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Abstract

It is said that the microgravity environment has a positive effect on protein crystallization because concentration deple-
tion zones (CDZ) are positively formed due to minimized convection fluid motion and sedimentation. However, the
microgravity experiment was thought to have a limited contribution to structural biology. In the JAXA’s protein crystal-
lization project since 2002, high viscosity of the precipitant solution had positive effects on the quality of the protein crys-
tal grown in microgravity. Thus, we developed the method for estimating *D/f’ for the evaluation of CDZ formation us-
ing values of the diffusion coeflicient (D) and kinetic coefficient () by a simple experiment. The D/ indicates that
CDZ is formed around the crystal in microgravity if it is low enough. Since we can predict the effects of microgravity on
the protein crystal growth before performing space experiment, it is possible to select samples and crystallization condi-
tions which have high possibility to improve the crystal quality. Moreover, if we could modify the crystallization condi-
tion to lower D/, the improvement of the crystal quality will be expected.

1. FL&IC

FHF BRI & FIH U 7o XA RE & AT 1m0 1 2 o /X 7 B
AR ERRIE, 19834E1C Littke HVIC L VTR bN DA i
WTHY, ERfEHORMELLP AR LS RS Ih. ©
O, KEZPLELT, BIN, BHAE, By 7% THHE
BRI N AICE - 22, AROBRITH H X ks
R ANOEBNEI T TETWA LIS VEEWY. Tz
DFZeBATERERE (JAXA) TIX20024E7 B, X FihesS T 1c
B4 5 &% B, FE2@OR—AT, EHEFTHA
F—y g (I8S) WOV 7TH—E AEY 12— TE VIS
7B ER (JAXA-GCF /1y« 7 1) #BlG L,
ZOFEMOMET &, ERREROISAFIAZRATE /2. K
aTid, ZOMEBETHELNTE,, FHERTOMGEOS
AL B P RIS T S EATIC OV TG T 5.

2. E@REDAN=ZZLEETIE

2.1 FEBAD=ZXL
/NEJBREETO 2 /8 7 BAE AR ER T, [Ers
REELEY A ¥ T 1 &\ o o X B ER TR SN 5%
B4 7 — 2 OB OM OB, # | TidfEimEm T 2 &
BRI k% 7 5 A8 — R L 0 BfETHOB S N7s Wk
H HHEAEL PR O N/Y, NIANFE TV A VBREL
729, Lo I pHRESINTWS. OB EL T
i, BUNEDBRIE TORER RS AZICIER S N A IRECS
DO, AT v TINVF VT O, BN ORE LR
ANOWBEOFAEDIEHIN TN EY. LrLasrb, X
KRS RTINS 2 N 7 BRSO K E SRVt~
BE um Th 5720, FETFHITIEBEGER O TIE
TWipkEZONS.

U a7 x—JDbY A TV A T103-0023 FOUARHRX AAREANT 8 TH 3-6 VRV T « /7 THE
Confocal Science Inc., Wakamatsu Building 7F, 3—3—6 Nihonbashi Hon-cho, Chuo-ku, Tokyo 103-0023 Japan

(E-mail: tanakah@confsci.co.jp)
2 BRALFISEE AN T639-1123 53 RIEAFIRLILTATHEHAT170

Maruwa Foods and Biosciences Inc., 170 Tsutsui-cho, Yamatokoriyama, Nara 639-1123, Japan
3 GFRAETT A T305-8505 JEBRIL - < (LT 0-1-1
Japan Aerospace Exploration Agency, 2—1—1 Sengen, Tsukuba, Ibaraki 305-8505, Japan

— 101 — 21



H b

COWBOBOTE L%, X /X7 Bk m A i
THRT A%, fEdaOm D O xRy BT oA 4
D A EN S720, KEdRETFRZIZZNZNOWRED
K\ iEIK (CDZ: concentration depletion zone) 7AJSHE 1
%C ERIETY. BUNE R TOMBRERERTIE, &
i L OB AERHE s\ iz, TO CDZ 1L
SHUT V. CDZ DD B, 287 ORI PME N FHIK
[T %X E/RZE (PDZ: protein depletion zone) & FE(E
N, NP INA T LICTLD, fHild, X0 Kt
DOIRRETRET ST LI h. HARMPOPE DK\ H
BII M /K ZJE (IDZ: impurity depletion zone) & X
N, INPBRINE T EICTLD, HEEANORFOHLD
ABPIFESND Z 21275, FERELT, EHNToOH
VB TORMEZ LM EL, XEEYT—XO
Ol 5 figee, €A v T4, avSIU—F xR, 1/a(D)
FOEMHEHEE CRSINLT — Xy FOEDME LT
%3,
KB, Otdlora 1L, KM FHEM (ESA) O APCF
(Advanced Protein Crystallization Facility) Z{# - T, /)
HOBRE T TR\ 7 B REROZ OGBEE T\, #
B T OB & L /7. £ 72 Thomas 5id,
PN DBREE TR L 72 2 VR 7 B S S TIEARKIA O I D
ABPIF SN TN D T EadE L 7o,

2.2 CDZEEDET I

PDZ Y RBIC & A BEF DI GHRT O 7 /N 7 BiRE
(C) 1%, HdxFEROKKRTHS EKET H LKAD
FOITETILTE BY.

R-,B-Ce+c<00)

S
C(R) -
1+ 28

D

ZITCR), C(o), CeldENENFERERTD RV INYT
BIRE, i bm BN/ o X VN HRE, %
UL X VNV BEME RS, /2 RITEHEE, B
FAEEAND 2 X BRD AARRE, DIE a7 Bk
R AT

PDZIZ L A %0 RiE, #dh R OEKE) J) (DF: driving
force) WENOFMHETEDOREERT T A0 THEDL A C
ENARETHH. £ 2 TRAD & 57 DFR (driving force
ratio) & AT 5.

DFy, C(R)—Ce 1
DF,, C(o)—Ce 1+B;ﬁ

DFR =

(1)

C T, DFy 3 PDZ RS B8 OFE~ND X /87
B0 A5 T) (BNEDERE T2 8E), DR 3RZEN
BLS NG EDOREEANDO X VN7 B AR T) (EIIEE
TafE) ThiHY.

22 J. Jpn. Soc. Microgravity Appl. Vol. 25 No. 2 2008

JEH, il

IDZIC L5 R1E, RIS A TN LA M OE &
(IUR: impurity uptake ratio) 7E JJOHFH T ORREK T
THPTHEL A Z EBRETHS. £ TRAD L D7
IR (impurity ratio) % A9 %9,

wre T 1D
IR:IUROG: RBi R B @)
== 1+4-—
Di D
abBeD
B Di

7272 L, IURy & TUR o VU NE T EREE 73 & O H )20
HLEE COIUR Thh. £/, BildkEia ORI
DA B, DI AFIIEE R 2 =37, ALY A
AEREBL, BICHANTHETHEREWHAAMON T
B9, Lo T, EERICHEMICDAZTNLT <, Kidh
MBI 5. 2 B XD e imIE E O L D e K& T
ko TWAEEZAZLIZHYTHS. COZ &b,
AT LB 10~ 100REOEZHEL THRWEE 2
bns.

2.3 BEETILICK BT

JAXA-GCF /B v = 7 F CHfiFAZFEOET IV & /87
BELHERLZeT7 I35 —FIZo0WT, Elko$fEt
TN L B IEW 24T - T2, Aspergillus oryzae D3FEA T 5 -
T I5—YI34767 I JBEHL O H R VINVET, FO=
KITCHERE T 19914E122.1 A S FFE THE S hTWwb0. L
&Y, o7 3I5—EmRUTF L /71U a—)L (PEG)
8000 % fEAh LAl & L TR AL S ¥ HABRORIEN I, 75 X
2=l DR, BRELDPECSWIEThH- 72
JAXA-GCF 71y = 7 T, TOX V7 BEOEME
e, FHEREEBL LA, HETHLNS
fEdh SIS PIC RIS, HiEMmAAER L /2 (Fig. 1).
F 7z XAREHT S AR, HAME OO S A B THELE L
72e A, V—F 4 VI 0B A RS Tl
L12A THo 727, FHERTOE B HTI20.89 A 1T
] E L7210, CDZ ORERT OOl DXV INy
BICB T AR MLB A& TOD & BOMEDPLE &7
5. FEMIT AT 55, DICBIL TEHK O OHEDIC L
DFEHL, PEG DZhFEA 4L T Table 1 Offi & {5729
FBICBELTIE, ROXDICHELRY. bbb, &
mE R S ARE L, WO BITFRIFICRE ARG L,
ETRALHESTHELT, MLRKESICESLLDERTET
LL, FEHOBEEEIDTORTEINS.

drR(1) _ P R*(00) —R*(1)
dt1000n _R’(e)  R(1)
C(0) —Ce 1000n— Ce

3)

7272L, R() BHR D & 2 OREMMFEREELRS. £ 2
T, COMGHBRREZMNT, REORHOBEEL IR

— 102 —



TSI C O AR B i O it LA T U Al

(a) alpha—-amylase
1.00
°
+
[y
e 0.75[
[
[&]
| -
o
= 050
o0
o
=
C 025
o
0 0.05 0.10 0.15 0.20 0.25

Crystal Radius (mm)

Fig. 2-1 Protein depletion zone around a growing crystal (al-
pha-amylase)

alpha—amylase
1.00

(b)

o

~

a
T

Impurity Ratio
o
S
I

=4

)

3
T

t A=10
A=20
0 A700

0.05 0.10 0.15 0.20 0.25
Crystal Radius (mm)

Fig. 2-2 Impurity depletion zone around a growing crystal
(alpha—amylase)
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Fig. 1 Crystals of alpha-amylase grown (a) in microgravity \W% (Table 1).
and (b) in terrestrial. The diameter of the capillary is CHOESICLTHELAEDBLIURE, (1) Q)R
0.5 mm.
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Table 1 Numerical data of alpha-amylase obtained from the PEG 80004 W N T =7 3 5*ﬂﬁiﬁﬂﬂﬂmj§@’5%ﬂ: iz,
xperiments FE TR DL X AR N IC BB T X AR X 3T
Parameter Data #7%0.1mm fRED & X1, DFR A H%ICETFL, IR
Solubility (Ce) 10 mg/m! B ~THAGDO1ITIK T T 5. 374bh, CDZOAHR
Terminal crystal size (R(o0)) 0.15 mm /P‘i"lj}ﬁ;ﬁﬁ‘:‘f =5HCT & 75‘[/:7\ Mmoo,
Time required to grow half size 50 hrs —Ji, ALK JAXA-GCF TRy FITETIV RN
Relative density 1 JEELTHERLY) Y F—LAOHEICE, D=1.0X%
— . 10710 m2s~1, B=8.0X 10" cms 1 ¥ % T Lt D@t
Diffusion coeflicient 92.97% 10~ m?/s . . o N -
(measured in 18% PEG 8000) : L 72§ K % Fig. 3-1 5 L U Fig. 3-2 IC "¢, =7
Diffusion coefficient e F—YOLE LT, MINENDHRIEFELICS WS
(estimated in 229 PEG 8000) 17831071 m?/s E AT

Z 2T, 25%PEG 8000% hnz 7=t I F U v AWK
(D=0.20x10"10m2%~1) % T, FH TRt E% %
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HhELTeh) OT, REROMEREHVIZE BIIRKEL
FHEROGRIBLI VW EEZON L. EEE, JAXA-
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