FEHRANICET2ERTFRICEK 6&!&%&%@2%&%%& (RADIATION)
KBEEMKLETSXI FDNAITDOWT

HEAMEE : RERE". FHAE WEARED PEHIR™
INKKRETS, ¥R B, KRER#™ ‘

Y SHERNEE FHERIAN—T. 2 PLEBRFEHRYE BUHEF.
3 BRAEFHRER EWHEF. 4 RARIEMNKE

We participated in a space experiment conducted during the 2nd International Microgravity
Laboratory Mission (IML-2) project. This study was designed to investigate the effect of high
LET (linear energy transfer) cosmic radiations on living organisms by loading the "Realtime
Radiation Monitoring Device (RRMD)" and "Radiation Dosimeter" with biological samples, and
performing post-flight analysis. ~As one of preparing procedure of biological samples, we
performed the preliminary experiment on earth using Escherichia coli irradiated with ultraviolet
(UV) light. After preparing the biological samples, which were dried E. coli DNA repair-deficient
mutants and the shuttle vector plasmid pZ189 DNA, we placed them in the Dosimeters and in the
RRMD, which was a Biospecimen Box sandwiched between "Harzlas" plastic radiation detectors.
These were then loaded into the Space Shuttle "Columbia" while the identical box and Dosimeters
were let at the NASA John F. Kennedy Space Center (KSC) as a control on earth. "Columbia
(flight No. STS-65)" was launched from KSC in Florida, USA on July 9, 1994, and landbing site
was the same place as launch. Mission duration was 14 days. After the retumn of "Columbia" to
carth, we studied the following two subjects; (1) the lethality and mutagenicity of high LET cosmic
radiation on E. coli mutants, and (2) the relation between high LET cosmic radiations and the
mutation of pZ189 DNA. For E. coli KMBL3835 (wild type), KY383 (lexA™), KY385 (recA™)
and KY386 (uvrA~), there was little difference between the cell viabilities of the space samples and
those of the ground samples. Likewise, there was little difference between space and ground in the
‘ratios of mutation frequency of the E. coli mutants. Furthermore, the survival and mutation
- frequency of supF gene of pZ189 DNA space samples did not differ from those of the ground

. samples.

EROBEN. BH

KB E (Escherichia coli) DBHERMR L BEE2EC LB {EF DNA riEEcERVHE
(DNA BB EERBRRERK 12 —F Y P)R7SXIKDNAZAVT, BRIV F—
EERHBOL YR EE., BB L RALEFHRECHR, B, RALAVELLER
DODNA LOBFLARNVOELE, BEREITHEHRDS,
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RROGHEEN
KRBEHH

FHARNROLMEE LRSI CE. AFRCBVHMEONEE., FTHRNRBET
WRLTEZRIEI —DOHETH . BEBRPEDERIETESOY —7 v D ER
EMHBNOBRTHIBFEICASATVIED S, LT3 AR HE LEMED
SIREUVERRERBBETDHD, ZOBVWY, HBOBTL DNAKEZ >~ BEDE
BOIETERRAT Y 7ERVTVAHMBEBIIBVWERMB LR 2, 2513 EKT, X
BEIEVOF TR IBEGHEENARSA TS, £/, BEDNASZEET 3 REER
BRELTIWIRAZRMBOBEIBETH2-0, SEOHEHAL ko2 BB, AL
EMBERICRLEED, ABE UEBETHo . £, ABELOEELE LT, K
HEBIEREMESY A V3v R - S5SF4 452502 (Deinococcus radiodurans) $ija% 2
BN, Bicik, FEREBRTECIRALEDY, DNALOKENRERTREI 2P LS
PREURARI DS LEFBOPEIPLEVIBET, ZOHBETY XKy b LX)
BRENRDLEDIC, ¥ PRI H =T33 F pzZ189 DNA R H 1 7=,

RRMD Radiation Dosimeters
Escherichia coli . Escherichia colf
H/F30R (argF “amber) : Hfr30R (argF “amber)
Hs30R - (&rgF ‘amber, LvrA) Hs30R  (argF amber, uvrA)
NG30 (argF “amber, recA) NG30 (argF “amber, recA)
KMBL3835 (trpE9777 ") KMBL3835 (tpES777 ")
KY383  (tpE9777", lexA3") KY383 . (trpE9777°, IexA3")
KY385 . (UpE9777", recASE”) KY385 - (#pE9777", recA56°)
KY386 (trpEQ777 ", uvrA6 ") : KY386 (trpE9777 °, uvrA6™)
pol™* {(pol* and exo’, recA®) pol** {pol* and exo", recA®)
POIAT07  (pol®, 5’ 3ex0”and 3+58x0’, recA" ) " polA107- (pol®, 5"+ 3'axa” and 3"~ 5%xo0*, recA”)
polA1 {pol", 5’ 3'exo” and 3'—* 5'exo’, recA™) polAl (po! ", 5= 3'ax0’ and 3'~+ 5'exo’, recA®)
resAt  (pol’, 5 3'axo” and 3+ 5bx0’, racA”) resAl  (pol”, 5 3'exo” and 3"+ 56xo”, recA”)
Shuttle Vector Plasmid DNA - : Shuttle Vector Plasmid DNA : .
pZ183 ‘ pZ189
Deinococeus radiodurans ' -Deinococcus radiodurans
MR, (wild type) o - MR, (wild type)
rec30 (recA ™) rec30 (recA”)

treaze-dried MR, cells beforehand irradiated with
radiation + liquid medium in silicone tubes

Fl AR—=XAIP MNTADVEPE JDRAA—IS TRHICERXh
BMHEBRE=F —HB(RRMD) L RV A =% —CHBBELEERY L 7LD Y X b

KRRBRA®

CNODEYHEE, BRRBIILTAR—Z S v MUICERUEDY., TOSBEK. B
. BIRMHRBR(FMPT)TER U A2 EARL LEY Y, Thbb. NEBMMEHE
MTRERZEFLUEHBERBIC, 58D 20 % ¥ 5 F . (Difco Bacto-gelatin)# % i1 £ T
RCEBMUEE, BELEAFE 0SS um DAY TV 27 4 )V —(Advantec) LI 04 ml T2
ek, TO®H, RABOS VAT VB A EFSr—y—RHT, BERL7Z2H0TH
EURBES, fOBERET ok, BRETH, AV TLYI4VI—LTESFLca
BEINEHREMEIZ, 202 3(EDVPo0ERNBLEOED, FYT7OELY - )5y
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TJICHALT, RMERY > 7)VGEB)2%MLE. 75X FDNAOEKY > 7 VA
HEF, R—N—F 4RI LNy 7 7—THEBELEDNAZBET, YU AT LEE
TTHARAGKRIE:,

IhE, EMERY T IVE, RRMDD N A F A=Y A ¥ « K v 7 X (Biospecimen
Box) (X 1) & F & A —# — (Dosimeter) | #1H L 7= ,

Yy PIVREBRE, BEY O TNVORTH, SCTHRETAARBEMMICE L TIE.
08 ml DWEERBFEK(HREEE 02 % MgSO« ZET)TCHEAL., ZOMMMEEE Y ICH
RUER, 74307 —PEBELT UFBEBICHE LI D= — 2B LTAHEESE
ERELE. £z, BRALERBREONEL. HEKEZZDOEFEF 2HOF—ER 7L —h
WERLUTRMHHBCRBERMEERAZE»SE#R L CHRLEI D —HEEH LT,
EEBLOEETRELEY,

K1 AP INEEBELENA T A=V AL - Hw s R
(:EHd>7N, & :=2HY > 7N)

7722AIKDNADETY PRARY PRECEWRDOAEEZHVEY ., pZi89 DNA i, £ E
#4155 kbp T, pBR327 DM HD SVODHEBZFKH>THH., EiZ, F150 bp DABE
V7L wY— RNABEF (supF) BB ERFH > TV LB THEMSIT 50 % (X 2). pZI8IDNA
DEFRIL, SOSTFHZE T o = £ KB E KY40 & DNA 1EE GE R B HE KY46(uvrA™) I 7
ZAIFEHALEZO7Z VEYVY ViMoo —OHBAREER L, BRLTRSERE
DR E L. pz189 DNA 2#A L ABEZ 7 EY ) U EETFTTHELT spF L OER
ERZEEL, ZO®7 VA ) ET pZ189 DNA ZHliH LT, MBM7070 / pKY241 IZ # A L
FUPFYURBR-FUEY )Y 205 A7220—-VEE7 V- bEAWT supF £ D
RAREERDBE - NRBRET . TORBER2ICALEDN, 75 X3 F pKY2411E 7 > /8—
RAREREZR DT ICF Y UBBREMOBE T grA 255, BA L pZ189 DNA @ supF
BEFPERERZEC LTFAESETOHNEF I DY Vv BEETCOD=—%2 KT 5,
WIZ, Xgal'IPTGE 7 EV ) v EMAET V- ERICP Y EY Y Y EE~Y v Y F—
ZV—PFTHWIDZ—2ERTI2BTCEREROFARAZ2T . BRLEROMITIZ, B
Shi&/0—r»67)VAY - PGEXRT pZ189 DNA ZHiH - MBI L, PFAF P ¥k
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E. coli : MBM7070/pKY241

) v <-cﬁve : nalidixic add-m:slllvo

GYrA loactive (ambee mutation)

« -particles
gonomic DNA
SupF

active
pZ189

a‘%‘q‘
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9

Z189
P _

nalldixic acld-resistant

transform
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9
5

GYTrA inactive GYFA Inactive —active

ression suppression
genomic DNA genomic DNA
SR ctve O .UPF
active
pZ189
_/

nalidixic acld-resistant nalidixic acld -sensitive

)§

&

f
.

5504 bp
M2 Y MW RII =T33 F p2189 DNA OBEFHRELERER 7 v (4 FER

&Y supF DIEREFIZRET S,
RA—FKZN—iZi3, 1993 FE18 Vv I2Fvy—2hLeLENEEZT> 2,

RO BRH KRB

WEMFHREBRLLUT, TPHERTHEALLEABEARO RN GBRIM LT = KB
HHEME(KMBLISS )L ZORALTAMBBE TH D KY383 8k (fexd™). KY385 ¥
(recA™). KY386 ¥k (urA™) D& Tid. KMBL3835 #£. KY383 #k. KY386 8. KY385# D
JEICBZMENARERD, KY3BSHRTIX DofEl (HIfEA 90 % FEH T 2DICHEREE)ITH 2
IJmiizok,. RRERBRETIZ. K386 5I/m2 T 128X 10° L EWERKETR
Liz®. Ak, JIORBETERMAB(WBR) L ZORREEMIER ¢ H 5 HsO0R &%
(uvrA™). NG30 Bk (recA”)DB{ A Tik. HA30R ¥k, Hs30R . NGOHOEICHRIUEMS KL
b, NGOKRTRDTPOSIm CEER R L. £, BRRLEEFHKRIL, Hs30R &
B5Im2 T6X10 ' LVWISBIBWEERLE. ChODREDN S, FHBHBE OB
LRARERBREEZUET S REL T, ChoRBEMBEELTWR LMK LE.

Yor7NVoReEECHTIRHN
SHEEIEMRIBDMEFRCEBLLENRR. 7 HIRBROVWThE 2 ) 7 LEN,
WERB TRV V7 IVADOESGHEELT. NI FAR—VAY - BRI ADLEFRIEIA

TOWEN—YFA(CRIOTSXF v VIR)DPBEE L=, 22T, KA A ZAR—=V Ay «FY
DAEETIEBRARY VB ERS L. BENICBRIZ 0V 7 L,
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FEROESR

HEPS KSCETOV 7 Vo E#EBEL. BICHRBRBTH oL,
FHERIZ, RRMDIKEY FUE1DDNSA L IR~V ALY - By 2 A (Y T IVEK
9mava—ﬁ—uwﬁy7w%ﬁm@f%méntoFyx—&—waémzﬁu

RRMD IR D TH . Bh 2 I ER RSB LENHREREBCRIFTTH

T MY TN, RITMES, AR—ZATTHTEERARCBES R BB TICMH
FLUTBPNEN, NAFRR=V AL + By PR 2D K A—%—iE, RRMD &~
- HICSTAEBB L, RITFEAUNME. EDY >V TVEIRETCREI L,

HIEHBERE UTHREBEERREBER L, KSChYH—L(FA 74 =V RERRF
BRBZ)NTA v FaR—F—(ayEbOV#E)EAVWT, ¥ MTETF»581H

BhTERBLE,

BITLER

EBOBKERRZ, FTR3LCRLEN, X4 TZAR=AY - Ry 7 ANOKBHE
KMBL3835 k. KY383 k. KY385#. KY386HOoWThd, FHELMLOMTIX. £EHFHL
BRERBRRICEDP P ORLHUN L. NP LI KYISBHRORRERFERENFZEHY &~
TFVOECLRELTWARIKRZ M, REOHERELEDR B, £, RftoR A ¥ MIFH
. NI EEEEER LR, —F. FOA—F —oERIC, KMBL383S#. KY383 B,
KY385 8. KY386#HDWIhd, FHEHB LOBMTIR, EFRLBRERERRICEEZRS
hiztro7(H4), £, HBRKS V- XOKBHMBETOAKOERSBELNE,

-
-
-

10— } —10*
Y3 (recA”)

¢ 4
10 TS KMBILISIS (wikd type)
=
. S
KY386 (wrrd) % ‘E sL. =
- =
7 (I’)’ 10 ™\ kmsasss (wild type) ' -é
- - o
- i B, £ 2 @
5 S 3
i 10~ 10~ =) 2
KY383 (JexA) - =
& d 9 - 10 5
10°- Q
) IML-2 RRMD , 2 g A
~ g a =
o) Escherichia coli x 2 5
o il ol =
= > =
= 0 = -110* Z = b
< = =
- o a‘ Z
> _— KY386 (wrrA”) < = o
FEUEE B & S [5 i 10° 10~ 2
3 -—— > «
= = &=
3] _ = 3 2
XYM erd ), - = 7 o 8 =
=
g o
g o
[>]
<
o

:’ﬂ 10°

e —_———— L

TS KMBLIRIS (witd type)

——
=
T

-
{\ KMBL383S (wid type)

L. . -
EARTH SPACE EARTH SPACE

K3 FHELBEOBRHBEZI—BEW M4 FHEMEDKSA—F—W
TOKXKEE DNA BERREBHKD TOKBE DNA BEEREBKD

EERE RRERBRROLR EEKO R
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?ﬁ&ﬂiwm%ﬁf 7 — ﬁﬁﬁxvh»«b& 771\bpmwmm
"N -V ORB(ERE FiIRFEHEY L T,

MEGRIBLNKEG Y 7VERL, B5EHHBT -y — &EW@&E&F?)

ST, Yy PRI I —T7523
K pZ189 DNA @ /S 4 # X R — ¥
Ay R 2 2NOFEHLHBEY Y
TNVE. VY P VRERZITHR-
T. KSChYH—LATHESICE
[KBERZT>E(HS5), MsHh
5HHUBHKIC. BHEY U TNVIC b

L9 T WIC HBAZRR DNA(ccDNA)

& BRI DNA(ocDNA) D /S > K it BE
BEICHEBELUEY, FHELECEN
RO hiahoke COBDL,
DNAHUMOBRFS X514 v ¥
RIBEVDNALICEBIS kb ok
EBOLNBY, HRTHEIF 2T 1=
EZAH, RS —-HERIILBTS
XIFEERICOEHL ECERZ
RoohBhok, £k, BRALRE
ZREIZEZI LoD T(H
6). Ty FAXY hORHETHE
sElxlrol,

EE

SEHOFHRTHBICBELT, 4
HTERPos LML, TOEN,

RORETH B,

supF MUTATION FREQUENCY

e ZHLMLEOKEBE=S

IML-2 RRMD

pZ189 DNA

i
S 4

1078
EARTH

SPACE

—¥EBEATO

V¥ PRI I —T SR K pZ189 DNAD
ZREETFRROLE

ETHEFTUERAEATE, FHERNBROLEYRZ BIR
FEHRAEBROENREES kb oBITE RS TV X
Mﬁ@ﬁﬁ?@WL%@E%HT%@ﬁ#&?%#%bh&hﬁ Fhid, SBOFHHE
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