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Growth rate of protein crystals using FOTON-M3 satellite
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Growth rate of lysozyme crystals has been measured for the first time under
microgravity by growing seed crystals. Unexpectedly growth rate under microgravity was the
same as that under gravity or even larger under gravity. Precise growth rate of lysozyme crystals
under microgravity has successfully been measured for the first time using a Russian Foton-M3
satellite in September 2007. The growth rate was obtained by measuring the thickness increase of
seed crystals during the microgravity duration, 12 days, after the transportation of growth cells
from ESTEC, The Netherlands, to Baikonur, Russia. All growth cells were kept at 20°C after
preparation of the seed crystals. The growth patterns at various stage of microgravity and gravity
experiments in the same crystals overgrown on the seeds were also been observed for the first
time by laser confocal microscopy after the flight. The shape of growth step patterns was used to
analyze the effect of impurity on the growth of crystals. Some of space grown crystals were
examined also by synchrotron x-ray topography at KEK in Tsukuba, after all optical observations
were completed. This was needed to analyze the origin of defects in crystals in relation to the
growth mechanism of the crystals. More than 50 seed crystals have been selected for the
microgravity experiments. These seeds in various concentrations of lysozyme (98.5% purity)
were sealed in glass tubes, ¢=3mm, which enabled us to grow the seed crystals at constant
temperature, 20°C and thus at known initial supersaturation.After seeding on the ground, the seed
crystals continued to grow under 1G and then under pG after launch. Because of the change of
growth conditions during the experiment, the refractive index of the crystals slightly changed and
thus growth striations are visible, fig.1, if the growth interface is viewed from the side of the
crystal parallel to the optical axis of the confocal microscopy. It was surprising to see that the
growth rates under both gravity levels were equal or even larger under uG than under 1G. This
was interpreted based on the coupling effects of largely reduced impurity concentrations at the
surface and the less reduced growth rate of crystals in space.

P/ NE ST CORE A RITE S TIC D EENE FEDROHILTORWDIE, fEfaZERIXR O EN
BEMIZEZLNTHD, LU, MR EREED I3BZBRN—RIHD, LinL, 5%, ooz
HEFNTRD, ZRETH VG RERREERIT IR OEEMEL SR E AT =X LD B # A B
BINILEIET H701E R IR E D PRI AT =
R LR OBLENG AR K THD,

T TR R S E THRE AR R AT T2
DIT, 74~ M3 [BICRE 2 4 AT, 12 A [# O 1E
B EREAT o7, WEZR D720 14D CRERE i

I

fig. 1 Growth striations showing the grown solution—— i , """ :IV seed

parts under 1G and pG on a seed crystal.
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fig. 3 Growth rate vs supersaturation under 1G and
RG. The neighboring data in blue and green are obtained
from the same seed crystals.
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fig. 4 2D islands growing in ultra-pure solution, left, and
in normal solution, right.
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