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UVEALe} e 38t ool &t Escheri-
chia coli®] WhF-&2] FdWols 54 FHAoA
dojri= o] ole} lexA, recA, umuDC, uvrd 5-2)
FHAEe] #ske AEUY $EF FAQm)
error-prone repair ¥+ SOS processinge|2} %55
o] vhg-2] Asistziql 7]2he A A3 o]s xR
B3 UTH25). UV 2 shetEodo| el gt
W)= Escherichia colilA] lexA* S} recA* ol 23]
ZHEE umuDC AHEE 8T73R=d(9) recd s}
lexdA EAwelF7t EAwe|del 2a] Edwe]r}
etz RAAE SOS FAAFe] # set
umuDC7} AR S Escherichia colix Eowo] 1t
5ol HAAHHL, 4,9). dH s Ralg Zelan=
R463+ 2 fr=AQl 354 kb N-incompatibility 2§
2] Z8}~mlE pKMI01-S- Escherichia coli®t Salmo-
nella typhimuriumol| A Ero) el a4 =514
< 771 & Ee)eS el (12, 23)
ol 5 E2tAn| Bt umuDS}t umuC2) S o) F ol A
nonmutabilityg 3] 5-AZ1ch24). Walker So] UV
A& B8l el %o AAE Zelans
pKMI1012] Eod o)Al & £2] 8k 1(20), pKM1012)
genometel 2k 1.9kb B7} o] 71%S 79 o
YAl EA= FAHAY AR muce $AAE 3
AEHATH10). mucfRAR= o]5el 28] clonings)
A=dl mucd®} mucBHAAE TR Ealeko) )
=& umuD2t umuC$73AH] analogueo]th(s, 18).
umuDCFRARAT mucABF+AARE lexA* 9} recA™ o)
o 24=" mucd®t umuD2) upstreamol pro-

okl
Wi

moter7} 912 umuDC$} mucABE= 247t & operond
7HATK19). umuDC2} mucAB2] operon- nucleotide
sequence°ll 4] 2F 52%<] homology S 7}1A]+&¢) LexA
repressor®} UmuD, MucA<®] cleavage siteA}o]el]&=
A3k homology”} 91A%F complementation¥-4]
o] 2] MucAAFEE umuD~ umuCt TFA 7%
Ao g UmuDARHEF diAE 4 $cH19). umuDCS
mucAB9] operon2 SOS regulatory networkol 4]
o2 FAHAEAF LexA Ao A o] glev}
(5,21), SOS systeme F=3h= HFS-oll4] RecA w
wo] LexA2] Ala-Gly 2A%-E A<ste] umuDC
42 2 & SOS systemell o3 A== F+4
25 A1), 320l 241315 RecA protease
9] =t 7]%5L UmuD$ MucAE proteolysis
3t &35 UmuD’} MucA'7} SOS mutagene-
sisE doAltk= Bavl QIoH2,15). umuDCS}t
mucAB®] operond Z3H 79L& 7R AR UV-
mutagenesisel| 4 o} 715H A&S Jehille AL
mucAB operon®] umuDC operon®t} &EEH O &
EdHelE dovm o]7l& UmuDC9 MucAB
el FxA zfole] )qldttz 4eA Urk3).

E =EoMe o]de Rag Eefin= pKMI0]
3} 71 ool A pSL47} DNA 3% AEFS(phr,
wrd”™, wrB~, umuDC )4 UV 2 3}5HEcioe)
A5 digt A7} Eodio)go] BaA Jehts
71534 Ae)(6,7)= MucABS] F23 o] mi
lexA9t  recA32E AFEe]  2H8-8l= mucAB
operon-$1¢] W3} slgAie] iz AlmEe] F



372  Jun, Hwang, Lee and Baik

Table 1. Bacterial strains and plasmids used
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Strains or plasmids Relevant properties Source
Strains
ABI1157 F~thrl leu6 his4 proA2 his4 thil argE3 G.C. Walker
lacY qalK2 aral4 tsx33 rpsL sup37 A~
DM49 As ABI1157, but lexA3(Ind ") G.C. Walker
JC2926 AS ABI1157, but recAl3 G.C. Walker
TK610 As ABI157, but uvrA6 umuC6 arg™ ilv325 G.C. Walker
JMB83 ara (lac proA, B) rosL 80 lacZM15 Our collections
Plasmids
pKM101 R46-derivative, muc gene carring B.N. Ames
plasmid, Am”
pSL4 pKM101 mutant, Am’ This Work
pJB210 included muc gene of pKMI101, T¢ This Work
pJB200 included muc gene of pSL, Tc This Work
pMC874 Km" lacZ protein fusion vector G.C. Walker
pBH31 ' Km" mucA* (mucB'-lacZ’) This Work
pBH30 Km" mucA* (mucB"-lacZ'") This Work
BH100 Km" umuD* (umuC'-lacZ’) This Work
pSE117 Km" umuD*C*; pBR322 L. Marsh
Zelan|=9) operond EFI=E muc F$E lac
fusion vectorel] cloning3lel DNA&A |4 FE5 o BamHI
= PgalactosidaseE B]ZBIAL lexdA 9} recd A A 2 pan200 -
Zve) AABAE et & 12kb phca74 P lac2’
ori PstIl 9.2kb
Sall oRI
ol died
IHE > == Bgl amHI tacy
Al_gﬁ.grt_ ligation

Aol A4 FF} Eehav]Ee] FRol 5L
Table 13} 7t}
BHX] S AlSF

- u) A= Luria Bertina broth(Tryptone 1%,
Yeast extract 0.5%, NaCl 1%)7} AF&=dz A
WAL MO(13)0] AHEEc 2ol wet Arhet
o}lu| A histidine(22 yg/ml), threonine(100 ym/),
arginine(22 yg/m/), isoleucine(100 ug/ml)=} valine
(100 gg/ml) ol AL Adduwjx]o] ule}
ampicillin(50 ug/m/), tetracyclin(50 ug/m/)$} kana-
mycin(30 pg/ml) S-°0] AH&-E ek obu]=Al, YA
5-bromo-4-chloro-3-indolyl-f-D-galactoside(Xgal.
40 ug/ml), Isopropylthio-p-D-galactoside(IPTG, 40
ug/mh)2}  ortho-nitrophenylgalactoside(ONPG)&
SigmaAKSt. Louis, MO, 6178, U.S.A) A EE AL
3ladrt.
S

Zal~w]= DNA ¥2}& alkaline& AH8-3kith
(13). Algi o] Axk¥ DNA fragment®] recovery
L BIO 101*KP.O. Box 2284. LalJolla, CA 92038-
2284)¢] GeneClean 11 KitE o]4-3te] 3faisich
AF4-% A gE A, T4 ligase, calf intestinal alkaline
phosphatase(C1P)i= IBIAKP.C. Box 9558275,
Winchester Avenue New Haven)& AR&-3laich

BglII-BamllI
Hybrid

Fig. 1. Schematic representation of the construction
of plasmid pBH3O0.
The map of pMC874 was from Casadaban
et al (4).

DNAA g} ligationd IBIAFl A A F-8= manu-
alol wgtorm 9 fAzL ZA] @I lEd
Maniatis S(13)¢] woz a3k
B-galactosidase assay

UV ZAbel| 93] = %l+= f-galactosidase assay
= FEllege 54(5)<] vyl wta} s)stel om UV A=
9.1 erg/mm’-secd] oA BlE&L 7HA= UV ZA}
71l A 1527 ZAbsledch. B-galactosidase activity
e Miller(16)9] ol whel AAsksich
=% Z2kA0|E9 construction

Zgjru|= pKMI1013} Edmio]Al pSL4S] muc
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Fig. 2. The gentic map of plsmid pSET17 contains
umuD and umuC.
A 09 kb-Bg/ll fragment of pSEI17 cotains
umuD and a part of umuC. Abbreviations for
restriction sites are as follows: EcoRI, RI;
BamH]l, B; Clal, C; Kpnl, K; Hpal, Hp; Bglll,
Bg; Hindlll, H3; Smal, Sm. This map was
redrawn from Marsh and Walker(14).

gene®] subcloning¥ F&hAv| = pIB2103} pJB200
(1) BglMg Aeste] mucdF+32F A5} mucB+r
AAF 37 EFEEE $led lacZ fusion vectord]
pMC8749] ligationA|# JM83#Fo] =3laldct
(Fig. 1). X-gal®} kanamycing E33H= Algul ]
A] kanamycinell 348 el Blue colonys
Awsle] A, o] colony FoAl UVEAl 23 -
galactosidase Aol HXx=+& colonygE A s}e]
pKMI01] muc 44742 TPshe Eepru)cs)
pSL4®] muc FAAE E¥Ie Fepav|=g 7ot
pIB313} pIB30S2 Wushe] thoAlgle] Alestal
o} E& umuDC7} cloningd &#}2v|= pSEl117
(14)= umuD®t umuCYH-5 7}7= 0.9 kb-Bg/ll A
G292 slzlcKFig. 2). ©] Bglll AHE4E
BamHI2 2 A¥l pMC874¢l cloningdle] Zafr
v]= pIB313} pIB30E Aldsh= whyst s
HE3Y umuC'-lacZ' s E33h= E2f2v|= plB
1005 AH3ldch

4ot o oE

recAtlexAt oM =gt ZEBIA0|E pBH31 T}
pBH302| &t

Mz3 Zelav)= pBH31#H pBH30E ZH7 AB
1157(recA " lexA ") =5t UV RALS 82
e} ZALEA) 9Fghe o) §-% 5= B-galactosidase ]
24E A3 EQHA pSLAY] muc A}
£ X 33= pBH300] pKMI1019] muciAAHs 7}
Z]&= pBH31Xrt} UVEAMA #5235+  B-galacto-
sidase FAJo] & 7Zloz uyelydrKFig 3). =3
UVE zAEA] ks W Z=fsel= pBH309]
pBH31&t} k7t &4 p-galactosidase 7} f-E5H+&
dl(Fig. 3). F Ze}v|29] much-A A7 UVel 24
ks Elledge (59 x®ael dxsigch
mucB'-lacZ' & 7YX F ME2F Zefar|=9 UV
o8] =¥ p-galactosidase A =o)L ope-
rator?} promoter T FTERFAHAL o H94
Wol7k Hgl7] Wil o AlssEEd Uve =
AEEAl doks W EQWolA muckAAE FHAE
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Fig. 3. Kinectics of UV induction of B-galactosidase in

recA*lexA* (AB1167)strain containg plasmid
pPBH30, and pBH31T.
Cells were treated with 136 erg/mm?® of UV
radiation at the time indicated by the arrow.
Samples(1 m/) were removed periodically, and
total activity of B-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.

Zg}~o]= pBH300) ¢F7t ¥4 Bgalactosidase &
Ae ehfle 7o g Hol LexA repressor’} 24
s AE-91e) Wel2 o g9l oA A
Hol gtz AZ4"c) 2=t Muc AHES] Fx3dh
wao] F Zukaw|ee] 7|5A Aolo] ddg v
T AAAE AlEZW SOS "Rl #H8-3= MucAB
alde]l w3ty Agzhek 4= 9tk FH2 LexA
repressors Awtdl= RecA protease®] FohE o
go] A7|Ez 9JEd] UmuD4 MucA: LexA<)
C-2tt ¥-2l9} A1kt homologyE 71A|n] o] & b
wlzlo] RecA proteasedl] &)@ Awtzlo] SOS-muta-
genesisoll 4 23 A3ty A¥¢E I 4
A A3(19). umuDCHAA} mucABFA=Ee] 7]
So] tE AL recdd] 93 =A=HE UmuDC%
MucAB st o] 224 jolof| 7]Q15hH(3). MucA
9} RecA A 7re] A% #HeiAde] mutagenesis
HHE golzlAd o= Bl 9lvKl1s). =g
UmuD7} RecA proteaseol] 2js] Hui=|e] #4315
UmuD’e] AZW mutagenesisol] #Falshs oo
s @ A7 AE T K2, 17,22). H3Ee
oA B uE FEste] Eks o E2kAv|=pKMI0]
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Table 2. UV induction of B-galactosidase in recA=(JC2926) strain containing plasmid pBH30, and pBH31

B-galactosidase activity (U at OCqy)

Reaction Without UV radiation With UV radiation
time (hr.) JC2926/pBH30 JC2926/pBH31 JC2926/pBH30 JC2926/pBH31
0 8 4 6 1
1 6 5 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=(CMA49) strain containing plasmid pPBH30, and pBH31

B -galactosidase activity (U at OCy)

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 S
4 47 45 6 4

3 2 FQWold| pSL4S] 715 A Aol muc 3
2ke] 297} Wolr} Hlr] wfole} A7ty 4
A AE RecA protease”} 2H83H= MucA<] 132
A Aol 7]91d = gloka AlgEch
EoiAo|E pBH312 pBH302 mucKf™ Al o]
O|XIE recA%t lexARMAIS| &t

Zefru|= pKMI1013} pSL42] mucAB-§-4 =
recA” 2} lexAd el 4 L 7)) vehA] ke A
2.2 Hol recAs} lexAo| 93 A== e g
A& vF SIeK7). T EFekAav|E mucABHAAbe] v
dol recA®} lexAFA A &3] 2AH T wAHE
AxE ¥wdr] $8) hybrid F2bar|= pBH303}
pBH31-2 JC2926(recA )2} DM49(lexA™) FFol =
yJ3te] === B-galactosidase A& ZAshdct
E=t2vl= pBH307 pBH31-& recA™ 5ol 4]
UVEARE & g9} &2 @k A =% -
galactosidase= 79 #X= A st UVE z4}
87 9te w Zeksvl= pBH300] pBH31Y.T}
7 & AL HelvKTable 2). =8 lexd™ ¥
Fo A T Zeliv|EE recd  FF9} vlEIIA R A
9] B-galactosidase s FE3}2] eigte) Fv)2 e AL
lexdA™ gFolA F Eehavlce UVE 241808 A
$ UV A7} 918 wjic) whde] o] ygltiTable
3). Table 2, 38 AFA F+ Z}2m1 =9 mucdB
TRz o) recAQ} lexd FHK Aol o] A x|,
T EEAvEY mucHAAREE vads o &
ol pSLA] mucHAARE recd™ dFolA UV
zAke} BAglo] MEWe A pKMI101 Bt} o7t &2
Hhe-S- Wl 78 Jexd repressor AFE-o] ZA¥ sl

N

=

1
L

mucHHAE F-9lof] okEtA AFH WHolHelE et
Wiz Qlckal AbEEc
umu operon2] =H gl w3

umuDC2] 8 DNA#&A| o3 fEs0
recA} lexA ARl o8] 2AETE o] o3}
UKL, 8). umu-irAAe] A& 2 AFSIAL vectordl] A
ST wmu A HEAEE Fefav|= pKM
1018} muc317ket vlwsts] s g 2 9y
2% constrction® umuC'-lacZ' & 7VA= A 23}
ZefAul= pBHI00S recAd 'lexA' (AB1157), recA™
(JC2926), lexA (DM49)ell =4i3}gich UV FARA]
=¥ Zefav|= pBHI00-S recd HlecA™ ol A
£ p-galactosidaset 2% U recd 9F lexd”
FFol e Bgalactosidases FE3HA] Fslsich
(Fig. 4). ©] A2 8E recA lexAt#FN 4 umuDC
SAAS) wEe UVEALe] o8 25T reed 9}
lexA™ FFoll A umu A2 ddo] FrgA] Y=
HAoR Bol umuDCHAAS] W& UVel o3 #
X531 recA9} lexA FAAb| 24 F = Shinagawa
o] ww2l)st Axstadck Fig 33 4614 mucB'-
lacZ' &} umuC'-lacZ' 5 EFsh= Z2br| =7} recd
lexAt oA UV 2ARA] yelss p-galactosi-
dase &Ao] 32 A& WAANES AEFAE 75l
BAZE Ak AlsEch

ojie] AFg Fiste] Buf, Fefvl= pKMIO0]
2 EBdeldl pSL4e 75 AH  Fole Lex
repressor?} 2Hg-3h= §-919] WHol7} o)A, RecA
protease”} # == F Fehav[=o] MucABo| F
zatelol 7|t AlgE=H, A 7 EEhav]
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Fig. 4. Kinetics of UV induction of B-galactosidase in

variuos genetic background containing plasmid
pBH100.

Cells were treat with 136 erg/mm? of UV
radiation at the time indicated by the arrow.
Samples(1 m/) were removed periodically, and
total activity of f-galactosidase present in the
cultures was determined. Strain ABI1157;
recA"lexA", strain JC2420; recA~, strain DM
49; lexA~. ODgy, 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 Natural Science, Pusan National

University, Pusan, 609-735, Korea)

Plasmid pSL4 of plasmid pKM101 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 lacZ' fusion vector pMC874 and the hybrid plasmids pBH31
and pBH30 were selected. These plsmids were intrduced into recd*lex™, recA™, lexA™ strains
and determined the activity of B-galactosidase for UV. In recd*lexA™ strain. P-galactosidase
activity of pBH30 included muc region of pSL4 was higher than pBH31 inclued muc region
of pKMI101 and the p-galactosidase of two plasmids was not induced in rec4™ and lecA™
mutants with or without UV illumination. Without UV illumination, the B-galactosidase
of pBH30 was expressed a little higher level than that of pBH31. We suggest that the
functional difference of pKM101 and pSL4 are due to the variety of muc regulatory region.
Also, a plasmid pBHI00 carring 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 rec4 and lexd genes.





