. Using a
lathe, a pit with a depth of 400 » m was made on
the rod, from which a disk-shaped container was
cut. Then, the pit was sealed with a cover glass,
and the liquid reference sample was injected. KBr

(a)
./ =
attachment |
thin-film 5ample’ S J : !
rotor &
disk MAS probe

spinning module \<

(b)

powder was packed into the rotor, so as to adjust
the magic angle through measurement of the rota-
tional echoes of the “Br FID using the coil of the
MAS probe. Even though the thin film was axially
off the magnet center, magnetic field homogeneity
of less than 1 ppm was attained by the convention-
al shimming.

Fig. 1(b) shows power dependence of the r.f.
amplitude for the disk MAS probe. For compari-
son, the result obtained using a home-built 4 mm
MAS probe, whose quality factor was measured
to be 41, is also plotted. We verified that the r.f.
efficiency of the disk MAS probe was lower than
that of the MAS probe only by a factor of 2.0. This
is ascribed to the higher quality factor of the disk
MAS probe (150). From the decay of the nutation
curve, the r.f. inhomogeneity was estimated to be
ca. 16% over the sample volume.

Ex-situ ‘Li disk MAS NMR

In order to follow the effects of sequential an-
nealing on the local structure of the LiCoO2 thin
films, single pulse NMR and sample annealing
were repeated. A 200 nm-thick LiCoO, thin film
was sputtered on a quartz substrate with 12 mm
diameter and 0.5 mm thick at room temperature.
The number of the “Li spins contained in the sam-
ple was estimated to be 1.1 x mol from the volume
of 22.6 nL.

Ex-situ 'Li MAS NMR experiments were per-
formed at 116.4 MHz in 7 T with the disk MAS

-5 6.5 .

=

a

£ 30¢ . 3'3. -
= 0 oe®
S 20} & P

2 S

2 1

= 10 .
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[ -

=

ﬂ 5 ) L 2 M M 2 2
0 10 20 30 40 50 &0 70 &0
Input power /W

Fig. 1. (a) A schematic description of disk MAS. (b) Input-power dependence of the r.f. field magnitude
at 116.4 MHz in the disk MAS probe (filled circles) and a home-built 4mm rotor probe (open circles). The
magnitude of r.f. fields was obtained from the Li nutation experiments with LiCl aqueous solution. The data
points were fitted by a square root function of the form y=avk, and the coefficient a is depicted for each set

of the data.
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probe. Spectra were recorded with single-pulse
experiments in the spinning at 5 kHz. The pulse
width was 8 xs with an input power of 54 W, which
corresponds to the r.f. magnitude of 25 kHz. The
"Li FIDs were accumulated over 300000 times with
a relaxation delay of 100 ms. The total experimen-
tal time was 8.5 hours for each annealing stage.

After the first NMR measurement, the sample
was removed from the attachment, then annealed
at 400 ° C for 3 minutes in a pre-warmed furnace,
and cooled in the atmosphere. Then the sample
was mounted on the attachment again, and disk
MAS NMR was performed in the same experi-
mental conditions. The above steps were repeated
until the total annealing time was 18 minutes.

Fig. 2 shows ex-situ 'Li disk MAS NMR spectra.
While the spectrum of non-annealed (as-deposited)
sample showed relatively weak signals, a center
peak at 0 ppm and a number of spinning sidebands
were observed after the first annealing time of 3
minutes. The chemical shift of the center peaks
corresponded to that of the LiCoO, crystal. We
found that the line width was much larger than
that due to the static field inhomogeneity. This
indicates the presence of magnetically nonequiva-
lent 7Li spins.

Considering the similar profile of the spinning
side-bands reported in 7Li MAS NMR of LiCoO,

[18-20]

in the paramagnetic state, a part of the dia-
magnetic Co” ions in the LiCoO, thin film has
presumably changed into paramagnetic Co™ ions,
suggesting the existence of oxygen vacancies.

The intensity of the center peak after the first
annealing increased by a factor of 7.7. Then the
intensity gradually grew as further annealing the
sample for up to 18 minutes, as shown in Fig. 3.
In a recent report, a LiCoO, thin film sputtered at
room temperature was found to be mostly amor-
phous, and crystallizes after annealing for 9-15
minutes. ® The weaker peak intensity of the as-
deposited sample could be due to the distribution
of the paramagnetic interaction.

The change in the spectra observed in the pres-
ent work suggests that the as-deposited LiCoO,
thin film in the amorphous phase underwent

transition within 3 minutes annealing into the

¥ -
M '-'Il" I\h,_: 18 min
W
<1l |
iy ‘\ - 15 min

ll "

SN .'Jl, A, 12 min

,*UIJ'::
WMN il:
- IJII** .
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, _....*JL' ‘I‘;\I., 3 min
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E00 400 200 O -200 -400 -600
Chemical Shift from 1 M LICl / ppm

Fig. 2. Ex-situ 'Li disk MAS NMR spectra of an
identical 200 nm thick LiCoO, thin film annealed
sequentially at 400° C for 3 minutes. The asterisked
peaks are the spinning sidebands.

Intensity / arbitrary unit
LS O A |

0 3 & 9 12 15 18
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Fig. 3. Annealing-time dependence of the center
peak intensity of ‘Li disk MAS spectra of the LiCoO,
thin film.

crystalline phase, in which oxygen vacancies
remained after the net annealing period of 18

minutes.
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Retinal proteins have actions as 1) photo sensor
or 2) ion transporter in microbacteria and human
eyes. ppR (pharaonis phoborhodopsin) belongs to
1) photo sensor family and works to negative pho-
totaxis in Natronomonas pharaonis. It is function-
ing through some photo-intermediates. We first
developed the system of in-situ photo-irradiated
solid-state NMR. By using this system, we have
successfully detected the photo intermediate of
ppR and revealed the structural and chemical shift
changes from ground state to activated state. We
will show that this system will be directly appli-
cable to detect photo-active intermediate by in-situ

photo irradiation.

Introduction
Pharaonis phoborhodopsin (ppR) is a pho-
toreceptor acting as negative phototaxis in

Natronomonas pharaonis. ppR forms a 2:2 complex

Figure 1. A crystal structure of ppR (PDB: 1H2S)

with its transducer protein, pHtrll, in the mem-
brane. Light absorption of ppR initiates trans-cis
photoisomerization of retinal chromophore fol-
lowed by cyclic chmical reaction involving in sev-
eral intermediates (K, L, M, and O). Among these
intermediate, M intermediate is thought to be
active states for signal transduction because M in-
termediate have long halflifetime of 1.7 s. In fact,
helix movement of ppR, outward tilting of the he-
lix F, during the photocycle is suggested by vari-
ous groups'”, and it is thought to be an essential
step for the activation of pHtrIl. However no helix-
tilting was observed in the crystal structure of the
M-intermediate of the ppR/pHtrIl complex”. Thus
the structural changes upon the formation of the
active M-intermediate continue to be an exciting
topic of discussion, though high-resolution struc-
tural studies have been a major challenge. On the
other hand, solid-state NMR techniques can be
applied to elucidate local structure around site-
specific positions for such membrane embedded
systems™ *. In this study, we successfully trapped
the M-intermediate using the newly developed in-
situ photo-irradiated solid state NMR spectrometer
and obtained the NMR signals from the retinal of
ppR to gain piercing insights into the mechanism
of signal transduction in ppR/pHtrn complex.

Experimental
We first developed an in-situ photo irra-
diation system for solid-state NMR under the

magic angle spinning condition. In-stiu cotinous
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Figure 2. (a) and (b) are °C NMR spectrum of ppR/pHtrll complex. (a) is the difference NMR spectra of C,,
between light and dark conditions. (b) is the NMR spectrum of Tyrl74 in the dark and light conditions. Sample
temperature is at -20°C. (c) is a new model of ppR-photocycle.

photo-irradiation was made by an optical fiber
from outside the magnet through a tightly sealed
piece of cap made of glass rod glued to the zirco-
nia rotor. Using this system, we could successfully
irradiate green LED light (around 530 nm) of
1~100 mW to the sample in the rotor. In-situ photo
irradiated NMR signals were acquired by means
of CP-MAS and REDOR filter methods with the
spinning frequency of 4kHz.

Results and Discussion

To understand molecular mechanism of nega-
tive phototaxis, it is important to detect the confor-
mational change of retinal as well as protein side
in the photo-activated state. First, in this study,
the signal of [20-"C]Retinal in the M-state ppR/
pHtrIl complex split into three peaks by using in-
situ photo-irradiated solid-state NMR (Fig. 2a).
To observe conformational change of protein-side
during photo activation, we focused on hydrogen-
bond between Tyrl74 and Thr204, which is the
most important interaction of signal transduction
in the initial process, and assigned the chemical
shifts of [1-*C]TyrI74. In the ground state of ppR/
pHtrIl complex, the *C NMR signals of [1-"C]
Tyrl74 appeared at 174.3 ppm and in the M-state,

they appeared at 173.4, 174.0, 175.1 ppm (Fig. 2b).
These results indicate that the states of individual
splitting peaks are not attributed to difference of
local electron density around retinal, but differ-
ence of proteinconformations. Since the peaks of
Tyr and Ret in the M-state of T204A™ do not show
splitting, it is revealed that multi-conformations ap-
peared only in the M-state of wt-ppR (Fig 2c). It is,
therefore, stressed that multiple M-states is very
important factor for signal transduction process.
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fEBRFHIR & % 2 T, FEL S OMEHE, TR 0K

xK1 BFBIJERECSVTARICHNZERK

R e 5 SER
18% BAEVED TS - 5%
16% W0 - WRAEES, B, & A
12% HFE W, HEK KT
10% AR T ARG, M
8% P LN A -
6% HIJet, Odnfstik, R TREC

#ITHORETH S (F1),

PR REO WO I IIMERIZ L - THEICIE 2
LRWZ EN LV, ERAFKEREITIO0MHz 7 7 X
Ty WARTER03LAEE, KA D 800MHz 7 7 A
T, HIFILUTTH S, N7 aH8HERIE, EF
D110 5 1/20ETH 5o HEWIHRT 2 —
e ity 72 Z2 RN Cld, IEBRT 2 22 RUC10% FEEE D
MR AT N DT, NHFRIZ 22T 28 L <
WAEIZIE, BRROBIE TR ZIREIZIE RS
T\, 72720, AR EID AE R WREREO W
FEERE CTIREEILEN R 5o Hiikdd 2 #ICNMR
FEEREOERDOARIZOVTH VG b THIEL
TBLRETH S,

BRVHIERATE & 5 7o & IR OfEk & D
JIUVFECHIBRNPRAETLI LN H L, TD
7 I UFIE AR OB EZIRRE DR DK F.
Wi R deb e, RN 7 A L, BE
HIREPONLBRTH L, 7 TV FHRET
BECTCICHER ENLDEANY T A TH D, %
FERMTL 203 KEMBEORMEZDVH b, 7
IV Fid. AN T ARSI PRS0
TRIZBIZIRFZ2, @BARHE 5T E %
BLTHIFEINTWBEDT, WhIFEENDTE
TETHb, ENEEPTREFTOPH TS,
AT ARNICREPDRS R NWE I, EEEWT
Who N AT ZFHEDREL, RO LI
LIEME STV, INHDZEZERTBNVT, R
EHTHBEE ., OERR T O— Y 72 R i K
TIEZE LT G0l v,
FTOERIERVES I MA T, MWHERA
RFICNMRZF ISR ADET, WERZICEIICAE
THHICIE, 70 FHRRI - EEMELT
WBROGERICEET LI LEENEVE TR
ETH5H

Bl DR E R O % 31§ 5 NMRZ 13,
Z DRI DA 7 S S 7 BN H 5 D5,
BRZP BB OIE, TLIFFLVWIET
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72\, AR ORE BERIEAER DN
ERRFICEERT S a%m FihuX, BEOIL S
RHEPRT B 2 N b HAMTRIRM IR TH
bo BEOHMOBED H0IF. BEROBIZIE
A BT OFEPRIZIG L7272 & 720,
ZHREOFE L TIE, KE - =2—3—=27IT
WA OMBMIEERIZ, Ty V=T ETH LN
IFEWAFEL TS, Vb EITHORAKRELERE
. BAOKEE, EETG Tl EITE S 25
250LARE A, 3~ 6T %, T 5%
FEIZ L o TE BRI 72 L BRI ]
REMEDS T CH B L 2 BHICEWTBIRET
HH9o

Vb, BERICBIE L Tl RTE7205 ZofEkk
W L TR R VREE LTIE, BERERO
HETHD, NI AH AT LTHED
INSVDT, RIFFIANIEHT 525, BFEFT AL
REPKELR2 LTS 5o ADBINZ I

F1 SEOHEICLIETRBDEREOERE
THICHZ B HIRDO D OWADOHEEL. HDD
DO, WAOHOFTTH 5. BELL TV B A
. WBMOTNIEETANVLTHD, HLET
VIFAHANHEORPRENRBEEINLITEDT AN
F—Tdhb,

K2 2+ L EDOMRFEEERETEIN-ITL— FDR
RICL BHIR,

AT E COMBIRENEEL DT, K25
ImPL T QY ~NRFRERT O X o — 25 E T
B ERHERT L, MEREFTOL H—I1213%
WAHY, Ny TV —RWLFOT, B R
WPV THD, BMEREFTZEALTH, F
OBIZEIEL Ve nd T AL, HEHOE
HAEFK SNz,

4) KEDEOEIE

199541 H 17 H O Besilig g R 52 56 & 20114E3 H
NHORHAREL THELZ T 7-NMRAEKD
ERERBFIIHTW R WD, BHARKRE R Tlaw
OB CTHELLIEPHE SN/ LIt
WZH Lve MR, Bl B ofiETh
REEVDHLOT, Bl SN TN T
BADOBEIIAL ) 5. BAPBEIELEAC.
AR TFEHECLELRVEIICT I, GEET
YH—THEELT, BAZRErbu—7FTEE
L& % &) d I 7 T3 L 2B O R E R AR 12
i B0 5l ve K0 ek g bty 2 720120
B OB G A2 O AT LRI A S 72 1
B NOBRENIEE L, SnEren Ty —ar 7
Ly =72 EQEENCH 2, oftiazs &L mHk
WCEEDRLETH 5o HARDBSEFMITEY 24
ZREMEICT 2 LA I L TWb, Afy
CEl B R SE A 2D, SHREDI I %
TRHLEE D o M EREIMA LI EMEL
72\,

5) BIEOHAEICL 2 ETRHBDIRE
BEEMmATRbEMEILIX, 720 F Tk
el BERLAN)TLAOF AP AR — FHZEIC X
LIRFERITH Do LT THRRDFHBNZ, 24
ADF 2—1) il b, Bruker-Spectrospintt (3
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Bruker-Biospin ft:) T304 X 72 H i TH
%o FIMIEOGHEEZBIWT 5205, BIEOETL
LEEHIEGTES (R, 2. 3), BHEORKE
35 @ 600 MHz 1% 41 1%, 3% 5 Oxford 1 > 8 iy %
L Tz, & TOWRBMRAEIKRT L CiE#EY
T, BHORMZ#T TARSE5@H T, )
REFMZHESEBREFMIIE 720 ZOKE
ARTHNE, GHOBWEERZYF A 7+ VI2&
DEAICHUY TR Z AT o 721, WiB 22 )E
%ﬁb\ﬂm?6®#$ﬁfiéobﬁt\ﬁ%
PR EMOTHRICELE» 72283 H D,
M2EMSEL-01I0, HEREWRS S kf%ﬁ
B EFERCAT Y, 20 FE LRz
e REHOFNT, BFRITERKICIHEL,
G E T S FICHEAL, 2 OF ML Bruker
& Oxford#E CTIEMAZ AL, HEZAML THE
WCREIE ST W BT S BRIEICIE ) % A3
TR AR 0k A TRl S h
7oo MOWMTIIHEEIEET L L, RS TL
FOLELHDH. ZoisidfakmtEt AL T
FE RRICBT V2L W) HTlY b0 7:
EERBIEASD . ZOHHTLY, ZhDkE, &T
DA—H—ORBEERADT 27 —2% EN%
TR DR ERIIEAIND L Lo T2,
D504 HNMR Tl R o gl s

TV,

L2 L. EiPRH O MRITIZ20034E 1R\ D
ST CTHA DRI E 720 HHEE~DA
N ZNEEOBICTIEZ %> THESEBEREZT]
S Lize DX BYEITH R 7RI H3 %
fiisnTn7zd, ABWEIATENREZHALTL
F o OIBERERICET TE o7 FEEEE2
HEREUET6 AN ERGAH ) FHIL kol 2O
EEERIT - T H 22T LT —HFEGE, =
FTHATH T E 2 6 » H OFTRHIRAT - 720
C OBIEHBUE. AZI R I A TERK DR &R
R CTETIRRE LT TH D, HitlhE K
HAISPRFET 2 NMR#EA Tld, BT VT
W) EDb DL REmEEITIBE R
CHWReMDH B L%, NMREEICEHDL S N7
BLICHAES R HEREESL D,

[REIIENIEHIZR - THRLE I EEDN S, 13
EALDOFHH I, NMRERE T, #BHAEN LG
BtEz, WHEZZPHHEIZL T RnE ),
Lo L. BARIZ, EOMBRBTEN 2 Gk d 5 A
ZHISTHBL I EITLDEMIR L, T2 TR
L7z &9 NMREBEOFIHENLEEME 2
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NMR {£##&

B NMRBIEDEHOLES 7 MEENE
- PCHIZELT -

FEDFERNMR AR 7 PV EHIEL LD &5
EE FFTIEET T Do TV AE LD
EAEY T B L. TORSMEZ b &1Ly
7 Fo¥k# (Oppm) ZRET 5. EANMRODY;
Gy SoLFEY 7 MEEYE IR A W EAMED
NTHY, "CHICH-TH, 7TF¥F~r 5, 7Y
VUL AFHRFAURVEY, ansg, L—T 5
ZVERLWAIC W EN D, S5O BR
ENZH VB ETOEIRRZDILFET 7 FOED &
FLLI—ELTWARWI EhS, Bl s iy
THRDOSN/ALFE T 7 ML H5HVIZEBENMR O
LT 7 PEDOBBRB DLV o TWd, K
Facid, BEMEWE L LCHBNEZ v SR Tw
BTFRYIET) T UIZONTAEY 7 M
WEL L TORBAEMBIL, W NMRO{LY Y 7
b & DIV 2 HUMIIFERHL L TRz,

B NMROLFY 7 MZonWTid, HE/S—%
~ FT1% LU F OTMS % & & TMS CDCL & il ®
'HE: D15 % — k3 # (primary reference) & L
T HIGHREEILEOMEIZH LDV T—k L)
LETOBOILFEY 7 e g b Z LA TUPACIZ
Lo THERINTWD Y, —kEkHe o SR 5
v (H)™ &btk X)) @ kL (secondary
reference) & 7z % BEHEW) B O 15 5 O JL U5 JE 9k £
Y (X)reference 0) I:I:\

E /% — { M (X) reference/ Y (1H)TMS} « 100 (1)

DIED S X DALFEY 7 s DL 7% 5 H K%
Wb b, "CHICE L TIETMS (TMS D& &/ S —+
¥ M %LU F O CDCLAEW © B =25.145020%) & 72
13 DSS D A F )V % (D0« B =25.144953%)
D523 0ppm K IE T % R IEHEL LTHWS
NTW2b, FIANMROBEAIZH, SCREOILE Y
TMNET I~y EOREEYEOTMS ¥ 721F
DSSIZx§ A2 MxHb: s 7 M2d £ onwT, TMS,
DSS D545 % 3 (Oppm) &9 A4k 7 b Hi%

DTERDLENL, LAL, HERNMRNERE S
[ U 4214 o TMS CDCL, i i % DSS D,0 & i % [
R ICANTMAS 70— 7 ClllET A 2 &
BESTIE RV, FEYHOMLY Y 7 b
OHFIZIE, [ UNMRZEE TRl & L 72 TMS. DSS
BWDOE T L OBERILEI S TE R MH20
FHiECTHENICABDL ORI E TN T 5,
D70, EANMRE BB NMROILEY 7 b
DORICIITEB 2 &L 2AHHH D), EARNMR AXZ
MVOALEEY 7 N EBFEENMR A XS VO
JhEHELTHERLED ETHLE, ZEEho
LT 7 FOIER—-FH L TVDHDH, ThTwn
HEFTNZTENIETN T O MEE L5,
BEARNMR Db 7 MEREWE & LT, fER
BIEL bR TwAoRTy~r s sy
YIEEEDbNS, UTTIE, 2OTDIZo0nTHE
EWEE L TORBERTARALI,

1) 7E< 5>

BAT <% DX F > (CH) iEEXAFL
> (CHy k#ix. MASE&HFCTZ 12 30ppm
L & 40 ppm AL BB 5% 52 %, TH~
¥ IOV TIE, [W—OMASEMTFTHlE Sh
72 % TMS. TMS ® CDCL, % i (TMS @ %5 8 /8 —
£ F2%~3%). DSS®D,0# i (DSS D & &
N—t Y F05%) FEOFFIIHNTHEET ¥~ »
¥ DALY 7 FOMIHENFER S, s
TWb (FD®Y, MASSEM T TSI 7% AR
WAL DILE Y 7 b ~NOF G EENR B 720,
MAS 44 F Tl 72 TMS, DSS, 74~ > %
YEOALFE Y 7 MEE, I NMR O N SEHE DS
A L AR ICAREEAL R OE VI X B1L%Y 7 b
DWBEEZTICHERT 2 EnTEL Y,
#TMS. TMS CDCL,i#% . DSS D,O i .
KT T DAF L VREBI O AF Vi
DALY 7 + Z0ppm I BT 5125 % Bl
L7zL &2, o afbEy 7 bofiz ehzh

ZHHH 2012458 H30H  ZFH 1 201249 A 13H  MREZHR N
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x1 FBENh/=TMS, DSSHIESICHTAERKRT L~ 2 DB LEy 7 ~©
"MAS &AM FTMlE SN2 TMS. DSSDE 5 2 HHEE S L LTOppm 2L B HR/N—L Vb ERX—t b,

XL 7 + (ppm) #5755 (Oppm)*
1k 38.48 L TMS
TR 0 Y
X512 5% (CH) 37.77 TMS 2 3A?xm@@
40.49 DSS 0.5% DO & (A F Vi)
. 29.46 L TMS
7 577 4 57 7 0, N
X5 5% (CH) 28.75 TMS 2 ~ 3% CDCL, ¥
31.47 DSS 0.5% D,O & (A F V%)

6 neat TMS‘ é\TMS in CDCIS‘ é\ DSS in DZO‘ 8 solid adamantane CH2 ja.

J: Z)g 8solid adamantane CH & j—%’ k‘ ,ﬂ:i:/ 7 ]\ @*ﬁﬂ‘f%
Rk (2 0 &I ks,

6 neat TMS

= omMRE 4071

= PP —201

— 6solid adamantane CH2 + 38 48

— é\solid adamantane CH + 2946 e (2)

6 TMS in CDCISj:a, J: ()\‘ 6 DSS in D20 i)§%h%hCDC13FPO)
TMS & D,0 1> DSS D % F )V jjé F % H#E (0 ppm)
L L72E EOBHEHNMRAILE: Y 7 MBS %,

IUPAC Recommendations 2008 C & = (2) @
BRICEDSWTREART ¥y~ % v ORE5h 51k
F T NORMERPDLIEEHRL T VDY,
IUPAC I3 W NMR & 3t o TMS CDCL R OfE
FEOppmE TSI L2 EDTVDEH, FANMR
TIEHEMICTMS O ¥4 5 (Oppm) & L THl
TMSOfE FEEZ A VTWS HICEFELTIEZL
W

2) JUIT

EARD 7)) ¥ v id43ppm FHEIC A F L v i
(CH,). 176 ppmAALIC A VAR F IV jEFE (COO )
HRDESE 52, BB A VEXR I IVIREDRE
FHRECHOILEY 7 hOREEIEIIH VSN S,
F70, PCHOBEHEREIIAFL Y REDESTZ
w7z, PNEoRkiEGREIZ 7Yy roT7 I )%
(NH*) o 52 HwTwaidbdhs™™ 7y
YERALFE Y 7 POIEETEIIH WS &, W UK
% HW N MASOMEER T v 7)) ¥ 7ROk
BUCDME) Z N TELR LD, YT L
LTLIZLIEHWSRTWS, 7Y ¥ v ORFEE (B
Kkhh) SR A B R L O L &1TiE, B
2 ALY T N R FEEOKM S AT B IS

BYALENRH LY, WRTRELEE L Ca

Ly o2 E DY, LT 7 MEREYIH L L

TR a-Z) Y BHSONRTWE S y-F) v

DHNVKRFVINVRFE, AFLVVREOEFI. o-

7)Y AR TENENL9ppm B & UM1.2 ppm

B EBERBHMCEN S, MTMS % %# (Oppm) &

Tha-7) Y ANVKRFVIVREZEDLF T T b

L T, 176.03ppm™ ™, 176.46ppm ™™ I X O

176.49 ppm™* " 22 EASHV BT W B,

* FLALDOLMT oKy BOMIRMR SR TwAn
ALY 7 VOER S -7 ) Y VR LTV S
LEZ SN,

TWmE LTAFTEL 7)Y Vidy BOY;
EWBHD TIRVIVDAF L VRFEDET%
Oppm & L7z& &, AIVKRF VIV EREZEDE SO
b5 7 M A3 136 ppm fF i TH UL v . 138 ppm
FETHNE e TH D, a-71) ¥ v OFEEI,
MAICED L7227 ¥ v ORI RIK R % 8 iE L.
KREZFEIETOW-K) ERERMENTBSEL L5
ZENRTERL Y,

S DEHEYE & FI 72 AR NMR oAb 2%
7 M EBHENMROL Y 7 b E L 2 wIAIC
. EDTHIERWES D Ho

TEIY I IOV TIE, Bk X HIZTMS B
X ODSSIZxt 3 2 HIx Y R bF > 7 b AFIH T &
o FRT <& vaALYY 7 N OREHEYE &
LTHYTWwRE, F1BLUK 2 olfkz
FIH L CEANMROILF Y 7 b HED % B
TMS CDCL, # % 7213 DSS D,0 i % P ER L e &
THEHENMROILFEY 7 FHED & —5 STl
BYBHZENTES,

FIT v TY vy v U OEEYE % ]
WTHRSO 72EANMR DL Y 7 + 2 ERNMRO
fbFy 7 M E BT 25A121E. ERNMR 0L
7 FHEYCTEAET S~y ok Y 7 R
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EL, B1OTMS, DSSIZHT 575~ 0D
L%y 7 PR L THIIET R&(LEY 7 T
nz b L v,

BIZIX 7)Y 2 ERYHE Lo 7ALF Y 7
FHEDIC X BEARRB O 7 b F& o e
TMS CDCL & % 2% (Oppm) & L7z& EDOF T
BRDfbEY 7 v o TR ) o i)
BELTHESINTFAEKT V<07 Y XAFL VK
FOFY T M O e LT B L
NMR DALy 7 MIshis g % 6 ™" PP i3, TMS
CDCLEWII M T HEAERT ¥~ v v AF L Vi
ORI 7 M O gamantaner = 37.77 ppm
(R1) ZHVTKRD L) IR LHENTE 5,

6 TMS in CDCI3

— 8solid glycine ___ { 5 solid glycine __ S TMS in CDCI3
- (adamantane) (adamantane)

lid glyci solid glyci
— 6501 glycine __ {6(adammme)bm gyune_37‘77} _“(3)

[AA£12DSS D,O ¥ % 3 #E (Oppm) & L7z &D1b
%ﬁ: :‘/ 7 ]\ SDSS in D20 ci‘ a(admantane>DSS in D20 _ 40.49 ppm
ZHwT

5 DSSin D20

i 8 solid glycine __ { 8 solid glycine __ é\ DSSin DZO}
- (adamantane) (adamantane)

:6solid glycine { 5(adamanwne)solid glycine 40'49} . (4)
LRDEND,

ERNMR & ## NMRO1L4: Y 7 b OxdieoF
. 7y R EEMBELTESICIT) F
NTE D, MidEORLEL 7)Y IR OBNS LS
2y BEROBEEY R Cld, WA Z R LD
HYEDORBIZ L > TEF T 7 AT 562 L
Db, BERHOIREL, TG 2105
7 FEWRLTHWIUE, FANMROILS Y 7
MR IH R EIZD R VERDbN LA, &
WNMR A7 bV e DOHIREZAT ) A1, Bk
NMRUFEIZH TV B EHERE L 7y~ 7 v %
HULEBETHLEOT -5 —% HwTillgl, X
(3). X (4) 25 NMR O HHE & Db % ff 52
FTHIENEFLWEASI,
¥ FALa-7 Yy Th, WEORBIZI > TEALER

F I NVIRFEIZ01ppm B EDLF Y 7 MEALAEIM S

Nod, ZWE(TIAF v 7)) fEWmThrTy~r%
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P SNIZERS V87 BOMEAEH 2B C&
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20124EE NMR iz 71 7" 5 A

= H: 2012#11A8H (K)~10H (X)
November 8(Thu)-10(Sat), 2012
= & DA IHWNE
WINC HALL

T450-0002 BHELHETHIXLER4-4-38

%£1HE 11A8H(K).”Day 1 (Nov. 8, Thu)

9:25 ~ 9:30
HaOKRE #E U (BFXBHEILBFERSR)

9:30 ~ 10:30
ER RIE RXE
L1 PREEHCBT BT 74 7Y ¥ ¥ B -2 T A5 a— Vo B EAEDRE A NMR @A
Bimolecular Interaction Analysis between Amphotericin B and Ergosterol
in Lipid Membrane as Viewed by Solid-State NMR
OMENl - He—, Nl 25, 201 s, B B, ol ORBROKSF RS B0i5e R
L2 #OZ RS C T~ OMEL FHENMRIZ X B B Y — MR
Structural analysis of silks with B-sheet structure by combination of
several °C labehng and solid-state NMR
OWT W, Il ', sk &, = @A, B W, 9F W0 ORISR
Be TR, TR Fﬁ)
L3~ AuEE R LIHALE A Tk W

Development of the Bayesian—based structure determination

Oitb 4 fsk gy EIN' =B OEH g rﬁt, Peter Giintert"”* (' Er#B A dUmA b BT

SEGERE, P75 2y TN N TR EERIRGCRE, C T 5 v 2 TV k= Tk ST

10:30 ~ 10:40 1{AE/Break

10:40 ~ 11:20
Chairperson: Daisuke Kohda

14

A solid-state NMR study of banana liquid crystals , ,
(OKazuhiko Yamadal, Sungmin Kangl, Eun Woo Leel, E-Joon Choiz, Kenzo Deguchij, Tadashi Shimizud,
Junji Watanabe' (lTokyo Institute of Technology, * Kumoh National University of Technology, * National
Institute for Materials Science)

Induction of Residual Dipolar Coupling by Aggregates of Magnetically

Aligning Self-Assembled Complexes

ORyosuke Takeuchil, Sota Satol, Maho Yagig' 4, Yoshiki Yamaguchiz, Koichi Kato™ " 5, Makoto Fujital' ’
(' Department of Engineering, The University of Tokyo, RIKEN, ’ Graduate School of Pharmaceutical
Sciences, Nagoya City University, ! Okazaki Institute for Integrative Bioscience, ? CREST)

11:20 ~ 12:00
Chairperson: Yutaka Ito

L6

L7

Pressure-induced chemical shifts as probes for conformational fluctuations in proteins

ORyo Kitaharal, Kazumi Hataz, Hua Lig, Michael P Williamson4, Kazuyuki Akasaka’ (' College of
Pharmaceutical Sciences, Ritsumeikan University, 2R—GIRO, Ritsumeikan University, 3Shanghai Institute
of Biochemistry and Cell Biology, Institute for Biological Sciences, 4Department of Molecular Biology and
Biotechnology, The University of Sheffield, 5High Pressure Protein Research Center, Institute of Advanced
Technology, Kinki University)

Transient Structure of the Kinetic Intermediate of Apomyoglobin Monitored

by Quench-Flow HD Exchange NMR

O Chiaki Nishimura" 2, Peter E. Wright1 ¢ Department of Molecular Biology, The Scripps Research
Institute, ° Faculty of Pharmaceutical Sciences, Teikyo-Heisei University)
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12:05 ~ 12:35 BABEIHEBZS#S/Meeting of the NMR Society of Japan

12:35 ~13:50 BE&/Lunch

< > F 3>+ 37— /Luncheon Seminar

13:50 ~ 1520 KRAE—tv > a2 (BRES. BFRASI—HERD)

Poster Session (even numbers, Young Scientists Poster Awards)

15:20 ~ 15:30 & - 1A% /Break

| Parallel Session 1 |

15:30 ~ 18:30 "New Frontiers of NMR in Asia"
Chairpersons: Hideo Akutsu and Koichi Kato

15:30 ~ 15:35 Introduction

15:35~17:05

111

IL.2

IL3

Invited Lecture 1
Recognition and regulation of small ubiquitin-like modifier (SUMO)
(OTai-huang Huang (Institute of Biomedical Sciences Academia Sinica)

Invited Lecture 2

Method Development and Application of Magnetic Resonances for

Membrane Proteln Structure and Functlon Studles

Chaowei Shi' , Kaiqi Wu Pan Shi’ , Juan L , Dong L' Fangmmg Wu’ ,O Changlin Tian"* (* School of
Life Sciences, University of Sc1ence and Technology of Chlna ngh Magnetic Field Laboratory, Chinese
Academy of Sciences)

Invited Lecture 3
To walk or not to walk, and how should they walk:

myosin’s “clients” share some decision making power
O Mingji Zhang (Division of Life Science, Hong Kong University of Science and Technology)

17:05 ~ 17:20 Break/{x&

17:20~18:20

114

IL5

Invited Lecture 4

Are the Dynamics of Acyl Carrier Protein Domain in FAS/PKS Critical to its Function?

Jackwee Liml, Huihua Sunz, Jing-Song Fanl, Zhao-Xun Liangz, ODaiwen Yang1 (1 Department of Biological
Sciences, National University of Singapore, *School of Biological Sciences, Nanyang Technological
University)

Invited Lecture 5

NMR-based ratlonal drug design: Apphcatlons to GPCR -targeted drugs

O Weontae Lee', Jihye Yun', Daesuk Oh', Sung-Kil Lim” (‘ Department of Biochemistry and Structural
Biochemistry & Molecular Biophysics Laboratoty, Yonsei University, Department of Internal Medicine,
College of Medicine, Yonsei University)

18:20 ~ 18:30 Discussion

\ Parallel Session 2 \

15:30 ~ 18:30 [##t54h - 5F4Hi - MEEEICH (T3 NMR]

B

HK BB, &Il B

15:30 ~ 15:35 WEEHA
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15:35~16:25
IL6 Invited Lecture 6
BT O— R ERAT L 2B NMRO T 7 a—F ¢
ANRT VO REERT & DOSY
Multivariate Analysis and DOSY —— Solution NMR Approaches to the Molecular
Characterization of Synthetic Polymers

OFRT #E— (EERFRFEEY VT2 /A4 I AWEER)
16:25 ~ 16:35 {k #&/Break

16:35~17:25

IL7 Invited Lecture 7
NMR O5Hr Fik e L TORAMITONT
NMR as a versatile analytical tool for industrial issues from research and
development activities to quality control

O #FH3E ROFHRREAEA 2 X—2 3 YBIZEHT 70 > 7 1 7580 & B BRI 78 7 L — 7))

118 Invited Lecture 8
AR AT T AR B OHEE AT AT i

An introduction of structural analysis for glass

OB B (AN (Bk) Hh B 7EmT)

17:25 ~17:35 &k #&i/Break

17:35~18:25
119 Invited Lecture 9
) F 7 Ak Y R EMH B O NMR 45

NMR analysis of Li-ion battery materials
OFrO #&b BRAStHHET —2)

1L10 Invited Lecture 10
NMR & 4+ BB 78

NMR applications for the material developments

OfFAR  Hefl (i b (Bk) - FrfEampg=s)
18:25 ~ 18:30 #HA&EIH

18:40 ~ FFEES (RHE906)

%2HEH 11A9H(&).”Day 2 (Nov. 9, Fri)

9:10 ~ 9:50
Chairperson: Masatsune Kainosho

L8 Interaction of RNA Aptamer with Prion Protein and Monitoring of
Biodegradation of Wood Biomass
Tsukasa Mashlma Hiroshi lehlmura Hldeyasu Okamura Fumlko lehlkawa Yuji O Kamatan
Takashi Nagata Satoshi Nishikawa’, Kazuo Kuwata Takashi Watanabe ’ O Masato Katahlra * ('Institute
of Advanced Energy, Kyoto University, “RISH, Kyoto University, °AIST, Glfu University, *CREST)

L9 Functional modulation of protein through the change in its structure dynamics
O Shin-ichi Tate (Department of Mathematical and Life Sciences, Hiroshima University)

9:50 ~ 10:30
Chairperson: Ichio Shimada

IL11 Invited Lecture 11
Dynamics on the surface of amyloid B protofibrils in solution:
Dark-state exchange saturation transfer NMR
ONicolas L. Fawzi', Jinfa Yingl, Rodolfo Ghirlandoz, Dennis A. Torchiag, G. Marius Clore' (' Laboratories of
3Chemical Physics, *Molecular Biology, National Institute of Diabetes and Digestive and Kidney Diseases,
“National Institute of Dental and Craniofacial Research, National Institutes of Health)

10:30 ~ 10:40 Break/{k&
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10:40 ~ 11:20
Chairperson: Fuyuhiko Inagaki

L10 Manganese-enhanced MRI using intermediate-affinity manganese chelates
O Yoshiteru Seo', Hironobu MoritaQ, Masataka Murakami® (* Dept of Regulatory Physiology, Dokkyo
%\/Iedical University School of Medicine, ? Dept of Physiology, Gifu University Graduate School of Medicine,
National Institute for Physiological Sciences)

L11 Electronic Structure of Heme Sandw1ched between All—parallel G—quadruplex DNAs
OYasuhlko Yamamoto' , Hulin Tai' , Kaori Sa1t0 , Hikaru Hemmi’ , Nagao Kobayash1
( Department of Chemistry, University of Tsukuba, *National Food Research Institute, National
Agriculture and Food Research Organization, ’ Department of Chemistry, Graduate School of Science,
Tohoku University)

11:20 ~ 12:00
Chairperson: Michio Murata

IL12 Invited Lecture 12
New Developments in the ADEQUATE NMR Experiments
OR. Thomas Williamson1 Gary E. Martin2 Alexei Buevich3 Misha Reibarkh1 Wolfgang Bermel' (' Merck
& Co. Inc. Discovery and Preclinical Sciences, Process and Analytical Chemistry-Structure Elucidation,
*Merck & Co Inc. Discovery and Preclinical Sciences, Process and Analytical Chemistry-Structure
Elucidation, ° Merck & Co. Inc. Discovery and Preclinical Sciences, Process and Analytical Chemistry-
Structure Elucidation, 'Bruker BioSpin GmbH)

12:00 ~ 13:30 Lunch/B&
FTRES - FIEER (REE06)

13:30 ~ 14:10
Chairperson: Kiyonori Takegoshi

L12 "H-"N overtone HMQC above 110 kHz MAS
OYusuke Nishiyama, Michal Malon, Takahiro Nemoto, Yuki Endo (JEOL RESONANCE Inc.)

L13 Breakdown of a common notion for ~'Si NMR of aluminosilicates:
Information from J-resolved and CPMG measurements
OXianyu Xue, Masami Kanzaki (Institute for Study of the Earth’s Interior, Okayama University)

14:10 ~ 14:50
Chairperson: Motohiro Mizuno

IL13 Invited Lecture 13
Following Function in Real Time: New NMR and MRI Methods for
Studying Structure and Dynamics in Batteries, Fuel Cells and Supercapacitors
OClare P. Grey (lDepartment of Chemistry, University of Cambridge, ’ Department of Chemistry, Stony
Brook University)

14:50 ~ 15:00 Break/ k&

15:00 ~ 15:40
Chairperson: Makoto Demura

L14 Photo reaction cycle and photo-activated structural changes of photoreceptor
membrane protelns as reveled by in situ ph0t01rrad1ated sohd—state NMR
OAklra Naito', Yuya Tomonaga Tetsurou Hidaka', Ryota Mlyasa Izuru Kawamura', Yuki Sudo’, Takashi
Okltsu Akimori Wada Naoki Kamo' (' Graduate School of Engineering, Yokohama National University,
* Graduate School of Science, Nagoya University, Department of Organic Chemistry for Life Science,
Kobe Phamaceeutical University, ! College of Pharmeutical Science, Matsuyama University)

L15 Automated Signal Assignment and Secondary Structural Analysis of Non-Crystalline
Proteins by Fragment-Based Solid-State NMR Spectral Reconstruction
OZKeisuke Ikedal'z, Ayako Egawal, Kokoro HayashiS, Chojiro Kojimal, Toshimichi Fujiwara1 (' Institute for
frotein Research, Osaka University, ? Graduate School of Pharmaceutical Sciences, University of Toyama,
Graduate School of Biological Sciences, Nara Institute of Science and Technology)
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15:40 ~ 16:20
Chairperson: Akira Naito

IL14 Invited Lecture 14
Interleaved CW irradiation and rf pulses for efficient re- and decoupling
in solid-state NMR
ONiels C. Nielsen (Center for Insoluble Protein Structures (inSPIN), Interdisciplinary Nanoscience
Center (iNANO) and Department of Chemistry, Aarhus University)

16:20 ~ 16:30 Break/ k&

16:30 ~ 17:10
Chairperson: Yoshifumi Nishimura

HL1 Honorary Lecture 1
Protein NMR before the dawn
OXKeiichi Kawano (Grad. Sch. Life Sci., Hokkaido University)

17:10 ~17:50
Chairperson: Tetsuo Asakura
HL2 Honorary Lecture 2

A short essay on my NMR studies
(OTaro Eguchi (Osaka University)

17:50 ~ 18:30
Chairperson: Mitsuhiko lkura
IL15 Invited Lecture 15

Singlet NMR
(O Malcolm H. Levitt (Southampton University)

18:45 ~ Banquet (Hotel Castle Plaza) /B % (v v RIS 5H)

$£3HB 11R10H(%).“Day 3 (Nov. 10, Sat)

9:10 ~ 9:50
ER #AE BIX

L16 SAIL = NMRIEIC X % VAN T 4 FREE O ARELRE Y & Bh REFFAT
SAIL-NMR studies on the disulfide bond conformation and dynamics in proteins
ORM Jpi’, FW @™ Wk IEE Y, CAmRAFIEE MR, AR
Wiget > v —, "SAIL7T 27 /7 uy—X, “KBRKS EAEWZERT)
L17 Fr - EAEREYE RNA O JR it - IRTEFFEHT O 72 DB e SR B R
Site-specific stable-isotope-labeling techniques of RNA molecules for structural and
mechanistic studies with NMR spectroscopy

O ', PR Mk, HE (g0, s A" e R’ CHdekaekose %
CE PN 7o S S S i)

9:50 ~ 10:30

ER AKX EF

L18  BI2 hru7 ) YO YEAALTF V-
Folding Strategy of bovine p-Lactoglobulin
OMIE —IE" duli %3, /K IES bk FAL TR PR, g MR CRBKE &
FUEBFSERT, “RBORS:  BUAEIRIIGERT, CRRCERORY  HEH)

L19 Structure and dynamics of yeast calmodulin
OVl B’ FIRE SUR’ SR W2, i e’ Wi & CAuREAsE e ARk
gebe, “RURRASE T A F —ETERIGERT, LM AR AR e )

10:30 ~ 10:40 1{AE/Break

BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2012 Vol.3

10:40 ~ 11:20
ER WX FE
L20 HEFRI 72 R / SRR W BCT CONMR

W E S ORI GR L B IRA A=Y > 7

A utilization of internal/external quasi-static magnetic field gradients:
transport phenomenon and magnetic resonance imaging of solid polymers

O B, /MH - akf (BRI R REERE T JERHE AL - AW 2T
121 T 7 AT E Y N7 IR IS SRS B O R 5 & AR DIE H

Development of a microscope optically detecting magnetic resonance in nanodiamond and
application to observation of biological samples

OFF ﬁgi%& &@€£+ﬁ4%@iﬂﬁ HEFE' M %ﬁ%m% ZA A B OE
g™, i R e 3t (CRERERER TERIR, SR - M AT A
MRS bE REEgeR, EREATERRS Ly o= A - HRSET)

11:20 ~ 12:00
EBR % %®E

122 1k “Ca NMRIZ X 245 Ahod 71V ¥ %7 2 OB 7 My B Bl e s
Probing the st};uctural role of calcium in alkaline and alkaline-earth aluminosilicate glass
by solid-state Ca NMR

O&Af  HE— (I B#fE4 (kk) SeumBatrfsen)

L23 FEERVE VX BT VAN EIEA T ¥ OBAE Utk
High-field optical pumping for nuclear spin polarization of alkali-metal ions

Ofl B (R IZRFERT b Y H B 5e R
12:00 ~ 13:15 B&/Lunch

13:15 ~ 14:45 KRRA—tv > a> (HHES)
Poster Sessions (odd numbers)

14:45 ~ 14:55 #5E) - {A&/Break

14:55 ~ 16:35 EHF RXA4—HSZEOH
Short talks by Young Scientists Poster Awards Winners

EBR BE #oE 8K K
16:35 ~ 16:45 {k&!/Break

16:45 ~ 17:45
EBR FAH #HX

L24 FERNMRIZE <Y v 7494 X CdSe F / Wi T- O KA 25 7T
Solid-State NMR Study of Surface Structure on Magic-Sized CdSe Nanoparticles
OFH A4 KE 8C, RE AT, B I ke R ORISR AT R,
JST - s, " (#%)JEOL RESONANCE, #Hdt K=t v ¥ —)

L25 WP X 0 AL L 72 MASHIIC BT % IR ihke
—VF T LA F VEMWIEEM~DISH —
Selective excitation of a MAS sideband spectrum spreading widely by
paramagnetic interaction: application to cathode materials of Li-ion battery
Of =A% B WH A& S5 WF sk 8l R B, AR B, (R
RS BEEFMEA, b3y BB SH, CRURCEEIE AR - B ZERL)

126 FfE"NNMR &84 7 20 ¥ R O
"N Solid State NMR Study of Iron-Containing Pyrolyzed Polyaniline
OmA BwH', LR AR R A —%k' CBURTEASE RS MR, (k)

HiE7 —2, “ThH— - N4+ A > (), "KAUST)

17:45 BASOKRE  ME R— (ES51BENMRERSEFBEARRE)
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P1

P2

P3

P4

P5

P6

pP7

P8

P9

P10

P11

—hRIRRA ¥ —FZEK Poster presentation
SAIL #:02 & 2 F R4 FE O B AR & AT ik o Bl %8

Structural analysis for larger proteins using the relaxation optimized SAIL amino acids

O/ A #F, ®RH WK, KiE RE™, N ™, SN @Y mRE EET (alR AR
KEFE BAIZERE B A AL » & —, T EIORFHOE kigIFsE L >~ 4 —, "SAILT 7 /1Y — Xtk
K&t

LR M AR VT — 2 %NS F < ZADBEHE & OFRNMR 8:02 & 205 & i pr

Structural Analysis for Stable-Isotope labeled Cellulosic Biomass using Solution and

Solid-State NMR Spectroscopy

Odvie wpa', 4 35" " (oK KRR T/ ¥ AT AREERGER, * BMESERIERT i
BHEWIE L v & —, THALEIRGEHET N A~ ATLEWMR 70 7T A, SR REREGE A AR

BEREK. Lactis R E 280 T REHEOFEAKFZILE X VX F VR IR

Perdeuteration and methyl selective 'H/ 13C-labeling using Kluyveromyces lactis

expression system

H-KR BE, O 8, BA B B S IBE R, miE sk (g e
EWBHILa Y v — 2 7 A, CEEEAR AT - N4 A R T P VB 5 —, R
B - SEEERRICR, BRI IRY - ERES T AT AREER)

b b T EHRRE GBS RO R SEALRERR B3 2 AT

The analysis on stabilization mechanism of Human Leukocyte Antigen

O%d JT, ®il WA L5 S @k BT CHERERERG A R, © ()
b — BRI, CREAKF T A XL Y 5 —)

WL E— MEEZ AT 574 THRDNAKG F X 4 ¥ STPR Db

NMR analysis of the novel DNA-binding domain STPR of the silkworm

OMiE Seft, mE BIEGY, Al sl MR Bkt Bw, BBR B, s En I g
&, AT B ER A RS RE R AR RE)

NMREYIalb—3a kB 707 I VDAY b= VTR BLERRE O]

Interaction of human calcitonin with curcumin as an inhibitor of fibrillation as revealed by

NMR and docking simulation

Ofry ', s Oy, Faxg4 YrTyIvbox’ WE WL Wik & CHRET AR
KEEbE TEmrgehe, " IALmioeT)

#7 b =HEPLH X 7 F F Tachyplesin I & 3 F > O HAEH f#NT

Analysis of interaction between tachyplesin I, an antimicrobial peptide derived from

horseshoe crab, and chitin

OBl HaL’ #ieh Esi’, MR AHE, AR BT W MR WA B, I -
B H— CALfEE RS KA GEERE, bl Ky KBy be, " U Rep b sebe)

DNA #5458 F1H MutL ORI 81 X 2 3T

NMR study on DNA repair protein MutL

Oy BUK™ WdF RS FdE =" % it CRBORSRER L atiiemiseit, *KBok: &
FVEIWRZERT, " BRALAAIRSERT SRS ZEAT Gty A 7 2 EWAAse 7 v — 7))

< 7 AHEEOH BT RNA O”E & B A B O f# BT

Structural analysis of novel small RNA from mouse
OWRE wim' W F8° @ HIU° e Wk’ CFETERE Ik, “marks)

NMR structure and dynamics of chromatin remodeling component BAF155
OSunjin Moon, Sooho Choi, Weontae Lee (Department of Biochemistry, College of Life Science and
Biotechnology, Yonsei University)

F 9797 T HR T BUAS S VR OANTG PR 35 & ONG 1 2R 25 SR AR D 3 Wit S S
NMR structure of a defective isoform and its activity-improved variant of type III
antifreeze protein form Zoarces elongates Kner

OAKH Hz', /A %@i@g S =i 2 R & a7 Cdumokse:
Rl b MEvE SR ge s, PN SRR A 7 0 & ARSI
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P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22

Bz-7 FLF Y ¥ ZBAKD efficacy P & Bk O

Efficacy of the B.-adrenergic receptor is determined by conformational equilibrium

in the transmembrane region

Ot #°°, RH sR B AR B B, EE RA B IER TR, 1
B —k" CHmoky RERESRIIR, " HANA FEEBiRea sy v — 7 A, “EERuE E
SEFAMARAWIIERT NA A+ 2T 4 ¥ FIVIERIIZEL > ¥ —)

~AFarzua<Fry N7 EHPlakY V) YEB{LZ 9 F A4~ O NMREE & IFHT

NMR structure of the HP1-a chromodomain phosphorylated at N-terminal serine residues

ONET »wa', T FHUI, @ 57, dall " W %50 CRlT Rk 4
J Y AT ARFERRIERE, CHEULSANIGERT SR - BARER AL V8 —)

NMR Studies on NOX Activator 1 (NOXA1)

O Pravesh Shresthal, Ji-Hye Yunl, Yun Soo Baez, Weontae Lee' (1 Department of Biochemistry, College
of Life Science and Biotechnology, Yonsei University, zDepartment of Life Science, Ewha Woman's
University)

AFO Y7 aeF UREEIEEINT-Swi6 2 OE R A4 e A~ H3K9me3 X7 F KD

B R OME 3 AT

Structural analysis of heterochromatin-related protein, Swi6 chromodomain bound to

histone H3K9me3 peptide

Oy #E" Fie FH', Al B—" R % BT IAER Bl v X7 AR
B BRI S - PR AT v 5 —)

100 5% 3k % ¥ 2 % B R E RNA O NMR #:42 & 5 Vo ARRE & g pr
Structural analysis of functional RNA longer than 100 nt by using NMR

ORI #H+, WaE  HK (TRELIERY LA a7 )

71 X7 DNA & hTRF23EJ:ME X A4 ¥ O HAE R T

Analysis of telomere DNA - hTRF2 basic domain interactions

Ok &, T FH, SR Em, A TR, N JI0 (BRI R RY R B ) VAT
ARLAIFERE ARG T2 AT ARHER)

NMR (2262 < H kit & H1 48 K- FROUNT — $U9hE S a1 b & W oA B AR fEAT

NMR analyses of the interaction between the chemotaxis-regulating factor FROUNT and

an anti-inflammatory compound

OHBE s’ ok b 7 %' FB @’ RE BT BE M SR 20 (R
KEREFRE EaRHAIIIEE, R RS RSB 2R WEEE

NMR and Native-PAGE analyses of the phospholipase C-61 pleckstrin
homology domain
Otk #—, WK B2 (O R2ger)

U FF VORI A IV F —IRTE N O A 3% 7

Solution stucture of the alternatively folded state of ubiquitin

OJLR Al—Ep', mHE ik’ sk 2R W #4° Nicky Baxter', Mg %—", Williamson
Michael P’ JbJ§ 52" (Séfikss s, “ bt - EaBmIemot ey 5 — "RBSE N A 49 A
Ty Ak sy —, "GEBTRFREETER, Ty M) —EGREE, "7 - N ST
HEWNA F 72 7 a Yy —5E

PDZ F A A V2R R EAE § 210 LG OPREK

Screening of small molecules specifically interacting with PDZ domains

OXWF W&, #H ##T" &6 &Ry, AF ®E kW o™, w F- (anR

ztij(?l‘% BIFERLFREERE, TJST BIRD, “ ALK KA BB IZeRE,  HAL KRS InesE S ser,
T BRFRTE R geER)

AFVIERIRG 7 T+ V&% V72 HeLa Ml et o> in-cell NMRf##T

Methyl group as probes for proteins in NMR experiments in HeLa cells

Oﬁﬁi‘ﬁ i, {lﬁ(li JIEiF:', Dambarudhar Shiba Sankzer Hembram', itt% #&' =B FE#' Al
7. PgE P CEEORS R RRS b BT AEWe R, R R R b T mige )
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P23

P24

P25

P26

P27

P28

P29

P30

P31

P32

IIAHKRRBL 7 F Y CRU F AL Y OREBE5725 7 T+ —ZARERETO NMRIFEHT
NMR analysis of the C-terminal domain of R-type lectin from earthworm in different
lactose-bound states

O@i L AE K iE T PR C RBTRER -
HEASTE - A TR > 5 )

DI CX%»%&®9/A7E 5 o8 7 B EAE AT~ D EH

Utilization of lysme C—methylation NMR for protein-protein interaction studies

O E;HEW 7 N mbni wBAL mEW O @aa’ |l Bt mE @@iw
e Bk CRBRAE BVETIZRR, 48 B AT RSB N4 A A T ABFTER, AR
WESEREF IR e A B i R g2 A E’%Kj(%j(%]’m TEAF9E R

t b A M=F Y SPFH N X 4 ¥ O L Z 0% RARKIE RIS 51158
i @ﬁ”,ﬁﬁté%¥”,%m nﬁ%ie@ ST I KZ KE mf”,%n vagil|
. O F—""" (AP RERFERELTGM, * Al RAERZ AR, g R
e v 7 —, " HE kS G-COE St Ml A: 2t oo S 8o e i i)

FIENMREEIZ X % -Myb DNARS & F A A4 >~ OBy ICB 9 5 0%

High-Pressure NMR Study on Structural Dynamics of c-Myb DNA-Binding Domain

Offifs J', wlF K" &9 %2 ﬁﬁs —2" W B (R RSE RN A B R
SEFZERE, TR WmIENEREWIE Y v ¥ —, T A LSS TSR gER)

IFBPEARFE S b7 T Do \SBUT 2 v 7 ZAFMR A~ ORE S L 1 B3
AN LIEVERAL OB AR ST I B O

Structural and Functional Consequences of Perturbations on Interhelical Interaction in
Hydrogenobacter thermophilus Cytochrome css

OFMBI #', Kk bk’ ®E 6" Ak %E' CHRERS RS EE R 2R, * 2 - A
FE S H AT AR & TR SRS )

FTR, CTEREE - BERE TR gE & o

Large amplitude interface dynamics in FKBP-ligand complexes revealed by

the aromatic ring flipping and hydroxyl proton exchange rates for

the interfacial tyrosine residues (

O Chun-Jiun Yangl, Mitsuhiro Takedaz, JunGoo Jeej, Akira M. On04, Tsutomu Terauchi4, Masatsune
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The molten globule state and its biological function in a-lactalbumin
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Segmental labeling of the intrinsically disordered protein PQBP1
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Development of in operando solid-state NMR system and its application to

high-performance molecular cluster batteries
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Clinical Application of 'H NMR Metabolomics-Part VI

Statistical Pattern Recognition of Dialysate Spectra in Hemodialysis
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Evaluation of plant biomass from hydrosphere by data processing of
various analytical measurements
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Data mining across heterogeneous measurements for evaluation of sediment ecosystems

in the deep—sea area
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Clinical Application of 'H-NMR Metabolomics: Part V Spectral Separation of Saline Lipids
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Evaluation of parameters for observing proteins inside living Sf9 cells

by in-cell NMR spectroscopy
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A comprehensive comparison of multiple methods of signal reconstruction for
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Development of NMR structure refinement by torsion angle molecular dynamics

in protein structure determination
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Intensity Estimation of FID signal by Pole Estimation Method
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A highly accurate NMR structure validation system using the chemical shift database
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Determination of Protein-Protein Interaction Surface based on Specific
Atom Type Labeling and 3D Structure of the Protein
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Quantitation of Unsaturation in Polyolefins by NMR with a High Temperature Cryoprobe
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during de—protection reaction
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Consideration of measurement uncertainty originating from NMR instrument

in quantitative analysis

O W, #if w1y KR—, KF ETF, Ak HA R R GESERAEATTZEaT 5H
REAETF 7R )

NMR % i\ 72 I 7C 3% 00
Quantitative elemental analysis by NMR
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Development of a 'H-"C double-tuned Cryocoil MAS probe
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Integrated analysis based on heterogeneous measurements to evaluate diversity of

the seaweed biomass
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Study of pituitary cell activation and hormone secretion utilizing manganese-enhanced

magnetic resonance imaging (MEMRI)
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Metabolic profiling technique for the detritus analysis toward the evaluation of

hydrosphere environment
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In vivo detection of neuroinflammation using manganese-enhanced MRI

in CNS disorder model rats
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Sir Paul Callaghan 1947 - 2012

It is with great sadness that ISMAR announces
that Sir Paul Callaghan died from cancer March 24,
2012 at the age of only 64. He was an eminent figure
in science in New Zealand and in NMR of materials.
He is most known for his pioneering work combining
rheology and NMR to unravel the flow behaviour of
complex systems such as liquid crystals and polymer
melts. These developments reach far beyond NMR
and clearly represent landmarks of our field. His book
on NMR Microscopy is a classic. He was a brilliant
lecturer and gave remarkably clear, incisive talks
at meetings; as a result, he was highly sought as a
plenary speaker. His achievements have been recog-
nized by numerous honours, prizes, and recognitions
throughout the world.

Sir Paul Callaghan served as President of the In-
ternational Society of Magnetic Resonance from 2008

to 2010 and did a tremendous job in this capacity. He
initiated the concept of ISMAR Fellows in order to
recognize eminent scientists in our field, and defined
strategic goals for ISMAR' s future. Though his severe
illness often prevented him from travelling during his
presidency, we were all extremely impressed by how
much ISMAR mattered to him. Until very recently, no
ISMAR action was taken without Paul’ s involvement
and approval.

The International Society of Magnetic Resonance
mourns its former President and Fellow of our Soci-
ety. We feel privileged to have had the opportunity to
work so closely with him for several years. On behalf
of the Executive Committee and all the members of
ISMAR, I express my deep gratitude.

Sir Paul’ s stature in science, teaching and economic
development in New Zealand were covered quickly
and substantially in the international press — e.g.

http://www.washingtonpost.com/world/sir-paul-cal-
laghan-new-zealand-molecular-physicist-and-intellectu-
al-dies-at-64/2012/03/24/gIQAPHGKXS_story.html

http://www.stuff.co.nz/dominion-post

We hold him in highest esteem and will express our
appreciation at the upcoming ISMAR Conference to
be held in Brazil next year.

Hans Wolfgang Spiess
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High Resolution TOF-MS Technology
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6th International Meeting on Biomolecules under Pressure (IMBP 2011)

Dear Colleagues,

We are pleased to announce you all that the IMBP
2011, which was once postponed due to the melt-down
of Fukushima nuclear plants in Japan, will be held
soon on this December, 2011, at Otsu, Japan:

Date: December 12th-16th, 2011
Place: Otsu City former Public Hall, Otsu, Shiga, Japan

As has been planned previously, the meeting com-
prises the following academic sessions including edu-
cational lectures:

1. Revisiting Fundamentals of Volume, Compressibil-
ity and Expansivity

2. Internal Hydration and Conformational Fluctuation
in Proteins

3. Exploring Energy Landscape and High-energy Con-
formers on Pressure Axis

4. Exploring Intermolecular Association on Volume
and Pressure

5. Topics in Lipids, Membranes, Starch and Deep Sea
Biology

Meeting schedule, in brief, is:

Dec 12 (Mon) evening: Informal Get-Together

Dec 13 (Tue) morning - Dec 16 (Fri) noon: Lectures
and Research Presentations

Dec 14 (Wed) afternoon and evening: Study tour and
Banquet

Your participation in the meeting is highly appreci-
ated. Please make registration and submit your ab-
stract not later than Nov. 20, 2011, by filling and send-
ing the attached registration and abstract submission
forms to imbp2011japan.regi.abst@gmail.com
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We look forward to seeing you soon at Otsu !
With best regards,

Hideki Tachibana

Conference Chair, High Pressure

Protein Research Center, Kinki University

The organizing committee of 6th IMBP

International Scientific Advisory Board:

Catherine Royer INSERM), Angel Garcia (Rensselaer
Polytechnic Institute), Roger Fourme (SOLEIL, Saint
Aubin), Hans-Robert Kalbitzer (Univ. Regensburg),
Roland Winter (Univ. Dortmund), Kazuyuki Akasaka
(Kinki Univ.)

Local Organizing Committee:

Hideki Tachibana (Kinki Univ.), Kazuyuki Akasaka
(Kinki Univ.), Kunitsugu Soda (RIKEN), Kaoru Naka-
sone (Kinki Univ.), Yasushige Yonezawa (Kinki Univ.),
Ryo Kitahara (Ritsumeikan Univ.), Akihiro Maeno
(Kinki Univ.)

Conference Assistant: Akiko Jodai

Study tour: Hieizan Enryaku-ji (http://www.hieizan.
or.jp/pdf/english.pdf)

Banquet: Hotel Koyo (Tentative)

Fee for banquet, excursion and social events:
Ordinary participant: JPY 20,000; Student: JPY10,000
(only cash in Japanese yen)

Access to Shiga (Otsu) area: http://g.co/maps/eyp7p

**From the nearest stations to Otsu City former Pub-

lic Hall (“Otsu Kyu Kokaido™)**

(1) 1-minute walk from Hama-Otsu Station (Keihan
Line)

3535 (2011/11/29)

(2) 15-minute walk from Ohtsu Station (JR Line). Or
take a few min bus ride to Hama-Otsu (or one
through Hama-Otsu) and get off at “Otsu Kyu
Kokaido-mae” station (cost 100 yen).

**From Kansai Airport to Shiga (Otsu) area**

Kansai Airport > (Shin-Osaka) > Kyoto > Otsu

Take JR express train “Haruka” to Kyoto, starting

every 30 min from Kansai Airport JR terminal (takes

1.5 h to Kyoto). Change to local train at Kyoto station

to Otsu (2nd stop after Kyoto) at plat-home No.2 (takes

10 min).

Objectives

This will be a study and discussion meeting, in
which we refocus on the fundamental aspects of the
pressure perturbation on proteins in contrast to tem-
perature and other perturbations and what crucial un-
knowns of proteins can be revealed by pressure. The
fundamental knowledge gained in proteins is expected
to be extended to other bio-macromolecules and living
cells.

For this purpose, each session is arranged to begin
with “easy-to-understand” educational lectures on
fundamental principles and experimental techniques
for beginning students and researchers in diverse
disciplines. The educational lectures will end up with
advanced research results, which will be followed by
research results by individual researchers in front.
Intense discussions among participants from different
disciplines with varying methodologies are encour-
aged in an informal kind of atmosphere with a limited
number of participants.

We believe that pressure-axis experiments will play
a crucial role in basic (as well as applied) bioscience in
21st century, as it will disclose the hidden paradigm of
protein structures that are crucially important for life
to go.
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http://www.riken.jp/mct/img/12th-RIKENsympo-
sium-poster.pdf
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Tel 048-467-9361 Fax 048-462-4627

E-mail: koshino@riken.jp
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Dynamics, Relaxation dispersion,

Residual dipolar couplings,

Paramagnetic relaxation anhancemant, etc
Invited speakers

] Charalampos Kalodimos{Rutgers Universily, 54)

Frans A.A. Mulder (Uniersity Geoningen|

| Oliver Lange ax Planck institute)
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International Symposium: Protein Dynamics and Function
-NMR researches toward drug design- DER
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Invited talk 1

Frans A. A. Mulder/Interdisciplinary Nanoscience
Center (iNANO) and Department of Chemistry, Uni-
versity of Aarhus, Denmark

“Moving targets: Studies of functional protein dynam-
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ics by NMR spectroscopy”
Invited talk 2

Koh Takeuchi/Biomedicinal Information Research

Center National Institute of Advanced Industrial Sci-
ence and Technology

“NMR approach to study and interfere with blood co-
agulation responses”

Invited talk 3

Kazumasa Sakurai/Institute for Protein Research,

Osaka University
“Applications of solution NMR techniques for the elu-
cidation of the mechanism of the amyloid fibril forma-

3595 (2012/01/18)

tion”

Talk4

Ryo Kitahara/ Colleges of Pharmaceutical Sciences,
Ritsumeikan University

“Structure and Function of marginally populated
states of proteins”
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SRR b O 5

E-mail : ryo@ph.ritsumei.ac.jp
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International Workshop
“from Structure to Dynamics: for Our Understanding of Protein-Protein Interactions”
DIEA

20124E3 H16 H (4)-17H (4:)9:20~18:30
PG & U (BB RS - Il v v 73 R)
(Noyori Conference Hall, Nagoya Univ.)

Invited Speakers
Kenneth C. Holmes (Heidelberg, Germany)
Larry Tobacman (Chicago, USA)
Michael A. Geeves (Kent, UK)
Piotr Fajer (Florida, USA)
David Popp (Singapore)
Steffen Wolf (Shanghai, China)

Kazuyuki Akasaka (Kinki Univ., Japan)
Katsuzo Wakabayashi (Osaka Univ., Japan)
Masao Miki (Fukui Univ., Japan)

Hideki Kandori (Nagoya IT, Japan)
Toshiaki Arata (Osaka Univ., Japan)
Satoru Fujiwara (JAEA, Japan)

Toshiro Oda (SPring-8, Japan)

Naoki Watanabe (Tohoku Univ., Japan)

& RA Y =553k (HEHEET)
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E-mail: takami.junko@d.mbox.nagoya-u.ac.jp,
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Agilent Technologies

Fast NMR in Liquids and Solids
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NMR Lineups

ESR Lmeups

Ecn Multi-channel liquids and solids for research
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