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%) CFES (Continuous-Flow Electrophoresis System) Z %t ik 2000kg, 48 i )] ~F A4
1200 x 160 x 3 (mm), 73 197 B, /EXFEEE F OLMIhHH T T RN R4 KBE 7
LGOI LA K oAt 22 Fob 0 B 2 13 5 438 L1 ) RAMSES (Recherche Applique sur
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R LR bRAE 8 (1R K 2 B BF ST AR AL A ) TR ™ i v THREM T4 7B Bk
FFEU (Free Flow Electrophoresis Unit) 435 g )5 24 100 x 60 x 4 (mm), 43 60 I,
TEER SR I e <4 254 nm, [R]E AT LAE ot SEHLA HE =R ZS R, 7E FFEU LT
R4t DNA #4088 O 4 E ¥ CFFE (Continuous Free Flow Electrophoresis) 3% &
113kg, H 12 438 mm, & 1270 mm, A/ BB N E R, #4558 R 3% A 1&E
FIAbEE, AEHRE KT LT T 3 R B, arErRE RS 10 AR
) A3-2 RHIKCERE BTt MR, & 20ke, 7B ERTA 270 x 60 x 3 (mm),
71 30 FULEE, AAERBUN, B/ BRSNS Bk oA A e Rt
CRERI, R R R T BR TR S B R, LKA S B A4 B shis i, I
HA 8 EFFR B 2R B IR U B S5

VL F B I P K R 433 8 2 e S B S 0 T 1) R 44 0 7 HEORRE e e (11,
HATH A L W60 ELE B i Bk RR AT 4 5 6 R T T RCE R T B
FaR)skse, SiRER: MOETES B HRAIKI AR A BERE, R E AR
LR AR 3 C e e ) BE b R 0 3 AN I AIRIRE, 121 4R 9 RO P ROU
D KRBT N FRAFE LT IUANTTHL (1) A [a) H 0 28 bk deh v FSE X oy HEL ok 4
AR, WE S EEKN B AL, (2) R0 E R, A i s A ) E K G 43
B, A LUK SR H R BE AN 10% Z AR 0%, BeZeuf e A H i thar AgEAT 5
B, AT B T ik b el A A T R R SR I — RN AR, ) 4 6
FOEERE L vk Xt o3 BE = HEAT T s BEANZE SERT I, FH BT xoF 40 B8 7 )b 47 1 RS 6 5 T 4t
WE, E B P Rh A R CHA R . ASTBLE IRES R A SR B AR RHI 1 A4 () i) 24 84
T B AR R AL
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2.1 E&&

ik B S E A B EUE I A3-2 RUVESE A il kAL, =R A3 Ak
12 g RATHRENL. 2 B EE IO BRI OUR B Gk &, W& 25kg, MINEE
<2TW. IR R B WA BER AR (27 V) Fifshilfs 5, Itz L A8 s v ik
b R 53 BT T B H s R A R 00 R DK 2 B R Y A A2 AT U O 0 0 o 0 5%
B3 I o, UK E R AR SRR THIK o B3RP, B E R IR RE S BB AR
4 HEREHENIR, 8%, LED (KT ELIEK (4304 20nm), # i iR Wi 8 25 Al
BT EEFEERSAR. B FEERKFE, & 270mm, § 60 mm, 4355 [H B % 3 mm;
STEHLEN 360V, B IHEAN 10W. 5B EH E7 A LED Y6 (1 15 P OEk
JETIRER 15 AR AR AR B0, Geh il R B R S s, BORK R,
2 30 PR B R o 1a) R U B S 2% P & 1 HMC SR S5 P LU IO Y. SX FeR A R4 ok
HLR I B2 53 B 7 HOA A 0 5 s, TR R BE K13 25 1) HEL Dk 2 B S0 060 110 2 B
2.2 HHE | |

MATE P MAREAEE C A Sigma 246l 7 &y NIGBERL, W XWHERLK, = By
) @RS (Tris), HER, + e EmiAReY (SDS), W 4iifiEs, TEMED % Bio-Rad 2%
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AP dn, SFFBRR (SA) FiarFHRIVRMESE 1A Bruker 2087 5, LMfF (ACN) FIHIER (FA) 4
Fisher 2@ %, =#. OB (TFA) A Merck A a5, HARPIAEM o8l Fif 2%
R Milli-Q KAL)

2.3 FHiE

2.3.1 EHBAMAIX

AL B B AR UKCR R X ik 7 AR, ARAB A i LT /B H A ) 0 B sk R
WA 4 mmol/L = EFEHk (TEA), 0.8 mmol/L F&Re4N (NaAc), M4 &AM E C L
0.5 mg/mL {)VREEF T kSR, ek 360 V.

2.3.2 SHEBEFYNEE

L G e N HR )

HLUK (U4 1 30 B 4 B, FH R RIFREHMARL, HR 1 mL 3EEC 66 BE T 410 nm )

2. Bk B Dk I Al RE NS

(1) SDS-PAGE(Z N #h B &t I Fo.vk)

HRL DK {SOBC A 16 43 BS P40 EX 1 mL, ¥ VRESO B2 200 pl (AF, BFEFEL TOpl EAF. ff
FH Hoefer SE M & & W Hk £4¢ (Amersham Pharmacia, Sweden), 5%T W4g#, 13%T 4
BIRE. BMPEE AR 10mA /K, MBS 30mA /K. SERCH Coomassie R 350 Juff,

(2) Mini-IEF ({545 i A HIK)

ALK (R 0 B = 1 mL, ORF, UL 10ul KGR EE 2pL EFE A
Mini-IEF 51 B 4:{Y (Bio-Rad), 100V #1 200V £ 4 15min, 450V £ 60min. HEHK
H Coomassie R350 {ff,

3. B E o T’

(1) AR IE-ES-FBf- B (LC-1T-MS)

Bt A bRAE AIBE U5 Y Finnigan MAT LCQ B FBHRE{L (ThermoQuest) 5 & Jk K
L HP1100 (Hewlett Packard) {EZREXF 434K F1FHE 5 IR Y. WARZ> 3
microbore AHAE, C8 30 x 2.1mm LD., 5um (ABI, RP-300); A i, 0.1%FA; B #,
0.1%FA/ACN; #ii#, 200uL/min; PEREEE%, 0—2min, 0%B #; 2—15min, 0—100%B
#W. IT-MS L AGC (Automatic Gain Control) #is01F/T, 38544 Ultramark {£4L.

(2) 2 s B BOE BT B8 740 ATt al- Bl (MALDI-TOF-MS)

1mL 48P YRTEET 80pL 0.1% B, HR 1uL A1 SA Bi 1:1 R&, W 1pl
AEIRER E. B AR THE, & A MALDI-TOF JRig{ (Bruker REFLEX III) 43#fy,
LU o F BEARE R A B RIS IE. BB R 1S/2 Bk 20kV, IS/2 ik 8.593kV,
Linear K{7T 4 X, cutoff mass value: 8000, fFf FhELZY) 200 RiBOG T 45 R 2.

3 ZIRANTIR

3.1 TR HBREER)XS BRF
e R A i vk B RS [ A, BADXERIR 4B, RS
B R IR R AEDET T REWII. BAHIE XM TEA-NaAc Jr B4 R AX Ay HE Dk
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Fig.1 Separation result of the different glycerol concentration in the electrophoresis buffer.
{a) 10% glycerol, (b) 7% glycerol, {¢) 4% glycerol, (d) 0% glycerol. x axis is

the fraction number of A3-2 device. y axis is the optical absorbed of the photometer

AFEH MR #0 B A R, Hoot 2 BN P R g e PE R R, (EAL 2R 135
BEANSEE RAEALT, TR AIH.  PRU/E A B 20 25 ) 7 B 5K 06 AR rp, JRAT) 2548 7
.

3.2 HEANEE KITREAN SR
3.21 HEHAREGER

UK Ty A T AACAT AT ZE LD 1 g A FAY 430 nm EAOER INIE 2 iR, i
2L N RIOGAT EEIU B TR 1T 2 VKIS RE, SR e B AR T TG, A Y R
b BARGER C LM BHE. AMENRFT, MIEAMMBRER C )k =R
ST AR B, G PG m S A S AR A, AT
SENAE S 5 TN AR & 5 BUIRASYERT 30 min PIFAREAE, X85 W T
&SRO RN, JRIR AT RE R B K SO A KA THE BB P, IR AR A
&R .

B 2 B8 IR DA TR 7 BRI B T 5T, RARRR A (i A AR TE o7
B AR AR AR, AR ZY 430 nm (S
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Fig.2 Electrophoretic separation of Hb and Cyt.C, optical profile provided in real time by on-line LED

3.2.2 HEYRKRER

Rk AR b 1 TR R A BT B 2 B =88 410 nm SRR AN 3 Fis (R ER A4 B e
VIH R PR BEA AR, RESCIRS B AR AU ER), NRERENSR). ik,
MAEAMARER C MEREREEER 7 (LUBREEGHSE), MEMEAKHT, A 10,
WINT 3. MLAE HEY A B, MEE C LM BRMA. 2B YERIN S RAE
SR ML REA B AMEARNBERRERRE RS HE &G, UEESH

—— MR
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Fig.3 Electrophoretic separation of Hb and Cyt.C, optical profile provided in each fraction by photometer
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3.3 HBEYMEESER
3.3.1 SDS-PAGE

FA'IH SDS-PAGE 1 Mini-IEF Xt 1g {88 1 %44 T Fr R 21 i 43 15 B 1 b i e g 3%
Himi i E Ay TaREE, EARRHEROCEARIT, ARREEHEARS
BASRNHAT HEMESR -, WA 4 Fiw.

Hb a

Hb o s
Hb 4 = el Wee® Cyt.C Hhp—| eeas  See Cyt.(
No. 1112 13 14 19 20 21

No. 10111213 21 22 23
(c) (d)

46 1.6
0.1 = 5.1

-
6.5 6.5 | A
0| B8 *% = 7.0 P “
8.2 ' 8.2 &

9.6
Marker Hb Cyt.C 121314 21 22 23 Marker Hb Cyt.C 121314 21 22 23
Standard Hb Cyt.C Standard Hb Cyt.C

pl {ii
pl {H

— 9.6

B 4 SDS-PAGE Fll Mini-IEF TR EAKN T EH M. (a), (o) AME L, (b), (d) AEEHT
Fig.4 SDS-PAGE (a, b) and Mini-IEF (c, d) analysis of the separation results in the part of fractions..
(a), (c): on the ground; (b), (d): under the microgravity

3.3.2 Jﬁiﬁ
12| LC-IT-MS #1 MALDI-TOF-MS 3 b i 1 Bl =) b B B i e BE 4T T KW 5 F

Bl LC-IT-MS LB e R C o7& (12361) fiE# g4 &3, MALDL-
TOF-MS LR H 2 FRAREMF A EQER LS TR (15054, 15953) 7 0.1% LA
A, RAREMMRGSR—E, ALAFEAFRMARER C. EFUESM T I REPRAE
K, R EYE 13 EMEREYE 12 B LC-IT-MS SHret RME] 15054 —
Mg, S0AEH o TEHS TR, B 6 WHEFRHI. HBAT 2B 6T #m e &
BRI T RE O MMM, LC-IT-MS KNE 8 WAK 3 BKF o W 2 Bk (BiEER
HEoR), R aPIAE 6 L& BB 2 &Y T MALDI-TOFMS & #l, R
TR E] 8 WA, LC-IT-MS A E] R E 5 i 40 3 SR H A TS '/ IHFAHF,
o EEKE, HEEFLNMHET 8 EREFX.

4 GiE

LIS A itk X kA0 B g EAMAREGEE C, g TEMBRA AR
HARB T BEBOR, WE T REAEMA 4 5 XML AS-2 RIREKNK ks &0 &
SWEMZELE, FAMEN TN EESE B Rk EA RS ERO R ks
HY TR SRR, EXARRER R CEA RS . AT MR ERA1¥EE
THESBHBBEKEAR, ARERROEDIEHN TR HZ3EE T — & BB R ERE.
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FREE FLOW ELECTROPHORESIS SEPARATING
MODEL PROTEINS UNDER THE MICROGRAVITY

DING Shijian LIU Tao SONG Jinfang WU Gaode
SHAO Xiaoxia XIA Qichang

(Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences,
The Chinese Acaderny of Sciences, Shanghai 200031)

WU Hanji JIANG Yuanda ZHANG Zhiyuan LIU Wenxi
FENG Xuezhang MA Yuli

(Center for Space Science and Applied Research, The Chinese Academy of Sciences)

LI Qin
(Institute of Microbiology, The Chinese Academy of Sciences)

Abstract

Separation of two colored model proteins, cytochrome C and hemoglobin, were
conducted in the specially self-designed free flow electrophoresis device A3-2 using
zone electrophoresis mode under 1 g- and ug- conditions. The results demonstrated
that the higher resolution of free flow electrophoresis acquired under the micrograv-
ity is obtained. Both onboard LBD detection and measurement of the seperation by
the spectrometer demonstrated that the distance between the zone maxima of the
two proteins were increased and the dispersion of hemoglobin decreased. The exper-
iments also included: (1) The effect of the glycerol concentration on the separation
results; (2) Post-flight analysis of the contents of the fractions. The separation
results of 10%, 7%, 4%, 2% and 0% glycerol concentration in the electrophoresis
buffer are compared and no significant effect of the glycerol on the separation results
are found. So the glycerol and its disadvantages for the clean and storage of the
device were excluded finally. Gel electrophoresis and mass spectrometry analysis
of the contents of the fractions confirmed that two proteins have been effectively
separated.

Key words Free flow electrophoresis, Microgravity, Hemoglobin, Cytochrome
C, Glycerol, Post-Flight Analysis



