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Investigation of the interaction mechanism between tea catechins and
phospholipid membranes by NMR spectroscopy

(OYoshinori Uekusa'?, Miya Kamihira-Ishijima®, Osamu Sugimoto®, Ken-ichi Tanji’,

Kozo Nakamura®, Takeshi Ishii*, Shigenori Kumazawa®, Koichi Kato', Akira Naito®,

and Tsutomu Nakayama®

'Okazaki Institute for Integrative Bioscience, National Institutes of Natural Sciences
*Department of Food and Nutritional Sciences, University of Shizuoka

*Department of Bioscience and Biotechnology, Shinshu University

*Graduate School of Engineering, Yokohama National University

Epicatechin gallate (ECg), a galloyl-type green tea polyphenol, strongly interacts with
phospholipid membranes. Our previous NOE experiments revealed an important site of
ECg—phospholipid membranes interaction: the B ring and galloyl moiety of ECg locate near
the y position of phospholipid. To elucidate the mechanism of this interaction, we measured
the interatomic distance between the carbonyl carbon of ECg and the phosphorus of
phospholipid by *'P-"C rotational echo double resonance (REDOR) method in solid-state
NMR spectroscopy. Based on the results of REDOR and previous solution NMR experiments,
it was revealed that the galloyl moiety of ECg contributes to stabilization of catechin
molecules in the phospholipid membranes through cation—t interaction between the galloyl
ring and quaternary amine of the phospholipid head-group.
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Fig. 1. Chemical structure of ECg.
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Magnetic Alignment of Bicelle Composed of Un-, and Saturated
Phosphatidylcholine as Studied by Solid State NMR Spectroscopy
Naoko Uekama', Satoru Tuzi?, and o Katsuyuki Nishimura'

!Institute for Molecular Science, *University of Hyogo

We have reported the development of new bicelle composed of un-, and saturated lipids
together with phosphatidylinositol 4, 5-bisphosphate (PIP,) in which can be magnetically
aligned at room temperature stably. In this study, we explored the origin of enhancement
factor of magnetic alignment of the developed bicelle above by changing the composition of

lipids.

Introduction: Conventional bicelle prepared from the hydrated mixture of saturated lipids
possessing short and long acyl-chains at proper composition forms planer lipid bilayer and
can be magnetically aligned under static magnetic field from 30 to 40 °C. Triba et al.,
proposed a Dbicelle prepared by mixture of saturated lipid 1,2-dimyristoyl-sn-
glycero-3-phosphocholine (DMPC) and unsaturated lipid 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC) for long acyl chain lipids, and 1,2-dihexanoyl-sn-glycero-3-
phosphocholine (DHPC) for short acyl chain lipid, respectively, in order to achieve magnetic
alignment at temperature lower than that of conventional bicelle". In the following we refer
above bicelle to as POPC/DMPC/DHPC-bicelle. However we found out that
POPC/DMPC/DHPC-bicelle magnetically aligned only at narrow temperature range.
Furthermore, we also found out that addition of phosphatidylinositol 4,5-bisphosphate (PIP,)
to the bicelle at proper molar ratio enables significant enhancement of magnetic alignment.
Our developed bicelle magnetically aligned over 3 hold larger temperature range than that of
POPC/DMPC/DHPC-bicelle, stably.

Experimental: POPC/DMPC/DHPC-bicelle, and PIP,/POPC/DMPC/DHPC-bicelle, and
SAPC/POPC/DMPC/DHPC-bicelle were prepared with q value of 3.0. Orientational
properties of those bicelles were compared based on *'P-NMR. All of NMR experiments were
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Fig. 1

Molecular structure of lipid of (a)DHPC, (b)
DMPC, (c) POPC, (d) PIP,, and (e) SAPC used in
this study.
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Fig. 2 *'P-NMR spectra of (a) PIP,/POPC/DMPC/
DHPC-bicelle, (b) POPC/DMPC/DHPC-bicelle (c)

SAPC/POPC/DMPC/DHPC-bicelle, respectively.

carried out using Varian INOVA 400 spectrometer equipped with JEOL 6 mm o.d. narrow

bore MAS probe at static mode.

Results and Discussions: Figure 1 shows the molecular structure of lipids used in this study.

Figure 2 shows the comparison of 3'P-NMR spectra for (a) PIP,/POPC/DMPC/ DHPC-bicelle,
(b) POPC/DMPC/ DHPC-bicelle, and (c) SAPC POPC/DMPC/ DHPC-bicelle, respectively.
The peaks around -3 and -11 ppm are originated from DHPC and POPC/DMPC mixture,
respectively. The peak around -15.5 ppm is d | edge of axially symmetric powder pattern of
3P chemical shift anisotropy from multi lamella vesicles (MLVs). As shown in Figure 2 (a),
PIP,/POPC/DMPC/DHPC -bicelle was magnetically aligned stably from 14 to 20°C. In
contrast, POPC/ DMPC/DHPC-bicelle was magnetically aligned only at 16 °C. At 18 °C, &,
edge of axially symmetric powder pattern of *'P chemical shift anisotropy from MLVs was
appeared. Furthermore, magnetic alignment of SAPC/POPC/DMPC/DHPC-bicelle was lower
than those of other bicelles. Thus we concluded that polar head region of PIP, may contribute

to the enhancement of magnetic alignment of bicelle.

References

(1) Triba MN, Devaux PF, Warschawski DE, Biophys. J. 2006, 91, 1357.

—393—



P103 8" B vvEV/ZRVEEHIBTOE FNEGD
R —1@1IE
OBz, BRER, =
MATHIEN  ESCIBETIFE T

Non uniformity correction of human brain image at high
field using B, and B;” mapping

OHidehiro Watanabe, Nobuhiro Takaya, Fumiyuki Mitsumori
National Institute for Environmental Studies

A new method of correcting image non-uniformity at high field is proposed. Image
non-uniformity originates from the spatial distribution of RF transmission and reception fields,
represented as B, and By, respectively. In our method, B, mapping was performed in vivo by
a phase method. In B, mapping, images with multiple TEs were acquired with a multi-echo
adiabatic spin echo (MASE) sequence which enables homogeneous excitation. By 7 fitting
of these images an M,"*** map was obtained, in which signal intensity was expressed as the
product of B, and Mo(l-e'Tm T 1). The ratio of this MOMASE map to the B’ map showed a similar
spatial pattern in different human brains. These ratios of MY to B,” in 24 subjects were
averaged and then fitted to obtain a universal ratio map of B,/B;" (p). Uniform image
intensity was achieved by using both the measured B, and calculated B, from the p map.
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7V A % T2 CPMG 730 A1 CHERY 41 % multi-echo adiabatic spin echo (MASE)
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i . ) 3 ; | . Fig. 2. Non-uniformity correction of
BTN |' I| | 1] MASE images obtained from a single
L L : subject using both B,” (a) and B, (b)

L

maps. An MMSF image (c) was
Fig. 1. Maps of B,", My"**" and M,"*"/B," in one generated after fitting the MASE
subject are shown at the left. Profiles along the three images with multiple TEs. A more
lines in each map in 5 subjects are overlaid at the right. uniform image was obtained after B,
An MM map was generated by removing CSF after correction (d).
fitting MASE images with multiple TEs. Profiles in each
map had similar patterns in different subjects.
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Detection of Membranes by MR Imaging with Ultrasonic
OTakuya Ogura' , Naotaka Nitta’ and Kazuhiro Homma®
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In recent MR imaging studies, the measurement of MR imaging with sending mechanical
vibrations to objects is called “MR Elastography”, and is watched. In this study, we have
detected very thin membranes which by MRI sending ultrasonic waves [MHz range] to
samples. Phantoms are pure water in the plastics container which thin films as a boundary
plane are attached. Measurements are modified diffusion-weighted imaging methods. As a
result, they can be detected that ultrasonic waves are reflected by the thin films.

It is difficult that the thin boundary plane inside homogeneous matters is visualized by MRI.
But it is indicated possibility that the boundary plane can be clearly and easily visualized
through imaging propagation of ultrasonic waves.
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Clinical application of '"H NMR metabolomics-3.
Marker quantification in bio-fluid
Itiro Ando", Takuo Hirose', Kazuhisa Takeuchi ', Yutaka Imai® Hiroshi Sato', “Masako Fujiwaral
! Graduate School of Pharmaceutical Sciences, Tohoku University, Sendai, Japan,
’CKD Center, Koujinkai Central Hemodialysis Clinic, Sendai, Japan

Quantitative analysis of metabolites is important in '"H NMR-based metabolomics of plasma.
Human plasma contains a high density of proteins which heavily adsorb the commonly-used
standard compound of TSP (sodium 3-(trimethylsilyl) propionate 2, 2, 3, 3-ds). We have
evaluated calcium formate as an alternative standard in 1D single-pulse '"H NMR spectra to
quantify plasma metabolites and found excellent linearity with those obtained by
biochemical analysis. Formate, however, is not always available for internal standard in
medical analysis because it presents in plasma endogenously. Then, we examined the
applicable conditions of TSP as an internal standard such as dilution of plasma and

concentration of TSP.
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Fig.1 Superposition of spectra at different dilution of plasma with formate as an
mternal standard, when each concentration of formate and TSP added |s constant.

(2m'\§1)
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(0.5mM)
A
The height and the width of TSP signal

Both height and width of increased and decreased, respectively,
formatesignals did not when plasma was progressively diluted.
change Plasma was diluted with saline to 1: 10, so on

1o

i

DE—IFEGENHRD, EEFRAEEE I L7z & 25 J0sEtt s ?710 L7»
USSR IINTENYE CTH W IR HE~ — U —IZ R 5 R H 52 DT, T X TOHAITHNY
LRy, EERR O T1GERARY
Fﬁﬁ) TRV (6.58) T2 EEAIHIE F(iiilrfelationbetweensensitivityofTSPanddilutionfactorofplasma
(203 1 FERIRRAE 2 L SRR E 1

Fj:Z:*IJ «C“ % 6 ° ;'f‘i% *D H%? F’Eﬁ 0)%1‘?‘1/ A A Ij;l ::: BT - : | Enlargement around 3
LRV amoE ey | b
LTOBBENALEL 2D, MBS | 7 - .
TSP DEECMIEDFIRE R E | | o
%*ﬁi EA‘J‘ L/ N l&% E/E[\ 7AY7D) *@E’f%éﬁ)’( 7& ’ : I:ilution ffmrofpz..sm 1 o 25275 3 325 35

E&*ﬁ %) 5 $ﬁ§ Il:l:ll %%‘[J !i%m i?f CE TSP sensitivity =TSP detected /TSP added - "
TSP detected =(integral of TSP peak/integral of formate peak) ¥ formate added.
LTHWD Z EntikE 5, (Fig.2)
TSP & DSS OT7 LT I ANk THWMEES W S BEHTd 5,
[N 2 RFH NG DOBE]
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I.Ando, T. Hisose, K. Takeuchi, Y, Imai, M. Fujiwara, et al., Quantification of
molecules in tH-NMR metabolomics with formate as a concentration standard.
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Correlation analysis between phytochemicals and insect genetic traits
involved in plant-insect-symbiont interactions for field-harvested samples.
OHirokazu Sasaki'?, Tsutomu Tsuchida®, Yuuri Tsuboi’,

Eisuke Chlkayama Jun Kikuchi'**?

'Grad. Sch. NanobioSci., Yokohama City Univ.; ’RIKEN PSC;

'RIKEN ASI; *Grad. Sch. Bioagr. Sci., Nagoya Univ. ; >"RIKEN BMEP

An ecosystem is a living community which depends on each member and its surrounding
environment, especially in terms of acquiring chemical energy. Thus far, however, chemicals
involved in the interactions between plants, insects, and symbionts are largely unknown. In
this study, we conducted extensive survey of the genetic traits of the pea aphids,
endosymbiotic bacteria, and chemical components of legume plants. From the NMR-based
metabonomic analyses, we identified some phytochemicals which might be involved in the
plant adaptation of the pea aphids with specific symbionts. Further, we will discuss the
plant-insect-endosymbiont interactions in eco-system based on the results of 3D-correlation

analysis .
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Fig.1 Concept of our correlation analysis plants(x) —
symbionts (z) for field-harvested samples.
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C b HERE S LT Fig. 2 Correlation analysis between phytochemicals(x) and symbionts(y).
RERIENPIRH S, SO L 7 7 T A AR 3 O BN & 22O B
BBIFAET D Z L DRIR STz, & 2 THNRIZ X DML T — 4% £ 777 &
VIAEIRY T — X R~ Y v 7 26 U SR BT 21T o TR, L
W L AR & O RITITRF A 2R FRBIBIRNFET D Z L S LN R o T
(Fig.2) . HSQC, TOCSY, & &IZiX2D-JFHHI & T — & ~— 2" & Fv itk
P EFE LTE ZA, bDOFEDNHWN, FrEDLAMEEZFF ST 77 LD
AT A BUE LT D A[REVEDS R S U7,

[RE] KT, MbEwE & AMEEOMRICMA, BEETHO~ A 7 1
VT I =B —E M7 77 LB OBITRERIZ OV T |ET 5, &5
I, MY E & VERE RIS T 7 T b VBRI 25 6D o =R GTAH BT O R
B, BREMIZR T D2 B - MRE F R O EKBIC OV T HEm L7e, K
WFIEDHL Y fALE DT FIEIL, FIRE BB O 2 2ISHIC 70035 Z & b
FEEs, 29 LESAMERIZOWTH, bbETHERT I TETH D,

(2% 3Ck]

1) Tsuchida et al., (2004) Science., 333, pp1989.

2) Caillaud et al., (2004) Molecular Ecology Notes., 4, 446-448.

3) Mochida et al., (2009) BMC Genomeics., 10, ¢568.

4) Chikayama et al., (2008) PLoS ONE., 3, €3805; Akiyama et al. (2008) In Silico Biol. 8,
€27; Chikayama et al., (2010) Anal. Chem., 82, pp1653.
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Transverse relaxation rate of the water molecule in gelatin gel doped with
ferritin.
oNobuhiro Takaya, Hidehiro Watanabe, Fumiyuki Mitsumori
National Institute for Environmental Studies, Tsukuba, Ibaraki, Japan

We reported that the apparent transverse relaxation rate (R; = 1/T27) of the tissue water in
human brain is well explained with a linear combination of relaxations due to ferritin iron
([Fe]) and the macromolecular mass fraction (fyy = 1 — water fraction). We are attempting to
mimic the relaxation using simple model systems. In one model system of agarose and ferritin
the water relaxation was described as the similar linear combination, but the contribution of
agarose was almost By independent. With another model of gelatin and ferritin the relaxation
of water due to gelatin showed the By dependence. Difference in the above two systems
suggested the difference in relaxation mechanisms.

[1zU®ic]

P ITeMiKdin vivolll 1280 B MMHRELER K O FLT OREREFIE R, 1A T O IE~ 2
BRIRFE[Fell @ oy 20RO BB A CREDIEEREL(], FEZXZOET LE
LT, 7=V F U GkET I —ADPRFE(E, 00 RALHNT ZALSE T2 RURK OREE Fi ik B
R,28n vivol [AIFRIZ, [Fellf, o DRIEAE AR, = a [Felt B 10 v (EFIH) TREDZL
ZoarLiz[2], AL, Ny 7 2% I AERITWEB T T2 7 Uz x CRIBRO T 21T\,
T H =R EB T T OREFEFIRERE OEE G LT,

[771E]

REHIER 72V F U B TF %V TFel% 0~30mg/100giZ, BZF L 4 ()% 0,
0.025, 0.05, 0.1, 0.15, 0.2 DEELFEIZ/RDIOITIHEEL 7=, T, lEILCPMGIELZ FHVWVE=IR T
1.5T, 4.7T, 11.7T, 18.8TDOAFELE D Fe7p2 DGR E CHIEZ1T o7,

1.5, 4.7T 1% VARIAN #ERLOFERLA A—00 735 & 11.7, 18.8T 14 H AE RO HERIN
MR EZ N, S — 7 ZADO5ME 90° ,180° »LAIZ 270 u's, 540 us @ square
pulse Z AWV Coa—AR—2 07 2ms THE— L7,

[FE R EELE]

7 2 UF L KR OREREFE E (R,) 1X[FelZ el L CEARANIE KL, =0 efifgik (k,)
VARG R | R A L CEARRICIE K LTz, B9 TF o iz B W CFela 2 bsE 724
ABRITZAIUTEEFIL THER L=,

ZxUF o, BITF U, BikEREE

O 72 DEVA, bizig OTOA, #ObD ShpE
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K MEIXKIEIR D & & R BB 8 | A7 L CIEARPIICHE R LT, E CRHne
R&R,= a[Fel+ Bf ut v (L BIFF 0D OXTEE RS EIT T2, ZOBE, v
L8k, BIF L OIENRIICODGE . Tbb A4 VI8 pHE G DET-/KDOR,D FEHIfE
R\, BEEUFHT ORE R, fk@#%#élﬁ@%éﬁza BIF OG5 T HHEORE B
EBITBEEBITHI R LT (1), @5 T B0 B I Y T D HOLRE B ORIV
TTHa—REBTT ATODWTHIEET AL, BT UIIMHEBREr =0.99 O EWBIKFNE
Zal, yUI R I/ NEDDIZH L, THa—ATiE BAKAFH 0 O BHREIHEL (r = 0.65) .
jc%é@yﬂ)#%rﬁ“_m:bﬁxé (K1) o BoZARAF U2V S 3 1l B4 RS - FH AR |
B AT 70 1 AL AR ML BT S T 2R FIBEAE 3MEN T D LB 2 DL M Tlxd:k
Lﬂ’ﬁﬂ%#ééfq"ﬁn#ﬁ&%ﬁbiﬁ%fw\ BIFUNIVENMNRIZITWEE 2 HND, £-, BIZHITD
a. BHLETF U7 ILNin vivo CORNEIZ LV IV MEIZ/Z2 > TS,

Bo 1.5T 47T 17T 18.8T
o [Fe] 0.27%+0.0062 | 0.52+0.012| 0.98%+0.036 1.4+0.062
B [Gell] 8.37£0.888 26.3*+1.75 74.7£5.08 104+8.76
7 [const] 0.42 0.30 0.38 0.64
correlation coefficient 1.00 1.00 0.99 0.99

Tablel. Coefficients of « and B obtained with a multiple regression analysis for the
observed R, values in gelatin gels doped with vearious amounts of ferritin at four By
strengths. y was from a buffer solution containing no ferritin nor gelatin.

1600
::Zz ; Fig.1 By dependence of
1000 E{L ] coefficient B in two
B s00 y = 15.5x + 907 model systems of gelatin
600 r =065 = B (agarose) gel and agarose.
200 y = ?103_591'25 o B (gelatin)
200 —
. . . -
0 5 10 15 20
B, (Tesla)
47T o B Y
in vivo 0.47 249 9.54 Table2. Comparison of f values in
gelatin 0.52 26.4 0.30 vivo, in gelatin, and in agarose gels at
agarose | 0.24 93.7 0.43 4.7T.
(2% k]

[1] F. Mitsumori, H. Watanabe, N. Takaya, Magn. Reson. Med., Vol.62, 1326-1330 (2009).
(2] mRRZ I, =T %548[E NMR mﬁﬁéu%@é%? B4E,p374(2009)
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Investigation of metabolic profiling methods for aquatic organism from
Keihin region

OSeiji Yoshida', Yasuhiro Date'*, Shigeharu Moriya'*?, Jun kikuchi'***

'Grad. Sch. NanoBioSci., Yokohama City Univ.; RIKEN BMEP; “RIKEN ASI; ‘RIKEN
PSC; °Grad. Sch. Bioagr., Nagoya Univ.

Preservation and deviation of homeostasis can be evaluated by statistical analysis of changes
in major metabolite composition, this new-field is so called as metabonomics. Similar study,
environmental metabonomics, is also introduced in wild-life samples, such as fishes.
Relationship between variations of chemical compositions in fish and environmental changes
in their habitat is important for consideration of taste, safety and quality in fishery product.
Therefore, we are exploring differences of metabolic profiling in fish from both natural and
artificial environment. We focused on the yellowfin goby that is a primary consumer in the
Keihin region. Extraction conditions of muscle and internal organs in fish were successfully
determined by "H-NMR measurements. Then, we processed the NMR spectra to a data matrix,
and compared yellowfin goby in natural and artificial environments by PCA.

[Framl &7 b AEWDFI 72 DNA ITHF#HSEL S TV S o< | BIRERIC
BT D AEMBLFEAREEE L TS, Lav L, EWITFE 4 OREEZERICTHITSE
L. EEMEZHER L T\ 5, Z OREERIC L D EEMEOMERF & il 3 b A ik D%
ECHEICHN D Z L b RBNEEYT — Z ORGEHEHE TRl 2 0808 A 2738/
R ATHD e UHNTHEDBIECRF A b LA OIRE I 235 A O L Td o
Ty EFRECEEO T 5N EEAHWEAOEECHIN D Z LITAREED I I
AR THFRETH Y | LT
I NMR ZEE OB AHMEZFIH L
thﬂ&f/‘&xm%ﬁﬁbf N
52, Foxlt, BABEICEEORD . ;;7T@
Hﬂﬂ‘:/ﬁ;q 75) ﬁ— %) 7k f/‘ﬂ 55 D /Zjé @J %—f }i Bj& Bl(\);?i::lrl?lelr?:/li(l)'gnf;?gtal factors -
L 2R O AER S R L T
EET 2 LEZ, fFLVEAREHIETT
REZ2 N LERBE, filfH T & 2o A AREBR
BE D) i HAREL L 7= R B b
TrA ) TEMOMEE BIET Fig.1 Concept of our environmental iﬁ?::t?g:gkgiséé study
kL (Fig. 1), of fish grown in natural and artificial environments.

BIEAZAR I 72, mtE, BaRfbk

Metabolic phenotyping

Maltivariate analysis

O kL7 ®WL, 2T RT0A, IR LIFIES, <6 Lwi
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(5] = 2 it Eoed(b U ik T s o KB A wsEsic B 5 — ki 4 <.
KIBEREI e VN~ BIZEH Lz, BRINZERT 2 EERANTERE T CHE
L7z~ EORAR (W) EHNETEnENEHfEwEL, 7— FIFP—ick
0 % KEAIE TS L OV TR A B I 2 Bl D TR Stk A W at U 7= S SRR 2 14
ZY 7T THNMR 2 W CRAAIL, 55722 Mk 27 kL5 — 4 % bin {LAL
X~ R w7 2Lz, 7V —Y 7 b T REZHWEZ BRSO R THF
i L7z

REVUELE] AAREEICABRL TV " POIBLOATLRE FCHE L~
APIOFENFROWNELR B L O AE %2 "H-.NMR TEHl L. PCA 1B 24T - 1=
(Fig.2) . PO PCA FENTHER TlX, HRE R DB DIEWVNZ LTI 7 A X Y
7 &I, IRER ORI RE RERNS D Z EBNH LN Eeotz, T2, BREREE
WCEBRT DB TIHEE O R T DX R REVOICH L, AN TEREE T CHE I
< N T, R ONRNT O N/ NSWZ E B LM E R oT2, £, ARG
IZHB1T D PCA MTFERIZBVWT S, AFREOEWIL T 7AF Y 7 Enb
HIE A B, HRIZ 8.3 ppm T D Y 7 F VI E B 2R BBl Sz, U bkoZ
E DB AETRBREEDE W,
< NEOWEGRE L O
W F 1T D EEH
DAL~ & B S
HIEHRAMLIL, T
Z ol BREM RN
o THRE|] ~ L5

{14

Natural environment

LR IR]
| a4

.03

EEZBHZEEEWL
TRV, BRELALFHAK
DO REfRME % K0 R AR
95 Z LT, BREEHIN
ROFEIHPE ST~ DY K32
RO/ CTE D, BITE,
A EBIOfENT TH LN E
ERBHIC BT DT
DR BRE LU
DEFEUMT & DOFREE R S
N NZHONTHFHART
BY., mAMEELAREST
Aeam L7z,

(2% 3CHR]

1.0

Artifical environment
uul

i
-0l

<02
LRIk L1

03 i

PC2(17.7 %)

Fig.2 PCA of internal organ samples of yellowfin goby. Natural
(left) and artificial (right) environments were classified for both
PC2 and PC3 directions.

1) Nicholson & Lindon, Nature,455,1054-1056 (2008); & HRS, AJFR & A, HHIE
SAHE T7,371-378 (2009); HHIE, #Hix7E 5 16, 81-85 (2010).
2) Viant et al. Environ. Sci. Tech.,43,219-225 (2009).
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A new tool using ontology engineered data structure, MagRO system, designed
for analysis and validation of NMR data as well as assistance in deposition to
the public database.

(ONaohiro Kobayashi', Yoko Harano', Takahisa Ikegami', Chojiro Kojima', Junko Sato',
Haruki Nakamura', Hideo Akutsu' and Toshimichi Fujiwara'

'Institute for Protein Research, Osaka University, Suita, Japan.

Owing to the recent developments of NMR techniques for biomolecules, a lot of useful
information has been archived in the public database like PDB and BMRB. On the other
hand, the data structure required for the database has been getting more complicated, which
strongly discourages the NMR scientists to exchange the NMR data each other. This is
because the NMR study tends to provide highly hierarchical information cross-linked between
a number of NMR experiments and parameters. In this study, we have designed a core
program which can manage the complicated data structure using ontology engineering
techniques, called “MagRO (Magnetic Resonace Ontology)” system. Using the core
program, we have developed a GUI based analysis tool with the spectrum viewer, Sparky, for
NMR data analaysis as well as tool for assistance on deposition to NMR database, BMRB.

(/S]] A& O NMRITTEORIESIN, ffrdiom ok v #5E
DOEWVREEHIE L THZ < OFHRMANEEIND L IR T&E L, £DO—F
TT— A HEIISRE L, FIREMCOT — 2 ZiEs —BREIZ L T\D, KI5
TiX, A by —T%EICHTHZ LT, KV RAT<T ¢ v 7 I BRI
ATE5HE 9 NMR 7 —# i #7%5H L. NMR 7 — & Ofiffr, FHM & 2h==a012 70
IR BRIFFZT —Z =2 ~O XG5k S X7 5 MagRO (Magnetic Resonace Ontology)
VAT LERFE L, KVAT LERMT S LT, filbsn GUI &7 =47
F—=~ b, AR MR EEFTERT DT 7 AN HEZ LN Mea— 2Ly
FLIR D Z ENAREL R D | FRITERBE O KM, =¥ — %328l L, BMRB 72 &
IR T — Z =2 ~DOBGAEEE B2 D 508 b, BE LT 2 2 EHIRFTE 2,

[J77%] GUHESSR, NMRT —HFFOMH L, EXIAL, T—H 74—~y h R ET
— ZAE A A s Y — Rk 7 7 A VT LT o TEHEATT % MagRO-Core % Windows
. MacOSX&. Linux;20SIZ oW TAETCEEICL > TR LT,

Ontology, Database, Data validation

QIR LEBVs, o0k )2, WIFAHLEILDLE, X9 UwAl., Bhd
Ll 5%, D0 TE, LS UbsYX L AL
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FLAXRT A E 27 —BLU GUI x> 7 177 LA Tdh D Sparky &
HZETARY MASERS L GUI ¥ ¢ v RU &M L, MagRO-Core % 3177 5
A X2 MLERES O GUI 1§28 % Python-TkInter (2 TRBH¥E L7z,

[(FEREBE] ooty by —BRZ LA A a— Rt Prv—Fg
W7 7 AN L DY AT LR TH D=0, AR, GUI HEERDOBHF 1T T
b ESNTVS (K1), BIRENTES AT AIA VA N—ARNEGTHY | Kl
RTAT TV ENELE LR, LS GUI BRI EE 2 BIRAICITH 2 &
FA[REL Liz, Av huU—k 7 7 A VAR E M CAR#T 5 721 THIATEREE N
IHETE, ThoET = X—2AA[T 5 EOFEICL VRN REE 2 =
=T 4R, T A BEMEER EOBBEA~DIGHNAIRE L IR o T2, fRMT
H1Z BMRB 72 E~OXRERIT TR & 72 D 1% & HEfi C & DHEEEIT NMR LRSI
BT 7 BGRB8 T 5 DO L WIFRFTE 5,

Sy —id7 ) —Y 7 b7 L L TARZTEL TEHY ., PDBj-BMRB
PA MEVFEARIZE Y r— RA[REE 725,

FobOO—Ed 77 ILE U ; /4 U
]

ForOS—BE \%\

1. B4y b v—T%%ZH LT —2#E0E 7 e 75 A
MagRO ¥ A7 A OIS
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Development of computer assisted technique for efficient and robust

NMR spectral analysis

OMasashi Yokochi', Yoshihiro Kobashigawa', Tomohide Saio’, Fuyuhiko Inagaki'
' Faculty of Advanced Life Science, Hokkaido University
* Graduate School of Life Science, Hokkaido University

NMR spectral pattern matching gives strong evidence for reliable NMR signal
assignments. Human brain is extremely good at the pattern recognition rather than
computer especially in NMR assignment analyses. Well-trained analyst can distinguish
a signal from a spectral noise (e.g. ripple) and detect small signal distortions due to
overlaps. However, NMR signals are distributed in high dimensional NMR spectra,
which make it difficult to treat an amount of spectral data. Spectral pattern recognition
by computer can make this important but redundant task much easier. We demonstrate
here that the accuracy of NMR assignment prediction is greatly improved by using
spectral intensity as well as peak list information. These tools contribute to improve the
reliability of NMR data analysis.

(] ZAXZ BRI, 7 FIVOEE, Big, F—N—Fv 795 &
B EANEBRINT NS, RTINS DAXRY NUIEHRIIMANTE HVE 7
%RL'CWLO BIZA—N=F v TOREETNWBERIIE. £TARY MLERkD.

REMEDNE WIRBIRAL 2L T, SO TRV FRARY MV EFENEL R
m@t9@£®@ﬂﬁﬂ%myﬁbhfmé TJO—RZ 7 &R LM
BT TN 7 FIVOERDEN Z AT 5 Z 132 L <R, Tk,
FHEME ETARY MVIERZBEICHIRS TS Z 21, HEEOZAE— RHE®
70 R 3=V ERMEN T EOMBATEANTREN 72, LML, FHERENZX
7 NVERIRT 5 2 ENAREIC /U, AR RICE B2 52 5 Z &753‘
AJEEIC/R D, ISIEEEOEWI T FIVIREEITA D Z ENHfEEI NG, &
[\, FHREEENARY MUY — > 2 EERRT 2R ERETHEEHIT. (T
BOARY MVEIOHBERE ZRD 5 HiEEER LT,

W AR AT, AHBEFREC
OkZbFEal., ZRLBDBILVA, TNBEDBUVT, WENESDUD
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TFIVOHBNTFRTESLETH, RXEVTHIVEEDUR A, UJHF B 2—X
TET—FELTHOHL., 2D O@EBICDWNWT, AT MLRED
HEZRIET 5., 2DODUHNEDEEARY MUY —2DHITH B0 E
S IMHBERE TRIE T %,

(FHBEEREL DZIR] MEHET TR <FAIN TV S HBIREE LT, $REHEEA,
EAZAHBE 758 EMMIRR I N T WD, NMR D AR MVEEITIZIE, & DMHBIRE
MEYTHDNERD D, 3TEEOMBERE REHE. 287 < > OENL
HBIRER. 7> R—)LONENHBERED) 12DWTIEL WSR2 M I & T
MeEt U7z, Fig. 1 O&MHBIGRE O TR Z L 7258 EI1CiEs 7 F Lo+
—N—=TF9TMMHB, /2INTAR) I THEEORD GWHBERKTH 5
> R—=)LV D NEN A B R BN ER R gl & 5- 2 2 T &N Ino 7z, ER7RxHf
E— 2 NEELED NMR A7 MVOEE, o 2 D OHBEREIZZ DiiE
IMHBEREICZEIN T T WI EH THEIND LD, 7> R—=)VDNELLAHE &
o AR BIVXY = OB ZRET 2 HEE L THRAL .

—4— Pearson’s gl —8— Dpcermians B Kenalall’s i

Fig. 1 Distribution of correlation coefficients
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Fig. 2 Accuracy of prediction of assignment using the spectral correlation
E=2ZUZAMDHZFHTHHEITHNTAXY MIVHBEZH L7252 E
RO TRENAGIN LICKDIEDE, FHOEMMEMY A bRIFERE Lz,
512 15N edited NOESY ZMA7ZHEIC, FETREAIEMIIFRE T H 27,
BRI A PRIZESSICER LUz, BEPAKDRSKDAD D20, KR
JEfENT 2 T D H T ENARRICTR D, — M7 PC Z R Wegia. HHEIR
BEHR O OFREIEEICDONT, FIEOAHT —FF v v > afFlRO7ZDHIT 1
0~2 OBEENNDMN., RELEIZHEAE > RICDODWTREGEMH RIS/
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EDH 2N EOEHIF BT 2 RHITTD ZENTE

(ESEH IR D720 DR EEMA 2R Y —I)V] V=)L DN T & Bl
PCE-> THELBERTH S, WERMERY =)V, LHUEETHE, R
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Fig. 3 Assignment candidates presentation tool using the spectral correlation
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BN &L, PEROHEENTY — ) —RIBERERME LIRS TS, flxDIF
JEBAERDEHEEZMAD I ENTERNZOIZ, BTEISE AT SN /-fER 2
ET—HRICAETHEND D, AEBTHERIISREECHHAINSG Z 0%
W, ZOMERZMIRT DX BRIFEMEFTOBEELY —IVBIER L. BREFRHE
BENE5ND I E bR,
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Chemical shift-structure correlation with ab initio quantum chemical
methods and classical molecular dynamics

Eisuke Chikayama'?, Yoshiyuki Ogata', Yusuke Morioka®, Jun Kikuchi
'RIKEN PSC, “Graduate School of Bionano., Yokohama City University, *Graduate School of
Bioagri. Sci., Nagoya University

1,2,3

Abstract: Recent high performance computing (HPC) technologies enable us ab initio
calculations in quantum chemistry by method such as post Hartree-Fock (post-HF) and
density functional theory (DFT). Achieving highly accurate results, however, needs further
optimizations of levels of theory including method and basis set, solvent effects, molecular
ensembles, ways of calibrations to experimental values. There is only a small number of
studies yet in causes and effects between calculated shielding constants and molecular
ensembles in numbers of levels of theory. We here performed principal components analysis
(PCA) for analyzing relation between calculated shielding constants and molecular ensembles.
The shielding constants were calculated for coordinates of an ethanol molecule in a vacuum
by using ab initio quantum calculations with the levels of theory for methods of HF, B3LYP(a
DFT), and MP2 (a post-HF); and for basis sets of 6-31G(d) and cc-pVTZ. Molecular
ensembles were calculated by classical molecular dynamics at 298.15 K in 10 ns.

<BEE > 4. Bk~ 72 post-Hartree-Fock(post-HF)i% /% ¥ LB % i (DF T)IC L 5
W E B OB AR RN ATREIZ 2> C& T, L LB R R DB L Ol & 5 et Rk
HRENL T DI0IIE, AV YR /Ky M ETEERL ~ LV ORE BN R, T
DT YT RO EERE B x OBRNZ K#ELTH0ERHD, FFcSHo
S TREET YT N R EIC LA 7 NP HMEO IEfEE L D BIFRIZ DUV T
DIFFEHENTERZ D220, S EF 2 13, =8 /=540 10 ns O EIRERES 811
F(MD)FHRIC I RSz 100 #EiEIZ%F L, HF/B3LYP(DFT)/MP2(post-HF)?D A R
& 6-31G(d)/cc-pVTZ DEE Y M LA B FRL L& W3 — B & b i RIS Y
R EHE SR | B T L DM EEL - oy A& IS FH BT 21T o7,

<FHE> =X )N OZFAX—F/MEEBEZEFRTITO, 1 ns OFHH{EO%, 1 ns,
2ns, 10 ns, ® MD ¥y =a2lb —3vary&i7ro>7, J71% 1% CACTUS
(http://cactus.nci.nih.gov/) T4 /—/L 537 @ Mol2 74—~ NTripos) 7 7 A /L& B A&L,
acpype (http://code.google.com/p/acpype/)% T GROMACS ] GAFF /1354 Ak L
72o MD 135K D GROMACS 4.0.5 TIEIE Wolf iE&E HaHEICHV, B2,
298.15 K D E{i I al— 3% Nose-Hoover 1£C{T572, 10 ps (1 ns/2 ns 3=l —
TalE), 100 ps (10 ns)fE:IZ =X ) — /L D4y {AfidZ 7 VL, G 100 fiEE 157,

F—U—F: HoREEE, B BRSO
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C(2)-C(1)-O(4)-HB3) TEFHLFHE L=, MD TELI-BHEE D A I ST DIERE
B — R, Gaussian09 T HF, B3LYP, MP2 ® 3 D #LixL L& 6-31G(d).
cc-pVTZ D 2 FEOFEE Y MZOWTERE LT (72721 . MP2/cc-pVTZ IZ DWW CIEEH RS
T LT lo O ZDOE B OFE R TIIHE ST, Bz 1 BlgaL~r 1 KKt
Y MZOE 100 #EED X ) — V53 TN Ol E$x 1572, 10 ns ® MD > 3=l —¥
ar OFEFRPOFEINT 5 FOBEGGL ~LEREEy o4 500 &0k E%E R
2.11.1 @ prcomp BI%E AWCTHIBITTIIO ERR oA EdHE L, ElGAaTEr—T ¢
VT RO,

<HERLEZE> BHZHD 1 ns OFEEHMEE 1 nsE 2 ns D MD Y32 — a3 Tlid+4
\ZmH )=V FD 2 A ZEM 2D TV 7 LIRS, 10 ns TIEH43 2T 2 A D
LEERE (2 — 2 -60° |, 60° |, 180° NIATEE-TWBI LN -7=(Fig. 1a), Hit-
T.10ns O MD 232l —aTELNZ 100 #iE2 % — R E LRt R oy
FeLTHWSZEIZL T2, MP2/cc-pVTZ %< 5 T A G EIT LD B L~ L2 F
TR E A FHE L, HIC/IO @ 9 HORJR Dby 7 M 2L ~UL 4 100 #EE
_ATHNT — 2 BB L, FRBETTANC LD R T & T o 7=, TORE R, B — Ekoy
(PCN)H T 40.5% D 53R THGHL ~UZ LA ELO T s 7L E7-(Fig. 1b), Ll
DAREET T LD AR X E R L LR T — =Ty LTV, 2 PC1 D
02— AT EETOR POV TRIFFEOEE R HRE R ZET A TR o7, b
L. BFEARNEREBDOTNNEHL ~LDOEBEWIC L TELH IS, L LSy 1
EDOT W T LD THUTHL R L ~ L OFEWITH P LI, Tk, PC2 Da—F 47
\ZED, ATV« AT L U KB R A SR - & COBERTEENZ B W TR B 2 R 2L,
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5 B 1 5 W ~i\a-
o 10 & . o ;_,.?n 160 -l . :
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“ | Y
ii._ . . ML . " .;,
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* HFE-3 10510
" ) . . = HFfco-pTZ
- b4 -
Ty T & AL RALYREDGH)
o™ SLLE ¥FE = *s ALY PioopyTE -5
HZCD deg — MP2E-51 Gid) P40 5%

Figure 1. (a) Map of dihedral angles CCOH vs. HCCO in an ethanol molecule. Plot of 1 ns (open dark
diamond), 2 ns (dark square), and 10 ns (black circle). Each type has 100 points (molecular
conformations). (b) PCA score plot of shielding constants of all the atoms in an ethanol molecule in
PC1 and PC2 for five types of simulations varying levels of theory and basis sets.

—413—



P112 #4545 N2 OPDBESRIZES 212 T k
AR
Othei—12  NAREZE, JREPRS72. RN ZEAIR, BT AR TS 1E,
AT, R OE!
B T IR B RS -BIRD., 2R A2 A

Mandatory chemical shift deposition to PDB/BMRB with biological NMR
structures

OEiichi Nakatani'?, Naohiro Kobayashiz, Yoko Harano?, Takanori Matsuura®, Hideo
Akutsu?, Haruki Nakamura®, Toshimichi Fujiwara®

! JST-Institute for Bioinformatics Research and Development

? Institute for Protein Research, Osaka University

Chemical shifts are basic parameters to elucidate biomolecular structures and interactions.
PDB (Protein Data Bank) and BMRB (BioMagResBank) will introduce new policy that NMR
structure must be deposited with the chemical shifts. The new deposition system and
procedure have been developed in collaboration with wwPDB (World Wide Protein Data
Bank) members of RCSB-PDB, PDBj, PDBe and BMRB. Here, we explain the new features
of chemical shift mandatory deposition, updated data processing systems at the PDBj and
other deposition sites.

A RE Sz b%y 7 MI—#EORRIZ X - THD TR LD AN 72
NMRT —# Ch b, ZOT —ZIIHEDSZHAERAERRL R E ALY 7 FEFIH L
TCEBRAATIR ) 2N TE D, S HITIHFITLARIE & L5 7 FOBRMAH 68T
720, 100EEREORAE CIHMETFEY 7 NOANOEEZHETE S Lo T,

PDB (Protein Data Bank) Tid. ZEKE /)T ONMREEE 2 PDBX G725 BRIZ 1L [R] FF
1Ak 7 b5 — 4 #BMRB (BioMagResBank) (Z8&%9 5 Z & 230 H I MZE & 72
5, ZDOHeFT 7 N ZEE S| IZwwPDB (World Wide PDB; RCSB, PDBj, PDBe, BMRB
DAELFEASIK) OMFATER E B EZED TEY ., ERETOREY A FTE
§i 3%, BMRB/PDBA &k HiEILZ N E TE RERE NIV, AEIOEH TIILLT
DELENZET b,

1. 7T—#%4§kY =7 %1 b (ADIT-NMR; http://nmradit.protein.osaka-u.ac.jp/bmrb-adit)
WAL 7 MG VIE E T2 D K O IRREEN R T b Tz,

2. BET o7 b — X Ol IE INMR-STAR 3.1] IZH— S v7,

3. JRFEAE L ALF T T N7 7 A VIR TCIRF AL DR S VEMERE 2 B8k DT H Y —
JVINABR STz,

4. ZHUETHMAL L TV /=PDB & BMRBODO X &ALEL X, PDB—-BMRBDJETITHOIL D,

F— XK ~N— 2 BMRB. T — & Bk

Ozl znnh, ZIERLRBOA, I6DXEH2Z2, o9 672000, HL D
OTE, R bboL, hleblisx, SLbbELAb
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Fig 1. New web page for file uploading in ADIT-NMR

[1e22 T F—SDONMR-STAR 3.1 74—k kB 5EiHk)

MMb2fy 7 M ZEE SR Tlid, BMRBOAZ T DLy 7 b7 — & ot
IUPACHEL D JF - & V5 IS = INMR-STAR 3.1] D7 7 A VDR ERD, T
FCTIEINMRIFFE T IS FIHEND Y 7 Ny =7 L HHED & % IHBMRB DX Gk 7 +
—=~ v b INMR-STAR 2.1] THEZIFfHT T2y, 5%ITBEE S NMR-STAR 3.1
THERKT % 7BMRB® Y — /L (http://bmrb.protein.osaka-u.ac.jp/deposit) T7 4 —~ v b
52 U7 L CBMRBIZHHAET 5,
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Fig 2. Web checker for nomenclature consistency between PDB and Chemical Shifts

k|
[3
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Sensitivity enhancement of high-resolution solid-state NMR: a Cryocoil MAS
probe’s approach

(OTakashi Mizuno', Yasuto Noda?, K. Takegoshi?

(!JEOL ltd., *Grad Sch. Sci, Kyoto Univ.)

There is so-called ” cryo-probe” in solutuion-state in which the detection system of coil
and preamplifier are cooled below ~ 30 K but the sample is kept at room temperature
in order to enhance the S/N as 3 to 6 times. Recently, we have developed our ”cryocoil
MAS probe” in which we introduce the concept of ”cryo-probe” in solution-state into
high-resolution solid-state NMR. In our 2nd prototype of the ”cryocoil MAS probe” is
tuned to °Li at 7 Tesla. °Li (I=1)has good property of resolution due to small quadrupolar
coupling but is hard to be observed in a sence of sensitivity because of low gyromagnetic
ratio (1/6.5 of that of 'H) and low natural-abundance(7.6%), which should be overcome
by our ”cryocoil MAS”. In the context, we show the 5Li MAS NMR spectrum as the
demonstration of the cryocoil MAS.

BF:% NMRBERH AL - Y707k o5 REZmIGE GoK LIT) I
L. iR ZMERm S L TRIR FIcE T &Ik D, RIBROBMSKT - Q) kic
Ko T 3~6f5FEDS/N f EEEKT % T a—THEIX, IBENMRICETS 754
F7u—7 ] L LTHISNS, BLlZ, TOFEZBERERENMR 70— 719
% 1754401 MAS Ta—7 ] ZERBERNCRIFE « 84F L7z (Figure 1)1,

BEEBR 7544314V MAS 7a—7Ic
X B[RS/ HRE NMR RS [A) Fof] &
LT, itfF 2 5RICEHIF % SLi MAS-NMR
DIFWFHER 7RG WAL 7.1T T A RRY
<T 32w b, Ta—TRE2 ST
7zo SLi NMR Jl5E OIS B80S 44.3492
MHz(0.0ppm, LiCl 1M /KiAHILHE), var-
ian L3O 5¢ GRS TRURHRIHEEE I3 iR
K10 kHz ETHEZ M, A UHLEEE
I Bz, SENE 5 kHz THIE LTz, i
FHE 800°C T 12 KffIABE L 7z LiCoOy D
SLi95% Hakat Al 60mg.

. Figure 1: Photographs of prototype of Cryo-
WER - EZ8  SLi MAS NMR @ 1 ZCA Coil MAS probe. (a) The 1st prototype. (b) The

N7 MVTHRS % &, iRz EiRRFIC 2nd pltOtotype. (c) The 3rd prototype (under con-
Bz & & RIS U TR E RO S /N struction)

Key Words: &1 L, Cryocoil, 71—

OHFTD fel, OFZ ®TL, FIL ELDD
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M E#1E 3.07 5 TdH > 7z (Figure 2)o oo 7T A4 34 )V MAS AT MVOISHKI &
U T SLi-SLi 2 Ut NMR OFERZ/RT (Figure 3)o 2 RITHI LAY b))V %2 S
D NMR 78—7Tid 4 HU EDH B & T AH 12 FELINICIR K KHIET 5 T LT
Efee AAVE—7 (0 ppm) & A F—Y—7 (3.8 ppm, -5 ppm) & ORICHHHER 7 11 A
E— U Bl 5 T M TE, Stk WESHEZZTZ0RELTT—2ZIEEL., Ik
B GEFNC KB D, A VERIC K B E D) DEN, /<A F—E—7Dli)E
ZHLMMC L, BHOFKERED A Z A LEZHFHNRS,

(a) (b)
o |

1<

10 &

~

g

=

[72]

,,,,,,,,,,,,,,, 0 —

S

5

=

O

10
‘lb | 6 | —1‘0
Chemical shift /ppm
(c)
[ T [ T [ T [ T [ !
40 20 0 -20 -40
Chemical shift /ppm
x10

L B B B B B
10 5 0 -5 -10 -15
Chemical shift /ppm

Figure 2: Demonstration of S/N enhancement of Li MAS-NMR by the cryocoil MAS probe. (a) Com-
parison of S/N w/ or w/o cryo-operating by the prototype-2nd. ®Li MAS-NMR by Hahn-echo. Sample:
95% Labeled ®LiCoQ,. Spinning speed= 5 kHz. Bottom: Coil temperature=298 K, Amp. temperature
=298K, 90° pulse width=10.0us (input 157 W). Top: Coil temperature=17 K, Amp. temperature =47
K, 90° pulse width=>5.0us (input 157 W). (b) Li-8Li 2D exchange NMR with cryo-operating by the
prototype-2nd. 16 scans with each 256 t1 points (sampling time of 333 us) were accumulated. Mixing
time=200 ms. Recycle delay of 5 s. spinning speed =5 kHz. (c¢) The 1D slice spectrum corresponding
with the dotted line in (b). 10 times scale-up spectrum is also shown.

BEE AWIFEE. CREST/JST (AL 17 AEEHIR) I K& b MBI SR S iz,
ZE#E: [1] T. Mizuno et al., Rev. Sci. Instrum. 79 (2008) 044706, T. Mizuno et al.,
Rev. Sci. Instrum. 80 (2009) 124702.
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Validation of NMR process parameters in quantitation of organic
compounds

OToru MIURA, Takeshi SAITO, Yoko OHTE, Toshihide IHARA

National Metrology Institute of Japan, AIST

Abstract

Quantification using NMR is one of the attractive methods for purity determination of organic
compounds. We have optimized data acquisition and process parameters, and optimized their
associated uncertainties for the quantification. Last year, we proposed a process parameter set
for quantification; in this presentation, quantitative validation of the process parameter set
was demonstrated using quantification experiment between two reference materials whose
purity was certified.

[(#5] NMRZFIM L7oERiEL, WEMEOE 5RO L 2 DIREMEN HiL
(THER S E OB R 2 L & T2 < OB U ORI 2 E Rl
PELNDHHEE LCTHIf STV, Foxid, MR IER ROMHT Sz
W RSB E TV, HERMEOEWIRT & ERE LY . SEIE, Z O siE 5
SITERE & AREWE ORBIEE & 2 5 Z LIk 0 | TSRO E BN %Y
MR AT > To D THRET 5,

[ 5] SEAfICI:. NEREE L L C. i Table 1. Optimized NMR measurement and
A S SN S H NIi-75°3

process parameter sets.

% Ry M ﬂE LT 5 1,4-BTMSB-d4 Y g heasurarrsnl coaditizne
(1,4-bis(trimethylsilyl)benzene-ds . FEATZE T uinn__ e

2 (TRM) | RFEFEHEE 99.8 % 0.2 %(k=2)) SRy i

. WEMSHWE L LT, Z7uL7zFENL e o
(FYEAEFE T3 (TRM) | REREMEAEEE 99.6 % Dok ot an o P

05 % (k=2) ) &, FhENHW, HIE 75 ¢

KIS E K O\ E S 2 R 8 2 dE - RFEC Process aordi ane

1TV BV | acetonitrile-d; (Acros Organics) pr:'h-:::hrr:v:\rr —

THREHAI & L7 b D ZNMRMEIEICHE L 72, e

NMRHE IXZINM-ECS400 (HAEF) &
TEEMICHRE(L L7240 (Table 1) THRIEZITV, 554727 — ¥ ZMNova 6.11
(MESTRELA RESERCH) TH##T L. Figure 1WoR$ A~ ML &2157-, fwfb L=

X—U— K : TENMR, ENTEM. 24 0EmER

FEHESOUNR ORI BEBL, SVnEHiFL, BBTEH>Z, WEnbELOT
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EMTSRME (Table 1) 2B NS, ZNHDNRTA—=EZDHbL—oDh (Tbb, &
¥ DOON/OFF, (AHMIEOAE), ~=a2 7/, XR—=A T4 HIEDOH H, FE5DH
B/~ =2 T BRI T, TN NS TME % E R S E ORI &
Lol U, RN SO E B 7 2 R A 1T o T2

[FER - B BTSSRI LV ED
-GS & Figure 212~ L7, %
3EHTV, ZNZENOFEHARD 4 >
DE— 7 NS ME (1=12) O
YIEZ 5 DD R BT &Iz > 0

T7ry hLlic, =T —"—L LTI,

FRNT SR OB L I L9 T 5
7D REOIXSSX BRI LIz —
JHOIELSE (BEHERFRZED 21%) %
= LT, Foifb LT b St ic L v 45
LNTRERIZ IS & OHFIFAN TR
AEE & — U TSR O E B 72 %
YRR I T, [RARIC, HEMZAE
MEICX v EONZHREL XSS
DOFIPHN TFRFHME L —E L7z, —J7,
R—Z 74 AHIER L, BEfES. &
R (FEERE%50.2 Hz) DFRMT &1
F0ELNIRE R REEHE L — B L
o lz, FRCBEBEEICE LTI,
MEONZLVITMATUESL-&
KREL ol U EDZ Ene, -
L0 OEWERMEEZ G D 72D i3
B2 fRT R DR ENEETH Y | Z
NWE TIThE L LTSt o € &
H72 YN TR T 2, Bl& ki,
DT Y 7 b = T B LR

RO LD ZR RS & AE B E & D BALRIE,

rCHa
o DHC_ chy
cl (R . D sy
N HaC, CHs
\ / F oSt D
V4 Br 8 CHs3D
N
chlorfenapyr 14BTMSBd4

Analyte-3 Analyte-2 Analyte-1 |S

9.0 1.5 6.0 0 1.5 0.0

45 3.
1 (ppm)
Figure 1."H NMR spectrum of Chlorfenapyr processed by

optimized process parameter sets.

Certfied value
101.0 99.6 %+0.5% —
& (k=2)
99.0 J T T
)
>
-
=
g 97.0 | #Optimised process conditoon B —
o M Auto phase correction
950 -+ A No use of baseline correction
@ Auto integration
X Window function (exponential:0.2 Hz)
93.0

Figure 2. Purity obtained from different data processes for

an NMR data of chlorfenapyr standard.

NLARAIE & E BB DO RRM R EIZ oW T HBET 21TV BREFICEMICRET 2,

[R5 ] A% CTHWO7ZNMR O E S5t M O 412218, qQNMR I [FIAFFERR 3 D il

WZEDbDThHY ., LIRS CTh 2 E L EE LR AT O K ERE L, £
M1+, BARBFHROABFIRLK, Rt FiaHisk T30 & Mg —f
+. FEERKS o/ s Y2 B HER IS D X 0 B L BT,

2% 3CHR

1) T. Ihara, T. Saito, and N. Sugimoto, Synthesiology 2 (2009) 12-22.
2) T. Miura. et al. The 48™ Annual Meeting of the NMR Society Japan (2009).
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Detection of substances hidden in the body using NQR
OYukihide Yamane, Yu Nakahara, Junichiro Shinohara, Hideo Sato-Akaba, Hideo Itozaki

Graduate School of Science Engineering, Osaka University

A nuclear quadrupole resonance (NQR) detection technique, which does not require a static
magnetic field, can be applied to remote sensing more simply than a NMR technique. We
evaluated the possibility that the NQR technique can detect the substances hidden in the body
with a simple experiment using conductive salt solutions (saline solution) for simulating a
human body. The calculation based on the conductivity indicated that skin effect measured in
0.9% salt solution decreased 20 % of RF magnetic fields measured in pure water. However,
the results of experiments showed the possibility to detect the substances hidden in the body
using NQR.

[1Z U] UL (DL F NQR) 1Z NMR & [ U < B I G0 —FE T 5 73,
#xay@ﬁtiNMRkéwI¢$@ﬁ%ﬁﬁ@C5%%@mmwﬁﬁéoik\
BERTRE R R FAZIZ A B UL EORFZIZERE SN TS, Lo, NQR |
LAt A E o Y| S5 12D OGN A ETH 57280, 5HAZEE ODF“EAI:#
Al H T%D\A/%mw%ﬂwﬁﬁ&%~®mﬁ%%ﬁfééo
AL, ARNIZERAGAENT-EIZxTT D, NQR IZL DV E—REY T D
AREMEERTI LT b DO Th D, FIRZ R L7 EEMEME 2, NQR FHEUSICE %
WL ~XYVAF LT 87 I (BUF HMT) 2 W TR L7z, SRS
E L CEEROITVVERAEKZ AW, BROEER L, AHAEKOEER (1.6
S/m) X VARV, FRIFFCRENFEOFEL | EEREL S EIFEEZITV, ERER L
DB Z{T7e -T2,

[EBRANE] FEZBZ. 70T FICM A RO H DT FFA—FEHNT—L
RN THIEZITV ) A ZAORANZEE DT, WERSG:E LTHMT (200 g) ZHV, &
EIEEE O NQR E ISk T 2B LT M T 572012, 77 &V T MOBE
22, Mk, ‘K (09%, 3.0%, 15%) (L& 7-, £7-. FEREH&EMEZEE
i 272012, T T FnbY o FE TOEREA 0.01~0.05 m O TELSET-,
NQR O#llE %, FID #HAWTIT7/2 572, NQRE 5 DESSMICIX. RE XEE K

F—U— o UL, JEREERE, BRI —a v

ORFENPEOT, BNEHD I, LOIELLwAVEAS, HNFOTE, e
TOTE
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3.308MHz, RF 7] : 320 W, A JRERERH] 27 cn _—oscilloscone
400 us, {RIERE : 50 ms, FEH[E%:1000 Water tan
Bz Mz, 20L& 7RI
Wiy 7' m—7 % Ak, NQR f5 %5 & [FIRF
RS R 21T - T, RHEKDEER
(09%:1.6S/m, 3.0%:4.7S/m, 15 % :
16 S/m) "&b LIz, HMT DR Fig.1 Experimental setup of the NQR measurement
3308 MHz (ZH51) 5 REIRS OFHH forgHMTp(200 g) in the clz)nductive medium.
ATV EBRIC LV ST ERYS & O
WEITIe o7,

14.5 cm

to oscillator Gradiometer

[FEBAER]  Fig2 139 > 7 U317 5 3.308 MHz (2381 5 6{ERESTRE 2 T L
oD ThD, REGHIRIZ K DRI, L EEROEIMIAEVRELSRDL T LN
TAEE Y iR S 7z, Figl3 1 HMT O NQR F 538E4 7V ry Lzt O TH D, &
RO TR OWEE & FIERIZ NQR {5 B- Ol 23 s S vz, Bl 0.05
m ONLE TIEFiA & R THR K 25 %LL ED 90° )L ZEOEMMA R b iz, £72. 1%
15053 & NQR {3 598 ORI 0.04 m £ CTOMEECHAIBMERA RS-,
0.05 m TIXEEFEBIGITEE S, NQR B Z 2359 20 %z L7z, Ziud SV RENRE L 72
STl SOV ARREFICEEMAEZ Y, NQR [EEHMENMET L2zl tEX L
b,

1.2 1.2
O Water X Water
1.0 9 A 0.9% salt solution Lo - © ©0.9% salt solution
T3 ° © 3.0% salt solution % 0 3.0% salt solution
% S08 + 15% salt solution El 0.8 2 15% salt solution
Ey e .
o
2 206 o £ 06 A o
2L u] s
1 A
° E
uE- 0.4 A o ~ 04 N X
~ © + o o o
A Z Q
02 * 2 02 A A 0
A
0.0 0.0 ‘
0 001 002 003 004 005 006 0 001 002 003 004 005 006
Distance [m] Distance [m]

Fig.2 RF magnetic amplitude by gradiometer field Fig.3 Decay of NQR intensity from HMT (200g)
plotted as a function of distance in the conductive in the conductive salt solutions with different
salt solutions with different concentration of NaCl.  concentration of NaCl.

[#Eam]  BERSIT. BEPOEBEBRICL>THEL TV, LrL, KRNDOEE
RKEBZ S 16 Sm (15 %BIEKMY) £ TOFRAIZBNT, 77 F25 0.05m D
HEEET, HMT (200g) 2>5 D NQR [ 5 2 i35 Z E WK, Fio, BIGIEE O
w& NQR 2 B DN BIBIMRICH D Z b, BERBREORIEALITH = & T,
NQR {5 75 D=2 THIT 25 Z L 3k 5, A RIO SRR 5 B 725 R Ch 5720,
X0 HIROMBUC SN 2 D B RN A% S I TH 5,

%3 ik

1 Martin B. Kraichman : The resistivity of aqueous solutions of sodium chloride, Defense
documentation center for scientific and technical information, AD437890, 1964
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Development of an NQR - NMR double resonance spectrometer to search
for NQR frequencies
(OHideo Sato-Akaba, Bryn Baritompa, Junichiro Shinohara, Hideo Itozaki

Graduate School of Science Engineering, Osaka University

We are developing a small NQR + NMR double resonance spectrometer to search for NQR
frequencies and to detect NQR signals from small samples of several grams. The polarization
transfer from proton to '*N nuclei was done by a level crossing technique for enhancing the
NQR signal intensity. A sample was shuttled between a high field (828 mT) and a low field
(several mT) for polarization of protons, level crossing and free induction decay of *N nuclei
using an air compressor and solenoid valves. A single-shot NQR signal from diethylamine
hydrochloride was observed.

U

1B, BRI, REREIRGS OB E ATREIC T DN R 1T, RAER et
DOMFEIZEMT 2 2 LN TE, IEFEZ OHEIFRE S EREMIC GRS TV 5508
Thbd, LoL, BEINTWE %I TS 2 LT, REFEALSL TR
W, Fex OWFGE T N — 7Tk, BEUARF-IEITE (NQR) & W oM A LS E OB R 217
ST, NQR L%, EEFICHFET 5 AL 1 UL EOJR A2 FERAICH T X
LETHY . O NQR EMEIIIR TR OB ARIZ L > TREI LD, £D
72, WERIERZ T T, FUWEIZEBIT 26 miEEOEWITIB W T Halksl 2 Al §e
Thd, LU, EEEYCERLEORZR2WEICB W TIEL, £ O NQR JEHEMN
FEAERESNTRLT, 5% T —F X—ADBENFRE L 72> T D,

FF/2 NQR BB RAILEIZIL, BEHEANE TR P A5 2 ik & KRFEH T
Bia AW CTHBIT 2 5ERS 5, it NQREFEZHWTITH 2 &R TEX 5720,
S ICRENFRETH DM, ERFMNES ROMERH L, —FH, BHEOFIEIL,
NQR-NMR EIHIGELZ W0 HICEET KB RO Z BRY & 325
TR LEHIIT 2 2 L1 kD iY@ NQR AR B A RET 5 2 LT
5[1,2]e LorL, ZEE ORI EHE L 70 0 | F 70RO REE D3 720 T2 D AFSEEE CTRARS
TOMEND D, AFEFTIL, NQR A A NIRRT E 5 NQR - NMR H ik
IEEEE DB IC OV CTHlE T 5,

F—T—F: NQR-NMR " HEE/3EEEE, NQR JH A RAT, B

O &HMNTOTE, BrynBaritompa, LDIIH L AWNEAD, WEXXOTE
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Wtz W= 7 vy v hLi
ENBIRD, YTy hLERE
X, P TR DS & EE T
BIVEADS I LEARICTS60 Fig 1 Schematic diagram of a homemade NQR - NMR
TdH Y. NQR-NMR EEF:AE |2 .43 ¢ double resonance system. The resonator coils for NMR

. " J and NQR, which were set at the middle of the magnets,
H D, BROWEE % EREF THIEIT  were not shown.
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HEOFAME LT, NQR JEMENBEMTH Y |
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T 5, D% 0.1s FREE TREilsiish bARG 2V 992 597 1002 1007 1012 1017 1022
TNEBBT 5, BILOBBIL, 70 broT— NARfrequency (k]
T RBEN, EHRFT RO NQR Bz i g 2 Singleshot polarization mansfer
T HRFCHRRNE72 D, NQR HIEIX, {KELS T C  hydrochloride (2 g).
17> 7z, Figure 2 X, FAEETIC NQR F5 & HUS LI-RR TH D, NQR JEB LT,
500g DY TN EFAWCTHEIL7Z 1.008MHz & —EH L TWA Z b, /A ATl
SEFTHLZENGND, 70 b OBALBEI Z1Th o> e HE I VT,
1000 [HIFEHE 21T > CHIES BT 5 Z LT TE ol
%12, NQR-NMR " EE LRSS E A B L. BUEBENC K5 NQR 55 D Rk

L3 ATBE AR L7, 777 R > NMR SEEFIRER & N NQR HBE B 23 i B33
HlE. 7u b K DB E D I EREIC B W THES TH H LRI,
2 Lk

[1] J. Seliger and V. Zagar, NATO Science for Peace and Security Series B: Physics and

Biophysics, 139-158 (2009).
[2]J. Luznik et al., J. Appl. Phys. 102, 084903 (2007).
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Our activities on construction of reliable SDBS-NMR data
(OMami Nabeshima, Toshiki Yamaji, Shinichi Kinugasa, and Takeshi Saito
National Metrology Institute of Japan (NML1J), AIST.

We have been constructing a reliable NMR database of SDBS (Spectral Database for Organic
Compounds, SDBS-NMR) open freely through AIST’s web site. SDBS-NMR compiles high
quality solution state 'H and *C NMR spectra which are acquired and evaluated by ourselves.
Chemical structures for these spectra with their chemical shift assignments are also provided.
We will discuss one of our activities to ensure the reliability of SDBS-NMR with
(S)-1-(tert-butoxycarbonyl)-3-pyrrolidinol (SDBS No. 51972) as an example. “C NMR
spectrum of this compound observed at 30°C showed two sets of resonances from
pyrrolidine-ring carbons which are cisoide and transoide to the carbonyl group; the
resonances became one set when the spectrum was obtained at 70°C. This suggested these
resonances were originated from two structures due to the restricted rotation around the
carbamate C-N bond.

[1Izr®ic]

SDBSI%. FEMIIAWeb THERIAB L TWADHMLEMD ALY M LT —H _N— 2R
(SDBSWeb) TH V. MS, IR, 'HNMR, “CNMR, Raman, 725 ONIESROD6FELED A
Ry MATF =2 REEEN TS, SDBS-NMRIE, Z® 9 H D 'HNMR, “CNMR 2
7 MV EIEE Lweb ECTABT 57EE 2 L TR Y, BARMIIZILA AL SRSk
Z R HE LA YR ONMRREHR, NMR A7 RV ORIE « sHli 24T, T
— ZNBDT= D ORI E AT 72 L= 227 FVITIE, 7 MESIRBIE WA & o
EAL R ESREE A CART 2581 217> T\ 5, FEFEDSDBSWeb~D
T AE, 1R EHBHHEB L, ZOFONELLER, NMR~DO LD TH-7,
SDBS-NMRTlE, HA4 ZDMWEM L& HIE L CHEAERBEENMR A7 LI %2
{ToTW5D,

[SDBS-NMRAEZE~DHL Y 7]

SDBSWebliZ A7 RV AR END £ TOFIEAF— L« JWESMHFIT T TITRE
L7z, 27 MBI ED T
O 7GR« JERFOEY fHA & LT
-1 RN, WiRZEEM. 72 5 TNINMRE — 7 iR 2 8 L 7R 03]

-2 AT MVOS/NILEEE LT EHATK O LR R R
-3 HMWEIZEBLU-BIHNE, FEEEEL, BIEREM O E

BIRNMR, AT LT — 2 RXR—Z, HLEW

ORR_RLEFER, CELLLE, SRS LAVG, SWnEHiFL
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Fig. 1 |Z SDBS #F%5 51972 (S51972)DAb&4., o OH
(S)-1-(tert-butoxycarbonyl)-3-pyrrolidinol D ## & = % 7R~ >;N G/
Utee = OfbA% i 40Tl LIfER, e g

NMR ([ZH =3 A A N ANR=VEED C-N A
D DAL P OFER L EZ HND MO N D 5 Fig. 1 Structure of the compound,
BEREOBEICER INES E—7 Nl X7 SS1972.
(Fig. 2), 2415 D B — 7 pdfdi[aldix |2 K]
T 5 ONHERT D202, HIEIERE 2%
b TR L7,

Fig. 3 12 30C, 50°C, 70°CC#llE L7«
BCNMR A7 hLZ 7R LTz, 30°C TR
SNz O E—7 5 70CTIE—Hic 72
STy TOREERMNG, ZTOZHOE—7 1%
H—RAL NHAR= LD C-N FEAH I
D OFFEEHRTH D & famO 1, Web ~I% T
FNFIEERAI 72 30°C & T0°CDO A7 | Fig.2 *C NMR spectra of the compound,
NEABLT. RIEIT2D F—% %2FH L 8519.72, and its expansion in DMSO-d,
CENTROWIED LI LT, solution
[0 iz]

NMR G & 1172 C-Ni &l ) 0 ] | |7
RIS T 5 A7 VOB ER L, o
SDBS-NMR T, ALY OEEIENMR A :
7 MVORERRICBR SN TALE Y OtE

Whrao—Y -z b=, FiokHre
Mtz lZ Ush & L7 S % fikfss L 1T ‘
O—Cb\éo /:I\?\ﬁ& %:L‘—‘ﬁih—ﬁxgojgzﬁc: 72 68 64 60 5 2 48 44 36 32

Lo > - L ) . < \'\ull‘g 6(1 (pva)
IEAD 2 E %E & L‘\ L7 B0 L7 2 Rkfoe s Fig.3 BCNMR spectra of the compound,
JESETUTHETS D, $51972, obtained at 1) 30°C, 2) 50°C and 3)

70°C, respectively.
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1) e, F47TEINMRE GRS E E S, P420
2) G.C.Levy, GL.Nelson, J. Am. Chem. Soc., 94, 4897 (1972)
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Automatic scanning for NQR frequencies
OJunichiro Shinohara, Yu Nakahara, Hideo Sato-Akaba and Hideo Itozaki

Graduate School of Science Engineering, Osaka University

Nuclear quadrupole resonance (NQR) spectroscopy has potential applications in the
detection of illegal substances, such as narcotics which frequently include "*N (I=1). To apply
NQR to narcotic detection, the NQR frequency of each compound must be known. We
introduce an automatic scanning system for finding NQR frequencies using the pulse method.

B0 ILIB(NQR)IE, WEEA OGS EIEE O BRI 2 i L, A Y &2 S
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ISR STV D,
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PN LA for impedance matching and frequency tuning.

AIEEDOIIRIROEI Z Figd.()Ilmrnd, ZOREBEO A ANbDOEEWSEZ, ]
EarTFoYORE Cl, C2 2 VHEEL L CREMSEME 27" & Figd.(b)D X )
272 %, ERBOFHET L TY X AT, Cl & C2 ZREREEN KK & 72 D s~
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25, ZNEFODHENRKERDETIT/R I, I BT, HEHZ/ &< L, [FEk
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RF field intensity
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(a)Equivalent circuit (b)Calculated RF field intensity at 1.036 MHz

7
60! 100 200

(c) Matching and tuning algorithm
Fig.3 Matching and tuning mechanism. (a) Equivalent circuit of resonator. (b) RF field
intensity for a fixed frequency calculated as a function of C1 and C2. The maximum intensity
is possible to obtain by selecting C1 and C2. (c¢) Matching and tuning algorithm to search

maximum RF field intensity by adjusting C1 and C2 automatically.
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Fig.4 RF field intensities generated by the RF coil. The
intensity was plotted as a function of RF frequency with
and without automatic matching and tuning.
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Fig.5 Demonstration of automatic scanning to search
NQR frequency of sodium nitrite using a step of 2kHz.
A peak was found at 1036kHz.
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[1] R.A. Marino, S.M. Klainer, Multiple spin echoes in pure quadrupole resonance, J. Chem.

Phys. 67 (1977) 3388-3389.
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