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Abstract : Biosupramolecular systems such as biological membranes usually fluid
under physiological conditions!. Therefore, solid-state NMR has been used to
investigate biosupramolecular systems. But solid-state NMR spectra contain a large
number of overlapping resonances and are rather difficult to analyze. These problem has
to be overcome by selective isotope labeling. We constructed a deuterium NMR probe
for AMA400 NMR spectrometer, which is mainly used for liquid samples. To overcome
the fluidity problem, a saddle type coil was designed. The efficiency was systematically
investigated for two kinds of coil geometry, solenoid and saddle types. Our results
suggest that solenoids are superior to saddle type coils in the sensitivity. However, the
letter fits better to fluid samples such as biosupramolecular systems.
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INTRODUCTION

Biosupramolecular systems such as biological membranes have complex composites.
They are usually fluid under physiological conditions.' Therefore, it is difficult to get a high
resolution of atomic level in X-ray crystallospectroscopy and high resolution liquid NMR
spectroscopy. Recently, solid-state NMR has been used to investigate biosupramolecular
systems. This technique has a merit that it can measure the samples in the same
circumstances as biological condition. However, in solid compound the molecular motions
are suppressed. As a result the solid-state NMR spectra contain a large number of
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overlapping resonances and are rather difficult to analyze. This problem has to be overcome
by selective isotope labeling. To investigate physicochemical properties of deuterium
labeled lipid membrane systems,” we constructed a deuterium NMR probe for AM400
NMR spectrometer, which is mainly used for liquid samples. To overcome the fluidity
problem, a saddle type coil was designed. The efficiency was systematically investigated for
two kinds of coil geometry.

Finally, the usefulness of this home-built probehead was examined by measurement

of actual *H-NMR spectra of lipid bilayer samples.
EXPERIMENTS AND RESULTS

A solid-state “H-NMR probe was prepared by modification of a probe for liquid NMR
measurement. The deuterium nuclear resonance frequency fits to 61.4MHz. To get high
resolution spectra, it is important to have a homogenious radio frequency power in the coil.
We have examined two types of coil, namely, solenoid and saddle forms. The sample tube is
set horizontally in the former and vertically in the latter. These coil geometries were shown
in Fig. 1. A solenoid coil has to be mounted after wounding copper wire of I mm diameter.
The exact number of turns was determined empirically. The 90° pulse width was 12ps for
the solenoid with 4mm coil diameter. Then the probe circuit was simplified as shown in Fig.
2, resulting in the shortening of the 90° pulse width to 4.3ps. Using this probe, the H-NMR
spectrum of phospholipids bilayers®” was obtained by accumulation of about 10,000 times
for 40mg of deuterated lipids (60% deuteration). However, since the sample tube is set
horizontally in the solenoid coil, the fluid sample moved away from the center position of
the probe coil. It resulted in the distortion of the spectral shape and remarkably reduced
spectral sensitivity. To solve this problem, the probe coil geometry was replaced with the
saddle form. It made the 90° pulse width was 7.8us. A reasonable H-NMR spectrum was
obtained by accumulation of about 15,000 times with this probehead for the 60mg of
deuterated lipids. The H-NMR spectra measured by solenoid and saddle coils are illustrated
in Fig. 3A and 3B, respectively. Both spectra reveal reasonable signal to noise ratio. RF
power is about 30kHz when 90° pulse width is 7.8ps. Therefore, the effectively excited

range is about 60kHz. To examine the coverage of the RF power, spin-lattice relaxation (T,)
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measurement was carried out. The result of T measurement for cardiolipin bilayers” is
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Fig. 1. Types of the NMR probe coils.
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Fig. 2. A circuit used for the "H-NMR probe.
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A) The type of solenoid coil

B) The type of saddle coil
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Fig. 3. ’H-NMR spectra of [2-’H;] glycerol backbone of phosphatidylethanolamine(PE).
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Fig. 4. Spectra of T measurement for cardiolipin(CL) glycerol backbone.
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shown in Fig. 4. As can dearly be seen, whole spectrum is completely inverted. Therefore it
can be concluded that the home-built probe with a saddle coil is sufficiently useful in a lipid

bilayer study.
DISCUSSION

In this study, we constructed a solid-state “H-NMR probe for measuring
biosupramolecular systems. The deuterium nmr frequency was 61.4MHz on BURKER
AM400 spectrometer. Microphonics or other spurious ringing might exist in the coil. During
the pulse, a high electric current flows in the coil. Strong magnetic field induced in the coil
causes mechanical oscillation of the coil. Then, additional ringing may follow a pulse.
Epoxy resin has been used to avoid this problem. In addition, teflon tape and silicon rubber
has been used to avoid arcing in a circuit of the probe.

For preparation of probe for practical use, probehead coil geometry was replaced
from solenoid to saddle form. The coil diameters of solenoid and saddle probeheads are
4mm and 5mm, and numbers of their turns are 14 (1.7cm) and 8 (1.7cm), respectively.
Therefore sample volume is 0.69cm’ for the solenoid coil and 0.94cm’ for the saddle coil.
An other merit of the saddle type is that an ordinary 5 mm NMR tube can be used for the
measurement. It simplifies the procedure of the sample preparation. The 90° pulse width
was 4.3ps for solenoid type and 7.8ps for saddle type. Namely, the radio frequency powers
are 58kHz and 32kHz, respectively. Thus, to achieve the same signal to noise ratio, more
sample was required for the saddle type coil. These results suggest that solenoids are
superior to saddle type coils in the sensitivity. However, the letter fits better to liquid

samples.
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