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UvVaatel g2 313t Hofol¢eoll &t Escheri-
chia coli®] WiH-E-2] EdWole %3 R ol4]
Adoju= Ae] ele} lexd, recd. umuDC, uvrd E2)
FAAEe] #FHHIE Az H%A aqly)
error-prone repair 4= SOS processinge)z} W5
o] W3- Az}atHql 7zke #Ha 23] o)aHA|
WAL UrH25). UV 9 3atEcidoldo)] gl Hof
ol Escherichia colio) A lexA' 9} recAd™ o 2)3)
ZHFHE umuDCS AEE 2 T7sR=d(9) recd o}
lexAd Eo|F7l Folwlolel & Eadmo)r}
dojubA] k= AA™W SOS 3R] 3 setql
umuDC7} AHF Escherichia coli% E9]o] 8wk
ol AARH1,4.9). JdH o Felsl Beprane
R463 1 fx#9l 354 kb N-incompatibility “2%-
o Zepavi pKMIOI-S Escherichia coli®t Salmo-
nella typhimuriumel 4 Eoirdo| o)) A gy
& F7H7IL Ee EelwHol &g el (12, 23)
ol & Eel2v| = wmuDt umuC2) B0l o] Fel 4]
nonmutability & 3] 2-A]71cH24). Walker So] UV
A Bl Edwel el 7)%e) Aaldl Ealn|s
pKM1012] Feido] A5 H2]5}9]2(20), pKM1012]
genomedell 2F 19kb H¢]7} o] 7158 7}xw] of
AAol] sl F-AR} FAE muc FHAE 3}
ABAH10). mucF A= 015l 28 clonings
Ae=dl mucd®} mucBHAAE FA5 Bxjeke] u)
28 umuD umuC-SA 2} analogue®]|th3, 18).
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repressor®} UmuD, MucA 9} cleavage siteAlo]ell=
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A5 FrEAIZIeK11). #3ol #4318 RecA protease
9 ZErhE 752 UmuD$9 MucAE proteolysis
3tod 2455 UmuD'2} MucA'7} SOS mutagene-
sisE doFchs 2arh QloH215).  umuDCS}
mucAB2] operon %34 7198 7pR|A]g UV-
mutagenesisel| 4| o}-& /153 &8 VehE R
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wddelE deglm o7& UmuDC9 MucAB
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Table 1. Bacterial strains and plasmids used
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Strains or plasmids Relevant properties Source
Strains
ABI1157 Fothrl leu6 his4 proA2 his4 thil argE3 G.C. Walker
lacY qalK2 arald tsx33 rpsl sup37 A
DM49 As ABI1157. but lexA3(Ind") G.C. Walker
JC2926 AS ABI1157. but recAl3 G.C. Walker
TK610 As ABI1157. but uvrA6 umuCé arg® ilv325 G.C. Walker
JMB83 ara (lac proA. B) rosL 80 lacZMI15 Our collections
Plasmids
pKM10! R46-derivative, muc gene carring B.N. Ames
plasmid, Am’
pSL4 pKMIOI mutant, Am’ This Work
pJB210 included muc gene of pKMI01, T¢ This Work
pJB200 included muc gene of pSL, T¢ This Work
pMC874 Km" lucZ protein fusion vector G.C. Walker
pBH31 ' Km" mucAd' (mucB'-lacZ’) This Work
pBH30 K mucA™ (mucB"-lacZ') This Work
BH100 Km" umuD* (umuC'-lacZ’) This Work
pSE117 Km" umuD*C*; pBR322 L. Marsh
LekAv|= 9] operond EFSE muc $$1E lac

fusion vectore]l cloningdte] DNA&EA 4] 25
= p-galactosidase & B3I fexd 9} recd R-HA}
ZHe ARAE HEsAC

Mz Ay

ABTFE

Aol A8 e} Teharlsel FHel S
Table 12} 7}

WHX| 3 AlSf

b w) 2] Luria Bertina broth(Tryptone 1%
Yeast extract 0.5%, NaCl 1%)7} 214542 H&
MR MO(13)0] ARS-EIgi). 2o e} Hrlse
olu]l4k2- histidine(22 pg/m/). threonine(100 uml),
arginine(22 ug/m/), isoleucine(100 pg/m/)3} valinc
(100 gg/mly Soldx, A= A=dul A uwpz}
ampicillin(30 ug/m/), tetracyclin{50 ug/m/)2} kana-
mycin(50 yg/ml) 5o AHEEiTh opn]ieAl, AU A.
5-bromo-4-chloro-3-indolyl-g-D-galactoside(Xgal,
40 ug/m!), Isopropylthio-p-D-galactoside(IPTG. 40
ug/ml)2}  ortho-nitrophenylgalactoside(ONPG)+
SigmaAKSt. Louis, MO, 6178. US.A) #dl&S A4
Fhsdct
SHMX} =&

“E}"U]r DNA £#]+= alkaline®d-& AH&-3}olc)
(13). AlgkE Ao Hrtxl DNA fragment®] recovery
= BIO 101+KP.O. Box 2284, Lalolla. CA 92038-
2284)9] GeneClean 11 KitE o]-&3fe} sialgic).
ARE-E A ZEE AL T4 ligase, calf intestinal alkaline
phosphatase(CIP)+= IBIAHP.C. Box 9558275,
Winchester Avenue New Haven)g A8t}

-]
¢ pJB200

12kb

pal
Bgl ai
ligation

Bglll-Banll
Hybrid

Fig. Y. Schemariic representation of the construction
of plasmid pBH30.
The map of pMC874 was from Casadaban
et al (4).

DNA#cr} ligatione IBI el 4] 233k manu-
ale]l whgtew) 729 fFHzA xzbe] AT v)ed
Maniatis =(13)¢] sz F3jslalc)
B-galactosidase assay

UV F4}el] o8] fx%+= pgalactosidase assay
= Ellege 5(5)°] vyl wpe} sty on] UV ZAle
9.1 erg/mm?*+sec?] oluv]# ¥l&-& 71Xl UV 24}
el A 15&7F 2AFsksiv) B-galactosidase activity
e Miller(16)9] whyol w2} 23dsheict
M=t ZE2tA0|=29| construction

Zepav)= pKMIOTF Seiwie]d pSL49] muc
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Fig. 2. The gentic map of plsmid pSET17 contamns
umuD and umuC.
A 09kb-Bglll fragment of pSEIl7 cotains
umuD and a part of umuC. Abbreviations for
restriction sites are as follows: EcoRI, RI;
BamHIl, B; Clal. C; Kpnl, K; Hpal. Hp; Bglll,
Bg; Hindlll, H3; Smal, Sm. This map was
redrawn from Marsh and Walker(14).

geneo} subcloning¥l Z-2}~v|= pIB2103} pIB200
()& BglMZ Awtdtol mucd-+2 2 52} mucBS-
Haph Gi7} 2FEEE s19] lacZ fusion vectord]
pMC874¢) ligationA|# IM83FFo] %9)3}9ic)
(Fig. 1). X-gal?} kanamycing E§she A=l 2o
#} kanamycinel] #&43-& el Blue colony®
AdsisiaL, ¢l colony Fellxd UVl o3 g
galactosidase 4ol F5EH+E colonyE A s}o]
pKMI019) mue §HAE F3she Zaliv|sg}
pSL4e] muc friAbE E¥ste Zepavi=s g7
pIB313} pIB30. Wwste] cheAlele] ALg-3hy]
v} =8 umuDC7} cloning® Z2lxv]= pSE117
(14)= umuD} umuCAH-5 712 0.9 kb-Bg/ll A
S5 RRleKFig. 2). o] Bglll AGR9E
BamH1 2 2 AHtrs] pMC874¢] cloningsle] Faja
vl plB31Z}F p)B30-S AHel= vyl Tods)s)
AR umuC'-lacZ' S E3¢sh= Felar)= pIB
1005 Ahdsoict

dat o o

recA~lexAt BT M =g ZelAn|z pBH31 T}
pBH302| ¥

Mz EFehsvl= pBH3I3 pBH30S 7H) AB
1157(recA "lexA Yol E£4)8}e] UV 2AHE &g
e} RALEA] eFokS uf FEE= Bgd]d(,tOGlddﬁ(.-/}
4L HAsIAY Tl pSL4] muc F-H A}
& s pBH30°] pKMI1012) mucH#HA-5 7}
A= pBH31ET} UVEAA] fFes  B-galacio-
sidase 2ol w2 7log vjehydtHFig 3). =3
UVE ZApebA] odsks W Fepv]= pBH309)
pBH31 EE} k7t A B-galactosidase 7} %)=
dl(Fig. 3). 57 Eeb2v] =2 mucf 27k UVel 2]s)
Fedohs  Elledge S(5)9) Haoel ox)stado)
mucB'-lacZ'E 71X = 7 AN 2§ Eepave] Uve|
ol fFxu¥le B-galactosidase B4 zleo] 7o opc-
rator®} promoter Hsr FERFHZF o]l B9
wol7h H317) WEa) Ao Abwsliz Uv£ ES
Ababa] odokE o) EelRlel A mucHAAE AhAE
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Fig. 3. Kinectics of UV jnduction of fgalactosidase in

recA*lexA*t (AB1157)strain containg plasmid
PBH30, and pBH31.
Cells were treated with 136 erg/mm- of UV
radiation at the time indicated by the arrow.
Samples(] m/) were removed periodically, and
total activity of S-galactosidase present in the
cultures was determined. Strain AB1157/pBH
30 with(e) and without(Q) UV radiation:
Strain AB1157/pBH31 with (A) and without
(¢) UV radiation. OD", optical density at
600 nm.
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Table 2. UV induction of B-galactosicase in recA™(JC28926) strain containing plasmid PBH30, and pBH31

B-galactosidase activity (U at OCguy)

Reaction Without UV radiation With UV radiation
time (hr) JC2926/pBH30 JC2926/pBH31 JC2926/pBH30 JC2926/pBH31
0 8 4 6 1
1 6 S 6 1
2 18 6 24 2
3 12 6 24 3
4 12 5 29 3

Table 3. UV induction of B-galactosidase in lexA~(CMAY) strain containing plasmid pBH30, and pBH31

B-galactosidase activity (U at OCgy)

Reaction Without UV radiation With UV radiation
time (hr) JC2926/pBH30 JC2926/pBH31 JC2926/pBH30 JC2926/pBH31
1 23 12 6 6
1 22 21 5 6
2 23 27 5 5
3 37 43 9 5
4 47 45 6 4

2 Foddeld pSL49 7153 2ele muc $H
Abe] 2AHN-907E W)z} = 917] fFolet Aze 4
UAAHE RecA protease”} 2H83H= MucAg) 7%
A ztele 719 i gl AkgE)
EE}A0|E pBH31 T} pBH302 mucSMA} sl
DIXI= recA%t lexARTIRIS H&t

Z2tAr|E pKMI0I pSL4Y) mucAd B A 3R=
recA” 2} lexA™ FFol A 7L 7o) vepula] ok 7
22 Ho} recdd) lexAol 2d ARG E g &
A&k v} QleK7). F SekAn)E mucdBS-A A} 1t
"ol recAg} lexdFA Al o3 AR wH=EE
g vlarsky] 998 hybrid Sebav]= pBH303}
pBH315 JC2926(recA )8} DM49(lexd” ) Tl &
Yate] f = Bgalactosidase L 2 Js}ein),
Fetav]= pBH303 pBH31-S recd  TF3o) 4]
UVaAs s dob shx agtes A % g
galactosidase= 79 fFEH=] ¥ty UVE ZA}
344 ekohe W Zzhan)c pBH30e] pBH31Mrh
okt & #48 gt Table 2). 3 loxd™ o
Foll A F Fehmv|EE reed F59) vpsbzA g 7
2] Bgalactosidase & 2847 ¢kgiet Fm|2 g 7L
lexA™ fFell4] F ZRav|Es UVE 2AbS 7
% UV 22171 o1& o mc} whao] o] ylglrlTable
3). Table 2, 3] A4 T Februo]e 2] mucdB
A2 o] recA S} lexd FH Aol 28] 2AF ],
ToEr R e AL E S vlnEe u &
ARlol Al pSLAL] mucf AR recd  FEol A UV
ZARe gAgle] Al Zell 4] pKMI101 Be} ok} o
WEE Bl AL Jexd repressor AHEo] Agske

muci- AL F-9oll stA AR Heldel s el
Wi gloka Akgsch
umu operon2 =H 3 Wi

umuDC2 W8 DNAEA 93] frsuy
recA9} lexAd A7k o)a) A} o] A7)
UTHL 8). umuFA2Ee 2A4-& 2A8L3 vectorol A
HEEE umu A2 HEYEE Fepiu)s pKM
1012] muctAAbe} vlawstzl 18] s 2 abygo
A constretion® wmuC'-lacZ' & 7} = A 25t
Fohv|= pBHI0E recd 'lexA ' (AB1157), recd
(JC2926). lexd (DM49)ell =sd8lsich UV F:4}a
=98 Fekav]E pBHI0S recd leed F5o 4]
¥ Pgalactosidaser= FEE ot reed 9} lexd
TFol| A= f-galactosidased  Fx5tx]  Lalolct
(Fig. 4). o] ZA}2RE recd ' lexd dFN 4 umuDC
FAAbe] RL- UValel o8 §E59T recd 9}
lexA™ TFA A umu F317p2] wEo) §ms)r] ok
ASZE ol umuDCHAAL] W& UVl 23 &
SH AL recd 9t loxd §A Akl 24" ch= Shinagawa
ol B9k dAskedc). Fig 39 4ol 4 mucB'-
lacZ' &} umuC'-lacZ' & E3hs Zef 0| =7} rocd |
lexq' 7ol 4 UV 2ARA] el Bgalactosi-
dase #&A4o] 2 718 walAbE-o] 54T 7)o
AZL ok Al

o]tel AaE Fdele] B, Eepin= pKMIOL
2 Bodweldl pSL4e] 71 el Lex
repressor7t AH-8-3k= H-919] Wolrt )ALl RecA
protease’} B&EE= F Zepav]=e] MucABS T
Zatolel] 7lalginky AlgdEd. @Al F Zapra
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Fig. 4. Kinetics of UV induction of B-galactosidase in
variuos genetic background containing plasmid
PBH 100
Cells were treat with 136 erg/mm? of UV
radiation at the time indicated by the arrow.
Samples(l m/) were removed periodically, and
total activity of B-galactosidase present in the
cultures was determined. Strain AB1157;
recA " lexA ", strain JC2420; recA . strain DM
49: lexA . ODgw. optical density at 600 nm.
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ABSTRACT: Expression of muc Gene on Plasmid pKM101 and pSL4
Jun, Hong-Ki, You-Kyung Hwang, Sang-Yull Lee and Hyung-Suk Baik
(Department of Microbiology, College of Naturil Science, Pusan National
University. Pusan, 609-735. Korea)

Plasmid pSL4 of plasmid pKM10]1 mutant have high protection effects and mutagenecity
for UV and methyl methanesulfonate. The mucd gene and a part of mucB gene of pKM101
and pSL4 were sucloned onto JacZ' fusion vector pMC874 and the hybrid plasmids pBH31
and pBH30 were selected. These plsmids were intrduced into recA* lex*. recd” . lexA™ strains
and determined the activity of fgalactosidase for UV. In recA*lexA” strain, P-galactosidase
activity of pBH30 included muc region of pSL4 was higher than pBH31 inclued mue region
of pKM101 and the B-galactosidase of two plasmids was not induced in recd” and lecA
mutants with or without UV illumination. Without UV illumination, the B-galactosidase
of pBH30 was cxpressed a little higher level than that of pBH31. We suggest that the
functional difference of pKM101 and pSL4 are due to the varicty of muc regulatory region.
Also, a plasmid pBHI100 catring umuC'-lacZ’ gene fusion was constructed in vitro to study
the regulation of the umu operon. It was shown that the umu operon is induced by UV
and is regulated by the recd and lex4 genes.



