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Spin-offs of JAXA Protein Crystallization Experiment
on International Space Station
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Abstract

There are three types of spin off technology which relate to the JAXA’s protein crystallization projects in space, in
these last 15 years. The first type is to obtain a patent on the crystallization device, ’gel-tube’ and *MicroChip’, which
has been designed for the space experiments but which can also be useful for the terrestrial crystallization in usual labora-
tory. The second type is to accumulate some know-how for the protein crystallization which is definitely useful for the
terrestrial crystallization. The third one is to accumulate some know-how not for the crystallization but for the structure
analysis, including sample preparation, diffraction data collection and the method for structure modeling, etc. As a
result, it can be said that, to obtain more excellent results from space grown crystals, not only the crystallization process
in space but also the whole technology for the protein structure analysis has been improved during JAXA’s project.
These technologies are contributed to the progress of the terrestrial protein crystallography and structure determination.
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Fig. 1 Granada Crystallization Box (GCB).
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1. Cut the gel-tube(gelin silicon
tube)to an appropriate length.

2. Loadthe protein solution

INB, il

Sealing compound

Protein solution

3. Seal the upper end of the
capillary.

into a capillary.
Gel-tube Tk tibi 6. Soak the gel-
tubeinthe
Precipitant solution precipitant solution
and start
4. Attach the gel-tube to the crystallization.
other end of the capillary.

5. Pour the precipitant solution
into a test tube.

Fig. 2 Gel-Tube Method Assembly.
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a)

b)

Protein solution

Precipitant solution

Fig. 3 Hanging-Drop Vapor-Diffusion (a) and Counter-
Diffusion (b).
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Table 1 Crystal growth observed within 14 days in various
NaCl concentration in various pH containing 30%
PEG 4000 and 50 mM buffer

. Glucose
Protein Lysozyme | Alpha-amylase ——
pl 11.0 4.2 4.7
pH 45 (7.0 |55 | 7.0 |9.0 | 7.0 9.0

Charge density (M) |0.56 [0.40| 0.29 | 0.37 |0.43| 0.30 | 0.33

Vu/PDB 2.08/1 bwh 2.18/6 taa 2.79/1 xia
0 X X X X X X X
0.1 X X O X X X X

0.2 X X O O oil |O/ppt| O

0.3 X O [0O/oil | O/oil| oil O/ppt O/ppt
NaCl

0.4 O | O | oil | oil | oil |O/ppt|O/ppt

0.5 O | O | oil | oil | oil |O/ppt|O/ppt

0.6 O | O | oil | oil | oil |O/ppt|O/ppt

0.7 O | O | oil | oil | oil |O/ppt|O/ppt

Striped cells: Crystal growth was expected by calculation.
O: Crystallization occurred.
X: No crystallization occurred.
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) Number of charges
Charge density (M) =

Volume for one protein

_ Number of charges X 10%
VX MW X 6.02 X 10%
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PEG/NaCl Conc. Optimization Chart.
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pH Buffer Conc.

1 50|mM

Amino-Acid C-Termina

—Terminail Num. of Res.

Num. of S-S

Ala

12

Arg

i1

Asn

14

Asp

-

Cys

Gin

Glu

Gly

-

His

lle

Leu

Lys

Met

Phe

Pro

Ser

-

Thr

Trp

Tyr

W |~ O M | M an |~ [ |— [N [ o (oo

<|<|s=[Hw|oMIZ(=||T|ITomooo|IZ|30|>

Val

6

cells below.

Input data in blue cells. The results for 1st to 3rd candidates will be calculated in yellow

Put “1” in "C-Terminal” cell, which corresponds to the C—terminal amino—acid.

Put “1” in “N-Terminal” cell, which corresponds to the N—-terminal amino—acid.

corresponds to each amino—acid.

Put numbers of each amino-acid (including both ends) in “Num, of Res.” cells, which

Put numbers of S-S bonds in “Num. of S-8” cell.

Composition Unit 1st 2nd 3rd

Buffer mM 50 50 50
NaCl mM 305 474 222
PEG4000 % 30 30 30

Try 1st solution first.

If the protein solution stays clear (no crystal, no precipitate, no oil), try 2nd solution.
If oil or precipitate is observed in the 1st solution, try 3rd solution.

Fig. 4 Polyethylene Glycol/Sodium Chloride Concentration Optimization Chart.

512, SDS-PAGE TiX¥ V7 ISV FTHAHICb0rb
59, Native-PAGE BRKEN TV V7 VNV F &R S s
WA VRV BERLDAH. Chbi, MO EIC &
D, ZVINTBESTORORMEMHBPE—TE b DTH
D, BEL TREmERGEDE O NHIHERITE < 2.
ETAHD, TOLDR VNI EEREY, ARk
O TS5 T 4=V ATLADAFT VRO T 57T
¢« — (Fig. 5) THHLL, BRIOH RS DATED S
&, R B PE DN SHERPRBRICH B 5EH TS
B L T&/e. %0, WRX VNI HEEROBER DY
—IBG DA% EDD &, OMREROHERDEL k5,
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Fig. 5

Fig. 6
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Purification of alpha-Amylase

The alpha-Amylase sample was purified by Mono-Q
HR5/5 ion-exchange chromatography. The protein was
separated into three peaks. High-quality crystals grew
from the first peak fractions.

High-Pressure Cooling Apparatus Main Body (top)
and High-Pressure Tubing Assembly in a Liquid Nitro-

gen Container (bottom).

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

001 100

160 200

300(MPa)
Pressure

Fig. 7 Simplified Diagram of the High-Pressure Cooling
Method Embedded in the Pressure-Temperature Phase
Diagram of H,O (based on Kim’s report!)

Arrow (straight line): High pressure cooling, Arrow
(wavy line) : Ordinary pressure cooling

Hatched region: Supercooled liquid water

I, II: Hexagonal ice

LDA: Low-density amorphous (0.94 g/cm?® at 77 K,
0.1 MPa)

HDA: High-density amorphous (1.17 g/cm? at 77 K,
0.1 MPa)

Tm: Melting point for supercooled water

Th: Lowest temperature for supercooled water

Tg: Glass-transition temperature.

b, BEHEREETO XREIYPTT — 2 OBIGF ORI,
PRI OSSR TaIcER SN ThinnWiedls, s
FAL Lo kBT — 2 PRIE TE W — A% W< D)
B L C &

I — VKD Kim 510(3200 MPa f2E D EHE T T X
VIR BORER BT S L, PSR bR T,
HAHWE, PR LD SIEFITEERE OPEHESAIT, BIEFIC
FETELZ EaMEL TS, Thit, OFFEFTIEK
DBEOKETRZVDEER1 LD KERMOK E
5T T, REEIC R BR/IMANDX A=V PPl b,
QEETTIE, AP - < D LICAHEE CEBE LT
BT 7 AR (HDA) ICHfELRT W &, ZFIHL T
W5,

JAXA Tid, Kim HOFwHXAEBHEIC, HA160 MPa D
FERE F T Uy BfSMe T 5 REHIEL /-
(Fig. 6). 160 MPa T 4,200 MPa & R &% IE Bk
HERT LT ENTES (160 MPa 73, BIEN AH B
ICBWTESICH BN REET).

HREOFIEL, BIFOZ 5A 4N —T THEda - 72D
B, YU IVEREEIC 7 SA TNV —T AL, EfICE
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WARERICAN, GBHT DL LLITND T AN ATHEE
DN %160 MPa £ CHMET 4. IERK, BEEORHA
AL, BHSNICHEEO TR SA AN —T =% T
S, fEmEmfET 5 (Fig. 7).

U F— ADFEdw FIWI2EBR T, ERTARE 1
X HHAEDOBE, Ry RENS 13 ARETH - 727,
AREEE ZFIH L 726k Tld, B%OL5REOREE O
WHITH - 72ICAED S T1LI5 A BREDORHZEBS
LINTES. 72, RDVIE, K3 1A BMREETH - 72
LOMH, RIEBOFIHT, BE LD LIV O PUEEH
T2.7 A DPREED RIF iR B HN TV 5.

CHETOERTIE, FANRETOHBRERN D HI1E
S, MEMRSEHEO/BRORERRIFTHS.

4.3 XREFT—5 OREHE

FHERTH V7 BREGOMBEDR EL, S#EDSE
WEIIFTTF =2 BB ONL LDk 5 L, K OFEMRER
MiaA4770 2 foo 0P 7 — 2 OWMEF RIS, +o7aERE
DLBETHAH. T, H#<DE—LF AV THEPNTWA
CCD#H#RTIE, ¥AFI v 7L v/ VhIet y FREE L
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N8, fib

5. —77, EfEM RS RRATIC B A IR K OBRL, KFE
FFOBTEEDORITETHHH, KIRRTFOKEHIEAE
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FFOBFHEEIIRZTIAW. 0, KALOEA
FTHEBEROTFT—F Ly MCHELTREL, T—F% %
<X —V L TSR+ ARLEYRD S, FEILI-T—
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Y% LS — 2 Tk, B3 o075 —X2IThEIL
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FARETELT LRS-/ (Fig. 8). brAiC, &
AFIv 7V V/VRE y b EFEFITKE WV PILATUS &
He (CCD B BOK ) AWV TRKEDT — 2 %1
B A541C1F, COXD RMERRER S, REFREYT
F— 2 NG RETH S (Fig. 9). FxldhE TOF
HEBRAEL T, WHEEOX V/S7HEICEVWTLOA %
Vo ko XBEFTTF—22BEL, DELZTF—Xy
MZ$AHT LICHAML TE/e. B, ZOEMOE %
Ko TWE7onweEZ2TWA.

4.4 SFE SRR

FHERTH VANV BREGMOMBENR EL, 5 EE1E
WEIHT T =2 BEONL L DICn 5 b, BERTL X0k
M7 TEF RIS L 7o E PR & 7> T B, —fRIZ,

) 431A 221A 1.5A 0.99A 0.88 A
High- 12,00 A B
Mid- Eﬂ-ﬁ
Low- s |

045
— High(0.88-) + mid(0.99-) + low(2.00-)| r
0.40 [l High(0.88-) + mid(1.50-) + low(2.21-)| /
0.35 7
0.30 ) VA
0.25 71~
-, 020 %
g o1s ,//‘///
“ o0.10 ‘F—#\_’/
0.05
0'00 ' '} '} 'S 1 J
0 09s o1, 015 0.2 0.25 0.3 0.35
043 I High(0.88- + mid(0.99-) + low(2.00-)|
0.40 f— High(0.88-) + mid(1.50-) + low(2.21-)|
0.35
0.30 /7{
0.25 /4
= 0.20 o
e 0.15 \ "] /
0.10 [~
0.05
0.00 ' : ' '
000 005 010 0.15 020 025 030 035
(sin®/A)?

Fig. 8 Merge Method of Diffraction Data for High-Resolution Crystal Structure Analysis.
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Biffi & LT LS ¥ 208 H D, Rk aBilion Ea X

Fig. 10 Electron Density Map of alpha-Amylase (Maximum resolution 0.92 A).
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