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We have developed a new method named MUSASHI to de-
termine the 90� 1H pulse width in 1H-NMR in an automated
fashion using a nonlinear least square curve fitting algorithm.
This method is very robust and provides an efficient mechanism
for automatic pulse width calibration of spectrometers especially
in the field of structural genomics by NMR.

Triple resonance NMR experiments are routinely used for
solution structure analysis of proteins or in the field of structural
genomics.1 In the area of structural genomics, large numbers of
15N, 13C, and/or 2H-labeled proteins are mass-produced. An ex-
tensive suite of double- and triple-resonance experiments is suc-
cessively carried out for structure analysis. Inaccurate NMR
pulse width settings drastically reduce the sensitivity of the re-
sultant data. In comparison to a single pulse experiment, in mul-
tiple pulse experiments like triple resonance experiments, the ac-
cumulation of such inaccuracy throughout the pulse sequence re-
sult in substantial signal loss, even if the degree of the inaccur-
acy of each pulse width is small. Therefore, it is of utmost
importance for optimum results to determine accurate 90� pulse
widths and to use them in actual measurements. Traditional
methods to obtain an accurate 1H 90� pulse width rely on a series
of nutation experiments that consists of a set of arrayed experi-
ments with varying pulse widths. To reduce unfavorable effects
caused by relaxation and radiation damping, the 1H pulse width
for the 360� flip-angle is usually searched and the quarter of the
value for 360� is used for a 90� pulse width. Additionally, to ob-
tain a more accurate value, it is required to perform an additional
measurement around the 360� flip-angle with a smaller step.
Needless to say, the signal completely disappears at the exact
360� pulse width as well as the signal intensity is diminished
around the 360� pulse width. This implies that the spectrum with
poor sensitivity is often used to seek the 360� pulse width. This
may require longer experimental time to determine the pulse
width, as the number of scans may have to be increased to ac-
quire data with better SNR (signal-to-noise ratio) to overcome
poor sensitivity. We developed an algorithm to determine the
pulse width by means of a non-linear curve fitting method.2,3

We named this MUSASHI (MUltiple Spectra Analyzing
System with Hyper Intelligence). In this communication, we re-
port this new program and demonstrate its application for 1H
pulse width determination.4

Prior to MUSASHI analysis, a nutation experiment is con-
ducted. The Fourier transformed data in the direct observing axis
is sent to the program. The parameters in the model function are
optimized to minimize the difference between the model func-
tion and the acquired data. In such a model function, the signal
intensities are a function of the independent parameters (duration
of the pulse) as well as the value of the parameters to be deter-

mined (90� pulse width). In order to determine the 90� pulse
width, we used a model formula being a multiple of a sinusoid
and an exponential decay (Eq 1). Here, the signal intensity f ðtÞ
is the function of time t and the other parameters of A, B, C,
D, and !:

f ðtÞ ¼ A sinð!t þ BÞ expð�t=CÞ þ D ð1Þ

The exponential factor C in Eq 1 is the intensity loss due to B1

(external magnetic field) inhomogeneity. The curve of the inte-
gral of the acquired signals in the sampled region is fit using
the model function (Eq 1) by nonlinear curve fitting.5,6 The re-
sulting values of A, B, C, D, and ! are obtained. Then, 2�=!
is the 360� pulse width and �=2! is the 90� pulse width.

With our new method,7 1H pulse width of 7.10ms for 90�
was successfully obtained from the array data set8 shown in
Figure 1.

Two sets of arrayed experiment are performed in the con-
ventional method, where the first data set is used to obtain a
rough 360� pulse, followed by finer array to obtain an exact
360� pulse width. The conventional procedure requires three
steps of decision making by a human or a computer; 1) to find
the rough critical point, 2) to determine the range to search in
the next experiments and 3) to find the point that will be the final
results. In contrast, MUSASHI uses a table-list containing inten-
sity modulation caused by varied pulse duration and the final re-
sult is provided by nonlinear curve fitting calculations. There is
no room that a human or computer judges any critical value. This
means anyone reaches the same results, so MUSASHI is very ac-
curate in this point. In addition, MUSASHI is suitable for auto-
mation, as an accurate 90� pulse width is obtained from the only
one arrayed data set. Therefore, automatic measurements no
longer need the conditional branching to collect the second nu-
tation data set.

MUSASHI takes an advantage of curve-fitting method. This
fitting method results in the pulse width determination with very
high resolution.4 The pulse width can successfully be obtained as
long as the data sampling fulfills the Nyquist’s theory. Therefore,
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Figure 1. 1H nutation data of chlorella ubiquitin. 1H pulse
width was varied from 2 to 42ms in 2ms step (totally 21 points).
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MUSASHI can provide the pulse width with the fewer total
number of the data points, providing a mechanism to obtain ac-
curate pulse widths in a rapid fashion compared to conventional
methods. This provides a robust procedure in conjunction with
automation to obtain complex multinuclear experiments4 with
highly accurate pulse widths.

Our method uses not only the data points around 360� pulse
width but also the data points with other flip angle. This causes
higher sensitivity than conventional methods. Additionally,
MUSASHI has the option to use integral of the signals. Typical
medium sized proteins (MW � 10000) approximately have typ-
ically about one hundred amide protons and several hundreds
aliphatic protons in the molecule. Using the integral option,
MUSASHI provides a valuable mode to obtain the pulse width
based on the region of interest, i.e., amide or aliphatic. Since
the large number of protons are sampled, more accurate results
are obtained compared to conventional techniques that rely on
peak heights. In addition, the change of signal intensities through
the total components of the arrayed experiment are considered,
therefore not only the data with poor signal-to-noise ratio
(SNR) around 360� pulse but those with high SNR are used to
determine the width. This also contributes to determine the pulse
width in a shorter time.

As we described above, we developed a new method
MUSASHI to determine 90� pulse widths. MUSASHI drastical-
ly reduces the total time required to determine the pulse widths.
To date, we have exercised this procedure on more than ten dif-
ferent protein samples, MUSASHI has proven to be very robust
and reliable, as it provides quite reasonable pulse widths (data
not shown) and they were used for the further double- and triple-
resonance experiments. This method is helpful for protein NMR
experiments requiring complicated experimental settings espe-
cially in structural genomics. MUSASHI opens the door for
the full-automatic NMR spectrometer calibration with minimal
human intervention for structural genomics.9,10
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Figure 2. Calculated fit using MUSASHI (curve) and the inten-
sity of the spectrum (closed circle) from the nutation experiment
shown in Figure 1. The parameters determined by MUSASHI
were A ¼ 59:96 (arbitrary unit), ! ¼ 0:2229 rad/ms, B ¼
�0:05422 rad, C ¼ 126:1ms, and D ¼ �7:384 (arbitrary unit).
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