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Fig. 3. w scans of the reflection (77 6) at ¢ angles of 45, 0 and —45°, respectively, (a) microgravity-grown crystal and (b) earth-grown
crystal. The FWHM of each component of the reflection has been evaluated in each case where there is either no appreciable composite
structure or the composite structure can be resolved separately from the main peak. These values are indicated in the figures by a short
horizontal line with the instrument resolution function deconvoluted out. This deconvolution is given by 5 = (;fe — IRF?)'2 where g is the
measured reflection rocking width and IRF is the instrument resolution function (Colapietro et al., 1992). In (c) the v = 45° reflections for
both the earth-grown control and the microgravity crystal are plotted on the same scale. The integrated intensity of the microgravity-grown
crystal reflection is approximately double that of the earth-grown crystal reflection which corresponds to the microgravity-grown crystal being
approximately double the volume of the earth-grown crystal. The peak intensity is eight times more for the microgravity crystal over the
earth crystal. These crystal rocking widths were measured on station A of the ESRF Swiss—Norwegian beam line with a 1 A wavelength
incident monochromatic X-ray beam using a Huber ¢ '-circle diffractometer from the University of Karlsruhe. The station, at 45 m from the
source, utilizes a double-crystal Si(111) monochromator and the beam is unfocused. The angular step size of the diffractometer is 0.0001°

with an instrument resolution function (Colapietro et al., 1992) of 0.00195°.

Comparing the two missions it seems that the shorter mission
(Spacehab-1) has produced more perfect crystals, although
smaller in size. In the absence of further diagnostics, such
as interferometric monitoring, no rational basis exists in fact
to terminate the crystal growth at any other moment in
the microgravity mission than at the end. However, on the
ground we have utilized a new Mach-Zehnder interferometer
to monitor the lysozyme protein crystal growth process and
find that the growth is essentially complete after 5d (Snell,
Helliwell, Lautenschlager & Potthast, 1995). Perhaps on the
longer IML-2 flight the crystal growth should have been
terminated before the end of the mission so as to realise the
most perfect crystals possible.

In X-ray data collection, rapid freezing of crystals (Hope ef
al., 1989) is routinely used to reduce X-ray radiation damage
to the crystal. Unfortunately this also considerably increases
mosaicity; for example, even with careful attention to the

freezing mixture the minimum mosaic spread achieved is still
about 0.25° (Mitchell & Garman, 1994). Its effects (blow
up of the diffraction spots over distance) are circumvented
by placing the detector close to the crystal (between tens
of mm up to ~200 mm). Clearly, much larger distances (m)
can be contemplated with smaller mosaicity and hence great
improvements in signal to noise could be obtained. It is
interesting to wonder if, with better methods and apparatus,
crystals could still be frozen in some way, to preserve
their lifetime in the beam, whilst preserving their geometric
perfection.

The precise attention to perfection in this way is relatively
new (Helliwell, 1988, 1992; Colapietro et al., 1992; Fourme,
Ducruix, Ries-Kautt & Capelle, 1995) and should be applied
more routinely. After all, it is not inconceivable that, on
earth, procedures might be developed where more perfect
crystals could be grown routinely so as to match the



1102

800
3
¢
700 | ¢
g .
g eor
2 :
i i
500
F ¥4 FWHMO00020 degrees
S
8 .
2 o} *
¢ .
2 »*
300 | ¢
! A
F P A HE S o
m(ﬂw,,vwe’.,‘ Y H.ﬁ"’ S ’ew,\_kpr,
100 L L N . N
-24 36 -2438 244 24 44 -28.46

24 .42
Scan step n degrees

Fig. 4. Reflection (32570) recorded at 1.2 A resolution for a
microgravity-grown crystal. The labelled FWHM value has the
instrument resolution function value, IRF (0.00195°), deconvoluted
out and, in addition, for a reflection of such a high diffraction
resolution, the instrument OA/A produces a 66 spread (=
&A[2dpycostp) of 0.00527°, which has also been deconvoluted
out. Obviously if wide angular sampling had been used e.g. 0.25° or
greater, as in standard X-ray crystallography data-collection methods,
the peak counts would be swamped with background, thus eliminating
the signal. Quite a high background is present here but with further
optimization of the experiment this can be reduced by a factor of five.

standard set by the microgravity-grown crystals. It could
also be the case that a significant number of essentially
perfect protein crystals do grow on earth. Indeed it can be
noted that all the microgravity-grown crystals investigated
here are of comparable good quality (although not yet
quite reaching the perfect limit (Helliwell, 1988) whereas
only approximately one in 40 or so lysozyme crystals grown on
earth are that good. Also if, by present crystallization knowl-
edge and methods, only very small crystals could be grown
(e.g. 20pum), attention to mosaic block composition/angular
rocking widths as a function of growth conditions might yield
larger crystals in the end. This would also be useful in neutron
crystallography if crystals were initially small (e.g. 1 mm). All
these techniques could become extremely valuable in structural
research but require quite novel instrumentation, in terms of
area detectors, diffractometer mechanical step sizes and data
acquisition/processing computers, in addition to new radiation
sources to exploit such crystal quality fully. In essence then,
the use of microgravity has given profoundly new insights into
protein crystallization methods, the nature of protein crystals
and, indeed, how they might be exploited in future for structure
determination.
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