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1 Introduction

High quality single crystals of proteins are required
to achieve structure-guided drug design and controlled
drug delivery, because the crystal quality governs the
distinctness of the 3D structure of protein molecules
obtained from X-ray structure analysis. The distinctness
of a 3D protein structure is defined by the resolution, and
a resolution of less than 1.5̊A is desirable to achieve
structure-guided drug design and controlled drug delivery,
which enables each carbon atom on a protein molecule to
be distinguished. However, it is quite difficult to obtain
high quality single crystals of proteins with a resolution
of less than 1.5Å. Therefore, the establishment of a
crystallization technique that can obtain high quality single
crystals of proteins is required.

Recently, we have successfully achieved both an
increase and decrease in the nucleation rate of HEWL
crystals by changing the frequency of an applied
electrostatic field [1, 2, 3, 4] by focusing on the
electrostatic term added to the chemical potentials of the
liquid and solid phases. Furthermore, we have revealed
that this crystallization technique is also adaptable to
porcine insulin [5]. If crystal quality could also be
improved by application of an external AC electric field,
then this crystallization technique could be an excellent
tool, because the nucleation rate can also be controlled.
In this paper, we report on improvement of the crystal
quality of HEWL crystals by application of the external AC
electric field, as verified by X-ray diffraction rocking-curve
measurements.

2 Experiment

HEWL was purchased from Wako Pure Chemical
Industries, Ltd., and was used without further purification.
Solutions of 57 mg/mL HEWL and 0.5 M NaCl at pH 4.3,
were used for the crystallization experiments. Under these
conditions, the obtained crystals were tetragonal with the
P43212 space group, and lattice constants ofa = 79.1 Å
andc = 37.9Å.

Crystallization experiments were conducted at 21±0.2
◦C using the batch method. HEWL crystals grown
on the sides of electrodes were used to obtain X-ray
diffraction rocking-curve profiles. The distance between
the electrodes was 12 mm, and the solution volume was

Fig. 1: Dependence of FWHM on a series of 110
reflections for HEWL crystals grown with and without
application of an external electric field.

2.9 mL. An external AC electric field of 400 V/cm was
applied at 1 MHz. Crystals were grown with and without
application of the external electric field for 9 days.

X-ray diffraction rocking-curve measurements were
conducted in BL15B1 at the Photon Factory (PF) of the
High Energy Accelerator Research Organization (KEK).
A two-crystal monochromator consisting of a Si(111)
crystal was located 24 m from the source and was used
to select an X-ray wavelength ofλ = 1.2 Å. Samples
were measured with a high-resolution step by mounting
on a precision goniometer (minimum angular step width:
5.3×10−5 ◦). Under such a condition, the reflected images
of entire crystals for a series of 110 reflections were
detected using a high spatial resolution, two-dimensional
digital CCD camera (effective pixel: 6.45µm × 6.45
µm). X-ray rocking-curve profiles for a series of 110
reflections were reconstructed from the reflected intensities
using the same region of the crystal with a beam spot
size of 212.85µm (33 pixels). Therefore, the beam
divergence was 1.7×10−5 rad (0.9×10−3 ◦). The full
width at half maximum (FWHM) of each rocking-curve
profile measured for samples prepared with and without
an external electric field was evaluated using a Gaussian
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function.

3 Results andDiscussion

Figure 1 shows the dependence of the FWHMs on a
series of 110 reflections from crystals prepared with and
without an external electric field. The FWHMs obtained
from crystals prepared without an external electric field
increased for diffraction peaks with higher-order than
the 440 reflection, as shown in Fig. 1. In particular,
the FWHMs were larger for the 11,11,0 and 12,12,0
higher-order reflections. This is due to the sensitivity of the
higher-order reflection to strain in the crystals; therefore,
the FWHMs of the higher-order reflections are suitable
for assessment of the crystal quality. In contrast, for
crystal growth with an external electric field at 1 MHz,
the FWHMs were almost constant for all order diffraction
peaks, as shown in Fig. 1. Furthermore, the FWHMs of
crystals grown with an external electric field were smaller
than those without, except for the 330 reflection. It should
be noted that the FWHMs for the 11,11,0 and 12,12,0
reflections of crystals grown with an external electric
field were significantly smaller than those without. This
indicates that the crystal quality of HEWL crystals was
significantly improved by application of an external AC
electric field.

With respect to improvement of the crystal quality,
Taleb et al. have suggested that the crystal quality of
HEWL crystals was slightly improved by application of
an external DC electric field [6], and they reported a
17% improvement of the crystal quality for crystals grown
under application of an external DC electric field, although
the diffraction vector of the measured X-ray rocking-curve
profiles was not described in Ref. [6]. The present
enhancement of 26% for the crystal quality was observed
for the 440 reflection by application an external AC electric
field, and an enhancement of 34% was achieved for the
11,11,0 higher-order reflection. Therefore, the results
suggest that application of an external AC electric field can
be employed to improve the quality of protein crystals.

The higher-order reflection cannot often be observed
for X-ray structure analysis of protein molecules, which
results in a lowering of the resolution for the structure
of protein molecules. This phenomenon is attributed
to deterioration in the crystal quality of the protein
crystals. However, we have observed that the FWHM
for the higher-order reflection was improved when an
external AC electric field was applied during crystal
growth, which suggests that it may be possible to distinctly
observe the higher-order reflections of crystals grown
under application of an external AC electric field. Thus,
enhancement of the resolution for the structural analysis of
protein molecules could be expected by application of an
external AC electric field during crystal growth.

In summary, we have observed that the FWHMs of
X-ray rocking-curve profiles for crystals grown with an
external electric field were smaller than those without. The
FWHMs for the higher-order reflections were significantly
smaller for those crystals grown with an external electric

field than those grown without. These results indicate that
the crystal quality of HEWL crystals could be improved by
application of an external AC electric field during growth.
This is a novel crystallization technique for proteins, which
can be employed to not only enhance the nucleation rate
[1, 2, 3, 4, 5], but also improve the crystal quality.
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