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Free flow electrophoresis of a nematode C. elegans DNA was carried out using a Free Flow
Electrophoresis Unit (FFEU) on the spacelab of a space shuttle flight STS65/Colombia. The
electrophoresis experiment were performed by payload specialists under microgravity. During the
experiment, the house keeping data of the FFEU and the electrophoretic migration profilés by a UV
detector were down-linked and monitored at POCC (Payload Operations Control Center) of MSFC
(Marshall Spaée Flight Center, Alabama) according to the real-time down-link system. Separation
profiles of migration markers observed as the three dimensional electropherogram (3DEP) were

“very stable in comparison with that obtained on the ground, indicating that disturbance of
electrophoretic migration caused by thermal convection did not occur under microgravity.
Furthermore, the 3DEP made it possible to assess the separation behavior of the samples and then
to request the necessary sample fractions to be collected by payload specialists. Post-flight
analyses of the component DNA of the fractionated samples revealed that the DNAs were separated
effectively into two peaks: one of them contained seven folds of a DNA component estimated by a
sod-4 gene probe against an unc-6 probe on linkage group III and X, respectively, after the
amplification by the PCR mecthod. The others were the same in that ratio. These results
suggested that this separation technique was suitable for separating- biological macromolecules such
as DNAs, and the separation efficiency of the FFE under microgravity environment was very high.
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§% 15 (R % X9k 80 (FFE: Free Flow Electrophoresis)id . FEMICHED2EDL TICER KB %2
T50C, BAFHEEOELELIDIUNIE, BBREDL D REATFRZEZLY., BHF
PHRBBERNRLOERY S XOPEOLHMICEBICERATH S, V EE SHBERYWHET
H3DNADBBIEI A FEWSOBERHEMIR D ARCRE LTSI, MIFHRD DNA
BT Fid 1M base pair 2B X TW 5, ZH 5 E XK DNA O 28T id Pulse Field Gel Electrophoresis
KEhART B LBHAASKTVWEDY | FUVEKZAWEERKB TRV M) Y
VADEEYAXCRAFHEDOT, REEBLURGKDNARLOKMFPEARS T2
SMTHIL, BLXUDNABBRERL DNARVIRRICSER+2RB2B 2 LEE
#$CHD, —F. FFEIL CFFE (Continous Free Flow Electrophoresis) & & IEiZh . BRIk 8K
BIESL AMAEORT, KELBIZIZ b yBLEFETH D, ¥ FHALIL T D FFE
@ pH AT 2R T 5 5 BE R B IEF (Isoelectric Focusing) ) % AWV, $fa{k DNA O E KW H D
REBEABMEZEHHELTVWS, METR pHARERER I B2 -OEERR2 5L 2. 48
HATEC2ANKRBTI S LPHXRT, BEECIEREORBEZRERII NS,
CHICH UBMNEABRE T CHRANKENRVWO TCTEEECOBLR RIS TERTCHRENRE
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KB EEDSRFH KD,

FFE T D 7 B ¥ & U TH#E $ (Chaenorhabditis elegans: C. elegans) B 1515 DNA 2 BA K. & _
HC elegans B DERBHITH 2 LMMEE, HER. HR, HLBERYr2HL. Ml
RMEBMBER LTS, % CORBBBREIERTHEN, —FH., XPEERIM
KLOYEPHRTI2EDAEORITADRICLIVECHBTNTE, L BERED 51X
HFURAREBRUDPAML T DREFHROFRBERSCTH D, C degans ORI
SHERER R T SAA+XO TH D, LKA DNASEIZ 100MbCE MDD 130 THB DT,
La—=U7 7 LEICERIT. RERDNARSIZRDIEYRBHAE R DI REERT
bHbo " FBIK C elegans DEGF DS BEBBEC LY BLEORETFLELLT
WNRIZLY, COEPEARBEHRE L TMO LITF2EHTCH %, FFEICL D DNAR S
ER-3: 21N ﬁﬁimmmémmmmﬂ&izivﬁ EQOBBHICKRELERTZZ LK
23,

?ﬁr“5$ﬁﬂ$®%ﬁu$%&5mu$waﬂémit%5ﬁDﬁﬁ#a:aﬁ%

Yo FHTORBRBESDRVWILZERTZE, AV R—KFPF USRIV EBEER
éﬁnmtﬁﬂﬁ U, 207027 bOTOLDRTWIHMICHEDREZ2IEPEIILELET
Hd. THUEMPHEVWFEHEAT—YaryTOMELBVTD, TOHENEL & »
5. AVER—FF7F IV ACORREREZATH RO RN L EBREIPZILEND S,
FFEXBEMNENREZHEAT2HRO0OBVWAREEL22EP ) CiIRS, £ K-
b?fU/xLﬁmfsaiwﬁﬂ@ﬁm AWRD” F— AT LY LLUTHET A
EBH/TED,

HBOFELRE
7% 36 £ % 5,3k B 3% @ (FFEU: Free Flow Electrophoresis Unit)

SEOFBETHEMLE FFEURBRFHHBBEMABEAL, SHEEIEHFERAT
HREZNLEHBDT, TRMAERERIIFT,

FFEU% 1 7 Pk By A8 Y~ - RRES 43 B A
FM ( Flight Model) 100 X 60 X 4.0 600 V X 100 mA 60
BBM (Bread Board Model) 100 X 60 X 1.0 600 V X 100 mA 60

FFEUFM Z BRI BMEZ 4mm & L, ERRBERECE L2 EABEREBRT S
&, BLUBRKBSBBEHFROBREZREIL T2 L2 HNIC., BEKAERKYFRE
DHBICEISCKRBL LTREITA TS, LN ZoRBER2BETCHEAT I LY 2 —
NWREECLIBNAPREL, HRNRIBEREZTIEECOELIRBRITIZ LA
2o M ETHT I EBRRBRERGERT T2 00 EBMERICIERKBEED 1
mm ORHEHI /NS WBBM 2V, 2 FMERTEREREBTH I, BRKRBHE
RABORKRNBILIURTERBICOERL -,

3px V7 07 =0 Y5 h(3DEP: Three Dimentional Electropherogram)

FFEURBERERKBETHELEBE AR EFICSRF Yy U2 LVORAEE= ¥ —
(254 n0m) ZEBLTHWI0T, BEXRIIHSH 2 WHESKHAUTAIZ LN TE %,
FFEUDP S RBETBESEFFEUY 722y FPDF 4 XA 7V A LT, XBEEZSY—F v
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FNEFE(SRAE—PEBSSHSES5IEHNG). BREY@HERAXEELEZLV I PO T
OYSLELTHRRINZNP. OHBECV I VY a3h30THERELAEEEKBHO
REZL2EETIILIRETH o,

COMEEREBRL. BERABRNEEZLVENICET T2 2DICHZIC3DEP 707 5 A
BERELE, Y o700V SARFFEUY 2oy PICRAWS R XY, YEIICHME 10
PpIioxzLrbovznlSa% zH(KEAEBILLEIRETZI7TCERDLEZL Y b
D7x075L(3DEP)ERRTIHDTH2. EMEBLUCMERBOY > 7 VOKT
RERZODE LESRKBRBOBERR. YU 7 VOLBRREREFHERNELLZD LIS
BRI EORICHN TS LS TES, 3DEP Ik FFEUFM 3 & UF FFEUBBM £{& /8 L =
HEERBRTRI L. RITEEBEK O POCC (Payload Operations Control Center)IZ BT, X ~—
Ay b NDPEFO LY PEINBTF—FEBYTNVIALTRIEUIDEPIERRT Z2HEE
EHBTERBOLLE, 7OV SAE /) =PRI —=YF VT Ea—F— NEC/IS Note
nx/c L THE17F L. Th % FAM (FFEU Absorption Monitor) £ L TH W2, ¥ U0 « F—
Y TV TIPS DEPRRETCRH ISHETF—YHIRB I0BLAICHEDY, RPKET
F=HIDN—-FOE—2BIZILPTEZIRY, SE0EHNECTSEETEIH DL Lk,
FERIDOYRAFLARMNEBRR-FEYF4—BEVIALEL2—F—THh, 7075 A
- b MS-DOS LTHEBLTHADOTC, iOXFEV I I HF—-SOEBELEL, AU HR—
FPFVIRIENBTEIHDTH S,

FHERADNAYV Y 7B LUK EHHORN

SEDAR—ZAY Y PVORTEEIX BHEEEMICDESZDT, 2TOKE. BR.
BLUBBIEEGHEVEZL, SORBBREEBLUVBERBOREET > 2,

5 1D DNA I 0.5 g (wet wt.) D B 5 % Protease K.  phenol/chloroform, RNase T JH JXLE L,
I - NUREFTOTEREHRICER L2, EXRKBADNAY L TNVICEY—I—TH
3757V NADPE2ZhZNh5mMil X/, DNADOKRKEEIZ. 333 pgml ICFARK L.
pHIZ 6,05, BEEEMRIL 440 uSom ™' THoko DNAY Y F B3 ml EHARY > 7
Nhty MCRHEL, 2AX2FEHERAL LU=, 2BERADEN N V—YaryFa—-7
30 &4C1Z. DNase [HEH TH 5 10 mM EDTA 2 05 ml DOKHE Lz, EXRKB O MAERE
# L 0.01 % HPMC 3 & T 0.3 % ampholite ( Pharmalite 2.5-5) %> 5 %% b, pH & 387, EXREE XK
it 87uSem ™! THhot, COBW ISLEFHY Y —CRELEBAVY TS 71V T —
PEULNY I PEUIICRELE Yy T NVAEY M, BNV —YarFa—TBITNY
TP VPRAR—AT Y PUVEH 1TRERICERL 2,

DNA OB H & 27

WEKESRHICAVI DNAY Y 7VIHERETH Y, ABINEHORXEFROS K
TR D EE T H 3 DT PCR (polymerase chain reaction) ¥ % Fi ) 72, DNAMK ZFE T D
2% 2HED DNAZ7O— 7 TH DU LT —=I 7 )V—7M®D sod4 gene (Cu, Zn-superoxide-
dismutase) B L XY V& — Y T )W —7 XD unc-6 gene (netrin)® ' #HEH Lo DNAY T
Vo450 BTy ) — VB THEME. 20 WO TERERICHEMLE. COBWED 2 W2
30 ul @ PCR % i % % % A \» Thermal Sequencer (TSR300; IWAKI, Funabashi, Japan) T8 U 7o
PCR 4 BRI A& B &7 )V & 5 Yk B 28 B (Mupid-2, Cosmo-Bio, Tokyo, Japan; gel size: 52 X 62 mm) %
FW 1.5 % O agarose gel (H14 agarose gel; Takara, Shiga, Japan) Cik B & {7 oMo TOT N E T
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FIULTOVA FTREE. MAREGERERRE (665 Positive/Negative film; Polaroid) L 7z o
*HZF 477 4 )v L% ULTRO-SCAN 2202 Laser Densitometer (LKB Co. Ltd.) CEZE L. $BY>
TIVDNA L DWEL S PCRERYDO DNABZHE L2,

583

HEEEXKBRE L H W22 HKE I ZE (Zone electrophoresis).  FSF (Field step focus-
ing)\ ITP (Isotachophoresis) ¥ & U IEF (Isoelectric focusing) D & A HE M 3 . 4 [E L IEF DK
BEESSABELZHWERGEDNADOAMEZHEN L Lz, '

MEGEINHKE VAPLL 2FEA L., AEEHEORAYTHEIF Yy VY -7V 7 4
A ML pHAREREZBARLLEIAF Y IV -7 745714 MAEIZ 03 % KR
BTHDLYW Lizo SOFMEEMAV., FFEUBBM IC & % DNAD D BEER % 17 o 1= 15,
BEXRBEB L UCREBRALCAEIHFE L. RPEFHORIADBEENIC RS RV L
PHBELE, ChEIBERRKBEOBZOBRBE~AOBEI LBV DL N L., REEEER
%% 5 HPMC (Hydroxypropylmethyl cellulose) % 0.01 % 1 LBhiE DR EEF ok, $k
HPMC R BEX B BWMZEB T 52D T FFEUM 2 AV I RITERTCHHEAT B &I Lk,

FFEU/FM FIFI R0 - T R

IML2 St B CRME T 2RITERTIE FFEUSBR— P60 I L, HBEh2HWEC
IWHMERMSH D, REBICLPTEINAMARITI02WMR— MTHYT 230K TH 30
hEERBRERTERCEBELADAMED P BRI LEFHEINZ0T, B5R2SH
ZFFEUDBHKEF—2 5O )V 0 F S CHET 208D H S, FFEUDKRHBRE
BV D T ¥ —H— & L T NADP (Nicotinamide adenine dinucleotide phosphate) B & X7 5 J & &
20 DNADKBIBEB Z RN Ulse |

—h. RITRBREZIN—F 1 LPROSATVWEDOTDNADER KB ERIIN S0 AL %o
Foo BBEWARTEE 3 cminBLUTY Y 7 NVHEE 25 co/min KERE U, kBEEIE 200
VBLU 300 VO 2EXHGTFHEREZIT - EHEREPS, JVOBRELRELREESRG2

BRZEICUE. BB 'C*@i"j“3/7’)1/&%*)”:#%%’%0)%{43?%? L. ZOBEXKBERE
! ‘Collect

200V, MMERMHF. BRTK separated
BAE 300 VO R CIEREE Exp-1 =xp2 B3 sample
S AEIRBEBEEICKET 2 200V 300V: TBDV TBDV
ABMEBEUET B LICL gharge

o REE2THER1ITERL T

RMRENRIFRKBEET Sample
MEL. BAFPEEFEHICRS pump

EHRYVIVERTLESRKE _ i

BT ARRBERRT 5%, B u L " L |
EHRITEIFPHERTHIRER —
2LACERHTEIXRBEZT D ! 2(1) 4(1) s(l) a(l>
3BDEPTCD Y —h—DikEI 28 time ( min )

»S DNAD S Eh 39 HHE— Xl 1 Schematic operation of the separat'ion of C:.eiegans DNA
b 30 B AT &R U E AT B EE :zotiFdEge o([;e:’epr:iexizg' af:tI: I?u?i/gil:ge):}?: neT:crtl:ofwhzzgtiZ
BTk, (K1) behavior of the experiment number 1.
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COREEEIL FFEUBBM 2 HWZ O —#EMRIE L =#. FFEURM Z Al With EEB &
LTRELE. ER1DEKRKPEEORGERH (K 1 Exp)ORKRER 2R T, MNE
TREBUEZZLERTREZR TV I0MBICEIKBEERZ 200V &9 % L NADP i

206 RE EH G b it et i ' BIE RIS 1 5B 1 21T BHBE RY)
T ; i

2688

4898

600

" gee

0 5 10 1 20 2 30 35 40 45 50 55 60

Fraction No.

¥ 2 3DEP of DNA sample by FFEU on the ground. Electrophoresis was carried out on buffer flow rate
3 cm/min and sample flow rate 2.5 cm/min and migration voltage was changed at 200 V and 300 V
indicated in the figure, respectively. The DNA sample contained C. elegans DNA and also
contained 10 mM of adenosine and 10 mM of NADP as markers. The buffer for electrophoresis
consisted of 0.01 % HPMC and 0.3 % ampholite (Pharmalite 2.5-5).
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Fraction No.

X 3 3DEP of DNA sample by FFEU on the ground. Electrophoresis was carried out on buffer flow rate
3 cm/min and sample flow rate 2.5 cm/min and migration voltage was 200 V. Other experimental
conditions are the same as described in the legend to Figure 2. :
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BEICBHL, 77/ EBEBHEINOPRBLEEREBIRSWENZOR 200
DEZPPEABRHTEREP ROz, 0P BICEERELTSL NADPBLUTT
JUy OB —2idhRicRED, BE 00 VIEMET 5L 200 VOBE AR —H—
P— 23l Er> CBE T30, 2FC—27oERIFZENKSEHITHETIERL
ok, FE21X 200 VT 6 AMMEBELERRDAMEZRANTEHL LERCY TV E
KT ULk, (M3) NNDPBLUT7F /Y VOB —A—DREDPENHEERBTLETH
o ChOEDKBRENTRETHIOEBRNRICLZ2 DL EBEDI S M, ﬂ%ﬁ%ﬁ’tii
WMINENTCHDHBRNBIERVDOTER1D 300 VORKTHI WV EELEERXKBNS
BMOTDODhB LY CES, ERIIEBR 2LALCRGFCELKARBEZTVWT IV VY —AH
THERBEBIEZZZETCORBETHI A0BICRKBERT LE, ZORENII—V
EER2LARTHY, YA —ORKEBEHD> S DNARBRATHLMA—FES 2525 54
ETCOWBARCKBLTVBLEIOLNZOTIhERRL, -0 CTHRELE, VY
TNAYYzrya - ORBOLYBMETERET VAL DE—IHFBETD
6:&&EEWLX_° OV TNV ABELEY TNV ERBRICREL. EZBROHFELEH
2B ~_7= PCREICL D IEIE L DNADRI 21T o %o EBRITH/ONEDDIXIIEIRK
BESLED, 46BLT T BICLETFODNASREE N, if@ﬂn%%ﬁﬁ%%hf
Y2 )ik 33 KIS DNA BRE L=, ‘
CHhoDORRPLSHOBLRRDERCTENIREDNASEE 22007 —A—ICRE
hiEasERThEEIVIEICRD, BRI LMERZESL—YarFa—T0
ABIOKICWE B RITFERTRUZNIAATCT YL YL IINBEF—H D3DEP 25
R—A—DERXBBHEHN L. BRI REESEBERHERDZIBICR >
CCTEMUZ FFEUFM A HERRICESERTRBRORKEEZRE Uk,

RITEBROKER
KREROBEIES S RERROMBLE

SHORTERTCABCERHEOLEERERLTILBEOFREANEE . FFEU
AKOBEREFIAA—ZF 7L OMERES WL R AKERRTH 5. REOLBE
FREEFRSRIORTVIOT, BHKOBERIF B L THEBELLE, ENEELE
Eoy— LEREPLBRAABIERKEFEA>TWEZ EBFHEINAEDTCIAERKT S
J= $#H¥ £ T {5 IFM (In-Flight Maintenance) 1T b h 2o BEZE DT I LIZAKMN R ~—
A5 TREARETH2/REIDVELZREBTELEDSNEVKEAREL RO,
FM% 6 BERABEEIRI L, BRABERDTEL Rk, I V—F A ABLTT7 U —
K7 FERRT 2 -DBERRBERIBEFTI LRk, EREMIIABICHRD L
FOT. 3EFSBRAKHER(K )EA®Y Y 7V ERERT 2 ER(K 10 Exp. 3)1 HO
RiCHEDEhiz,

ELRKBER
DNA @ & &1k 81 2B & MET (Mission Elapsed Time) 09/14:30 ICHE B Ui=o B 1IC/RY Exp.
3OTBD VEROTWAEERZ200VE L, SV Y 7VOERNES RS BRIk ERR
BiFotre ERIETETD 1770 secf@D, Ny 77 —BITF U ITNVRLTEHERTE
—184—

This document is provided by JAXA.




FEBLUCELKRBEELZOERMEEZR AT T, FECRENNYy 77— T &
KINETAFETCHoEN230sec BNT NS, 500sec CELREKB NN 7 r—FZbHE L.
730 sec T 200 VEMELZ, ERERZX I mABREDPSRLACLERERIT. 1500 sec TH 12
MAIZELE. CORY Y TIVIE 900 sec(MEE 170 sec) ICHEARB L, BERKBRTET
WlkiF 2o POCCEBWTE YL Y LYY - F=o P T I7INUVE=ZS—EF
Z3DEPICEBBL(XS). Sl LT TWABERBRROY—h—D o8B &2 Y
MLk, BRTA3LICERKPBEACZEIHEE L TWEILEEZI SN DD, Fr5~
BOBEIC, 220 8—V0RELERFREXRSWE, ChbOE—-SiFe—h—

14 . EP voltage EP curren‘c‘v . 250

10 + __,_/——’_J | S BN

gl 150 £ 2
< 2o
€ 6} g 3

sample pump 100 55

4} g5

! I ﬁ 50 i@

0 ¥ L] T ) ' ¥ ] T ¥ .l 1 T - O

0 ’ 500 1000

time from buffér start (sec)

Xl 4 The monitoring of the FFEU operations. X axis is expressed in.sec from the buffer pump started.
EP voltage and EP current show V and mA of the circuit on the electrophoresis. The arrow of

sample pump means the loading time of the DNA sample.

2868
i8g
=]
1000 =
B e e T e e
T R
—— -~
1 T ]
900 — —
[]||lll!|||||lll|l|§|l||“|lll‘(ll..lll‘lll{llllllll.ll
(sec) 10 20 30 40 50

v Fraction No.
[ 5 The 3DEP of the DNA sample on the spacelab. The experimental conditions are the same of the

figure 3.
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KE2H0THDH, COBILAEOEHRPILFEEND 1 mm CHRYLEKHITD
Nio S5 DNALH EEBRLABRK A ST — D —OBICKHLELEZLNBDT,
BDEPTCOEDPITOABEHRRBETCHI R BLUVERHNSEHIRES TH S Fr30 2k
INSBEEEFNR~50DEH0EFZENNV—Ya v Fa—TCHRL., RETSIETO
M. BBE(-20CICBEELE,

BRERDERLEY > 7V D DNA G4F

BERRHTHAELEY 7 NVOEREFHEBVTDREY, 30F0ENV—Yay
Fa—TOBERBIARECE SOV, (He)—BBEBIPEADRTWIRESHELLEY Y

-4
T r—rr’ k3.5 R
i 3 &
1 .’.".—-'—-_——- | m
il F2.5 E
EER/iANEEES i :
=TT : %
T 1.5 5
i >
[T i3 g
IR "Fo.s
T —+0
ml A muuu L . ™
5 10 15 |

Fraction No -

1 6 Recovered volume of separated sample after the chromosome DNA experiment on the spacelab. An
arrow indicates a desired volume. :

Relative amount of DNA

Fraction No

B 7 Relative DNA contents in the fractionated samples by the electrophoresis on the spacelab. - The
amounts of DNA are estimated by the densitometory of the photograph of the gel resulting the
products of PCR. The DNA samples are analyzed by using PCR method with the two probes: backs
are a sod-4 gene and fronts an unc-6 gene, respectively. All the data are normalized to those values
of the control samples.
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TVOERBECHIVEEEOHECTHLIRAOD 2D, BHE 10 m U LD D EE
UPCREICLZDNADBT 21T oo 70 —~7BEFL LT s0d-4 BEY unc-6 gene % H
WRH LA DNABZRI7ICTR T, DNASEVNBEADODIE Fr35TH D sod-4 gene I &L D
BRUEINEZ3DOR unc6 TREZIAEIOD TROBEREBE, ThiHLE28H0 2
BEF > RREFZLZHOTV70-T7BEFLLII2RBEBRIFFS LVWER#E -, DNA
RAEEKKBIHEEPO 3om OB TCRBABIN. ChE2200R 2 2/EHE D DNA
BAZECAEICOMUELEETES, . YT—A—L UTHEALEPF 2B
U'NADP X Z N EN Fr28 L FrICE — 27 2F D 10 mm OB TCRETE =, fE-T. &
WEADEDDEEOEDZEMB NI BoTiRWED, $IRNRLBITFDhELEZL

5hd,

B ER

[EOHH

SEHORBRTEAOBEIRAABRACKWS A>TV REILETHo LM, GERE
BRI ERVWHERMENE UL, RUBSKDERERCHIERL 22, ESKIHE
RICKEPHELTWEIEPEEILOND, AEROHE TITb A pititary 3 & UF antibody
DRBRIEBVWTHIICRREREMB RSN AD T, 3DEP THHM S R 88 Rk ik
Yy I7NCLZ30THRRL ERRBEANOKEORBEIC L2 NHOBIRARZHFE= S —
DIEBLLTRAELEIOND, ChODREMELBUAREE=V—DY 77 L Y

AETRZRBIKCRT o

" Expriment on
C.elegans DNA

‘ 23hr
EIJ A TE r’llmf\\\,)\f/‘.\. 3
i%ﬁﬁﬁw&ﬁm . y Expriment on
3 : - pituitary
lZOhr

Expriment on
antibody

30
Fraction No.

¥ 8 Transmittance changes of UV monitor of FFEU during the experiments of CHROMOSOME,
PITUITARY and ANTIBODY on the spacelab.
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S anYEPESPRBLUEERICKSCT, ¥ELHEABBOERFH., BLXTUvE=SY—
PEALU-ERRBENOREREMNEP CHETE2 200 /B LV ABOKREHE
LieZs, HiEH 2 ol 0SB PEREKBEAICEELTWELEETEE, ZOKK
DREPRITERTFIT~1BL 4S5~ 2DMNBIEREORTE 22 skLEI BN 5,
A=Y ¥ MVEDEB UKL FFEURM 2 FPHBAR B XA FHRBRBICHRE L. KBE
ADYaIv—varvgffok, FFEUFMOY Y 7D Y ZR—M MYV T7NVRIRT T %
ROFIEEPELETIRTFERCAVEDDLH LD EHERA LR LEETERREZITo L,
FFEUFM AR B kISR BICR 2L SBREBEL, N2 mOZEKEY L IVA VYo vay
R—bPXDEALR, UWVWESY—LEKEPBHTILOKFEMBEEMBAH L2 HF SR
HEF—Y 2RELEIIDEPEZRIKRT . HOBKR>TVWANBRAHEORAATH D,
AR—ZAY ¥ PNV > EERERLERRIDEP 2Bz, CONY—VIZEIRIRHT
HEMLL, HETRZOMBERZICT2HIZE LA, ﬁmEﬁTTﬁ#nbﬁibf
Bh, ISICHRLELSKEFIHREREACMBICHEZ L TV,

N e

time (sec)

Illllllll]llIllllll]l.llIlllllllllllllllllHlllll]]

10 20 30 40 50
Fraction No. _

Xl 9 Transmittance changes of UV monitor of FFEU on the simulation experiments of the bubble.

BEARRBECREIFE LTV AL P SEDOBERRBRROBETH S EHEEL D
ok, IIMODEZRNY 7 7 VY —N—LBLRRBEEEAGLTVWI IV I T4
ZIAAVYENTRENDHD, BESALELERGIVESOBAL, HRELT 12
mOEEPBALECLEMETHERIELTH S, LrLaks, 12 ml OKEFEIRK
BAMEE anm ORBCEAOREREZ LERIZMN 60 mm L&D %ﬁﬂﬁﬁﬁ@w
BETEESI LR, ChIEHL, BALEKBRIIREBOBEHAT, [JWOERE
mmmwﬁﬁmﬁaﬁkfémmMWﬁhMT@étmmﬁawﬁféamf\im
FEAOEREI R TP EPEARBREBOEHRUNCHRENTHEL TN LT
b H s,
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M EER L O

FFEUFM 2 B0 b L ER (B3 L FHOMDEATTCHOLAESHEOERELE T 5,
Ecik, BHENDTWT T YRR OREFR(F TNV 2y ah—
FPOBROBHEME)CHS 30K, FRBHENPAE N NADPE F45{TEICZ 20
RKBEIhTWwd, 2OBA. E— V0B REIERKRBPET LTV BHICRELSEMLL—
EORRERERVEP DV TRIIALDOY—ZBEFLTHY., ANROEEEAREL
BEITWRILYBDP D,

ChIEHLT, REFERCHELRGHEACTABHELTOWED, S~ 150®H
THRELE220Y—VORBREF RSN =, ZLBRELIKLZIORRTIIERE
TOY Y 7 )VOBERB LB TE R > /=5, PITUITARY B L U ANTIBODY T D ##H
BTOV Y7 NVOBBREBLEEBIZ2EREEPSOFRPZOMETH DI EHBHBL
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Xl 10 Comparison of electrophoresis of the DNA sample by FFEU on the spacefab and on the ground.
The left side figure is expanded around fraction No.10 of Figure 5, on the spacelab, experiment and
the right side from fraction No.30 to 40 of Figure 3, on the ground. :
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