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Difference in the B-sheet packing arrangements of polyalanine regions in
spider and wild silkworm silks with different physical properties

oShunsuke Kametani', Kazuo Yamauchi' and Tetsuo Asakura"

Department of Bzotechnology, Tokyo University of Agriculture and Technology.

’Nature and Science Museum, Tokyo University of Agriculture and Technology.

Many of the silk fibroins produced by silkworms and spiders consist largely of alternating
blocks of polyalanine and glycine-rich domains and show a range of tensile properties. It is
generally agreed that the exceptionally high tensile strength of spider dragline silk can be
attributed to crystalline B-sheet regions formed by the polyalanine sequences. Solid-state
NMR and X-ray diffraction show that the B-sheet packing arrangements depend on the length
of the polyalanine repeats. Short repeats up to (Ala) crystallized in a rectangular lattice, while
longer repeats crystallized in a staggered lattice. The crystalline regions of N. clavata (Alag)
adopted mainly the former while those of S. c. ricini (Ala;;) mainly the latter. We suggest that
these differences in packing arrangements of polyalanine repeats may have important

implications for tensile and other physical properties of these silks
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Dynamic structure of bovine lactoferrampin in mimetic bacterial
membranes as studied by solid-state NMR

OAtsushi Tsutsumi', Atsushi Kira?, Masako Umeyamal, Izuru Kawamura', and Akira Naito'
!'Graduate School of Engineering, Yokohama National University.

*ULVAC, Inc.

Bovine lactoferrampin(LFampinB) is a new antimicrobial peptide found in the sequence of
bovine lactoferrin, and consists of 17 amino acid residues. It is revealed that LFampinB
affects to bacterial membranes which contain acidic phospholipids, and kills bacteria. This
mechanism, however, is not revealed in a molecular level. In addition, proposed antimicrobial
mechanisms are often depending on structure and orientation of peptides. Thus it is important
to determine the orientation and local structure of LFampinB in biological membranes for
further understanding of antimicrobial mechanism. In this report, we performed °C, *'P NMR
and *C->'P REDOR measurements. The results show that LFampin formed a-helix from
Leu’ to Phe''. Furthermore the helix axis of LFampinB tilts 47° to membrane normal.
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Tablel *C NMR measurement results of the [1-13C] for LFampinB (ppm)

FIEBEE i B AB Bise 814 B22 B33 RIS
Lew® 1953 132.45 -62.85 174.35 248 178 97 Helix
Len? 156.21 213.48 57.27 1753 250 188 88 Helix
Ala’ 178.69 170.5 -8.19 175.96 247 187 94 Helix
Phell 172.45 176.29 3.84 173.73 249 173 99 random coil
leu 171.08 173.75 2.67 17197 247 171 98 Helix
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(3) S. Toraya et al. 2004 Biophys. J. 87, 3323-3335.
(4) Evan F. Haney et al. 2007 Biochim. Biophys. Acta 1768, 2355-2364.
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Structural Analysis of Membrane-bound Peptide, Mastoparan-X
by Molecular Dynamics using Implicit Membrane Model
and Solid-state NMR Spectral Simulation
oKeisuke Tkeda', Tomoshi Kameda®, Erisa Harada', Hideo Akutsu',
and Toshimichi Fujiwara]

! Institute for Protein Research, Osaka University, Osaka, Japan.
2C0mputational Biology Research Center, AIST, Tokyo, Japan.

The molecular structure of a wasp venom peptide, mastoparan-X in lipid bilayers was
determined by solid-state MAS NMR spectroscopy and molecular dynamics simulations. A
structural ensemble including orientations of the peptide in membranes was obtained by the
molecular dynamics calculation in implicit membranes, where the solvation energy was
approximately estimated by the generalized Born/accessible surface area model. NMR
spectra were simulated using the structures in the ensemble. (1) The conformation-dependent
chemical shift was calculated by SHIFTX and SPARTA. (2) *C NMR spectra, the intensities
of which depend on the distance between 'H spins in the peptide and HA'P spins in lipids
were simulated by spin dynamics calculations. We extracted the molecular structure with
respect to membranes and the orientation of the peptide including sidechains from the
ensemble by a comparison between the observed and the predicted spectra.
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Implementation of double resonance magic angle coil spinning experiments
OMunehiro Inukai, and Kazuyuki Takeda
Graduate School of Science, Kyoto University

Abstract: We present an extension of magic angle coil spinning (MACS) solid-state NMR
spectroscopy to double-resonance experiments, enabling implementation of powerful
double-resonance solid-state NMR methodologies including cross polarization, proton
decoupling, and two-dimensional correlation spectroscopy etc., while still enjoying the merits
that are intrinsic to MACS, such as high concentration sensitivity, eliminated magnetic
susceptibility-induced field distortion, and an easy-to-use approach with the conventional and
widespread hardware.

[Introduction]

In many applications of NMR to materials of chemical/biological interest, the concentration
sensitivity, i.e., the sensitivity per unit sample volume, is often more important than that of the
mass sensitivity, and the need to gain the former in NMR analysis of sparse, volume-limited
samples stimulated development of a tiny detection coil called as a microcoil[1-3]. By
reducing the size of the coil one can significantly enhance the filling factor (the ratio of the
sample volume to the coil volume) and thereby the attainable concentration sensitivity. Magic
Angle Spinning (MAS) has recently stimulated its combination with microcoil NMR in the
context of concentration sensitivity, and among several reports on microcoil-MAS NMR
spectroscopy[4-6], a remarkable idea put forth by Sakellariou et al. involves spinning of the
microcoil together with the sample of interest, and wireless, inductive signal transmission
between the spinning microcoil and the primary circuit of the MAS probe[7]. In this
outstanding strategy, referred to as Magic Angle Coil Spinning (MACS), the coil can be
wound directly around the capillary sample so as to gain the filling factor, while
inhomogeneous magnetic field distortion due to bulk magnetic susceptibility of the wire of
the microcoil is eliminated by spinning the microcoil at the magic angle. Furthermore, the
importance of the MACS approach cannot be overstated from the practical point of view,
because it requires no other than a standard, popularly used MAS probe, while any other
approaches for microcoil MAS do require some hardware modification inside the MAS probe.
Thus, the idea of MACS provides a versatile strategy toward high-resolution solid-state NMR
measurements with enhanced concentration sensitivity. Currently, the MACS experiments are
demonstrated in 'H NMR, »Si NMR and *Na NMR, while it is often required in solid-state
NMR to carry out double-resonance experiments (e.g., cross polarization, proton decoupling,
F—U—R:~vAruaf ), w¥y 7 Mfaf)Lain
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and two-dimensional correlation spectroscopy). In this work, we integrate MACS and
double-resonance NMR spectroscopy into an easy-to-use, powerful, and sensitive analytical
tool for polycrystalline and amorphous solid materials with a small volume of the order of 0.1
mm or less, opening a new arena of chemical analysis in which one can enjoy benefits from
both MACS and double-resonance NMR spectroscopy.

[Double-resonance magic angle coil spinning]

Fig. 1a describes a circuit diagram for a doubly-tuned MACS resonator, to be put inside a
rotor (a sample tube specially designed for MAS) and spun together with the rotor in the
conventional doubly-tuned MAS probe. The doubly-tuned MACS resonator is composed of
two capacitors C; and C, and two inductors L; and L,, and their mutual inductance is denoted
by M. V, and V, represent electromotive forces induced by the primary circuit (not described
in the figure) in the probe through the inductive couplings.

We wound two coils (inner diameter: 0.5 mm) with 80 um polyurethane-coated copper wire,
and assembled the doubly-tuned MACS resonator in an axially symmetric form using two
chip capacitors, as shown in Fig. 1b. We put the two coils apart from each other, so that their
coupling M is negligible.

In order to evaluate sensitivity enhancement introduced by employing the doubly-tuned
MACS resonator, we examined the frequencies of nutation, i.e., rotational motion of nuclear
magnetization under resonant radiofrequency irradiation, for both the 'H and “C channels of
a commercial MAS probe with and without the doubly-tuned MACS resonator shown in Fig.
1. In Fig. 2a, the 'H and "“C nutation frequencies are plotted for various radiofrequency
powers, showing the enhancement factors of 5.4 (=46.2/8.60) and 7.0 (=26.6/3.80) for the 'H
and "°C channels. Fig. 2b and c show BC CcP-MAS spectra of an identical polycrystalline
sample of uniformly "*C-labeled L-alanine, where the sample was put into the rotor as usual
in b, while the doubly-tuned MACS resonator was attached to the sample in c. As expected,
the latter resulted in an enhancement factor of ca. 7 in the *C NMR sensitivity, in good
agreement with the enhancement factor in the 3¢ nutation efficiency described in Fig. 2a.

a . b

1]

1"
M
N

10 mm

Figure 1. (a) A circuit diagram for implementing double-resonance MACS experiments. A
doubly-tuned MACS resonator was fabricated with two 1x0.5x0.5 mm chip capacitors, as
shown in (b). This doubly-tuned MACS resonator is intended for 'H-"*C double-resonance
solid-state NMR experiments in a magnetic field of 7 T, and the inductances L, and L, are
adjusted so that the resonance frequencies match the Larmor frequencies for the 'H (300
MHz) and "*C (75 MHz) spins.
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Figure 2. (a) Radiofrequency-power dependence of the nutation frequencies for the °C
and 'H spins in a commercial MAS probe doubly-tunable at frequency bands around 300
MHz and 75 MHz. The square symbols represent the '>C nutation frequencies with (filled
squares) and without (open squares) the doubly-tuned MACS resonator, and the circle
symbols represent the 'H nutation frequencies with (filled circles) and without (open
circles) the MACS resonator. The data points were fitted by a square root function of the
form y = ay x, and the coefficient a is depicted for each set of the data. (b,c) A °C
CP-MAS spectrum of polycrystalline '*C-labeled L-alanine obtained without the
doubly-tuned MACS resonator (b) and with the MACS resonator (c). The numbers 7.0,
7.3, and 7.3 indicate the enhancement factors of the °C peak intensities. In both (b) and
(c), the spinning frequency was 10 kHz and the signals were accumulated over 1000
times.

[Application to organic samples]

In Fig. 3a shown is a BC CP-MAS spectrum of partially BC-"N-labeled 42-mer amyloid
peptide (AB42), known to play a critical role in the etiology of Alzheimer’s disease. Here the
sample amount was ~0.1 mg, and the spectrum was obtained with double-resonance MACS
by accumulating the *C NMR signal for 2.08 days, while the expected experimental time
required to attain the same signal-to-noise ratio with the conventional probe exceeds 100 days.
Fig. 3b shows another example of double-resonance MACS demonstrating two-dimensional
BC-BC correlation experiment by means of dipolar-assisted rotational resonance (DARR) in
polycrystalline BC-labeled histidine Multi-dimensional NMR.

[Summary]

Since the signal-to-noise ratio is proportional to the square root of the number of signal
accumulations, this result indicates that double-resonance MACS accelerates the experimental
time by a factor of ca. 49 compared to the same measurement with the conventional approach,
making double-resonance solid-state MAS NMR of sparse materials feasible, and importantly,
it has been possible simply by putting the doubly-tuned MACS resonator into a commercially
available, standard and widespread double-resonance MAS probe without any hardware
modification.
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Figure 3. (a) A °C CP-MAS spectrum of AB42 (~0.1 mg of sample) partially '*C-labeled at
the 35-Met and 42-Ala amino acid residues. (b) A two-dimensional *C-"C DARR
correlation spectrum in uniformly BC-labelled polycrystalline histidine (0.1 mg of
sample). Both data were acquired using the doubly-tuned MACS resonator.
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’H MAS NMR Study of
a Conductive Organic Complex (EDO-TTF),PF,

(OMatsunaga Tatsuya', Takashi Mizuno>*, Yoshiaki Nakano*, Hideki Yamochi*,

Fumio Imashiro', K. Takegoshi'?

'Graduate School of Science, Kyoto University, >JEOL, *CREST/Japan Science and
Technology Agency, *Research Center for Low Temperature and Materials Sciences, Kyoto
University

After the first synthesis of the conductive organic complex, perylene-bromine, in 1954,
numerous studies on its properties as well as mechanism of conduction have been reported,
with the hope of product high-temperature superconductive materials. (EDO-TTF),PFs, which
is one of the conductive organic complexes, shows transformation from metallic phase (HTP)
to insulator phase (LTP) at ca. T, = 7°C. In this work, we apply “H magic-angle-spinning
(MAS) NMR to partly deuterated (EDO-TTF),PFs to analyze its transformation mechanism. It
is shown that two resolved “H MAS signals coexist; the HTP signal appears at -2.9 ppm (34.6
“C) and -1.3 ppm (-23.1 °C) and the LTP signal stays at 7.1 ppm, respectively.
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Towards an HTS NMR spectrometer beyond 1GHz
- Field stabilization method for solid state NMR in a SO0MHz HTS NMR -
'RIKEN SSBC, *Yokohama City Univ., *Sophia Univ., *JEOL Ltd.,
°Kobe Steel, Ltd., 6Tokyo Institute of Technology, 'NIMS
oMasato Takahashi'?, Yusuke Ebisawa®, Konosuke Tennmei’, Yuta Saito’,
Tomoaki Takao®, Masami Hosono*, Mamoru Hamada®, Kazuhiko Yamada®,
Tsukasa Kiyoshi’, Toshio Yamazaki', Hideaki Maeda'”

Achieving a higher magnetic field is important for higher sensitivity, better resolution and
for solid state NMR. However, the common Low Temperature Superconductors (LTS) are
incapable of generating in excess of 23.5 T. This project replaces the innermost Nbs;Sn coil of
the 920MHz NMR with a Bi2223 High Temperature Superconductor (HTS) coil for operation
beyond 1GHZz®. Unfortunately, the HTS coil has a small residual resistance and a joint
resistance, which prevent the persistent mode of operation. Thus, an external power supply for
the HTS is needed, which causes current ripples resulting in modulated spectra.

The difficulty of z' shimming in case of HTS magnet caused by its wire shape was
indicated by Hahn et. al.®), which suggested that the z' shim and the HTS coil were
magnetically coupled and affected each other. Such z' magnetic field fluctuation cannot be
fully compensated by the conventional lock system. Thus, an external lock system which can
continuously compensates z' component has been developed. A pair of microcoils is installed
both above and below the sample. A PC calculates the change of z° and z' magnetic field
errors and controls the currents of z° and z' compensation coils to stabilize the magnetic field.

The most volatile components of shims are basically z’ and z' in conventional LTS
magnets. This system is applicable to the solution and solid-state NMR, such as deuterium
NMR and NMR spectroscopy in non deuterated solvents.
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Solution NMR measurements with a 500 MHz HTS NMR spectrometer;
Towards a beyond 1 GHz NMR spectrometer

(OYoshinori Yanagisawal’ 2 Hideki Nakagomez, Masami Hosono®, Mamoru Hamada®,
Masatoshi Yoshikawa’, Akihiro Otsuka’, Tsukasa Kiyoshié, Kohnosuke Tennmei’,

Toshio Yamazaki', Masato Takahashil, Hideaki Maeda'’

'RIKEN SSBC, Kanagawa, Japan, ’Graduate School of Engineering, Chiba University, Chiba,
Japan, *JEOL, Tokyo, Japan, *Kobe Steel, Hyogo, Japan, >JASTEC, Hyogo, Japan, *National
Institute for Materials Science, Ibaraki, Japan, "Yokohama City University, Kanagawa, Japan

We have started a project to develop a 1.03 GHz NMR spectrometer using a Bi-2223 high
temperature superconducting (HTS) coil. An innermost low temperature superconducting
(LTS) coil of the 920 MHz NMR magnet installed in National Institute for Materials Science
is to be replaced by an HTS insert coil. However, HTS coil generates a magnetic field drift
after the magnet excitation caused by magnetization of HTS. Furthermore, current ripple of
the DC power supply for the LTS/HTS magnet causes a magnetic field fluctuation. These
problems must be solved for high resolution solution NMR measurements such as protein
research, as they require a magnetic field stability of 10™'°. In this paper, we firstly describe a
LTS/HTS 500 MHz NMR magnet developed as a first step towards 1.03 GHz NMR, and
secondly we will show results on; (1) magnetic field drift caused by magnetization of the HTS
and magnetic field fluctuation caused by current ripple; (2) field stabilization by internal
deuterium lock; (3) basic NMR test results; and (4) 2D- and 3D- NMR measurements on
protein solutions.
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Fig. 1. Magnetic field drift after the
magnet excitation. Solid line and dashed

Fig. 2. Magnetic field fluctuation after

the normal excitation at the 20th day.

line show drift after the normal excitation
and the overshooting excitation.
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Visualization of the Rayleigh-Taylor instability in a soil liquefaction model
system using magnetic resonance imaging

OKyohei Kobayashil, Takashi Ishikawa', Kose Katsumi', Shinya Handa?, Yasuaki
Nohguchi3

!Institute of Applied Physics, Tsukuba University, Ibaraki, Japan.

?Japan Society for the Promotion of Science, Tokyo, Japan.

National Research Institute for Earth Science and Disaster Prevention, Ibaraki, Japan.

In 2001, a soil liquefaction model system constructed in a PET (polyethylene terephthalate)
bottle was invented for scientific education and promotion of disaster prevention . This model,
consisting of water and two kinds of sands with different grain sizes, had a layered structure
resulting from mixing and sedimentation. When the bottle is mechanically shocked from
outside like an earthquake, sand boiling induced by liquefaction is observed. In 2002,
Nohguchi proposed a hypothesis that this sand boiling is caused by the Rayleigh-Taylor
instability of the water film produced between the two sand layers and the liquefied
intermediate sand layer. In this work we applied MRI to the liquefaction model system to
verify the hypothesis proposed by Nohguchi.
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Static magnetic field shimming for MRI using a geometrically specified 3D
phantom
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The “gradient shimming” technique, that utilizes phase images acquired with shim current
offsets, is now routinely used to obtain homogeneous magnetic fields [1]. However, if
nonlinearity of the magnetic field gradients generated by the gradient coils is not corrected,
evaluation of the magnetic field homogeneity is not exact. To solve this problem, the
magnetic field distribution should be measured in the correct (not distorted) spatial
coordinates [2]. In this study, we measured the magnetic field distribution using a 3D
geometrical phantom, developed a shimming method, and evaluated the magnetic field
homogeneity of a permanent magnet.
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Fig.2 Photograph of the 3D phantom and its geometrical specification.
The unit of the numbers in the right figure is mm.
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Fig.3 Reference image (no shim current)
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Fig.4 Result of the x” shim coil. Left: Phantom image acquired with full scale current for x* shim coil.
Right: Magnetic field distribution produced by the x° shim coil.
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Tabel 1. Result of the Current value acquired with the numerical search

Shim coil x> XY Y? 7° 72 Z’in Zout

Current (A) | -0.590 0.021 0.682 1.000 -1.000 -0.145 0.284

Fig5 IZ& Y L aAf VT EifEAL &Eb L CTREB LT 7 M AEB L, B
HBEOY—7 oA AL H Y T ERT . BEE A —MEIC X AEBEAD K E K
XN TVDEET NSNS, Table 2 I —HOOEBIZEIT S, EESDEBIZENGDY
— REFBIZIR > T TNORKE, F/IME, RMS OfEZR9. RMS OfEN 42 v°7 &
b 14 E7BMCALEL, HEBREDIFF-H LD, AFEITEHATHD
EEZLND.

Table 2. Difference of the position of
control points between two images

: ".: Optimized Reference

i image image

o MAX(pixel) 4.2 10.9

,; MIN(pixel) 4.9 -12.8
) RMS(pixel) 1.4 4.2

Fig.5 3D surface rendered images of the phantom
acquired with and without optimum shim current

e
4, I\Dﬁg

=TT 7y NAERWT, [RBEEHa N7 F MRI VAT LIEBITS, Az
A T T EBIMEDO R EIL 21T 7=, ik L7-ERELZFEH L CRE 21T bR,
FENTHEIN O U — RF51E (v BEAR) ESROTILD RMS 28 1.4 7 RVRERE L 72D, &
BRERLEBIZT L0, RFEIEHATHDL EiERLE.

e BN

[1] D. Wang et al. “A nobel phantom and method for comprehensive 3-dimensional
measurement and correction of geometric distortion in magnetic resonance imaging”
Magn Reson Imag 2004; 22:529-42.

[2] P. Van Zijl et al. “Optimized shimming for high resolution NMR using three dimensional
Image based field mapping” J. Magn. Reson. 1994; A111: 203-207.

[3] A. Kawanaka et al. “Estimation of static magnetic field and gradient fields from NMR
image” J. Phys E: Sci. Instrum, 1986; 19:871-75.
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Development of an MRI Pulse Programmer Using an FPGA board

Daiki Tamadal, Shinya Handa2, Katsumi Kose3
1College of Engineering Sciences, University of Tsukuba, 2JSPS Research fellow(National
Institute for Environmental Studies), 3Institute of Applied Physics, University of Tsukuba

MRI require a complicated pulse programmer because three channel gradient waveforms and

two channel RF waveforms must be controlled at high and amplitude resolution. Up to now,
MRI pulse programmer using a DSP and a microprocesser are reported. However, their
performanceis limited by their architecture. In this study, we developped a more flexible MRI
pulse programmer using an FPGA board.

1. 1ZC®HIZ

NRARZ ka2 —& K UOMRI Y AT MMILFE TR EREZ M CIA < A ST
L0, EFEZNUSNOSHICHILSREBELODOHY, HELZEHKIIEL TS, Ko
T RIS L7-NMR/MRI S 2 7 A OBSICIZ A G [T - (RE N AR
Pulse ProgrammerXHZNTHD. ZIVETIIDSP, v 7 a7 uat v, FPGAZ: &%
FAWZNMRAT, % 72 13MRIH ®Pulse ProgrammerSBHIE SN TWAH[1-3]. & Z AN,
NMRA ®DPulse ProgrammeriZixZ < OBFMENH 525, MRIHD DI, %
OB E LT, MRIT AT A TIIRFEE DA TR 3F ¥ o RV DO BB & ks
IZHE T 2 LR H D, NMREICHSEMEREEIC 5720 THDH. £ 2AT, MRI
Hosnzxra 7 o< LCEIDSPe~A 7 urut vy Z2HN b 0RHE ST
WAN, Fhbh, N"— R =7 FOT7LXRE )T 4 ITEBRARS L. F 2T,
4 |ZFPGAZ AW - E5E > 7 L% 7L 72MRI HPulse Programmer Z BRI L7-.

% —7U— K :FPGA/ VAT 0 T T ~—

OERETZNE, IZATZLAR, ZENDOH
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2NNV A TS FvDN— N T

Y72 g
(console) We developped.
FPGAD BA 31T Y47~ » T, XILINXAH#L D : J | ’.'
SpartanSA%ﬂZfﬂﬁﬂi_‘]\“%ﬁﬁb‘ﬁ. Ja -y , R e .
7 J& W %513 50MHz “C 20ns o B 5] 4> fiR g "““""“"

EHFTHENTXD.

Z OFHlAR— FiZiX, 12bitDAz v R—%
(Linear Technology ff # L.TC2624) 7% #4
WENTWD. AENEZ ODACE VT

1=

oo o E o W

L]
L]
WA A LTz i
_ . PN N ELO(IC
F72, PCOBFPGA~DT — X DX 7 _D:r {EMH,}
mo— FICIEFIDIAERUSBE ¥ =2 — 4 % | o
FT245R% FAV 7= ‘--'.".“".’--.--.-.---.-.-*'
USB-FPGAH Tl o U 7 L il{E1c & - W [ raciant & 56
TRAVADEAI VT, A X, F 1| _Wavetorm

7 ¥ b Oanplitude 7 — 5 &g L Fig.1 Architecture of PPG outline. Each
TEE LA N b DHX48bit (6Byte) 1T —data bits were sent out via USB.

2By hELTEZEEZIT> TS, Table. 1IZ

48bitDF—Z Dy MEDOWRZRT.

Data Bits Description Number of Bits
Timing Data Bits 32
Event ID Data Bits 4
Gradient Amplitude Data Bits 12

Table.1 Detail of the data bits for the pulse programmer. Timing Data Bits describe when
each pulse send out. Event ID Data Bits show which event such as Gx,Gy,Gz,RF phase, RF
trigger, AD trigger are selected. Gradient Amplitude Data Bits are amplitude for each pulse.
This table can be edited in console program we developped.

OYZ MU= 7Dk

FPGA DBAZE L verilogHDL SEEA I L, XILINX fEO#ABHIEREE ISE - CTfT-7=.
FPGAIDO 70 7T DI ZA IV TE a—)b, DACEY 2 —)b, Zuav 7EREY
2=, VUTNZEEY 22—V THERENS.

PCBEEENTEZT—ZE Y NIV U T AZEEY 2 — /L Tr &1, Timing
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Data Bits Z&HAHd. FHAHSINZEFZ Timing Data Bits 2% A IV 72—
wm%ﬁb,%@ﬁﬁ%%/l—w@ﬁv/& 73 0 726 4294967295 £ THH 7
N7y T EMT D ZORE, 1A Y ME20ns THDH. Timing Data Bits &
VE—DENOOIZI oL FIZDAC E Y 2 — /LT Gradient Amplitude Data
Bits, Event ID Data Bits 2NEE SN T AL ANH T END. Z DEEIZKRO M D
Timing Data Bits 3iiAH &3, XA I VT ET 22— VIIEEEIND. I iaiy
Wt Z ik T — U A RESED.

PCH> S FPGAZHIHIG A 7 v 75 Gradient -"-Iru:lllltude Data Bits
2 (Fig.2) OUSBIlA#1ES 53 I XFTDIFE D _ Siwihia senarater 566
RIANRNERHNTHE L, £72 ST TR | FEm——"
Ubuntu9.04 |Gz 3 F12GCC% T oty Vi)
Hni7a 75 3 7 il e
Aol ZOTa s I ALk - 50 pes
T/SNWVADHE A I 7 L, amplitude ’I = e
F—%, WHE— L E10EZTA e e 1l .
hTzrzlickoTHRET DL fhﬂ s h
MTED. 4 pia | T

f . 'I e —

B {50 ,.

Imm;;, Data Bite Evimt 10 Mata Bits

Fig.2 Pulse programmer control program
4. ZBAR

ARA R PC L THEY IR LI 0. 6ms O FLASH 3 —4 o ZD T — 7 VA {ERL L, FEEs
|Z Pulse Programmer Z flffl L TV R % H 11 L72BEO BB % Fig. 3 12”7,
20ns DOIFE D FREE TSV AZHIEI CTE H Z L 2 MR L=, DAC DL H BN OIELE
Rl 5us THhotz.

BAE, DACOH IV PiF073.3VTHh Dz, IEADARMS = RET D20
A7y NaENT CEIEZERTHILENDHS. £z, BITEH VTV S DAC D4y
fEREIX 12bit TH YV, ZOFEFE TIIRBICHWDIZITRORORET 2D T, FERMIC
LV EWSIRREDODAC Z WS TETHD.

FPGAMRID 7 0 7T K EEXWZ D Z LI > TELICE /Y — 7 v AL EBLT
L ENARETHY, ZHERGAICKIETEDL I L 2R L. 4%, Fxix4mE
BA¥E U7~ Pulse Programmer % FEFIIC MRI ¥ A 7 AT L CA AMEZ EERAVICHEEE
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THLFETHD.

FPERRRERRR SR RSN N NN NN NN

Fig. 3 FLASH sequence gradient waveform. The horizontal axis is 100 u s/div.
The vertical axis is 2.00V/div. TR = 600 u s.

1. K. Kose and T. Haishi, in Spatially Resolved Magnetic Resonance, edited
by P. Blumler, B. Blumich, R. Botto, and E. Fukushima Wiley-VCH,
New York, 1998, p. 703

2. S. Handa, T. Domalain and K.Kose, Single—chip pulse programmer for
magnetic resonance imaging using a 32-bit microcontroller, Rev. Sci.
Instrum 78, 084705 (2007).

3. Kazuyuki Takeda, OPENCORE NMR: Open—source core modules for

implementing an integrated FPGA-based NMR spectrometer, J. Magn.
Reson. 192, 218-229 (2008)
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Sensitivity enhancement of the Earth’s magnetic field NMR using
polarization method

OHideo Sato-Akaba, Shota Watanabe, and Hideo Itozaki

Graduate School of Science Engineering, Osaka University, Toyonaka, Japan.

We have developed a low cost Earth’s magnetic field NMR apparatus to investigate aqueous
solutions. To enhance the signal intensity, a magnetic pre-polarization method was used. The
coil constant of the solenoid coil for magnetic pre-polarization was 4.9 mT/A. The duration of
the pre-polarization was dependant on the spin lattice relaxation times of the samples. Single
shot proton FID signals from water (10-500 ml) were observed with a pre-polarization field of
49 mT and duration of 5 s. The estimated Earth’s magnetic field inhomogeneity in our
laboratory was approximately 170 nT over a cylinder of ¢ 70 x 140mm.

XU ®DIT

HIEZNMRIZ, B ARICAFIE T D Ml 2 NMRILIB RS & L TN D 7= D IR &iBH I 7= 0 ¥
BRSREED ZENTE D], FORDHEAIR X 3B A Rt 2 2 LA
S5ThbH, Tl ERTEMR~T 2y MELEL LRNWEWI AU v M3H 0 21
ERR C& 5, L L7endn—F T, #ESIE~0.04 mTEFIEFIZHMIT TH D Z EnbK
R EOBALIIMTT & 720 ZORMBNETH L E NI T AV > vB3H D, oG
JEWEDI~1.5 kHE 72D 2 &5 A W L 2 HIEREE X @ REENRIZ < B BB 2K
45, FNOETART D720, HBZKNRO X 9 22 KHENMR TIEEnTIE & ORGSE %
NMRIE 5 ZA5 RN HIIN LY > 7 L & ifk S D pre—polarizationik & 5 D3 —i%AY
T& 5D, Pre-polarizationiE|IZfE 5 2285~ 7 % v MMINMRIE 5 BRI O NE i
2o THEY . WAL AR BIGIHER LW THWE RIS Z ML LRV, ZD7-0H
VB 2 VED T2 ORIEA 2 A WENRARE L 705, AWFFECrE, HIEKNRE: & 4
YEHL Upre—polarizationiE DA R, MR DRESG B M OV TREM L 7=,

VAT ADIRE

MR SNMREE & D =Rk I%, RFIEZEH Y L/ A4 FaA L (635 mH, 280 Q).
pre-polarizationfiV L/ A4 KA /L (54mH, 1.78 Q, 4.9 mT/A) . pre—polarization
= A VEREhHIEIRNEE . RELIREIR . /IME S HEMEEIEE (~80 dB) 72620, £ %Z
NWIFZEETERE LD TH D, 2T L ZEART6 mm x £ 3140 mm& 72> T
W5, FEESIEE S, FIDE S IAZIZIE, AD/DAZR— K (NI DAQCard-6024E)
ZHWE, K 1SRRI A2 ~d, 64 Y 7 MELabVIEWZ HWCBASE L=, I
TEERBEIT, KIRKFE X v R AWFIEERIT TIT - TR Y Bl 72 BROERTE 13 - T
1/\73:1, Yo

HIREANVR, RIS, S20E B
ObTOVTE, bERXL LI, WEIEDVTE
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Hi S S NMR B B NI DAQ-6024E

J:Dj(%fdf@'ﬂﬁ%éiﬁkéﬁéfl&b\ PC ouxe RF pulse
pre-polarizationif ClIHIME & FEE 72 Tigerpue
J7 BN 65 (B EE :0~50 mT, ke B - Switch
0.5~5 s) ZHIIM LY > 7 VoOr 217
STz R LR T BRTC%E | N
ZH =4 A% N TI0° RE-SULZ % HIN L Capacitor DUffer amp
+ %, FIDIE B DFAZIIRF UL 2 3%(E & (7] 4 |
HIUCBRAE L7o, BALBREEASEIINEES S Preamp | Power supply fo
Helild % = & v FIDIS S & g Gain~80c8 | (/7 e
BB L TR 5 2 & &R L7z S

(K 2) , (B3R EE X INRESC e Pre-polarization coil

LCREL DM, aA /)VERICEIN  Fig. 1 Diagram of a homemade Earth’s magnetic
T HRBLBET D72 D4 EER L7 field NMR apparatus.

288 3 A )V TIIFE ARG TR E O LR

13H950mT & L7z,

IRIEIR O IR AR 2 5HH 95 728, 500 m1 %% & 100 ml A #127K10~500 ml % ALk
FRFEOFIDESZNE L=, BEELOREICHBNT, SN=1& L7584 ORIERR
1%0.5 ml TH o7, K 31213/K100ml 55 DFIDE B DOfE R AR, NMRIE 51X EHEADAR
— RTHV AT =, (EEOEIITHBIA TOT —F T EMEE 72> TV D, R T
KDT,NE2. 4 sTH T2, FIDEZOWIEI HROZT,130. 10 sEFEff STz, =
U, W DO ARYENEC X DR FIDE 5 OBEICKE N ThHo72mb EEZ BN D,
Z ZCURMIE 7. 3Hz K B O REE M A TGS 5 & SRS CIEERUR I (B2 74x K
X140 mm) IZBWTLI70 nT BETH -7,

IR, AEFERICH S B KNMREEE 2 FR L | S IZ DWW TERZ 1T -
72 Pre-polarizationit (FIIYs © 49 mT) %5 Z &I X 0 KIZEB W THIERF0.5mI
BERTHIENTE, K EZ AW KR ONMRIFZEIZIGH TE D Z LR S
i,

1.0 N
~ 06 water(100 ml) [\
~ 0.8 2 f _\‘ e
= g \
< £03 Y
5 0° - 1430 1440 1450 1480 1470
g S Frequency(Hz)
» 04 3 0.0
& -—
2 02 5
Z 0.2 g 03
<
0.0
0 5 10 15 20 25 30 35 40 45 50 0.0 01 0.2 03 04
Pre-polarization magnetic field (mT) Aquisition time (s)

Fig. 2 Dependence of 'H NMR signals on the Fig. 3 Single shot FID signal from 100 ml

pre-polarization magnetic field. water without magnetic field shimming.

2% U
[1] P.T. Callaghan, A. Coy, R. Dykstra, C. D. Eccles, M. E. Halse, M. W. Hunter, O.R.
Mercier, and J. N. Robinson: Appl. Magn. Reson. 32, 63-74 (2007)
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NQR Properties of nitrogen in amino group contained in salt of
hydrochloride

ODaisuke Inagaki, Hideo Akaba, Hideo Itozaki

Graduate School of Science Engineering, Osaka University

The "N NQR properties of diethylamine hydrochloride, which has a chemical structure in the
vicinity of nitrogen similar to that of methamphetamine, were investigated. The "N NQR
frequency was found to be 1.006MHz at room temperature, although quantum chemical
simulations using BHandHLYP method predicted a NQR frequency of 1.58 MHz. Relaxation
times T; and T, of the nitrogen were 1.1s and 1.8 ms, respectively.

1.IZ U HIZ
K% DU A B (NQR) ﬂi ﬂ%%ﬁﬂﬁﬁ%&@ fECH D NMR@ XTSI L D A
*‘WJ%JZ%T = FEEEWHII S FHICBIT A A U ETFHI=IUL EOJETE

DO EL A Jzﬁfa“zo RIESEY D% T ainél‘*w?% FI=1TH Y NQREI S A
_3“71&5\ RIEEYOREE~DICHARIR SN S,

ARFZE L, RIEEY TH D A X 7 = & 3 R & NFE 80 o &0 84 5
D FT I U Fig. 1) ZHWT, Y= F T I R ONQRIIE E I H A
77K C1. 0395MHz &\ 9 Edmonds & DALV & ¢ L ZFHAIZ 1TV, NQREEIE 27 2 |~ L7z,
F7-. BN T A —Z O A X D T2 O IS HEE IR (T,) & AR (T,7) O34T
H It o 72,

H-ClI HeCl
HN — CH
H c c
""c' He” \,;,/ Nchy
c” cH H
(a) (b)

Fig. 1 Structures of methamphetamine hydrochloride (a)
and diethylamine hydrochloride (b)

NQR, B LRt iRl

OWNRNBETZNT T, HNTOTE, WEIEOVTE
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2. NQRIH &

IR T CFIDY — 7 v AL DY F VT I U ERE12e D FE21T - 72, BHEIZAT
HINTHTZY NQR= o Y — )L Tecmagft Bl dDApolloZfHEH L, NQR{E B DEZ(ZIZH W
%5 :14’11/ B4, Ocm, & Z3. 0emDEZHIFR Z 43[R X DT 2 b D& FH L, £,
f_)% =L RNICaAf VERETDHZ LT, BE A XDOKBUCE D=, FIDY—47

AN LB FHCIE, LR EOIMz DL 2V R & vy, 2V AR A 30us, A7
> ]*’;f450ps RIERE A 1. 2sIC3%E LTz, E72. S/NEEZ 1A B &2 729122000[E 0
HE T o1,

FHAOFE R 1. 006MHz TIE 5 2 MR35 2 LN TE 72 (Fig. 2), aHHl S iuizEH %k
23Edmonds & DA 1. 0395MHz & —E L 72 o 7= Dk, sHAIBRELIZ X » T FH o ES
REERINCRR D120 EEZ B,

o O == -
o o o N

o o
N D

Peak amplitude [a.u.]

©
(=)

0.98 0.99 1.00 1.01 1.02
Frequency [MHz]

Fig. 2 N NQR spectrum of diethylamine hydrochloride

T, ETAZDWT, KEEFEIEE( (2)—t —(=n/2),— ) BLOFIDEFORERIZLD
A tT o= 2 A, T=1.1s (Fig. 3) B XL O, *=1. 8ms (Fig. 4) #457=,

10 .
'S5 08
S
o 0.6
©
2 04
g 0.2 ——
~ 00 — Fitting curve
S (T,=1.15)
a —02

-04

0 2 4 6 8 10

t [s]

Fig. 3 Inversion recovery curve of "N NQR signal
from diethylamine hydrochloride
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— —  FID signal
g 08 — Fitting curve
— (T.'=1.8ms)
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E 0.6
o
€ 04
©
x
302
o
00

0.0 04 0.8 1.2 1.6 20
Time [ms]
Fig. 4 FID signal of diethylamine
A line shows fitting result for T,

TAXFHAEFRNC B L, T93ME SO LIS SICRBT 5, SRIOFHENC L - T,
CIZFNT I VBB, NEN En D bV A O IR IINQRIE S AN L
WL, BHREIBTHADIIRG TOLEZE 2N, LIL, TREWVNWI LG,
JAbe TR N VSERFNT D DIZIRERI 00 | FIDY —4 o A CIEdHil A Ik
R TH D, LoT, P2IF AT I VEBREOFITIX, 1E O TEEEI O
BHErafel 75— U ANGHINOMEILEX D ETAEIThHL EZLBND, £ 2
T, AHFFETIESpin Lock Spin Echo( SLSE : (7/2),— (t — (7 /2)gp— 1t —), ) > —
v A W TCTHRERHI ATV, FHAOZRIIZES D72, SLSEIFNLFEA90° 3 5 2
KOSV AERWTHERY hvEa v 7 L, 1EORR THEEE O = 2 —(5 5% i
BTDHZLEMTEDLY—F U ATHD, SLSEV—F o A X DEHANZBW T, 2fE%E
DV AFES B S P ERE Mz, 2V ABE30us & Lz, 47> MET0us, {KIE
BERIEL. 2sICRRE L. 2L A RS © 12550us & L7-, LEIDfEhE TIE 5 S 2 16[a14T VY,
A2 1%2000[E & L7=0 T, FEREEIFEIL32000[H] & Ae o7, RSk 0 FHHIEERASFID
AR LR CIZ22 o7, FHAIORERAFig. 5ITRd, 7235, Fig bDfiffhiIFig. 2 & [F
ROV ool n Lol LT,

4.0

w
o

-
o
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Fig.5 "N NQR spectrum of diethylamine hydrochloride
measured with SLSE sequence
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Fig. 2&Fig b& i 5 &, [ CRHAIREMIN CTSLSEY — 7 X L » THE LT
NQR{E ZHREE X, FIDS —7r v AT Ko T HALVTENQRIE 38 D K45 & e > TV B,
XY, RWFFEDSLSEY — 7 o 2 & W FHANEFIDY — & o X & F W - FHRINC B
RTEBERHEOENNNEEZ BNLD,

3.v3alb—vay
B FEEIC L ANQRILIB S D> I 2 L —3 3 T, Gaussian03iZ L - T
I REEDOREL BT o 1215, BIART v YV VA FE L, NQRILIE & H A Tl
Do ARBFIETIENJR T ONQRE FHW D 728, UN 1 JED O 45 TR & N FERL L T
X, U2 b= a KD PRRRAEIIFREIC R B2 6D, AT, &
22 b—a COFRBEFIECEENE L EENBEEEE AN T YT AT I BRI
NQRIEIEE 2R L, HHME L OFTEREZREI LTz, Y Ialb—Ta U HiElck-
TUZFAT I VHEBEOHBRERBREICRKREIRZFIAONT, KUBERWLEERTYH
BHandHLYPIZ 2 % FHIFAAES2% & . —ARICKE RBENH T LE 72, ZHUE, 1D
EAKREY T E LTCHEZIToTWEDICH L, ¥ 2b—va TS+ 1E
WCERAEYTTNDZD, fmANTOS FREENEE L ED ATV RWNT &R
KThsrEEXLND,

4, f‘\l:l%ﬁ

AW EwE LT, VI T I R ONQRIE 5 & 1. 006MHz THERR T 5 Z LN T
7o, o, PZIFAT I VBB ORI OV T, T=1 1s B L UT,*=1. 8ms
ThodZ ezt o &NnTE,

Reference
(1) D. T. EDMONDS, M. J. HUNT, AND A. L. MACKAY : “ Pure Quadrupole Resonance of

"N in a Tetrahedral Environment” , JOURNAL OF MAGNETIC RESONANCE 9, p.66-74
(1973)
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NMR structure analysis of ORYCIN from the coconut rhinoceros beetle,

Oryctes rhinoceros, led to its functional characterization as a novel serine

protease inhibitor

O Shoichiro Horita', Jun Ishibashi®, Koji Nagata', Takuya Miyakawa', Minoru Yamakawa>
and Masaru Tanokura'

IDepartment of Applied Biological Chemistry, Graduate School of Agricultural and Life

Sciences, The University of Tokyo, Japan.

’National Institute of Agrobiological Sciences, Tsukuba, Japan.

’Graduate School of Life and Environmental Biology, University of Tsukuba, Japan.

Oryctin was isolated from the hemolymph of the coconut rhinoceros beetle, Oryctes
rhinoceros, in a process of searching for antibacterial peptides. However, the function of
oryctin remains unknown. We have determined the three-dimensional structure of oryctin and
revealed that it adopts a fold similar to Kazal-type serine protease inhibitors. The functional
assays have shown that oryctin indeed inhibits chymotrypsin-a and elastase. The binding
regions of oryctin to chymotrypsin-a and elastase have been identified based on the chemical
shift perturbation.
FFim

2 AT T NI (Oryetes rhinoceros) DL, FEHEIR 72 L OHEILH Tl E
L. ME s 7ANVR - D EEOHMEY DG AZITOTVEREE FICAERT 5700, &
FERAEMN T3 2 AR ARBEAE S  EICRE L T D, A Y 7 F i3 66 fHDT X/
BRFRIL L 3ARD T ANT 4 RREGINDIRDH N IET, ZOZA TS HT AV
Mo Y bR - Bt e, AV 7 F AT X BRSNE G T 5 5 N
7 I RO 5 TN, B ON RS & FIEIEAEE 2632 S S
iz, LinL, KIGEAZEFEE LTEONTMIA A Y 7 F IR ER—D7T
JBESNB L OR—DOYANVT 4 NG EAT 22 hb b1 £ o  HEEN
EIRSIRpo Tl AV 7 F OIS 2RI 2 /g R Shic, &
U7 F o OBREMNT L LT RNA TS24V 7 F U BInFD /) v 7 20 hidar
ENTVDA, BUEETICA Y 7 Fr OEKAKIEZ "R 57 — 2 3o T
VN, o, BB AT D Z N ERIRWZOIZ, TR BRSO RIVEICEED

Kazal-type serine protease inhibitor, ovomucoid, serine protease inhibitor
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<HEREHEE D IREECH D, ZO XS RO T, bhvbivud, £V 7 F 55 FDIR
REE A RE L, SAHEE DRt D 2 w8 7 & DIERIMEN S . ) 7 F o DkkE
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< NMR &R IEERAT >

% pET-28a(+) 7 7 A X RiZA U 7 F > cDNA ZFHiAZ N KUl TEV 7’277
— Y CUIRAREZY 6 XHis ¥ 7 2 IMULI=A4 Y 7 F L DBy X —%HE L. K
[# BL21 Star(DE3)\C B #E#H L7-, 4%kt NMR JIED 7=, PC,°N =ik A i b
B CTZORBGEZEZE L, 1 mMIPTG, 37°C. 6 R RBFE AT -7, H IR
. Ni-NTA Sepharose f&%, TEV 7’17 7 —EiH k. Mono SHEH L, I2HE - FEMEIK
#1212V .50 mM NaPi (pH 6.8), 100 mM NaCl, 0.02% NaN; Z &1 ¢ 90% H,0, 10% D,O
IR L7- 2 mM PCPN B R A Y 7 F ok 21572, 2 oRE 2 VTS 2 kot
NMR 5 L O~ 3 k7t NMR Z #I7E L, B FTHEZ 1S IE =T o 'H,°C,"N JF 70
NMR ¥ 7 F L ZIRJE L 72, NMR 7 — Z (253 & 45 5 72k 385 - T EEERI R 573 4.
TP A EIRR 79 8, AKEREAIEEERIPR 3 18 2SS E R & LT CYANA 71 7/ J A
WAL, AV 7 FroNihtEE2EE L, &S 10 Ho7 o7 nmicisn
T, FHEFE T AZELZHRLS AT O RMSD IZFNFH078A & 144 A ThHoT-,
SLAREEIELLZ V7 B OBRE >

Dali #—/3— (http://ekhidna.biocenter.helsinki.fi/dali_server/) % iV 7 SEARFEESEIEL
HUNRTBEORBEOWMRE, v o7 Tr 77— Thr LmBHEKXARL AL R
A b B X —0OMTKY3 & O AREEELNE (ZEIX24) RS nT,
<7u77—EREEEE >

FV 7 F N OMTKY3 LEERIC T 0T 7 —EHEEEEZHET L0 E 2, U~
TuarrT—8, VATA s T —8, Axurar 7 —8o 3T 5 HER
MRIEZEIToT2L A AV 7 F ) 77 7 —FBIZx L CORAEEEZH
THIEERH L, Y7 ur7—CoMEIC L EOREIZRLRY, 4V s
FoolFa-FEF) LU E2BAE (Ki=69+07x10°M), =5 AKX —F & fIfRE
IZBET S (Ki=27+£02x107M) 28, hU 7 uicst LT e<E LRV &
ZHA SN LT,

<[tk 7 NEENEIC L B HEEVEREAL DT >

FV I Frpto7aT 7 —BRMICEbo TWAHEEkEFIRL =D, AV 7 F
DHREFVIF o+ a-FERN) SV UFRFIZ TR —BLETILFEY 7 FEEE L,
b5 7 NOEE D AAEREAMN 2 Lz, fR. AV 7 F3mbsot ) o~
Tu7—YEEET 5 3 SO TRHRMT D LRSI,

<HatE>

ARFZEIC L0, BEERM TH 1AV 7 F o ONEEEZIE L, AV 7 F 038
HeV > 7e7r 7 —EBHEATHD Z & &R Lz, 5% RNAI 03 %@ L, PPO
EMAL R, MIREEE R ICE L CRIEZ D,
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Rapid determination of protein complex structure by assignment-free NMR
approach

OYuya Kodama'*? , Michael L. Reese4, Nobuhisa Shirnbaz, Volker Détsch’, Ei-ichiro
Suzuki’, Ichio Shimada™ °, and Hideo Takahashi’

IJapan Biological Informatics Consortium (JBIC), ZAjinomoto Co., Inc., *Biomedicinal
Information Research Center (BIRC), National Institute of Advanced Industrial Science and
Technology (AIST), *Stanford University, *University of Frankfurt, °The University of Tokyo

To obtain the information about protein-protein interfaces by NMR, the resonance
assignments are generally essential, but are a time-consuming task, especially for a large
protein. In this study, we present an effective and rapid approach for identification of the
protein-protein interface, where we record only a few NMR spectra of a protein labeled with a
unique combination of a single "N-labeled amino acid and several site-specifically
C-labeled amino acids to obtain the information about the amino acid types and number of
the contact residues and then we search the molecular surface to satisfy the obtained
information by computation. When the candidates are very limited, we can identify the
contact residues. We also demonstrate that the information obtained by our assignment-free
NMR approach is useful for rapid protein-protein docking study.

EAEMMAEERT, ARy 7T MREE I LD & Lofx OBSICREE
LTWBHZ ENnD, tHAFEHREIZET 2 FHRATEIZED 2 &%, AIFEMER &%
HRANTEF L TN LT CHE L 2D, LOLENL, TNLOERESED -
DITIE, B Z I EX RS S S AT I 2 B WD TR s b O EZE . NMRAEHT 12V TIEINMR
VTNV EIGET AT OWE, MHTEESME LY ZRRREEF TEET D
ZElTheb, BT, Baxld, MG ETHEA OFA-EONAAEGENBER T H VL,
NMR Y 7 F & IgE s 2 2 & e < (EEROM BAFE AL 2 Bl IC[FE T & 5 FED
BAFSICHL Y fHA TS, "H-CBCHBIAY MV RSB DY 7V F NI, %7 3 Bk
HEoF+424 71%Cx (x=0,B,7......) 1ZEITRELTNS, LEBN->T, 7 F AR
HBLT D EPHNE e 5720 K 5 R B ERMAERR T 2/ B2 BECR O, T b TR

REEFAHAIEN, SRR ERMAER, Fyxrr7yialb—vay

OZIEEDHIR, FWTLHV—T, LAUTZOLSVE, Spdh—Eosb, ¥z
Whb59, LELWHE, ZnILOTE
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BHEZMMT 2012, 7Aooy 7 MRS, 73 7 BOBEEZFET 5
ZENRTED, I, ZORBEHWCTHAEREREZTT S 72 61X, HAMERRE
WCAFET D7 R VO B E2 MDD Z LN TE S, BAEOREIZBW T, B
REOET I JEBRICET 5 ZOFEBRMEREZ RS X W&, MAEERARECTH
Do WRIT, SARHEENBEF CThAUT, FEBRER &7 X MR O ERR & 5T,
FEAERRE AR T 27 X BREORFENTIRE & 72 5, Fox 1LE D12 Ofiftt H
V7 by =T EBF L, ALY T VR & 722 7L OEEL &SRS TE RS |
MAEERREEZERT 527 X JBEEZHB CRETE L L5, Zo L5l
T, NMRYZFAZEIFET D Z L7l 10O0OY 7K 5 ERERN S, )
THHICHAER R mZFRET 2 Z ENARe L R oTz, SHIC, AFEICIVELR
HAEERREOBEREZRFFE L TRy F 7o Ialb—vaa{Tol &I
0., BEKROET ARG ZHIEICHEET 2 Z EBNAETH D,

ARFGETIE, HEEROSLIEREE BRI TH 5 | 47 526.4 kDyeast ubiquitin hydrolase
(YUH) & 8.6 k®Dyeast ubiquitin(Y-Ub)Z T, KFIEDIE L HERET 5 2 & FERE L 7o,
F9. EBALRFRAICHERR S - YUHA~Y-UbZ i E L. ERIE ONMR AR kL
O, by T M kSR E ey 7 TV ORE AT, Z OFEBRER AR Y 7 F o
=7 CUEY 5 Z LT, Fig WA T L5, HAEERRZERT D7 2/ BRI
DREICHI LTz, & B, &b fiflE® 4 52, HADDOCK (J. Am. Chem. Soc.,
125, 1731-1737 (2003)) % > CYUH-ubiquitinfd & 458 D A 2 il /- & 2 5
fraction of native contacts>0.3, ligand RMSD<5.0 ADE [ THE A I 1E O FAEZIZ A Zh
L7z (Fig. 2) o EBFERICESHEHAGKRET MBELRHICHETEZ L2 L0006,
B 2 I THEETEHRIC LS < IR OB 72 Sl T, AR T A T U —I13a A
ThdrEELDLND,

Fig. 1 The complex structure of YUH and Fig. 2 The structure of YUH-ubiquitin
ubiquitin, depicted as ribbon and surface complex predicted by using HADDOCK
representation, respectively (PDB code: (black ribbon) is superimposed onto the
ICMX). The residues at the interaction crystal structure of the complex (gray
surface of YUH, determined by our method, ribbon) by YUH. The predicted structure
are depicted as CPK models. of YUH is not shown for clarity.
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Structure and Dynamics of Lipocalin-type Prostaglandin D synthase
oNobuyuki Kato', Shigeru Shimamoto'*, Hiroko Maruo', Takuya Yoshida', Takashi Inui’,
Yuya Miyamoto™, Yuji Kobayashi’, Ko Fujimori*’, Toshiharu Tsurumura®, Kosuke Aritake®,
Yoshihiro Urade* and Tadayasu Ohkubo'

!Graduate School of Pharmaceutical Science, Osaka University, 2JSPS Res. Fellow,
'Graduate School of Biological Science, Osaka Prefecture University, ‘Department of
Molecular Behavioral Biology, Osaka Bioscience Institute, >Osaka University of

Pharmaceutical Science

Abstract

Lipocalin-type prostaglandin (PG) D synthase (L-PGDS) possesses dual functions as a
PGD;-synthesizing enzyme and a transporter for lipophilic ligands. It catalyzes the
isomerization of PGH; to produce PGD,, an endogenous somnogen, in the brain. L-PGDS
also has the ability to bind various lipophilic molecules such as retinoid, bilirubin, and
biliverdin. Recently, we have determined the solution structure of L-PGDS - U-46619,
substrate analog complex by NMR and revealed that the U-46619 binds to the upper end of
the cavity. Comparison of complex structure with free form L-PGDS structure revealed that
H2-helix and EF-loop located at the upper end of the B-barrel change the conformation to
cover the entry of the cavity upon U-46619 binding.

[

VARAV BT ez 752 (PG)DA ikEESE (L-PGDS,Fig. DIX., M FLED N IZ & &
(ZAFAEL . PGH 2B REIRTE JE (B 59 2PCD, A FEAE T 2R THDHLLBIT, LTF /AR
EULE L BN D R EDRES, TRRD B2 DBy F DA N Py —E LT
DOEELHIZHEEEE AE THDY, 2N E TOBWENMRIEIZ LD SRS D, BN
L UAEIE DNERIZL-PGDSOFTJE T DUAR BV 77— D HTH R R E 7R B K M cavity
BRFD | ZOZENRESUALEEIED B Dk 2 T B S 1 L OFE G 2 FTREIZL T
HIEMBGEI T2, EBI12, B ASLILND B KM cavityD FEICALE T AEF-loopk
VRV T aRB 75000 D GRS, 7 aAR T T2 Tk NMR

Omn&d O5PpE LELE LTS, £k OAZ KUK 7K, Wil T2l AR0bE
DO, ZIERL pHL, SLBY 29, 25Teb LTS, HVTZT 2T 96T KL
A, BB 22T
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H2-helix D S ARRE &AL NV T RE A ICEHE
THDHIEDRIBRINT-,

[ 28]

KIGH % e K& T HLR TR o0 S 2
\ZRERNMEALE % FHVEC, PNT~L LT
L-PGDS% F L 7=, L-PGDS B4l . L-PGDS -
U-466198 A1, BLUP110AZ BRIz >V T
HNCACB# X TYCBCA(CO)NHZ T = $H )7
B %, {'H-"N NOE, T,, T &&Fnrs il & 20 3
SHOEINME DR 21T o7,

Fig.1 ¥ME zolufion structure of lipocalin-type
proctaglandin D synthase (PDEB Ie2EAT)

[FE R LB %]

e x 13, WIRNMREZ W CL-PGDS & S H B
PGH, D% & i 5 AR Tl HU-46619(Fig. 2) DR & {44 RPN
Y% FCIRIEL . U-4661978cavity® - EBIZ 5 &3 N COOH
HZLHEABMILIZ, &5IZL-PGDSEU-46619 4 O
ROREEZ LB L . U-4661923E & 9 DB I cavity | s
HRICAT B4 B EF-loop$s & OH2-helix 23 U-46619% 7 .
515 leftﬁ‘é:&bi‘%%ﬁ)&iio?’:o (Pig.?)) Fig.2 Chemical formula of U-46619

s AL DO R T HHZHALNT DT
. L-PGDS. L-PGDS-U-46619# &1k, ¥
FOVRIEPERIZE FLRL-PGDS P110AD N A
R YE AT 36 J2 OV Fn B F] o0 R 28 25 12 v
MO ZAT o7, {{H-°N NOE, T, T, %
0B ST 72 2> S L-PGDS AR T B /XL b
PRI T, cavity FEBOB O L CWAHE
RO TEEE D E W ERAGE ST, F2,
L-PGDS&U-466198 A % LLig L T, FFIZ
EF-loop33 L O, ~helix fE I O 5% Fn i 12 24
N&H Y {'HF"N NOEIZ # v T Hy-helix |
CD-loop. EF-loop. GH-looplZ VN TE\ Ml
DRENTZZEND, U-46619F5 A1k~ T
cavity B OETPEME T LIZEE 2 BT, E’ﬁﬁ’j;ﬁ:jﬁf“ R Ao SR e R
INHOZENS VT UREAITEL T,
cavity FEBICALE L CUVWVAEF-loopd L UNH2-helix fEIK OIEBEN N EE THHEE X HINLDH, S
DIZBUE, NEMERIZ AR THDHPL10AZE FARDFEFNIRG FIHIE 21TV R FEAZOFHIRD
HEENEIC G X DR AT T D,

[ k]
YInui T.,et al. J.Biol.Chem.,278,2845-2852,(2003)
YShimamoto S., et al. J.Biol.Chem.,282,31373-31379,(2007)
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Construction of the Chaperonin Encapsulation System

(OYasuhide Masuhara', Shinji Tanaka', Yasushi Kawata’, Katsumi Matsuzaki', Masaru
Hoshino'

! Graduate School of Pharmaceutical Sciences, Kyoto University, Kyoto, Japan

? Graduate School of Engineering, Tottori University, Graduate School of Medical Science,
Tottori University, Tottori, Japan

To analyze a protein with strong tendency of aggregation by high-resolution solution
NMR, the novel chaperonin encapsulation system was developed. GroEL and GroES in
Escherichia coli, also known as chaperonin, temporarily form a large complex to sequester a
substrate protein in its hydrophilic space. Using an ATPase deficient mutant of GroEL,
SR398 and a 12-residue GroEL-binding peptide, SBP, we succeeded to record a 'H,"’N-
HSQC spectrum of ubiquitin which was encapsulated in SR398/GroES cavity. Although the
spectrum in complex corresponded well to that in solution, linewidth of each resonance peak
was found to be broadened by two fold, indicating a restriction of mobility of ubiquitin
probably due to the interaction through hydrophobic SBP tag sequence. To further improve
the system, a removable SBP-tag sequence was designed.

(i) Wik fREE NMR 1%, KIS T 2 % v X7 B OSNIEERE, 725 TN
ZOEBME 2T T A FiEE LT, A HOBEEY R TEHEERKE 2 8- L
TWa, LL, MEICKLEEL SNDIEBED X X7 EHETICBONTE, JE
2R B OIERE R I EHESC, AL e IR R T 2 AT O EOHRIC
Yo, v Iorga—R= RN, RTONREE., HDOVIERAEEIC R - T
LES Z Dl Ry, ZOMEZFRT H70iE, WEX 785 15051
TOMEIZIREREL . FEFF R R AEEREZNMHE T2 nNRbAITHD
LEZBND,

Z ZTARME TR, KIBE D573 v X1 > GroEL/GroES HAMRIZHH LTz,
GroEL/GroES & RIZE K72 BIKIMEDO LM EZ K L, £ ONEICIE ¥ v 7 G xR
B 25 A > (Fig. 1A), ZOWICHMZ VX7 BE2EATIHLZ E2E 2T,
Fig. 1A DUSHERETIZTERR S5 GroEL, GroES, FEX L XV EMNLR 5 =ZHES
RELEITHRESDZLITEY, WEOZ R BOEE 2 DRI 25 2 L 3w
BETHDHEEZEZDLND, £ T, GroBS ERERBEEREZIKT 2 Z ENMB T

Molecular chaperone, Aggregation prone protein, Solution NMR

OFFTIEHRTUT, BN LAL, MbedL, £DOIENDH, BLOES
%
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% SR398 (Single Ring D398A) -~ -

S GroEL % AV 7=, A o~ _
GroEL \¥ZM 4 vy Ba W) T W@ W@

Fr IR - M6 5. (T . L 5

BODZ T e KRR EE% raermediate

RFFL7-F F SR398 ITHEA &

W57, GroEL (ZEWELAT  (B) -~

PECRAT B 12 BIED~T T L o S
REZH (SBP, Tablel) %MIE ™ . - o - |
BNy I B 2 b E e o

Fig.1 (A) Reaction cycle of GroEL and GroES.
(B) Chaperonin encapsulation system.

= %27~ (Fig. 1B), MlE % v/~
JEOETILE LT, IR NMR
TOM RS ENTHDH2EXRF > (Ubq) &MV = (Tablel),

UN AR Ubg-SBP % i \» T, Tablel Sequences of model substrate proteins.
SR398/GroES HAMKRMNIZZEIZE A

L. £® 15N-HSQC A~ /L% f# SBP SWMTTPWGFLHP

Blic, ZORE, BAaEFToO Ubq-SBP Ubq-SHHHHHHC-GGG-SWMTTPWGFLHP
AT NVITIEIRFPEAEDO L O L Ubg-CC-SBP Ubq-C-HHHHHH (Ubg-C)
F—HL., 2XF L OERE C.GGG.SWMTTPWGFLHP (SBP-C)

WERRFFENTND Z BB LN
27 olc, ZO—FHTHIMEL 7V ORRIEIL 2 EREH KL, EE RN Tl
BEIH SN TN D Z LR S Lz,

[ 53 « fH] Ubq OVERET O @ KMEEIL, ~x % &
o UEEERONEZERE Y o5& nEn, EO e 5

BEFTHTRMIET MR MIETE S L& X £y
Bhb (Fig2), 2@ EBIEE FORRE L wn oo & 3
T, BUKPEDE SBP 23 GroEL O HERRFRERAL G P
1 % NN ERZER D EE & AR {E LT ATHE Wy e

PWERBZ b, ERRoBRERKIC, gakhT

DB EHT S, T k0 FKISEEL |52 Strotural model of the
FICRIE X 37 B afRHTT 5728, SR398/GroES '

BAEMRICE AL, HIEH /R E G SBP ZH 0B & AT ADOBRZICHAT,

FATLIZSBPZELY B < 726D SBP & JIE # o237 ‘B UbqD M5 1ZCys %3 A L (SBP-C,
Ubq—C) . YA NT 4 FiEA THHE %2 BIF T (Ubq-CC-SBP) SR398/GroESHE A AT 12
Rl L 7%, EoAl A 2T 5 2 & 2l (Fig 1B) .

KA EREBL21 (DE3) pLysS % FN T, "NAZFE L 72Ubq-CZ& {EHRL L 7=, — 7, SBP-CiFFmoc
BFHGRIEIC L0 ERL L . WAHHPLCA W TR L 72, FD%., SBP-CA Y F A4V
VU UIC XV ERMiL, SBP-COF ALY VU RERM L=, T4 2 ARITERET
F— NV EE A IR R BB 57280, SBP-COF A B U 2 K& Ubg—C & i &
% Z LT, EULE TUbg-CC-SBP & 15 7=, BLTE. 15 5 4172 Ubq-CC-SBP % H T,
SR398/GroES & DB LR AERLL . FDONRARY ML OB « T 217> T\ 5,
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Transient oligomeric states of amyloid-f protein revealed by chemical
exchange

(OTakahiro Yamaguchil, Katsumi Matsuzaki, and Masaru Hoshino'

! Graduate School of Pharmaceutical Sciences, Kyoto University, Kyoto, Japan.

The aggregation and fibril formation of amyloid p-protein (Af) are the hallmarks of
Alzheimer’s disease. Af is supposed to self-associate with each other and form nucleus
through conformational change. Although nucleation is a critical step in the aggregation of
AP, detailed mechanism is unknown because of its transient nature.

The peak intensity of an NMR signal depends on molecular motion, and is, in principle,
expected to increase with temperature. By analyzing "H-"*N and '"H-BC HSQC spectra of AB-
(1-40) in detail, however, we found that the signal intensity decreased with increasing
temperature. These results suggest the presence of a chemical exchange, in which soluble A
may self-associate with each other, forming short-lived oligomers which rapidly dissociate
into monomers.

GGa

TININA 7 —HBEMICIBNTT I mA R /37 B (AR) DMK EEE (T
S FERHEOILERR BN D, 704 FEMEO TGN L L CREAKFEE
BETANEBEINTWD, FET ML D &M RITEELTE AR TE & R
iRy onsd, BEZIEEES ) ~—H0Ra/ L, avhA—vay
A Z LS TR SN D EEZXBNDHD, £ OMRITIEF I =L F—FEEED F < |
H R 2B ER ORI TR Z DI W\, —JF, OLZOBEENER SN D
LA ) v — OBEE DRSO IREENETT 5, 7 I v A REMEERICE
WTHEEE OB EIE TH 208, BEZITBENIC UNFEE LW D, 0
. RO OEMIIRHTH S,

—FRIZIRIENMR D 3 7 F L8R BE 145 - D [lAFE B AR AE 3 5 7= o1 51
PEWNEEINT 5, & ZAD, ABERRARFMETTHELIZEZA, £OE— 7 HE
EE ERICHENED T2 2 3oz, THSN I ONZTH-BC HSQC A Y R v %
FERNC AT U7 AE R, AIAtEE ) v — CIRENICER SN D AU I — L ORIk
FARMNFAET D T EDIRIB I LT,

TIuA RpE U AIE, F U Tdv—, L
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E7)

N-AB-(1-40), "C/"N-AB-(1-40) % ZHE190% H,0/10% D0, 100% D,0D U >
FeiR@ErR (pH 6.5) (ZIEfE L. ZHFHH-5N | TH-C HSQC A7 ML &k~ 727
Eot & HlE L7z, HNCACB, HN(COCA)HA, HCCH-TOCSYIZ LV & — 7 Dif

BEIT- T2,

(R & 5 52]
BN-AB-(1-40) % I T4°C, M
U25°CIZH U TH-""N HSQC % <
7 vvERIELE (Fig. 1) . %
DOFEFR, 25°ClcBVWTHFLWE
— 7 B0 E O BN S T,
B — 7 W ORI R T H
V. 25°CTORER. FFUM4CT
HEZEITH & T UOICHEIEL
LELRICE—7HMERZRL
7=, Lo T, 25°CITzBITHE—
7 58 E DD X AP DA 7] ¥ 75 g
HLICLDHDOTIIRNWI L2345
Nolz, —RICHEIENMROD > 7
F LR EE 15y - O [B] i A B R R
\CARAFT D 7= OIRE EFITEW
BN+ %, ABIZBWTIZZ o
OGN RSN, ZDRIK
D—oL LTHEMEDT I FK
FLWPETH DK E DA JE
OEmMRFEFOND, £ T,
IS EMEKRFEZEZRIEL LCH
BEOWE & kA=, EAKF TH-
BC HSQC A2 hVZHIE L,
"Ha-BCa @ 18 v°— 7 B8R FE D IR
FERTEVE & fRAT L7245 5. PN
Ba ERBRICIRE ERICE Y
— 7 IO N R B (Fig.
2)
IhHORRIZEY,

@ .- (b)

"H chemical shift (ppm) "H chemical shift (ppm)

Fig. 1  'H-"*N HSQC spectra of AB-(1—40)
at 4°C (a) and 25°C (b).

(a) RS

o _
Wﬂ& mang

"H chemical shift (ppm) "H chemical shift (ppm)

Fig.2 Ha-Co region of 'H-"C HSQC spectra
of AB-(1-40) at 4 °C (a) and 25 °C (b).

(wdd) Yiys [eorwsyo Ng,

(wdd) yys [eoiwayo O,

B EFICHES ©— 758D OHER E LT, KEDORH

DMNAL TR D FEDRE SN D, AP T 23 5MITBLE S CIIA ThH
L0, LFOEITERZL TS, Thbb, KAKRTCTARE /) ~—XHEWIZEE
LAY I~—%FRT 20, 204 ) I~—[Li@EN TERE /) ~—ITRHEL .
) v——F ) Iv—[MTEHEICH D AREEN B Z DND, T D OBERITIEAK
ENHAY Tw—RNMLNOBEIC LV ZELSND ZEICED T I u A NRMER
DEEE~ LB T DO TIIR VW EEZLND,

— 143 —



YP18 X A7a—IVEEE R /N7 BOSBPMDdisorderfis &
INKUMARRE@E R I\ BVAP-AL DE S Ai&LTE
O®FEF . Jee, JunGoo'?, FEHIFZ A, ZEBIEH. RIBERES
175 B R AR i RSB R 3N F A T2 AWTERL, 28R
B BRISISE 2 > 2 —, SRBRY LR A EREIRAIIZE R, B
KREFH R BT 2209k

NMR study of a mechanism for complex formation between a disordered
region of OSBP and an ER membrane protein VAP-A

OKyoko Furuita', JunGoo Jee'?, Harumi Fukada®, Masaki Mishima'* and Chojiro Kojima'
'Graduate School of Biological Sciences, Center for Priority Areas, Tokyo Metropolitan
University, 'Graduate School of Life and Environmental Sciences, Osaka Prefecture
University, *Graduate School of Science and Engineering, Tokyo Metropolitan University

Oxisterol binding protein (OSBP) is a cytosolic receptor of cholesterol and oxysterols, and
localized to the endoplasmic reticulum (ER) by the binding to cytoplasmic major sperm
protein (MSP) domain of integral ER protein VAMP-associated protein-A (VAP-A).
Interaction of OSBP with VAP-A requires FFAT motif of OSBP. In order to understand the
interaction between VAP-A and OSBP, we have determined solution NMR structure of the
complex between VAP-A MSP domain (VAP-Amsp) and OSBP fragment containing FFAT
motif (OSBPr). Most residues in FFAT motif were found to directly interact with VAP-Awsp.
5N hetero NOE of OSBP; showed that OSBPr was disordered in the unbound state.
15N—HSQC titration experiment of VAP-Aysp with OSBPr showed that VAP-Aysp and
OSBPr formed an intermediate complex.

CEA]

Oxysterol binding protein (OSBP)I&, A F T A7 —)L T L A7 —)LOMEA
ZHRARTHO IFEOEFEHICEDS T EHHSN TV S, OSBPIEH OMIfLTIE.
/INEARIRREICRTET 20, TDREICIE. OSBPOHIZ EICH HFFATEF—T &/)
HalfA i B 38 &2 > 7\ 7 T VAMP-associated protein-A (VAP-A) DAl B M1 & % Major
Sperm Protein (MSP) R A 1 > & DMHEAEH D HETH %, AWFLTIE, OSBPEVAP-A
EDOHBENERORMZIA S M T S 28I, OVAP-A MSP R XA 2 (human VAP-A
5-128, VAP-Aysp) € FFATEF— 7 %2 &G 0SBP 7 5 7 X/ b (human OSBP 346-379,
OSBPp)M 5 7% % AR DT RKGE#HT . @OSBPrDEEME DT, 35 K TRVAP-Aysp
L OSBPZ HWIENMRZ A S L—2 a3 V=TT Tz,

AihE  PREG R KRR Z 28T H

O 520 2x52. L— ULwALl—, &N BF25H HLE FEE,
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@O VAP-Ayisp:OSBPE A D V7 AR S AT
EERONAREIX., £ CYANAZ W THERTEZTTV., BN x
AMBERIC X D ¥ LT % T & THIE LTz, 18D N7 I AKE Z Figure 1 1< /RS,
VAP-Ayspld 7 RKDBA R TV REXT 1 DDoNY v 7 A% &R, W7 — k
MOEZ5 707 ) VHERY » RAw FhEEZ4H LTz, OSBPrIFFATEF
—TERWA TV MR, ZOCKEHHTIHEEE L., VAP-AuspDBA N T~ RC~F
Kbz TG LTV, EAEKRIEEENMHEAEIER. BUKMHEERB XU EHE
MOKERESIC K D LZETN TV,
@ OSBP:DEEM:DfFEHT
OSBPD 7 X/ ERCHIN 5, FFATEF— 7 %2 E L0SBPD 1R D fE kI3 i 7= FF
el FHlIE NIz, OSBPHCEI U TPNEMMNOEZHIE LIz A, TU—D
IREETIE 2 TORENEDNOEZ/RL., 7V —0DOSBPIME iz mnT &
IRENTz. VAP-Ausp & DESERIERFRCIZ. FFATET — 7 MU Z O EH DR
WX IEDONOEZ /R U, #EEDZENRT 5 T EARE NIz,
® NMRZ A kL—3 3 35
BNAEZEEVAP-Aysplc 5 Uy JEAZEROSBPr D PN-HSQC X 1 k L—3 3 v EE#Z1T
2726 VAP-AyspDUW K DD, OSBPHES LD INIC L 750, 281 M E
7 )V (R+LSRL: R, receptor; L, ligand) T TERWVWE—TDZEbZR LTz,
CDT EMND, VAP-Aysp & OSBPrIE S IATE I BV TR A B DO HIRIAZ I AL
TBHEEZILNT,
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DI EOFERITIZ . OSBPr DA N U 22 54K & VAP-Ayisp 2 W TZITCHER S U
OSBPy ZEAKZEFHWIZNMRZ A S L—3 3 VEBROFERN S, OSBPIEVAP-Aysp &
DFEFEFICBWT, FFATEF— 7 & Z DAL OMEE 2 FF 1 72 O THEID VAP-Avsp & FEFF
FUCHHEAER U THIESHRZIER U, ETEIEIEZ & 5 2 & TRAMICZER
EERICBITT 5 &V D “fly-casting” Rz LB EEZI BN,

(A)

Figure 1. Solution structure of the complex between VAP-A (6-125) and OSBP (358-366).
(A) Superimposed picture of 20 lowest energy structures. (B) Ribbon representation of
VAP-Aysp. OSBPr is shown in stick model.

— 145 —



YP19 NMR [ZE DL YD RAND MR TF K ESP4 DfiR#HT -

x%‘-%ﬁiﬂ’hﬁaﬁﬂ%*ﬁ@ﬁ#ﬂﬁkt [+T
OB G &k L Es WEL OB Rk

SR/
1V YN SN A Ve o8 R 1t N B N NG o1 7ot =R e s
R

NMR analyses of mouse ESP4 to elucidate specific ligand-receptor

recognition mechanism

OMasahiro Taniguchil, Sosuke Yoshinaga', Sachiko Hagaz, Kazushige Touhara?,
Hiroaki Terasawa'

! Graduate School of Pharmaceutical Sciences, Kumamoto University

? Graduate School of Frontier Sciences, The University of Tokyo

Pheromones are defined as chemical substances that convey informations about
social and reproductive behaviours in the same species. Recently, we identified a
male-specific 7 kDa peptide from the extraorbital lacrimal gland (ELG) and named the
peptide exocrine gland-secreting peptide 1 (ESP1). ESP forms a new multigene family
which consists of 38 genes. ESP4 is expressed in the ELG, the Harderian gland and the
submaxillary gland of both male and female. The purpose in this study is to elucidate
specific ligand-receptor recogniton mechanism based on structural analyses. We performed
solution NMR analyses and revealed that ESP4 contains a-helical structures as well as ESP1
and has also an additional o-helix at the C-terminal region. @ We discuss about
structure-activity relationship of ESP4 and ESP1 based on NMR analyses.
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RIS 3 S D Z &£ v . ESP (exocrine gland-secreting peptide) 1 & i
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PHT, TNONERLIZREKICEBNTERBEIND Z L E2RBT LR EH TS
(RFEF) , ABFFEIT, ESP4 DOILARIEE IS & OS2 RARFRRHAEAE 2 il L, &4
DBLR D ZRERIICB T 2 FREEZH LN T L2 L2 BN ET 5,
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PC/PN Rk L 72 ESP4 2 KGR OFRBRICE Y KEICRHSE, =v LT 7 4 =
Taru~ 7T 7 4 —IC KOS REAITY, FVER v~ ST T 0 — WiHY
0~ 777 40— TE- LT, BRUZREZHWT, £FOZZ Kt NMR
EEITWV, BH5OIREZIT 57, NMR HIEIL Bruker #7774 47 v —7 (1@
AVANCEG600 Z H\N, A7 M VIEHTICIL Olivia ZfEH L7z,
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KIGE 2 W THBL LR, BSP4 [THEKRE DAL T 0 FREARICERT 5 &
REFRL TV, M7 n~ 777 0 —ICCTHERE &L 58 - BRL, <
U A ERERE BT D WS R AIE AT & 2 A, HEERO LN EEE o
ZENGhoTe, £, HEK ESPA I K DRI A ST 7RI, ESP1 AR A L
LTCWOMfa S TR D 2 &0 h, THODOZHEENERD Z ENm R I,

ESP4 Bi KD SRS E AT T, PC/PN KR L 72 ESP4 & W T KD =ik
TCHE 21TV, NMR & 7LDt jg %52 T L=, NOESY. {'H}-"NNOE, HNHA ®
B AT MVOFNTE L OMESE S 7 MEIZEES < ISR OF5 . ESP4 1% C K
SAEIERIZ ESPLICITR G NRWY a-~U v 7 AZFFHOZ LR Sz, £ LT, ESP4
BT D o~V v 7 205 b 1 RIFAEMICBEAL S FREZ, b9 1 AKITIEE
MICEATEHERFOZ L2 RBT 5T — X 2572, YHFRECYVIREEEILE LT
ESP1 &M% & ESP4 ORMEIZK T D EM /AL, ESP1 OERMmEM A & KX
KERDZ PRI, RROFRAGEIRICISIT 5, ESP4 ITHHEH 72 C Rl
FEIRD a-~V v 7 ZADLFER, 53 1R E O EM 54T OEWVOREEE A G T 57280
(2, ESP4 DOSLARKEEREIZANT T NMR fi#fr 2 D T\ 5,
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NMR study of oligomerization process of pyroglutamyl amyloid beta
peptides

oShigeto Iwamoto', Takashi Saito?, Toshiyuki Kohno®, Takaomi C. Saido?,

Hiroaki Terasawa'

"Facul. of Med. and Pharm. Sci., Kumamoto Univ., "RIKEN BSI, *Mitsubishi Kagaku Inst. Life
Sciences

Amyloid beta peptides (AP) are thought to be neurotoxic polypeptides in Alzheimer’s
disease (AD), one of the most common pathology of late-onset dementia. The neurotoxicity
of AD was previously thought to be caused by amyloid fibrils. However, recent physiological
studies indicate that soluble AP oligomers, intermediate in the formation of amyloid fibrils,
may be potent neurotoxin. Especially, N-terminal pyroglutamyl-Af is more hydorophobic,
resistant to degradation, and prone to aggregation. Moreover, senile plaques in AD patients
are predominantly comprised of pyroglutamyl-AB. The purpose of this study is to elucidate
the role of pyroglutamyl-Af at oligomerization process. We report here the NMR analyses of
AP peptides and discuss the molecular mechanism of oligomerization.
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