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Background of Protein Crystallization Technologies in Space

Sachiko TAKAHASHI and Hiroaki TANAKA

Abstract

High-quality crystals are expected to grow in microgravity environment. A protein depletion zone (PD2) and an impurity
depletion zone (IDZ) around a growing crystal are formed in microgravity environment because of the suppressions of
convection flow. These depletion zones decrease concentrations of protein and impurities on the surface of the crystal,
resulting in high quality crystal growth. Previously, we developed an easy method to estimate the effects of PDZand IDZin a
steady state by using the combination of the diffusion coefficient and the kinetic constant of the protein molecule and the
radius of the crystal, and have successfully applied it to increase microgravity effects on growing high-quality crystals. From
this method, we learned that high-quality crystals could grow in microgravity if the crystals were larger, the protein sample
was highly purified, and the crystallization solution was viscous. Recently, we introduced a numerical analysis of these
depletion zones in a non-steady state and suggested that all the sections of the crystal are surrounded by different
supersaturation levels of protein and different concentrations of impurity. Especially for the crystals grown on the ground,
the concentration of impurity was higher in the center of the crystals. Our recent experimental results suggested that the
cell dimensions of ground-grown crystals of lysozyme with some impurity were not uniform in a crystal. We speculated that it
was because the disorder in the center of the crystal grown on the ground affected to the crystal lattice of the outer layer of

the crystal. In this review, technical background of protein crystallization in space is reviewed.

Keyword(s):
Convection, Large crystal

Protein crystallization, Microgravity, Protein depletion zone, Impurity depletion zone, Density-driven

Received 10 January 2017, Accepted 12 January 2017, Published 31 January 2017

1. [FL®HIZ

FHERREAF A LB EBRAT & o3 Bk AR
F2BRIE, 1980 FAANEHD LittkeD H DSEERAY 22 KR T, VU
VF— LNFEORE RO KA ME W EARO b &
MB, 1990 FICIE NASA CREMIZETH D) A&
RO EEOERMTONTET 29, L, ToREE
WA~ O BRSO L2 8 TR -T2 2 £ 059,
2= % fL s BT S (STS-107) OARERSR
HUZ L, KETIEN 10 EBTWTsZ & otz

—J7, ESA (BRINFHHHEMR) 2 & 32 70— Tl
BNEIRETOH R EREROREICEDD X h =
AXNEEDLERN, FIZAR—ZT % MZHWT 1990
ERIATh, DARZIEHIETIE~ 7 v T =5 o g8
X OREEOBEMNEZ Y, BRE O E L OIEEE L

ENTEHEERODRIIHFCERN LD, QRO
FEREICIZZ VR B RZIBNEREND Z L 9, &N
ZFOHBETHLMI -T2, £, FERm~ORHY DI

DIAHBIHI S NS Z E LTSN TN S 210, =D
FEERICHO X, 2001 HEOT L REAX I v g LUK
~ T AR OEBEEZ T WIS A—T 4 T =
—Y =¥ (CD) ¥ W AWHEBCEENFH SN
X oot Fiz, Va—XFERORELB) O MES,
EFH 27— a o ISS) DI T 1) D8 (Z D34
THRMmOBEI 8L ZHRT 5720, 7+ bra2FIHL
T EBRARTORBIL L FER I TN D 19,

JAXA (FHMZEHrZER R (H NASDA)) TiE, 1992
0 FMPT (First Material Processing Test) (STS-47)
X, 1997 4D STS-84 F THH EROMEBAFATE 2.
F72 1994 FLUBEO 7 v T ¢ T HRRIFESS, ZOHOIG

A&t ar7xr—n A2 T101-0032  HOREES T DOSAHRT 2-12-2 25 2 B eV TR
Confocal Science Inc. Hayakawa 2rd Bldg. 7F, 2-12-2 Iwamoto-cho, Chiyoda-ku, Tokyo 101-0032, Japan

(E-mail: tanakah@confsci.co.jp)

0915-3616/2017/34(1)/340103(6)

340103-1

©2017 The Jpn. Soc. Microgravity Appl.
http://www.jasma.info/journal/


http://dx.doi.org/10.2345/jasma.35.23456
http://www.jasma.info/journal/

mfE =T, EfP R

<Effects of the microgrD

/

Suppression of the convection {

Suppression of the sedimentation - o
of microcrystals and nuclei iy

crystal surface

Protein Impurity < LA - N
depletion || depletion |( Suppression th:ifirciiscl?r;;ls ¥ Nucleation
zone zone fth - y Suppression of in altered
of the step attachment to the
formation formation bunching the nucleation space

][ Crystals of larger ] N

‘)/Fsﬁppression of the
disorder

sizes
Suppression of i Crystals of altered
cluster-like ~a . : space groups
Improvements in needle-like J
morphology )
and plate-like crystals

Fig. 1 Effects of the microgravity on crystal growth.
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Fig. 2 A large Lysozyme crystal grown by
capillary-dialysis method.
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