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Keywords

In order to elucidate functions of molecules, characteriza-
tion of the molecule is the first step. There are varieties of
important molecules which are insoluble to any solvents and
functional at amorphous state. Solid-state NMR enables to
obtain variety of information at atomic resolution without
damages of molecules and significant restrictions. Thus solid-
state NMR is one of the essential tools for the characterization
of those molecules.

We have been working on methodology and hardware
developments of solid-state NMR and their applications for
structural biology and material science. We study characteri-
zation of membrane proteins and peptides, organic materials,
natural products and synthetic polymers. Characterizations of
those molecules based on solid-state NMR are under investi-
gations through corroborations with several research groups.
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1. Characterization of Organic Materials
Based on Solid-State NMR through
Observation of Natural Abundant Isotopes

There are so many organic materials which are insoluble
to organic solvents. Solid-state NMR is one of the powerful
tools to characterize such molecules. For small organic mol-
ecules and polymers consisting of repeated local structures, 'H
and 13C solid-state NMR spectra through observation of
natural abundant isotopes retain reasonable spectral sensi-
tivities. Thus various types of 2D 'H-13C hetero-nuclear
correlation experiments can be performed. By combining with
spectral-editing techniques, signal assignments for 'H and '3C
nuclei may be achieved. In the following, we show some
collaboration works for characterization of organic materials
achieved by those techniques.

Dr. Higashibayashi and co-works in IMS discovered a
new phenomenon in which N-N linked bicarbazole and tetra-
methylbiacridine derivatives undergo electron transfer dispro-
portionation by acid stimuli. In order to elucidate molecular
structure of N-N linked bicarbazole molecules at neutral
condition in solid state, signal assignments of !H and !3C
nuclei for the molecule were successfully carried out based on
the two types of 2D 'H-!3C hetero-nuclear correlation experi-
ments together with several spectral-editing techniques. The
aromatic back born carbons exhibited two sets of signals that
suggest either mixture of two different conformations or
asymmetric local conformations respect to the symmetric axis
of the molecule. Finally, the closed state of the molecules in
solid state was successfully proved through the signal
assignments.!)

Dr. Ito and co-workers successfully developed formal
aryne/carbon monoxide copolymerization using [2.2.1.] oxabi-
cyclic alkenes as aryne equivalents. For insoluble fractions in
individual reaction step was evaluated by observing 13C solid-
state NMR spectra. All of 13C signals were successfully
assigned based on the several spectral editing techniques in
solid-state NMR at individual reaction steps.?)

We are also collaborating with several other research
groups for characterization of natural products and synthetic
polymers and efc., based on solid state NMR. Currently, new
types of correlation experiments for such organic molecules
without isotope enrichments are also under investigated.

2. Intermolecular Packing in B. mori Silk
Fibroin Revealed by Solid-State NMR?)

We have been collaborated with Prof. Asakura’s group
during couple of years for characterization of silk model

peptides using solid-state NMR. The group has been suggested
that crystalline Bombyx mori silk in silk II form (the silk after
spinning) is intrinsically heterogeneous anti-parallel 3-sheets.

In this study, full assignments of high resolution 'H solid
state NMR spectra for model peptide (Alanine-Glycine)15
peptide was successfully obtained using ultra high speed
magic angle spinning (MAS) probe under ultra high field 920
MHz spectrometer in IMS. Distinct heterogeneity was observed
for both 'H and '3C spectra for the AG(15) peptide. A new
model containing two different packing arrangement of anti-
parallel B-sheets was proposed based on obtained results.
Through the energetically minimized structure using CASTEP,
chemical shifts for 'H, 13C and SN nuclei were calculated.
The obtained new model structure was supported by both
calculated and experimentally observed chemical shifts for
those nuclei in addition to the 'H-'H proximities obtained
through the analyses of 2D 'H-double quantum MAS experi-
ments. Thus intermolecular packing of B. mori silk fibroin has
been solved in this study.

3. Selective Observation of 2H Quadrupole
Interaction by Two Dimensional Solid-State
NMR in Paramagnetic Compounds?

A simple 2D solid-state NMR correlation experiments
exhibiting 2H quadrupolar interaction in indirect dimension for
paramagnetic compounds was developed. The method is based
on a quadupole-echo sequence inserted with © pulses where
the pulse spaces are incremented an asymmetric fashion with
use of strong rf field pulses. Quadrupolar interaction can be
analyzed by projected quadrupole spectrum in the indirect
dimension of 2D spectrum obtained by this technique through
the simulation of the quadrupole-echo sequence without con-
sidering the effect of the paramagnetic shift.
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