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Synchrotron white-beam X-ray topography of protein single crystals
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Table 1  Critical conditions (0.4¢ < t < 1/u) for the thickness ¢ of
samples to obtain direct images on transmission X-ray
topographs for typical inorganic crystal (Si), organic crystal
of small molecule (benzil) and protein crystal (tetragonal
hen egg-white (HEW) lysozyme). X-ray wavelengths and
reflections employed in these calculations are usually used
in X-ray topographic experiments. The X-ray wavelengths
are 0.71, 1.54 and 1.41 A for Si, benzil and tetragonal HEW
lysozyme, respectively. V. is the volume of unit cell, F, is the
structure factor for the reflection, u is the linear absorption
coefficient and & is the extinction distance.

Crystal o u & 04s<t< 1/,
(Reﬂ};ction) V(A |Fhk'| (mm')  (mm) (mm) 3
Si (333) 160 37.9 1.365  0.062 0.024 <t<0.732
Benzil (2200) 416 61.9 0.7 0.096 0.038 <t < 1.428
Tetragonal
HEW 237133 695 0.199  3.383
lysozyme
(800)

1.35<t<5.02
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Figure 1 Optical micrographs of tetragonal hen egg-white lysozyme
crystals grown by the salt concentration gradient method,
respectively viewed along (a) [001] direction and (b) [110]
direction.
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Figure 2 Synchrotron white-beam X-ray profile with wavelength
arriving at the sample on BL-15B1 at PF and BL28B2 at
SPring-8. The effect on the white-beam X-ray spectrum of
the filtrations through 4 mm of water is shown. The intensity
scale is logarithmic.
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Table 2 Calculated relative intensity /; contributed by higher-order
reflections in the Laue topograph labeled 200 in Fig. 3. P().)
is the relative distribution of X-ray intensity of wavelength
A arriving at the sample after the 4 mm water filtration on
BL-15B1 of PF (Fig. 2), F, is the structure factor for the
reflection, @ is the Bragg angle, u is the linear absorption
coefficient and ¢ is the thickness of the crystal used. Here, the
absorption has been described roughly by the factor exp(-ut).
The values of |F,,| were taken from experimental data.

Reflection  0(°)  AA)  |F,| P()  exp(-up) IA
200 325 448 575 <107 1.03x10° < 10°
400 325 224 885 230x10° 022 1.5x10°
600 325 149 41 13 0.62  3.6x10°
800 325 121 695 70 0.81  1.7x107

1000 325 089 649 90 090  1.1x107
1200 325 074 338 73 094  3.0x10°
1400 325 064 186 49 0.96  7.2x10°
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Figure 3 Laue topographic pattern recorded with the synchrotron
white-beam X-ray almost parallel to [001] of the tetragonal
hen egg-white lysozyme crystal.
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Figure 4 Laue topographs of (a) 800, (b) 440 and (c) 12,12,0 reflections,
respectively, enlarged from the Laue intensities labeled 200,
110 and 110 in Fig. 3.
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Table 3 Possible Burgers vectors b of dislocations in tetragonal hen
egg-white lysozyme crystals. Gb® is also given in this table,
since the dislocation elastic energy is proportional to Gb
as shown in equation (4), where G is the shear modulus
estimated from the sound velocity measured previously [3].

b Bl(A)  G(GPa)  Gb>(10°Jm")
[001] 37.0 102 147
[100], [010] 79.1 1.02 638
[101] 87.7 1.02 785
[110] 111.8 102 1275

(a)
g

~N

(b)

[110] T Imm

[oo1]

Figure 5 Laue topographs of (a) 112 and (b)12,12,0 reflections
recorded with the synchrotron white-beam X-ray almost
parallel to [110] in the tetragonal hen egg-white lysozyme
crystal including cracks.
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