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Abstract: We focus on the growth mechanism of protein crystals and their perfection. The growth
mechanism will be studied by surface observation and by measuring growth rates. The crystal
defect will be studied by X-ray topography. We successfully carried out Nanostep project as an
international space station (ISS) experiment in 2012 using lysozyme crystals as model protein
crystals. From the results of the Nanostep project, we concluded that larger-size impurities are
effectively filtered during crystallization owing to smaller diffusion constants of the larger
impurities, and this filtration mechanism results in the increase in growth rate of lysozyme crystals
in microgravity. However, from this assumption, we can easily anticipate that same-size impurities
will not lead the faster growth rates, and smaller impurities will lead more suppression of growth
rates in microgravity. To confirm these anticipations, a new ISS experiment is planned in near
future using glucose isomerase (GI) crystals. We need to obtain ground based data for the
comparison with the Nanostep data. Until now, we successfully confirm regrowth of Gl crystals on
chemically fixed seed crystals, conduct X-ray topography of regrown crystals on the seed crystals,
and observe elementary steps on ceiling lysozyme crystals.
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Fig.1  Schematic illustrations of a crystal
growth process on ground. (a) On
ground, a seed crystal grows in
convective flows of solute molecules
and impurity molecules. Crystal
quality of over-growth region is
relatively low. (b) In microgravity, a
seed crystal grows only by diffusion
of molecules. Impurities are left in
solution, and thus, the quality of

crystal becomes high.

54

© ISAS/JAXA 2015

Z OFERARHM D2 < BV IAE I T2 5E OB i
1270 % (Fig. 1(a)) . Zrucxt LT, FH TIXIEH O
T2 H DT, Kb T X0 b RN K E W
B RN ELS 22 | REREICEIET 2830
KTed, TORERLE L THREERENES 2D, fdh
DEEBLRL 5 EF 2615 (Fig. 1(b) .

LML, Rfime LTEZLNDOI, by
FEOREVHEDENY TIERV, b L, FAYFAX
THIIIHTE DA I 3D ST ARFY DS L
WCEGET AHEICED Y T2, /SN HLOT
SIVUTHIZFEH DTN LD % < OARMPH 5 fa R
WZEET L Z 22y, FHTIEMERNENHE
T5) Lo AEMEELH TS %, b L, ZABAKY
Thivd, FdbFEREZ AL BITFHTIT I O
BRTIEHRL, R OH A X2k > T, FHER
AT O RERELERY] (A ART ) —=v T4
513 2) THDUENSDLZLIRD, bHAA, R
Wi O EAREN B, ZORLEET HHLE
N D, Fi=. Nanostep TILV V' F—LDIDFER
ThHY, ZOBENRY) Y F—ABAEOBSRTH L]
BELHY 55,

% Z TF & 1%, Nanostep DR OFH EBR T+ 2
RURPEE LT, Zha—2xL Y A5—F (Gl)
IR U7-, Gl fEfIciE, Trllmd L7 AU >
cR®H B,

1. UV F—RZRNTEL O ETOREEE
DB S 5, KRT (i A =X LT
T 2 R BRI DTERNE) A=k
LT, ZHELRAARIN—F L X—T )L—
" (PI: Prof. Dominique Maes) (ZXk > T, T
WL DODRDDFERN I TND,

YL — TV — TR BB R A X R A
D, FNBREY A XORHY & LT, KERR
FHRPRKREN EZEX LD TND,
INOLZEEEZ, FTARMETIE. Gl FiMafioT
Nanostep 2k & [A] UKL fli> T, A X227V
— =V T EAT O T2 ALFREER S OER AR AT,
Fo, ALFEERE S DRE L Gl fidho X #t k
KT T 7E2RE L, BROEEEOFTMETT - 72,
S, WA RXR TV —=2 T RETDHTED:
». Nanostep ORFIZLERT, Ry X a2 &
VeV HET AR EERFENEZ D L0,
EBREM2HETIVNERND D, TOD, HESE
BROBFET, bl BB 2 /ED H L CHRUE2 R
TOMEND D, TOWEEE LT L /L Bl
HELE S5 Ceiling 1 Y% 37277,

2.Gl #5@DILZEE
HIF., fwmILIZ Lo T, Gl fEif a2 {bFEE T 5
NTbhiz, BRIl E SN TWnWa, VY F—LDE

This document is provided by JAXA.



Space Utiliz Res, 29 (2015)

B, ZNVZ VT IVT B RAKERIZE DHEENO
BERERIGICE D ERoEEEETT-7 Y 20
FER RES OB E A Lo R E 21T 2 Db E
EWCRPI Lz (Fig.2) . £7-. HE Uik
DOBEIZ XV . Nanostep DHERIETO~ A 7Ly v

Fig.2. Regrowth of GI crystals (transparent
part) on yellow chemically-fixed seed
crystals.
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Fig.3. An X-ray topograph of a GI crystal in
the 020 reflection. Center part of this
topograph shows a chemically-fixed
seed crystal. From the surface of the
seed, several grown-in dislocations

are propagated.
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Fig4. An LCM-DIM micrograph of the
{110} face of a tetragonal lysozyme
crystal. Two-dimensional islands
nucleate and spread. Almost all steps

show properties of elementary steps.
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