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Useful Results of JAXA Protein Crystal Growth Experiment in ISS
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Abstract

Japan Aerospace Exploration Agency (JAXA) has launched ‘‘High Quality Protein Crystal Growth’” (JAXA PCG)
experiments using Protein Crystallization Research Facility (PCRF) in Japanese Experiment Module "Kibo’ (JEM) in
the International Space Station (ISS) since July, 2009. In the course of JAXA (NASDA)-GCF and JAXA-NGCF from
2003 to 2008, we experienced more than 300 protein crystallization experiments in microgravity, and developed tech-

niques to make the best use of microgravity environment for obtaining high-quality protein crystals. In this report, we

introduce some of these techniques which can be applied to the crystallization experiment on the ground, and some crys-

tallization results which are expected to contribute to the social demand.
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High-quality Protein
-Crystal Growth
Experiment
“JAXA PCG"

Fig. 1 JAXA PCG Logo.

Fig. 2 Progress Cargo was launched from Baikonur Cosmo-
drome. (© FSA)

Fig. 3 Protein Crystallization Research Facility (PCRF) was
installed in Japanese Experiment Module ‘‘Kibo’’. (©
JAXA)
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Fig. 4 Diffusion field in microgravity (left) and on the ground

(right) . Black: protein molecule, gray impurity molec-
ule.
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MOMBERENT Y, G2 v\ BOFME BT RHEN
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B o iCiiz L TR 68, fEmOABMERT 3 SR
EEPNTWA. D7D, fEdERT, Sz >
TODREIVH Y 7D 1D 8T TNBY.

R S OBR AT B85 R L OB E AL, &
NOHETRAET B, MNENRET X s/l s
N%. ZORER, WAL, 2V 7B bUICAY
DOEE/RZJE (Protein Depletion Zone (PDZ), Impurity
Depletion Zone (IDZ)) AR SN, fRFEFSND T LIk
0, LOGERIFIE T, »o, KOS ST
OFETREMNTTRE & 725 (Fig. 4)¥. F7/z, H EO#RLE
TR 20 bh b, #EEERTO 2 RINEBEEURIC
K BREEHD 7 T AZ —IROBR S, AL ME B AR
IC A Tl NS (Fig. 5)Y. L7cdi-> T, MUhE
NEREFBL T2 VNV BORBEREZITD &, BO&
WHEERRE LNV EEZOLNS.
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Alpha-amylase crystals were grown in space (a) and on
the ground (b). (© JAXA)

The crystal grown in microgravity was a beautiful single

Fig. 5

crystal, but the one grown on the ground formed a

cluster shape.

AN Z AN KBRS TORSSAEBICIIRE L, 48
FETHRMBOMEDR La BiE 977205, HEESEL, &
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purity Ratio (IR) #ZnZhnEXfLL 729. T T, DFR,
IR L 112, fEAMENTTAS, Depletion Zone (DZ) IZ &k 5%}
RBD5.

38 J. Jpn. Soc. Microgravity Appl. Vol. 27 No. 2 2010

ppp_PFe_CR) —Ce 1
DF; C(o)—Ce  R-B
1+=£
D
R 1+%§ 1+%§ -
IR=IUR°G= e X7 72721 A=£ZD
. . 1
g 7# 1+4
13

IhooRp5, D/ (237 E 5T OIRERE/ 4S5
ND XN B FRGALRE) OEP NS85 X D7
AL ERICERE T 51T Y, PDZ B LU IDZ ORYENK
EWC LGB Tibb, PDZ B LU IDZ DKL
B, KLOWEEICT S LD uERSGME, [ bERO %
VN B FOIERE (D) AL, TRV T By
F ORGSO IALGRE (B) HBRE ] bt &
5.

L7 - T, FHERMTEMEEEBRFOBRICE, T
EHRTERE DR BLRIE LA LK D D&/
L, Fie, ZUNTERROME LSO LT LITED
BrKELIEHEDICLI. TBIZ, DTFomG#idD
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2) 2N BERABOME & B & OFIRRERE B 5
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(PEG) HoO#A&KHZIAT b5 X >1Z, PEG M
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CITE, OBXUQIEOWTL A LEEL WL
V. BiEfitfas S SRR E 2.

2.2.1 D/pDRIEY

2N B F OISR (D) X, HFEDL/3FED
WAL, BEOMERHEKTHI LICLDED T
H. Ok, WHEIAARBEEID L, HEoKEk
PEG RO#EMLAKRO TN, D%, LD/ XREICT 5
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e HEE T ST A, FEREAY S LICELLD.
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Table 1 Improvement of crystal quality was achieved by
decreasing D/f

Strategy

Maximum D/B
Protein High viscosity | High purity | resolution (mm)
of precipitant of protein mm

solution sample
Alpha-amylase O O 2.1=10.9 0.12
Lysozyme O* O 1.4=0.9 1.93
NYHY — O 1.8=1.1 | 0.55
H-protein — O 1.0=0.7 2.40
H-PGDS O O 1.8=1.2 | 0.39
L-PGDS Oo* O 2.0=>1.0 | 0.55

The crystal quality was indexed by the maximum resolution of
the X-ray diffraction.

*: High-viscous crystallization solution was searched for space ex-
periment.

B, MR FE D BEMEE (AFM) 2FIH 3 5%, %
RSN CBER RS Ko7k, #MEAxx V37 Bk
ICIEEHTE o7, T2 THh4, BEIID ARER
PREICL T, fEEICAE D ATEAEBLL 7.

Thbb, 2NV BERPRETRDEEND (B
OS2 HERR) . AR D1/2127: % % TORFM 2%
RFERZE TR, TDEH, PIIRE L ERORkES (T
NIEHER THBROBAFE 2 /S EBIREL) D, <L Tk
BB, fHFEICL T AL AHEERAELL .

~0.515X 1000 nR (o)
tij2 (C(0) = Ce)

CORX»D, MELFHERT, D/BERELH I &»
TEL LD /o EBIC, Bt ERIC
PEG &MFIcL T, DHE/HSLL, 2o, 2 VN7 BERFK
AR ETH—ELLT, BARELTAIELICLD (2.2.2
HER), D/Bw/hSThiE, FHEROSEL LV
OHND. Lickh-T, ARBTHNIE, kst FHE
KB B b OBICIE,  OBED BRSSOk
1o TnAh. EBEICD/B A/ NS LT, HEmRiEL
FREE L LR mOERSEI N, WL D DOF% Table
1ITRT.

2.2.2 7NV EREOMEL p & OMIEER
WO VRE & LD T g V7 ERE ORI
BT 5B -7 A, W—tom ikt g»
BfEKEL DT LN o72 (Table 2). HICE 213,
BREPEWEROSEG, Aol —Mr%%ET 5L LT,
WEREL AL H L END T ETHS. IHIT,
BZELL, H—HEELAEVRETIE, s EBEVD
2T, BT XA RO 7 4 V2 U v TR E,
KEOMUNE BB COMMBE T, BOMEFAEICKE
{725 L WOHEDEIMEH N T LD T WA L Ebh
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Table 2 f value in various crystallization conditions

p value

Crystallization condition Highly purified

protein Crude protein

20 mg/m/, protein 0.7 M
NaCl, 50 mM AcONa,
pH 4.5

0.45+0.14 mm/s|0.22+0.04 mm/s

20 mg/m/, protein0.7 M NaCl,
30% PEG4000, 50 mM
HEPES, pH 7.0

0.52+0.12 mm/s|0.18+0.05 mm/s

5. EEE, BALEIRMNOFHERESEHNT, ZOk
STHEBERMRL TWAY, 755, M IR T b ER
AL L TREEE L T, FROE 2 TP TE 513
+ThHW.

3. HEMEROSVY NV HEOBERTO
=6l

UNEBREICHE L et VWA 2 L2 kD,
FHERTREME R VAV EERPEONDL LDk -
TETW5.

TR E T, 20034F 7> 520084E1C 201 T b7z JAXA
(NASDA)-GCF %5 & (F JAXA-NGCF TE 6 h7-, e
BIICEROE, EENOILADPIEINS Z v/ 8%
SEENTOFEG, I LU JAXA PCG ThsiuE R A %M L T
WA HIE N DpZEF .

3.1 H-PGDS

KRS FH A T ABGEIT R 560, ST m 2
275w DEREFR (H-PGDS) (&, I3 I1C 0w
fax> The MifRICHEAEL, 7T VIVF—(EEYWETH L0
ART 5/ Dy(PGDy) wEEAT 5. PGDy 1E, WiES
Duchenne BIffj A 17 ¢ —HEORRWE & 7n 570,
H-PGDS O B HERL, N O OEEOEBRER
&b,

BHIE1E, H-PGDS IZAE ~« LI EFR #fE S S 4 H L
R FH TR ML S &, REOMEELLA OFMER L%
ARLTWED. Chid, InETHESINTNLHTDH
VST BOREE L TL, mEVNIVOSRETH D, &
7o, HIEERLIIRLD 7522 —bpEflsh v,
et OBICid, PEG 6000% fE M bRIE L L THY, X
VR BHEHE Mono-Q HR5/5 7 < 757 4 — T
BEICKH L 7. ZOREE, FEERICH IR it
EOMOIE L /2% D/B750.39 (mm) TH Y, HNEH
BRESHCEN 2L E 2 BN D (Table 1 BIR).

INOFHERTERL -#5% Ao, H-PGDS &
Bk & I BRER OB GOSN 1 6, /N7 H EEE
KOG PHEO LI 225 5. T HDOHEHR
X, B, 7 VIVF RS IORREFEORFE Y —7
FELTHEIAED LN T WS, Tz, BN /-SSR
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3.2 PBP

BT KO HIZ LY, RV UG R VSV
(PBP) OR&MHT AT, XV U VEEHE R VXY
B, N7V T OMBEEARER T 5, XTFETUhv
JEDOER - FiREH S TWDH, A, B, 4 v
IVYE ([ VIIVT VTS 728 EW 2 RIEJL 2T
WHllE) O PBP &, ZTOEE#IAE T A{LEHOEEE
OREERNT 21T - 72 ZOLEWIE, A V7V VUV TED
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I T 5@ End 5. FHIE, PBP & IHERIE A4
OISR 2 RO N/ EEER, O, K VIEEOE W
BUt&WaEERL, BIfE, BEFESOBAFIC M CTHEfH 2 E
HHENTWA.

3.3 NYHY

FEEEN KOO HIE, 48V ERREORIEY 4V
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fREFR ORISR 2, IEWI S5 e F RS M CHED T
B0, BEOEMRIBESEHAINSOHS. It d
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3.4 vLF—F

YV S =X, WO RIIEE-SCHED LR Th %
I — 2% SR L, BICETLT 5 IMKSREETH 5.
L72M->T, Yo —A%v)IVS5—Y¥ThHRdT 5 EICk
NIEONLHEE, RESHTELETLTIVa—IVa/N( 4
IV F—E L UGERTAZ ENRTE S, WE, HBICh
BLTWAS, "MATRIIVF—Z, E53ATLREDOR
W EFERE L TEEINTWSD, #ER EICKEICHFRE
THENRNA TR A EGENS IO — A% E L TN,
IRIVF—DEENTENE, TRIVF—RIEOMRYICK
SLEBTESLEZ TS, T, HIRTONRA 131
WFE—DEFEITED, LFUBIZ XD BEWE 5Rd 505k
NERTH D, EEOBRECTH S~ mEEYHSME L 7%
S>TCW5S. —J, VS —YDO kD ufEEFIHL 4k
THETIR, ERAEFEDHT I ENRT, BREEICHE
LWFETNA T T F—EET 5 L THIRFS
ZANGQAY N

AR E A MOFH 5L, Aspergillus niger 3RtV
0— 2% FHEThREMIEL, 0.96 A 53 fREETOREETIC
WL, INETHEIN TS DR VST EDNAK
B O MREEIL 2 ARRETH Y, FH THELNMEMIIE
WICEWE TH- 7o, BohofEEHz T, 5%, &
DIEEOR VIV =Y oK T EnTENE, b
NWE—Z2% L DRI TRV F—FELTFHTESL
ERIFRFIN A,

3.5 ATILITHTAL)LZARNARY AF—F
BT KON BIC R, A VT IVT VT AV A
FEOFLITEEZHE S, 4V TIVIT VP 7 AV AD RNA
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R A5 —VRIE %87 Hd, JAXAPCG 1[0, #
2 M FHERICHEHEINTEY, HRA V7V VT
DR—=1ry P el ERFEIN TV 5.
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HALEBIZEAT OWUN HIZ LD, -5 7 Z <=V OfE
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ZPBOENTWDS. -5 7 ZA<—XIL, -5 7 % LR
B R KGR HEEND 5. CORRELT HEE
NHEBELICET, -5 7 ZF ARMEWERFHEIT W
MR &7 0, BRI E OGAIRE 5 & L T
Wh. Lo T, f-5 7 2 —VIZH RS I < WHT
WA B ORRIAB TH 4. e, FHEBRTHEO
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3.7 EbHERMTH1L 7> N7 HE

BEARKRZEOILRRSIX, b FHARMTHL 2 V7B L%
DOIREFOEEERORE L 21T\, 1.08 A 5 fEEED &
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ff;%of:.
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K 7EUEICR ELA. BfEEO LA, I ETOFHE
ERIA T OfE L& RE(E A TENE, PR VESET, &
SRR EYT T — X AR LN A BB RS LR T S &
> TETCWS. TDizh, i ET, BEAERERWY
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DIZ, FEERIIFEFICEDRFETHS V2 5.
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