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Fig. 2. Magnetization-vector diagram describ-
ing the off-resonance irradiation effect on the
relaxation process of two spins. Off-resonance
irradiation field establishes the effective field,
B. at angle p relative to the z-axis. The plane
perpendicular to B. is the tilted transverse
plane. Relaxation occurring along B, is charac-
terized by the time constant 71,2, whereas the
relaxation time constant in the tilted transverse
plane is T2,
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Fig. 3. Illustration of the unlocking process of
spins in the presence of the slow chemical shift
exchange reaction. Initially, spins are aligned
along the axis tilted by 8 from Z axis and then
slowly fluctuate to another axis tilted by S'.
Suppose this exchange time is exactly half of
the inverse of the effective rotational frequency
w.. When spins are going around the S axis by
180 degree, Br switches to B, and spins are
going around the £ axis in the twice diameter.
Because of the repetition of this process, initial-
ly aligned spins become completely unaligned.
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Fig. 4. (A) NMR and (B) X-ray structures of bovine f-lactoglobulin.
Diagram indicating the superimposition of the 17 NMR structures was
produced using MOLMOL (Koradi et al., 1996).
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Fig. 5. 3D plot of the normalized RMSD of the cross-peak intensities in
the Off-resonance ROESY-HSQC spectra using the shifted laminar pulse
for spin-lock whose excitation maximum is different from the carrier fre-
quency by 30 to 100 kHz. The location of g-strands (thin bar) and major
helix (thick bar) on the X-ray structure are indicated.
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Fig. 6. Pulse sequence, MTC-EPI used for the
acquisition of the functional MTC (f-MTC).
Here, MT pulse was 18 ms with sinc shape.
Power was 180 Hz.
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Fig. 7. Plot of the MTC-EPI image intensities
of bovine plasma albumin gel (BPA*-gel) as a
function of the off-resonance irradiation fre-
quency. Protein concentration in gel was chang-
ed from 15 to 25%.
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Fig. 8. Result of SPM analysis. Functional MTC images were analyzed using SPM analysis
without the off-resonance irradiation and with the off:resonance irradiation varying the off-
resonance irradiation frequency from 300 to 3000 Hz.
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Molecular Motion and Brain Function

Kazuo KuwaTa

Department of Physiology, School of Medicine, Gifu University
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The effects of off-resonance irradiation on multidimensional heteronuclear NMR spectra and func-
tional magnetic resonance imaging (fMRI) were investigated. Thermal fluctuation of S-lactoglobulin
on the micro to millisecond time scale could be detected using multidimensional heteronuclear off-
resonance rotating frame spectroscopy. Surprisingly, the regions with dominantly slow fluctuations
corresponded to those undergoing the « to S conformational transition during folding. Since the « to
B transition is crucial for several conformational diseases, such as prion and Alzheimer’s disease, f-
lactoglobulin is one of the most important model proteins used to investigate these diseases mechan-
isms.

Brain regions activated during finger tapping motion could be detected with significantly high sen-
sitivity by the application of an off-resonance irradiation pulse prior to the EPI acquisition routine.
Maximum Z-score and cluster size increased significantly with the increase of off-resonance irradia-
tion frequency. This effect seems to be due to the transient increase of the cerebral blood volume
(CBV) rather than the enhancement of the BOLD effect.
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