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KI1 Schematic diagram of quadrupolar interactions in each state of “Al.

Note that the direction of anisotropic interaction brought by H,

@ is having the

opposite signs, which can be used for refocusing quadrupolar anisotropy such
as DAS and MQMAS. A simple reason that causes the easy magnetization leak

is intersystem crossing during the rotation.
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X2 Al MAS NMR spectrum of Al,O, using 12° flip angle. The curve of the baseline
is in good coincidence to the SINC function, y = — Sin (w/Aw) / (w/Aw) , where Aw
= 21 x16.67 kHz, which is just the same value to 1/ (dead time) . The spectrum of 2
MHz width is taken by 0.2 us of a rectangular pulse at the pulse power v, = 167 kHz,
sample rotation v; = 12.5 kHz. Much numbers of ST signals spread over a range of 2

MHz width can be seen.
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NMR parameters
obtained by a line-
shape analysis

Simulated Data

Bigo = 3.1 ppm

Bcga = 14.68 ppm

Nesa = 0.3

Cg =2990 kHz

vg = 450 kHz

Ng = 0.135

exponential decay = 29 ms

K3 Experimental (thick line) and simulated data (pale line) CT (central
transition) band of Al MAS NMR of Al (acac) ;. wy= 12.5 kHz, w, (Al) =

167 kHz, pulse width = 0.2 us
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Twb, STMASIZDQF (Double Quantum Filter)
EAAGDEDHE RS EESFE L S, AL
SFI=5/200%H, Mi1-73F X — % D5 ffiE
2OV TIF5QMQMAS s b N 7k e L C
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e
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v
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X4 Pulse shape having a rectangular envelope
(upper) and the frequency profile of its Fourier
transformation (lower), where w, = 2r/t and Aw =
2r/t.
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5 What is MAS, “magic angle spinning”? The magic angle, 54.73’,
is the angle between the two vectors, (1,1, 1) and (0,0, 1),ina 3
dimensional space. The angle is the same as the angle between the
z-axis and the node plane of d,” function (Spherical harmonic function,
Y,o [0, ¢1). Here we consider the electromagnetic interaction between
A and B. When the relative vector A— B rotates around the MAS axis,
the average position of the B from the fixed view point on A will be the
position C, just located on the A’s magic angle axis on which the mutual

dipole interaction between A and C becomes zero.
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S fRREIL R & 11T A A3 Skyline projection & I
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Signnls are enllected from the top of
Ihm echo t get a flar baseline.
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Whaode FII mnd ochoes nre utlllu.tul togt b 1o gl l||.|||| a2,

X6 The difference of Hahn echo and Q-CPMG. When FT has been done
for the Q-CPMG data, the signal envelope will be the same shape as the
FT of one pulse FID, having the line width and the spacing of comb pattern

willbe 1/T,and 1/7 .
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1. Imitialize magnetation

¢ ® oo

= 2 Hoartman-Haho matclung - 3. Detection

K7 Model for CP (cross-polarization) magnetization transfer from
'H to #Al. Red fluid represents transverse magnetization on each the
nucleus. Inevitably, much a larger part of the magnetization flows out of
Al reservoir, because of its quadrupolar nature.
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K18 'H-"C FSLG HETCOR of mono-ethylfumarate and its F1 projection and 'H
MAS spectrum demonstrated in a same chart (upper) . Al FSLG HETCOR (lower)
of Al (acac),. The F1 axis was calibrated using mono-ethylfumarate. Sine-bell
window function was applied before the Fourier transformation of F1 axis.
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Large amplitude interface dynamics in FKBP-ligand complexes revealed by the aromatic ring flipping
and hydroxyl proton exchange rates for the interfacial tyrosine residues
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Homo- and Heteronuclear two-dimensional covariance solid-state NMR
spectroscopy with a dual-receiber system

(OYasushi Kusakabe', Yasuto Noda', Masashi Fukuchi®, Kazuyuki Takeda', and K. Takegoshi'
'Division of Chemistry, Graduate School of Science, Kyoto University.

*Institute for Chemical Research, Kyoto University.

Two-dimensional (2D) covariance NMR spectroscopy, which has originally been developed
for homonuclear correlation (HOMCOR) type experiments, is extended to include
heteronucler correlations (HETCOR). In a “C/"N chemical shift correlation experiment, *C
and "N signals are acquired simultaneously with a dual-receiver NMR system. The data sets
are arranged for the covariance data processing, and “C-""N HETCOR is obtained together
with BC-PC/®N-"N HOMCOR. As in the case of the original covariance HOMCOR, much
fewer amounts of data suffice to obtain a well-resolved 2D-spectrum compared to the
conventional 2D-Fourier transformation scheme, saving the experimental time.
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Fig. 1 A pulse sequence for 'H-'H dipolar-coupling mediated '*C/'*N chemical shift
correlation experiments.
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Fig. 2 A covariance matrix.
The four regions carries /-1,
3. EBREMERE I-S, S-1, and S-S correlations.
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Fig. 3 (a),(b) "N,”C CPMAS spectra of uniformly “C-""N labeled histidine. The contact
time was 200 ps, and the signals were accumulated over 40 times under MAS at 23 kHz. (c)
The structure of histidine. The carbon and the nitrogen sites are labeled according to [UPAC
nomenclature.
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Fig. 4 2D spectra of °C,"’N-labeled histidine with a pulse sequence described in Fig.1.

(a) and (b) are a covariance spectrum and its square root. (c) and (d) are conventional 2D-FT
spectra. Experiment parameters for (a) ~ (c) were as follows : tcp1 = Tep2 = Teps = 200 ps, ta =3
ms, Tm = 200 ps, At; =33 ps, Ny =32, and N4 = 320. For (d), Ny was 256, and N was 40.The
other parameters were identical with those in (a) ~ (¢). The experiments were carried out in a
magnetic field of 9.4 T and under MAS at 23 kHz.
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Efficacy of the B,-adrenergic receptor is determined by conformational
equilibrium in the transmembrane region

OYutaka Kofuku" 2, Takumi Uedal, Junya Okudel, Yutaro Shiraishil, Keita Kondol,
Masahiro Maeda3, Hideki Tsujishita3, and Ichio Shimada®*

'Graduate School of Pharmaceutical Sciences, the University of Tokyo, Tokyo, Japan.

?Japan Biological Informatics Consortium (JBIC), Tokyo, Japan.

Shionogi Co., Ltd., Discovery Research Laboratory, Osaka, Japan.

‘Biomodeicinal Information Research Center (BIRC), National Institute of Advanced
Industrial Science and Technology (AIST), Tokyo, Japan.

Many drugs that target G-protein-coupled receptors (GPCRs) induce or inhibit their signal
transduction with different strengths, which affect their therapeutic properties. However, the
mechanism underlying the differences in the signalling levels is still not clear, although
several structures of GPCRs complexed with ligands determined by X-ray crystallography are
available. Here we utilized NMR to monitor the signals from the methionine residue at
position 82 in neutral antagonist- and partial agonist-bound states of B,-adrenergic receptor
(B2AR), which are correlated with the conformational changes of the transmembrane regions
upon activation. We show that this residue exists in a conformational equilibrium between the
inverse agonist bound states and the full agonist-bound state, and the population of the latter
reflects the signal transduction level in each ligand-bound state. These findings provide
insights into the multi-level signalling of B2AR and other GPCRs, including the basal activity,
and the mechanism of signal transduction mediated by GPCRs.
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Fig. 1 Distribution of the methionine
residues in the overlaid crystal structures
of B,AR bound with an inverse agonist
(PDB code: 2RH1) and bound with a full
agonist and a G-protein (PDB code:
3SN6).
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Fig. 3 The regions of M82 resonances in the 'H-""C SOFAST-HMQC spectra of [o,B,B-"H;-,
methyl-">C-Met] p,AR/4Met at 298 K (a) and at 283 K (b) in the states with various efficacies.
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P28 Large amplitude interface dynamics in FKBP-ligand
complexes revealed by the aromatic ring flipping and
hydroxyl proton exchange rates for the interfacial tyrosine
residues

Chun-Jiun Yang', Mitsuhiro Takeda®, JunGoo Jee®, Akira M. Ono®,
1,2,5

Tsutomu Terauchi®, and Masatsune Kainosho
!Graduate School of Science and Engineering & Center for Priority
Areas, Tokyo Metropolitan University, Tokyo, Japan; “Structural
Biology Research Center, Graduate School of Science, Nagoya
University, Nagoya, Japan, *College of Pharmacy, Kyungpook National
University, Daegu, Korea; “SAIL T echnologies Inc., Yokohama, Japan;
’Protein Research Institute, Osaka University, Osaka, Japan
Abstract
FKBP-ligand systems have often been used as models for developing structure-based drug
design methodologies. The interface structures between the FKBP’s and each of their ligands
are well-defined and almost identical in the crystalline states. However, in contrast to these
static structures, we actually found that large amplitude motions occur in the FKBP-ligand
interfaces in solution, with different interface dynamics for the distinct pairs of complexes. In
this study, such motions were manifested by quantitative measurements of the aromatic ring
flipping and hydroxyl proton exchange rates for the tyrosine residues (Tyr26 and Tyr82) in the
FKBP-ligand interfaces, by using the stereo-array isotope labeling (SAIL) method. The
variations of the rate parameters between the different FKBP-ligand complexes revealed that
the interface dynamics will provide novel clues about the protein-ligand interactions.

The side-chain moieties on protein surfaces often
play pivotal roles in their specific interactions with
ligands. Although such moieties are inherently flexible
in the free state, their conformations and dynamics
become drastically altered upon ligand binding. Among
the various types of amino acids, aromatic residues are
frequently locating at the binding interfaces of proteins,
and play important and versatile roles in interactions
with biomolecules and small chemical compounds.

Therefore, aromatic rings would serve as useful probes
and indicators to correlate the side-chain dynamics and . gure. 1 (A) Crystal structure of
ligand binding interactions. The FK506 binding proteins
12 (FKBP12) and 12.6 (FKBP12.6) are highly
homologous, and form tight complexes with the
immunosuppressive drugs FK506 and rapamycin (Rap) (Figure 1), mainly through the

hydrophobic interaction between aromatic residues and ligand molecules. With the aid of

FKBP12-Rap complex. Tyr residues

and Rap were showed as stick mode.

Key Words: SAIL Method, Binding Interface Dynamics, Large-amplitude Motion
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SAIL amino acids (Figure 2), dynamic process of # on B o
ring-flipping motion and hydroxyl proton (OH) )\ |

. . . . 1
exchange for FKBP-ligand interfacial tyrosine (Tyr) "‘x”c N S & .
residues can be successfully captured, which is quite | |
difficult to be obtained by traditional NMR method = o =

due to the relatively complex spin system of aromatic )T

rings. ':’_”T_” _'T_"
By using FKBPI12 or 12.6 labeled with various —wg—m—m g

type of SAIL Tyr in the free and ligands bound forms, ‘i )I | l | ]ﬂ

considerable reductions of the ring-flipping rate (kaip)  Figure 2. Chemical structures of

and the OH exchange rate (k) constants were ¢ SAIL Tyr (A) and (-SAIL Tyr (B).

observed in the binding interface upon ligands  '’C atoms are not shown in the figure.

association, either FK506 or rapamycin, due to the

restrictions originating from the ligand molecules, as compared to the fiee, solvent-exposed

state. We also noticed that the kg, and ke with slow dynamic processes determined here is

much faster than the dissociation constant (o), indicating large-amplitude motion takes place

in the FKBP-ligand interface to permit the aromatic ring rotation and probably the entrance of

water molecules in the complex state.

A B
FK506-Bound o Y82 Y26
Y82
H20/D;0
[, 18 (1:1) Free form
-w
2L — : . | !
? ? 1178 159 158 157
H : z “C (ppm)
: ; - v26 Y82
@roserenmanes 0 v26, e2 o o~
ovw -118.5
L H:0/D;0
1o (1:1) Rap-Bound
L] T T T T T , : i
70 68 66 64 62 60 ‘
159 188 187
H (ppm) Sl

Figure 3. (A) 'H-""C Cz longitudinal exchange experiment with e-SAIL Tyr selectively
labeled FKBP in the complex with FK506. Two signals for Tyr26 are due to slow flipping
motion and link with exchange peaks (without assignment) by dashed line. (B) 1D "C
spectra for C resonances are acquired on FKBP labeled with {-SAIL Tyr in the free (upper)
and rapamycin bound (lower) states, in the H,O/D,0 1:1 mixture solution.
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Solution stucture of the alternatively folded state of ubiquitin
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Sciences, *dGraduate School of Pharmaceutical Sciences, Nagoya City University, > eNMR
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We have previously shown that ubiquitin populates a high-energy conformer N, at high
pressure. Here, we show that the mutation Q41N favors N»: high-pressure NMR shows that
N3 is ~70% populated in Q41N but only ~20% in the wild type at ambient pressure. This
allows us to characterize the structure of N», in which the o;-helix, the following loop, 3 and
s change their orientations relative to the remaining regions. The N, conformers produced by
high pressure and by the Q41N mutation are closely similar in both structure and dynamics.
The conformational change to produce N, is orthogonal to that seen when proteins containing
a ubiquitin interacting motif (UIM) bind at the hydrophobic patch of ubiquitin, but matches
changes seen on binding to the E2 conjugating enzyme. We propose that Q41N is a model for
structural changes required for ubiquitin conjugation.
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Determination of precise 'H geometry in Biomolecules.

-'H solid state NMR analysis by 'H DQMAS under ultra high speed MAS
and GIPAW chemical shift calculations.-

OKaoji Yazawa", Furitsu Suzuki®, Yusuke Nishiyama®, Katsuyuki Nishimura®, Hironori Kaji’
and Tetsuo Asakura'"

'Department of Biotechnology, Tokyo Univ. of Agriculture and Technology, Tokyo, Japan.
’Institute for Chemical Research, Kyoto University, Uji, Japan.

JEOL RESONANCE, Akishima, Japan.

Institute for Material Science, Okazaki, Japan.

The well-resolved 'H solid state NMR spectra of alanine tripeptide (Alaz) with anti-parallel
and parallel B sheet structures are assigned by using double-quantum magic-angle-spinning
(DQMAS) measurements under ultra high field with ultra fast MAS NMR. The observed 'H
chemical shifts are in excellent agreement with the "H chemical shifts calculated by first
principles gauge-including projector augmented wave (GIPAW) method for 'H geometry
optimized structures, indicating that the accurate 'H positions of the structure was obtained by
'"H DQMAS and GIPAW calculation. The chemical shifts of the amide protons are described
by the inverse third power of inter-molecular NH...OC direct hydrogen bond distance. This
relationship can be used to evaluate inter-molecular NH...OC direct hydrogen bond distance
of peptides and proteins in the solid state from the amide proton chemical shifts.

[#Z] "HEIIRRGELELIFIE 100% TRIENIEFITE < . 20 FREIIAAE
T B0, SFRTHICEE TH D, XTF KX X7 B OV NMR ST 12
BWT, 7 F7a MALEY 7 N, 7 3 REDSEEE D 2 /K FE 4G R EEHE L
BHCEDD Z b, ZOFEY T b EAKRERA IS OB IRE SN, ik
IR SN &z, —J7, BERF ik 'H-'H R OO B AERIC L - T
ARG NVISIEIEIL T D720 ALY 7 FEED Z EREEL <. T E TREERITIC
TIZEAERH ST oz,

AWFFEDONEFig 1 IZE & DT, AW TIX, XTF K, XTI HEAKS O
BB RREATE S LT, ZHE TR M OEIBLD - DIZFE TE 2 ho 7=
'HEANMRILE Y 7 b &2 AW, "HEBVEREEEZRE T L E2AME L,
T, FTHFEXEREIPTIC L > THREEDSBEN TH 57 7 = U 3EMHR(Ala)s 2 DUV T
T S i & B E AR R O A B IS & o THHUE L 72 ' HE/ANMR 2227 kL

Biomolecules, ultra high speed MAS, 'H solid state NMR

OREPhZIHL, +F%50D, 1ZLFD I T, Il bhowpx,
MNLOADY, HEL HTHE




BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2013 Vol.4
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Fig.1 Concept and strategy of this research. High resolution 'H solid state NMR spectra obtained
by ultra fast MAS under ultra high field magnet probes precise 'H geometry, which is inaccessible
by x-ray diffraction, by combination with GIPAW chemical shift calculations. Relationship
between chemical shift and intermolecular H-bond distance is available for analyses of
biomacromolecular structures, such as crystalline fractions with Silk I and Silk II structures.
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Aly-He
{a} Ala-Ha Gly-Ha
Ghy-Hy Ala-He frﬁ-\' \
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Fig. 4 '"H-DQMAS spectra of B.mori silk crystalline fraction with (a) SilkI and (b) SilkII
structures.

MAKFEEEEOKREIC L 2B NN 2o TNAH I LEZRBL TS, 72
femih & (AG)1sODQMAS A R L% bhilig3 % & Silk 1, Silk [T& $ 12, /KFEFEE FEEE
R < ST DNHE DL T 7 MIMEHR TIEE A EED LT, Serfkio v —7
HAlaFR I E I TXBITE o722 LG | kG db S TP CSerdk D FHET T Alatk & [H]
ROy 74 A—2a U THELTWD EEZ LD, RIZ(Ala); TRD7ALFEY 7
k&K FEREA IERE & O RIFR(Fig.2b)2 6, Silk 138 K OSIIKITO K FE s A FERE A S H L7z
& = 4, Silk ITIZHN(Ala)-O(Gly)= 2.13A . HY(Gly)-O(Ala)1.84A & 72 1) | SCHRAED2.01,
1.85A[41 & K< —FK L7z, —J5. Silk ITTIE, HY(Ala)-O(Gly)., HY(Gly)-O(Ala)#121.91A
E7RD | SCEMED1.77. 1.76A[3]1& 5 L0.15AITERL . XBENLE LN - HEE
FNEBBEETE -, 5%ITE BTy — FMEEBEOMT 21T 9,
uimiw\:hiT%LMﬁ FLAEHWSNTZ 220> 72 'HEANMR % #
s B EEREEA I L0 EoiERe b T Z LIk o T &R T TR Z U
7 E D5y %F"%%L@ﬁﬁﬁ WIS TE D Z LB o T, S%ITSEESNHY 75
MAERETEINT T2, BRI ORI BCROPNT L5 2 L2k, Zhb LS
L= HE OS2 HERC L v 155, Zhic kv, 2 E TEFETONMR T
OIS TW W — FMEBEREZ: & L 0 FEHEZ2Silk HORSERHT 21T 5,

(B8] AWFRIT—30, EMAKEERT 7V « ~LVZERIREE 2 =7 R D
NS RR234F FE R 50 2 A Bh & HUEF 70 A GRS 5-23245045) 12 L 0 i <z,

(2% 3R]
[1] M. Deschamps, et al. Phys. Chem. Chem. Phys. 2011, 13, 8024
[2] G. Wagner, A. Pardi, and K. Wuethrich. J. Am. Chem Soc, 1983, 105, 5948.
[3] R. E. Marsh, R. B. Corey, L. Pauling, Biochem. Biophys. Acta, 1955, 16, 1
[4]Asakura et al., J. Mol. Biol. 306, 291 (2001). Asakura et al., Macromolecules 38, 7397
(2005).
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Quantitative elemental analysis by NMR
(ONaoki Ichijo, Kazuyuki Takeda, Yasuto Noda, and K. Takegoshi
Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan

We explore the possibility for identifying the composition of atomic elements in materials
of chemical interest by NMR. To keep the efficiency of signal acquisition common for all
spin species, we propose to fix the frequency and vary the magnetic field to cover the
resonance conditions of the isotopes involved in a sample. For this purpose, we developed an
experimental setup using a cryogen-free, field-variable superconducting magnet. Quantitative
elemental analysis is demonstrated not only in solution as well as in the solid-state under

magic-angle spinning.

1. Introduction

RGO TLFEFLZRET D7D DO FyE L LT, BRIEE, B W OHTIE(AAS).,
B~ A 7 a7 F 7 A4 FIEEPMA), XL 74 JLIE(ESCA, XPS), dFEfia~7 7
A EACP) —IRA A L E &I HTIE(SIMS) 5 O % 72 LR HTEE DL STV TV D 8,
ZD% ATMEDBICHEI ZME L TLES LW RN H 5, Eild 9 HEPMA,
ESCAITFEMIER 72 MR OGHT Ly TE 2R, DF 0, BUED L Z AWENTOM
AR % FN DI IERRE & 3R 9~ 5 LnZe < | WIRFE FICEB T 5790 7 308 0 FERRER)
FOMITEHR N TVARVNMRIZT R L X =DKW T DA A2 W= 56D T2,
JFERHNIEMIE T RN OERMZ GO D E WO FIRR S 5, R TH A 1X, 4
REDOTIEEM5ET DN . NMRZ N = T894 O EER ATRENE 2 28k L 7= (1],

Aré CeZ [R< &2 TOREILHITILEA ORI O A B2 Z RS RINAK D &
O FEANTIT RSSO SNC K 0 BB 0K TR OFES MBI TE 5 LR SN
%, LU, BEEMSZ WD — e A7 AT, BEROBRICT 78R3 57
DI Z VR D ERH Y | FMER T —T Fa—= U JEEAET 5, &
DR B R BN AR T D72 G FIREEN DT DL 2 P E T 5 E Y
SHTEREECH 5, & 2 THA I, JEIREE EE U TR 4 NG Ic 2 5 2 &
T, [Fl—DEIEAERL & JEE D IR D OISR A2 18— L, B &R 72 HIE
R LT,

TERINT. MRS AL SRAEAZ I AE B

OWVWbH L IRBEE, LIENTWE, OERLTE, LFILELDY
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2. Principle
R BldRI y O A B3RS By (ICBW T, 7 —E T JEI K
wo = —YBy D
T AAEBT %, Lo THAIRIREL y OBA B2 OERITK LR lwo| DT ¥ A
AT 2L THRBREZY, aA AU SFERES Ve & L TNMRIE 5723
B SND , Voe 1FBLBIRORHIZAIZFE LW (7 7 77 —OERGHEOIER]) 7
5. BeRiib M 2 W T
Vemf X woM 2
EEIT D, WE T IR BRI, A OBE N, AVCVETFREI &L
<
_ Ny2R?I(I + 1)B,

3kgT )
LERIND (F=2V—0EAD
NMRIE 75 OB S 1TFHEEE NI T 5D T
S = NVems (4)
(ni3izhs) &5, XB). @) L, —TREDOT
S < nNy?wol(I + 1)B, (5)

EleD, THEY ., BEORED XD ICHIGREN —EDLA . BRI
vi (i =1,2,-) OBEREOFELIIE O NG BREE2 AT
51 . 52 (6)
MlyiBLUy + 1) 020y, PLU0, + 1)
EitEITNEROOND, 727 L, BHEIZESTRESTN Dy R0 EEW, p; 13
RIE RO IR BB AT 570, TNEZE—ERMICRO L2 LERZH 5,

— 07, AR EEE USSR AR H 2L TR ARICT 7 2T, 2 TOH|
EILBWTHREIRZE T ENAREL 72D, LN > TZOHEAIL, O
TF1ELRIT
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St S2
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1 [yl + 1) |yl (I + 1)
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3. Experimental setup

IRFIPC BRI 2 25 2 5 &9 B D T8 Bz 13635 Al 28 o S B R~
7" % v M (Cryogenic Ltd)ZE A L7z, 2D~ 7 % v MIE EVA X T, R7ILERS0.8
mm CREKUCFHB STV D, B RE = A VIIANBOMmEAIREIZ L - T4 KU FIcfRizi
TWo, aANO—EAZIRDRATRNIEBIRE AR Y . EitzdliHld 52 & T, Bhx
OMBTTETH LD D HITEZDH Z ENTE D, BAENMRAIEEHR24IC~ 7 % v MM
TERERE A IBINT" 5 Z & TNMRMEER K OWGHRS 2175 2 &N TEH L O LT,

T —TEZ~v Xy hORTHA XZHbETEELL, vy 7 AREHRES
MASIZ EDHENTA 5D X 932 mmA =2 7F D 2 —/L(Agilent) & i ZAH1F, 3t
PRIAES 2 55t - BUE U7, B BT ERIS L CRGICAER TEX 5 XL 51072 > T 5,

4. Results and discussion
(i) Liquid: 5.00 M NaH,PO; aq. (30, 75 MHz)

B T E PN T ONMRIEZE T OTE A P L—a & LT, 500
MU g ZKFET B U T L(NaHPO)KEEIK DRIE 21T > T2, AEHE3 mmD A T 24
(CEPA L LR ENE30.03 MHz & L T2,

Wt 2006 R Sw5 & BYIOEF130.7054 TTERI Sz (Figd (@) ., 24
XHOSLBEIECHIET D, A7 ML OBRIEO L2 R RNIIH S O~ i X 5
LD TH D i ERKEL LTV 1742 T, 2.665 TTE S8 1 (Fig.1 (b),(e)) .
IHRBEZENTNP, PNablfE L7223, 2477 T, 2653 TICHE S8 (Fig.l
©d) . ZHEDEZIFZENZENSCu, PCuD B H N, WM 24 T HEL
HWENT=iod, TN af VOFRIZE D SO EHERI Lz, A L OSHR% RERIC
Bz 5 LIEEVNBHISh R hol=Z b, T bE A AHND%Cu, ®Cul i
B LT, 728, ERROSOLUSMIEFIFBH S o o7,

(a) (b) (© (d) ©)
IH 31p 65Cy 63y 2Na

0.7054 T 1.742 T 2477 T 2.653T 2.665T
A\ e

LI DL B B L R
20 10 0 -10 -20
kHz
Fig. 1 Spectra obtained in aqueous solution of NaH,PO, in magnetic field of (a) 0.7054 T, (b)
1.742 T, (¢) 2477 T, (d) 2.653 T, and (e) 2.665 T. The carrier frequency was fixed at 30.03

MHz. The signals were assigned to be lH, 3'P, 65Cu, 63Cu, and 23Na, respectively.
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RIZE B ZRNMRICHE T 24T 9 7212, ILIRJE I E A 75.00 MHzIZ[EE L, B
fi51.761 T, 4349 T. 6.656 TICC'H, *'P. “Na®ONMRHAEZITo7=, TOEEA L L H
IS Z B L TS RIEZIT 9 7291, fafnEEEIC L W FEEO A e -
AR 2K, ZOTEL Lo IR LEFZ AWz, 72, Fe—7%5hH
KOHANY 7 7T REBBREL TORIE L, ZNERo7, R, ZhFhoR
A7 MIVOEFEREDIT'H P PNa=594:1.00:324L 7257, HIET —Z DSN
s, #EE4I%E L -2, i, KRDEAWTEAE OBk E 5
BT HEH: P PNa=240:1.00:0991& 720 FEEfENSRDZH24.1 : 1.00 :
1.00) & B DOHFIFANT—H LTz,

(ii) Solid: SnsP3 powder (106 MHz)

E AT 5T E A R Lb—2 a3 & LT, BEEHE 10 kHZOMASD ., U >
A RSP AR ZHIE LT, 2P, "Snds L M Sn & LI 5 7= & Hng & i %4 A 106.0
MHz & L. ZNEE3856.141 T, 6.621 T, 6929 TTHIEZ1T 72, {8 5MEEN S A
OO HIEP "Sn Sn=10.1:1.10:1.00& 72V | #EE1TI53% L RO S, B
FEP S "Sn=977:1.12:1.00& —F L 7=,

5. Summary and prospects

AHFFETH A 1L, NMRZ H W72 e e R otk ol Rett 2 R Lc, B RARD
AL D E B 215 B8 OB AR IR L > TERT 272010, BBRELEZ 5
L THBEUERSTORNER D S 1o, TNEHY A EBRE~ 7 %y FOEA
280 EH U7z iR KO RN R L CTEREMNMRITRE DT DT T A h L —
aruiTole, TOMETHME LY MEAXIZY FU LA F 2RI - 35
EREAZ A L TR Y EBAINMRITE DN L B FEREER 22 b 2 B B0 /0 HT 13 T BR %8
b BT 5 EMFTE D,

A BITEES DAY —VEIC X DRI L 2 S 2 72 D12 o LR A OB 7 21T
ITETHD, ZHUTLVLFL T M EDOFWRMNHITTE 2 X o2z, ko
Br & R IALFRED[RE RS ATREIC /2 D L IR S N D,
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Analysis of Chemical Structure, and Hydrating and Hardening Process of
Cement Paste Using Solid State NMR

OTakafumi Takahashil, Yuma Kosez, Takahiro Ohkuboz, Koji Kanehashi'

"Advanced T echnology Research Laboratories, Nippon Steel & Sumitomo Metal Corporation
’Graduate School of Engineering, Chiba University

Cement-based cold bond pellet produced by coagulating dusts will be ready for a raw material
in blast furnace. Since chemical structure and pore structure drastically change depending on
curing time, mechanism of hydration process remains unclear despite of long-term research.
In this study, we have applied two approaches to investigate time-dependent changes in
chemical structure and pore structure. As a result of >’Al MAS/3QMAS and ’Si MAS NMR,
it is found that compression stress is dominated by Al-bearing hydrates (e.g. ettringite) in the
early stage of curing (~ 6h), followed by Si-bearing hydrates such as CSH (calcium silicate
hydrate) in the longer term. Furthermore, in situ 'H NMR relaxation time analysis shows that
pore diameter gradually decreases as curing time, and consequently gel pore with diameter
smaller than 40 nm is formed when CSH-like hydrates are observed in ’Si MAS NMR.

1. ¥%5

IO JFEHMIAE w2 15w lo, DEREI 2B H T2/ o e AN ETE L 8-
TWb, FOHRT, KRG EFHA LIZED 283 —T727 /no—L70)5oh
b TDOIFIE LT, KB AL FEARSL U X — LT HRMNERSL 03B 5,
ZIUE, F A NSRS DOSRR & o — 7 A TR E LSRR mO D L
ICEoT, BFOETCHMEZIEBTAHD T, KEXRax b AUy RAIFEI TN
%o Xl oy FORERBIZIL, AU X —=ThHdE AL hOKF - W7 0 ANE
BB A2 BT, KRS DOHIT L & HICHNER D 22 L bR E A~ 2 b4
%, TRERBUCRE D L FAEESCEREIEAZ I O T A Z LI L - T, R EA
G E BT 2 N TE BEICITEA Y MER &SI EOR LI TX 52
ED, A MIBICERMT2EEREETH D,

72770, A2 MiE, =—F 4 F3Ca0 - SiOx(CsS), B —F 4 h2Ca0 * SiOx(C,S), 7
/1/‘: Z\‘P‘ }‘3C3.0 * A1203(C3A)\ 7 5/]) ]*4CaO * A1203 * Fe203 (C4AF) fcﬁ &%gi&@
7V TN ORI, SIS, KFIISIZ L > TEONHOKFI B3I 5 7=
O ALFREE AT 5 Z LA S TIER VY, TRETICHLXRDEICL Y AL R
DAL FHEE LT U, L7 vt A 2T D280 T T&E Tz, L LRiib,
FEE KT 72 E B GFET H 2 D, KR - LT B RIIARH AL Z 0,
2T, Fxid, BHEEOBEERIS DL, FEREMENT b AR EARNMR %2
T, MERBICES T LA ESCEREEZAMICL, b2 EEE L TEAES
EOK#EL, A2 MERAEOHIEZ B LT\ 5, ABFZETIE, Si, 7Al, 'THZ E4[H
RNMRIZ L WAL PR E R BT T 5 & & H12, In-situ "H NMROFEFIRFR 40 X 0 22/
WIE DR BT 2 AT U7e, SIS, S & TR & ORREZRET L, RERB A D
= AN OWNWTEZEL-,

BEANMR, & A2 b, AF0 - fE{L
OFMILENSH, ZHWD I F, BEUEENOA, 2RI LIS L
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2. EB
fik &R T R AL M(Table )& EREE04DEE TIRA L. 1 5 RIHERR
L7, BEIARAIZ AN T25°CTHEAE Lo, FrEkEE (FH7K#%6h, 12h, 24h, 42h, 72h)
TS, BA Y MELERZBA L, 2 EBE T TRV IELT ' b RIE L7, 40°C
ThHz Uz, BBUARD EIETRERBR 21T o 122, B 2 Ak THRICR D £
TH#EL . NMREIEIZHE L 7=,
Table 1 Chemical composition of portland cement used in this study.
Si0,  ALO;  Fe,0; CaO MgO Na,0O K,0 TiO, P,0s MnO  SrO
20.8 5.48 3.07 66.5 1.04 0.21 0.24 0.30 0.26 0.1 0.038
TAl MAS/MQMASHIE 1. JEOL ECA70043 31 (#fedi16.4T) M-, £7-.
TAIMQMASHIEZ1Z, Fig. 112759 Soft pulse added mixing (SPAM) 3QMAS > — 4 > &
W% v =, 2Si MASH L OVH MASHIELZ 1. Agilent Inova 50043 3t (§#Bé4511.77)
Z iz, Table 212, MASAXZ MLVORIESRMEZ £ LD TRT,

Table 2 Experimental condition in MAS measurements,

HPI HP2

7TAl »si 'H
Larmor freqency [MHz] 182.3 99.29 499.86
Rotor diameter [mm]'! 4 32 1.2
Spinning rate[kHz] 18 20 58
Pulse width [s] 0.83(n/5)  1.3(w/2)  0.9(n/2)
Recycle delay[s]™ 3 1 5

Figure 1. SPAM 30MAS pulse sequence, 1 Zirconia (ZrO, ) rotor
Ihe soft pulse of SF1 was applied with 2.8% of the n.f
field strengih for hard pulses,

—J7. "H NMR FEFEFRHEIEIL, oS Z2 T2 2 & 72 <in siiTiT - 12, IRt
DRFEUEL ZNMRBUEHE IZE A L, 205 M@ TR 7202 £ TR Z 1T - 72, HIEI
&, JEOL ECA 600 (14.07) % H\ 7=, #&FnRER] (7)) #IE{L & L Tlnversion Recovery 14
EHWZ, BEISH7H NMRIEBICOWT, #1577 A% % FV 72 CONTINE
(2R D RMT L, RRFNRERE 5340 &8

2 Recycle delay were selected to satisfy full relaxation.

H L7,
3. ERBIUBE el ) R
3-1. AIOHEEZE L B .
KFNRTIS KO AR ] 2 28 % 72 —— At 3
B> Al MAS A7 kL %Fig. 2 [ AR F=foih—t 2 *
\ZoRT, AKFIETOE A 2 M2, ‘ '.',.‘I "2 pAN 3 s
FICAFRNAINE EN D, 2D IE, .= e |
C3A, CAFE HIZCSIZHMEICH g [ |
ENDHANCHKT B L EZ NS, e S P
IKFASETR 22 LW 70~ & 6BLAL ¥ e .

FEIRICHT 7272 &' — 7 MBI S T
W5, AL TR B 125200 DA
THETHD 2 Lh b, MASIETIH Figure 2 “Al MAS spectr of cement paste acquired at the spiniing
ROV AR B AR 2 L frequency of 18kHz.

TEZTWARY, 2T, 3QMAS
BERCCEDFEANT MVEZRIEL, JREE1To7z, €O —fFl& LT, 24hiE
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% D3QMAS A7 kL% Fig. 3/~57, Fig3(a)dL V. 6N OFEIKIZIZ, 22DH A h A
BRI TND, ZTNVEMASARY ML LIS 5 & 12D A Mxm*ébﬂ\éo
ZHUE, RIE LY A SO TFEERPBD ThSWZ EIZFRRRH 5 EE 2
%, HEUERE (= U A b CagAly(OH)2(SOy); * 26H,0, E / L7 = — |k
Ca4[A1(OH)6]2SO4 6H,0. NA ]‘Dﬁ Z\‘/ ~3CaO - A1203 6H20) DAY fp L
PR U7, ZOXRE LY A MI= M) A NMIRBE Sz, —FH, %0 D2
DO E— 7%, BN EEICBLH S D v— 7@ 2B ARBIGE B S LT7 = — b
R[] 7E D Third 6 coordinate Al phase (TAP) (2@ 7z (Fig. 2a) ,

TAH

() Vo /
X W Monosulphae S - Hydrated prodpcts
H -7 \
: o z g
: Pl ,
?" / -3
%5 2
B~ T TTTTTTTTT T OA T —
1 ' ae
2 H
ri | / Cliinker
i & i v 3 e 1L98, (hA)
i ! =%/ :
l: 5;,/,. . : : /’/’ '
3./ [P | | DI - -
R e e W B s Wy e 08 a0 sar M N sae
F2ppw) F2ippm)

Figure 3 Tal 30MAS NMR spectra of cement paste cured for 24 hours at 25°C. (a) whole region spectrum, (b) spectrum
focused on (he d-coordinate region. Spectrum (h) was sequited using the rotor synchronized Fy sweep frequency.

—J5 . ARACREIIZ I, Fig. 3T Loz, 7 U —HkOH A N AMASHH
T78~90ppmIZHI &L, ZH VTR DIRME YA B A360~75ppm 2 Hh T CTELH|
NIz BB DOV A NI, MASZAL ML CHARR L & I+ a2 EmE R LT
u\%): EMD . KFRISAERDICHEKET D EEZOND, o, ENEEEZET D
b, CSH (calcium silicate hydrate) TR E OBEN R RS D, CSH
OB, Q' (ZEBEAHE 2N 1H) B L UQ* ZEKBIAZE2E) DSIONEER v F U —
7w HWTGERIBICERB SN S, 7272 L, MEEmICRons X5, UmASiiZAl
LV EBRSNAHEAN DD, TS EEEEZD &, KL H:u\téﬂbwémaum
CSHDO R v b U — 7 fE&E R o WUEAKANCA Y45 DT irﬁcuvﬁn&%z 5hb, nﬁ
CSHIZ, FEME TH U XRDTIFBHIT RN D 2 OMERIZEARNMRIZ
TOHELNHEEEF R THD L5215,

Clisko {17, 58.5) 3'2. Si@'fb%ﬁﬁ%’fb

Fig. 4128 AI2HE 2 2Si MASAA~ kL

DEALZ T, AKFENZIEA-71ppm % Hls

v;'—;_/\ ¥ LLTE— RS T D, ZhE,
oD C:SB L UCSTDSIlCH KT 5, AKFaRs
_,_,,,.‘/\’\—»\., 2 %1%, -76~-85ppm|Z T CTIAS AT H B
W\/\,\ - —7 PBRIS I, SRS IIREH L & bITH

j\ T M7, ZoEEX, k¥ 7 MinbEx

el N HEQELIIQ DRy NU— I HEEEAH
TN | s THLEZ DI, Figdh b bB bR LE D

T y . BRCSHO(KS 7 MR & b —
-T—;——:/@/L\ﬁ. HLTWD, ORI, AIOHEAEITH

Figure 4 7SI MAS N?;-I-I;‘:[n.':—utm ol cement paste REbBMBTHD, £72, AL Ml

gequired at the spinning frequency of 20 kHz.
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AL, AECSHIZHEARQ DEIEAME T & 2 AR R CSHIZH N, v h T —
7 DIETFENTINNEEZ HILD,

WFERICLTH. 7 U v h—H DS &K /\ﬂn
AR S DSiE ML X B LTI T 72
Z i, FEANMRZ D TIXOBETH 5, F— A5t
3-3. EREEOE g /\ u
A MoK - B LEERIZEBNTIE, N = =
oY gese: SY Y AN AN cab SV A Al | E 24
DZEREREE N2 L, BRI R A OB LARL E
MEER TS EEZOND, 2T, 'HNMR as v
D T #RFNREE O 5347 2 AV T, o ZE fiAg s
DIRNT % 3 Ix 72, Fig. 5ICTo0A0 ORI 2L & . _ _ 721
R, IR % DB 5 23107 A — R ST

&\— Lo TEY M ﬁ HI7K 0)%/%%[] H%E Fﬁﬁ(l S) (z Figure 5 Distribution of 'H spin-lattice relaxation
ttf\“CjUhE G:@i/{f\ﬁ é ﬂf A %) J: 5 G:E‘ Z)_ %) 75‘3 N time (7}) measured by high magnetic field NMR.
T, BAY NROEREMA 4 (Fe 3+) (Curing time = 0 to 72 hours).
DHFETH Y | IRHEREIZ iamm_ﬁw@@% ECHDHEBZOLND, 12hLIET
1. BRI A TN 20D T N —T 2D Z b D, NoWlEFEBROFE R b B
iié&\uﬁ%u%ﬁwéném%4W®%ﬁﬁ%ﬁ%muMmﬁﬁ®%%¢w
AT EEBEZ IV, ZOMZRERT, R & &I+ 5, ko X, &
A2 MR OZERRIL, 0~ 1202 M) CTumA — X — D BB ZEB~ & Z{L L,
12h~72hZ 2 TR ZVERMN B ET H LB X LD,
3-4. EIETRERBL L LFEE. EREE L OBBf%
Z%MM&%MM%X&7%WiD\Kﬁ%$@ 6 12h 240 48h 7on
AlB LUz E & UEIEE & OB E Mat Lz, o
éE>"HNMR@Hﬁ%mﬂmmg%gmfAMmu wl
TOFNVATHETEEBE L OBR LR LT
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Extracting information on protein dynamics from crowded NMR spectra
using relaxation dispersion difference

(OTsuyoshi Konuma, and Kenji Sugase

Bioorganic Research Institute, Suntory Foundation for Life Sciences

Relaxation dispersion spectroscopy is one of the most powerful tools to elucidate protein
dynamics. The method can produce many unprecedented results regarding protein dynamics,
but it is difficult to apply it to large proteins or intrinsically disordered proteins because many
NMR signals of these proteins are often highly overlapped due to the existence of a large
number of signals or less signal dispersion. Signal overlap precludes an accurate
quantification of signal intensities, which are converted to effective R, relaxation rates. In this
study, we have developed a new method called relaxation dispersion difference (RDD) that
can leave the signals showing relaxation dispersions from crowded NMR spectra. The RDD
method was validated by comprehensive simulation and actual NMR experiments with a
sample that is known to show relaxation dispersions.
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Fig. 1 The principle of RDD. Subtraction of each relaxation dispersion spectrum
from the one with the largest 1/7¢p leaves a peak with the relaxation information.
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Changes in the molecular mobility of model polymers for chemically
amplified resist during de-protection reaction

OKeitaro Aimi', Mayumi Suzuki', Fumiyuki Nishiyama®, Naoyuki Nishikawa’

!Analysis Technology Center, *Electronic Materials Research Laboratories,

j’Synthetic Organic Chemistry Laboratories,

R&D management headquarter, FUJIFILM Corporation, Kanagawa, Japan.

Molecular mobility of the resist polymers during the post exposure bake (PEB) process is
considered to control the acid diffusion that determines the lithographic performances of the
chemically amplified resist. Therefore, changes in the molecular mobility of resist polymers
were analyzed using variable temperature solid state 'H MAS and *C CP/MAS NMR
spectroscopy. With increasing the ratio of the carboxylic acid unit, 7 pH minimum was shifted
to higher temperature. At higher temperatures above the TlpH minimum, the molecular
mobility of the acid labile blocking unit (ABU) became vigorous. Those indicate that the
molecular mobility of the ABU becomes slow-down as the de-protection reaction progresses.
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TR IND, /NF— 2 ORRIINARESOSREO R OYLHNEIZ L > TRE Y | 2
R ~—DONFEIMELER LTS EELZLNTWS D, 22T, BR#ERSOLE
TS RV v — D0 FEBMEDOZLZFH R, VYA MERBE OBREBLE LT,
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A 'H MAS } O} °C CP/MAS NMR HIEICid, 7L iR
H—  NA F A 4L AVANCE DSX-300 45 tgs & 4
mm¢ HFX CP/MAS probe % AV 7=, #EFIERT 7,1, 7,1 %
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chemically amplified resist, molecular mobility, solid state NMR
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Materials and Processing Technology XXVI, Clifford
L. Henderson, Editors, 72730H.

S FEMEE R [ C]

140

120

100

ED

(2]

40

20

]

0 25 50 15 100

LAl e [4]

Fig.3 The relationship between
the activation temperature of ABU

and the ratio of CAU.
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The Chemical Shift Origin of Stereoregularity of Poly Lactic Acid
controlling the Physical Properties.

oKoto Suganuma' *, Ken Horiuchi’, Hironori Matsuda®, Koichi Ute’, and Tetsuo Asakura'
'Department of Biotechnology, Tokyo Univ. of Agriculture and Technology, Tokyo, Japan.
’Material Analysis Research Laboratories, Teijin Ltd., Tokyo, Japan.

3Chemical Science and T echnology, Univ. of Tokushima, Tokushima, Japan

In order to clarify the origin of NMR peak splitting due to the stereoregularities of poly lactic
acid (PLA), the model compounds (dimer and trimer) with different tacticities were
synthesized. The 'H and C chemical shifts of the model compounds were calculated
quantum-chemically on the basis of both the fraction of the time-averaged conformations in
solution and the chemical shift of each conformation. The tacticity splitting of the dimers
showed no significant difference among the solvents used here, which means that the splitting
is due to difference in the inherent electric states of the molecules. The good agreement was
obtained for all the calculated and observed 'H and "C chemical shifts of dimer model
compounds with different tacticities. This approach was extended to trimer model compounds
to reproduce the tacticity splitting of the trimers and also PLA polymer.
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Fig.2 Comparison of the observed 'H chemical
shifts (in ppm) of PLA dimer model compound (1)
shown as stick spectra.
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Fig.3 Comparison of the observed '*C chemical shifts (in ppm) of PLA dimer
model compound (1) shown as stick spectra.
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Fig.5 Comparison of the observed *C chemical shifts (in ppm) of PLA dimer model
compound (1) shown as stick spectra.
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Fig.8 Comparison of the observed "H and "*C chemical shifts
(in ppm) of PLA dimer model compound (2) and PLA shown as
stick spectra.
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- insensitive nuclei enhanced by polarization transfer
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- nuclear Overhauser effect (NOE)

- paramagnetic relaxation enhancement (PRE)
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- TROSY for rotational correlation times (TRACT)
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Optional Tubing Connections

1.QPV-F Ferrule for 10-32 nut / 1/16” 0.D. Tubing (Supplied with QPV-V Valve)
2.QPV-N Nut, 10-32 for 1/16” 0.D. Tubing (Supplied with QPV-V Valve)
3.QPV-T16 Tubing, 1/16” 0.D. PTFE

4.QPV-N14 Nut, %-28 for 1/16” Tubing

5.QPV-F14 Ferrule for %-28 nut / 1/16” Tubing

6.QPV-U14 Union, %-28

7.BP-1822-018 Ferrule for %-28 Nut / 1/8” Tubing
8.BP-1821-018 Nut, %-28 for 1/8” 0.D. Tubing
9.BP-1823-014 Tubing, 1/8” 0.D. PTFE
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