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Function of muc Gene on Mutagenesis and DNA Repair
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ABSTRACT: To determine whether the muc region of pKM101 and its mutant pSL4 is sufficient for
the expression of these phenotypes, muc regions of pKM101 and pSL4 were subcloned onto the high-
copy number vector pKB354 and were selected the cloned pJB200 and pJB210. The recombinant plas-
mids pJB200 and pJB210 were introduced into umu C36 ~uvr A6 -(TK610) strain and determined the
protection effect and mutagenecity for UV and MMS. The protection effect and mutagenecity of umu
C36-uvr A6~ (TK610) were supressed by muc gene of the recombinant plasmids.

The muc gene of pSL4 has higher effect than that of pKM101. The recombiant plasmid pJB210 (in-
clued muc gene of pKM101) did not affect uv-mutagenesis in the recA- (JC2926) mutant.
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UVzEA e} e i}#—f—? A o) ol HE Escheri- 2] 3 nonmutabilitv° Az SOS #7422
chia coli®] WhH-¥-2 Hdwlol= 53 23 of 4] sete) umuDC7} 735 Izachemchza coli &= 5‘—"“‘40]

dojrp= 7ol O}L]Lﬂr. lexA, recA, umuDC, uvrA f-ubgo] H 7 Lr']“d(Kato %, 1977 ; Elledge 5
Lo gAAEo] sk ME Wl wEA ¥ 1983). Zehav]= R463 pKM101E wumuDC(E

ZJold} error-pron erepair T+ SOS processinge] 2} W o} 9] nonmutability2 < #| 3} (Walker, 1979),
Hulg o] uhgol 7)zke &l kA E] ols) A pKM101-2 recA™ 9} lexA ™ 2] &3k= umuDC2] ana-
ora1 ¢jth(Walker, 1984). loge 7}# 2L ¢lt}(Shanabruch %, 1980). Walker

gatd oz Bely Zelsv]m R462] in vivo (1978)-¢- UVel 2]3] EeiHol &S ~/M7l

zatel o8 f® 354 Kb Fefv]= pKM1012: ol A% pKM101Y FoddelAd &

(Mortelnans %, 1976) R462] °f 14 Kb7} deletion mutator 7]%5 2 &8t muc A} muc Bi A8

E]‘,{il(Langer E, 1981) PB-lactamase, conjugate, AbE-2 #elsbglth B Muc A2 Muc Bo] #-%
mutator 47 52 7]5o] slv Aoz g A Umu D¢t Umu Do #xbefFak w]s=ahod ol (Walk-
%E]—(Langerﬂr Walker, 1981). pKM101-& Escheri- er, 1983). Rec A proteaseo] =88 MucABe}
chia coli®} Salmonella typhymuriumo| 4 o3z 7}=| UmuDC 4FE¢] %% E2x o7 UV-mutagenesis
Edoldel] kxFH F AEE Edwo]E o of| 21 mucAB~ operono] wmuDC' operon Rt} F
Z7}el o3 8S uw]x 2 uk(Mortelmans %, 1976 : o g§3Hoz Eqdwels dov|w,
Venturini 5 1978) lexA®} recA F4=x7F 2 J’E] UmuDC®} MucAB2] whud 2ol F-z3 x}o]o
FFA A= A v xzx E&ch(Waleh 5, 19 °J5Ptlr77 ored 2 ¢lvh(Blanco emd, 1986).

79 s Waker, 1977), Eschericia coli®l| A recA<} leonl] 2 $2]+= Baik 5(1982)0] 7HergF pKM1019]
& A=, DNA £4° % mutator 7] 5ol ¥ Eodw o] A pSL47} DNA 34 5¥o] v} & E coli

olsls muc AHES FEEcH(Elledge %, 1983). B /rat 5ol 41 pKM101¥.c} DNAZ - % =}p}

290 reAsh A EemolFAl Eamelfel  wote] Ao Avel Base s o

192



Vol. 28, 1990

Table 1. Strains and plasmids used

mus gene 193

Strains or plasmids Relevant properties Source
Escherichia coli K12
ABI1157 F~ thrl leu6 his4 proA2 thil G.C. Walker
agrE3 lacY galK2 aral4 tsx33 rpsL
sup37
DM49 As AB1157, but lexA3(Ind-) G.C. Walker
JC2926 As ABI1157, but recAl3 G.C. Walker
AB2470 As AB1157, but recB21 G.C. Walker
GW2100 As AB1157, but umuC:: Tn5 G.C. Walker
TK610 As ABI1157, but uvrA6 umuC36 G.C. Walker
arg™® ilv325
Plasmids
pKM101 R46-derivative, muc gene carring G.C. Walker
plasmid, Am’
pSL4 pKM101 mutant, Am? This work
pKB354 pBR322 derivative lost Sall/Hincll G.C. Walker
site in the rer gene, Am'Tcr
pJB200 included muc gene of pSL4, Tcr This work
pJB210 included muc gene of pKM101, Tcf This work

t}, B =R pKM1013 pSLAL] muc 5 A A}
7} cloning® A 3% Z=2}~v]= p]B2002} pJB210
< wmu” Q) 7ol =9]3ke] UVe} MMSel of 3
muc AbES FE3] HHAAG o o]5Y 7)1 5H
2ol & Hlal HES I, recA f-AA}ebe A

Ag zAbshedeh

R LTI

kA v A= Luria Bertina broth(Tryptone 1%,
Yeast extract 0.5%, NaCl 1%)7} Ab8-5¢ 3, 4
vl X = M9(Maniatis 5, 1982)¢] AH-8-5 <}, Arg”
e Hist HAEAR & ZAbe)] Abg5 =)=
50uM arginine I+ histidineo] E& ¥ 719 o}
vl Ab2 E g me) g2 o] 2238 3w
Haw A M9S AHgstdlch Hrbsle ofv)imabe]
°F2  histidine(22ug/ m/), threonine(100 ug/ ml),
arginine(22 ug/ m/), isoleucine(100 pg/ m!), valine
(100 ug/ mi) 5ol A8, FPAE Ad=u) =
of ule} ampicillin(50 ug/ mf), tetracyclin(17 pg/

m) & AH7Fste] ARgslglc). ofu) Al 84
Al Sigmarb(St. Louis, MO, 6178, U.S.A)dl 4]
T 3l o}

uvet Alef .

UV xAbe 2537 AL wHabete 15W lamp(CVP
Inc., CA91178, USA)E 60 cm oA 3Lef A] 8 3}
R, UV sensorZ A3 o= u]-8-& 9lerg
/mm?® « sece]it}. MMS(methly methane sulfo-
nate) = 95% alcoholell *5¢3 stock solution2 =HE
o}, A-&3Fl 2 Sigma A EL AHE-shch

SMX} =&

Eetav] = DNA9 F-2l& alkaline ¥-& AF&3}
stk (Maniatis =, 1982). A&t & 4ol ksl DNA
fragment®] recovery+ Elutip-d affinity chromatog-
raphy & o] 83} low-melting agarose Abel| 4]
215 DNA fragment3 2|3}l ch(John 5, 1983).
AH8-5 AgEAE A, T ligase, calf intestinal alkaline
phosphatase(CIP)+= IBI(International biotechnolo-
gies, Inc., P.C. Box 9558. 275. Winchester Avenue
New Haven) A|%-& A}&3}%ct. DNA9 Atz
ligation IBIAFell A4 2| & 8l= manuale wpelo o,
ligation &3 E-2 Cohen¥} Chang(1973)<] wlw o
= TK610(umuC36, uvrA6)ell transformationd}sl
A, 29 FAA Fate] 3§ 714 Maniatis &
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Fig. 1. Schematic representation of construction of
pJB200.

(1982) 2] W o & =3 sholc).

0|20 MEES| FH

AFE-% Eollo] e UVel MMSH oL, Eoiw o)
&3 HEEY 542> Walker(1977) % Kondo %
Q97002 S Aol sy S )
gt A= 1/15M sodium phosphate buffer(pH
6.8) el S+ W M =stx 59 buffero] #e=ha F 30
Coll 4] 14 7F &< W28kl ch o] alehol S oflud #]
v -go uwlz} UVE Z2ASAY, MMSE w2
Aejslar 141 4F 5ok Aol H uk-g-2171 % 1/15M
sodium phosphate buffer® ¥ A 2 d}o] MMSE
Al 7 alo] Sample® &lolch A o] ELAjel 4] o]
sample 0.1 m/= 50 uM histidine ¥+ arginine©]
H7bE|ar 18] ofwl o sbe]l Fi-8] A byl F 4wl A
M9 agarol] A£3te] 37Co) 4] 484) 7k Eab wjokgh
¥ His' i Arg’ %7 Eddol 5 Aslch 4
259 5o H}s 545 sample 0.1 m/5 nut-
rient agarel] Esle] 37Ce| 4] spFEub wiFE &
A st}

Az w0

M= E2tA0|E=2] construction
pKM1013} pSL4<] mutator §-% A2} Cloning-
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Fig. 2. Agarose gel electrophoresis pattern of the recom-
binant plasmid DNA.
pSL4; a, Hapl-digested pSL4 DNA; b, recombi-
nant pJB200; c, recombinant pJB210; d, HindIII-
digested ADNA; e.

*Electrophoresis was performed at constant 3V/cm
in 0.7 agarose gel.

Langer 5-(1981)°] =43l physical map2 wheko
2 A8 Heplew Awh¥l DNA fragment 3
AN muc 425 £§ 8} DNA fragment S -

2] 3}ed, high copy number vector pKB3542 Hin-
clZ dwtslar CIPZ dephosphylation & 3 T, li-
gase® ligationA] v} (Fig. 1).

Cloning¥®l plasmidg 4137 $)s)4] ligation
EES TK610(umuC36, uvrA6~) 3+l transfo-
rmation(Cohen %, 1973) 3}o] tetracyclin(17 ug/ m/)
& 7HA+= LB agare] ksl 37Cel 4] sp5tub
ul eFgk F colony s ##skeivt 2 colonyE-2 am-
picillin(50 ug/ mi) o] A 7+% LB agar?} tetracyclin
(17 pg/ mi)e] 27} LB agarol] =z % &38}o, am-
picillinel] ®17}+8}32 tetracyclinel] #1843 & vhepul =
T8 AlEdle] TK610 ol A UVell xjgkAl-e-
Vel AL His® &-7]iadwlo] 57} plate w 2007Y
o] 4 vhelb= colony & ¢lel 1 & pKMI1019]
muc geneel E3FX] p]B2103} pSL42] e geneol
cloning®] pJB200-& A&l &lo] t}& Ao x} g3}
Adrh Fig 2+= A x8F 22} v = pJB2003} p)B210
% agarose gel #7]%d5 el #Haldh Aol

X|AtZ 2of| o|x|= AM=g E2tA0l=E pJB200
o} pJB2102] W&k

Kato(1977) 7} 218+ TK610(umuC36 ., uvrd )
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Fig. 3. Log-survival vs.
UV-does for AB1157 (0-13), AB1157/pKMI01
(m-m ), TK610(0-0), TK610/pKMI101
(e-® ), TK610/pJB200( @-® ), TK610/
pJB210( a-a ), and GW2100( --3).

F5FE GW2100(umu C7) Bt} UVel tfshe] o &
w1 7hsld ol TK610o] =" pKM101-L- wild type
(AB1157) %22 UVe] thsle] HEEH}E 1}
el o] (Fig. 3) Walker 5(1979) 9] B o4 BHojF
Azkel oz shgivt. £3 pKM1019] Eolw o)A
pSL4, A z=3 Fels~v)= p]B2007 pJB210% H)
=3 &35 Jeldisldh 239 pSL49] muc
geneo] cloning® pJB200-2 pKM1012] muc gene-
7}#1 p]B210 ¥ o} oF7F H& A A& eluglc
(Fig. 3).

MMSe) sl TK610-& vl wlztalel i, =9
H EFavl=Ee UVeld A¥ v)d a3s
el ¢l oh(Fig. 4). pSL4= pKM101 2.t} k7 =
BEadE e, Mxyg Zepav==
dego] ZepavnE v o o xEA
Bolem, pJB200E thE Zepiav|zo
MMSel| dg H& A4S el et (Fig 4).

UVel MMSel tfale] TK6100]A] H.AFE E=
2 EEo] 3= wmu Tl 41 pKM101o]] 2] 3
dolrhz UVell digk A4 el Walker %

2 o rlo rlo

)
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Fig. 4. Log-Survival vs.
MMS-does for TK610( O-0 ), TK610/pKM101
(@-@), TK610/pSL4( a-a), TK610/pIB200
(®-®), and TK610/pJB210 (Aa-aA).

(1979) 9] ZA#}o} A stgict ¢ AFHEL pKMI101
°f muc genee] B3 A 7ol FoJghe ok = 9lgi)

=AHHO|80 D|xl= M=F EolAo|= pJB
200z} pJB2102| &k

TK610(umuC36~, uvrA6™) FFE UVol t s}e]
umuC~ <l GW21002} o] Zedwo] fiikso] o
AlE et 28 Felav = pIB2003) pJB210--
pPKMI1014 & Fadwle] f9%5-S 32 A3 pSL4
o] muc gene-s E33tE pJB200-L pJB210% 7} =
< o] f45S vehldoh(Fig 5).

TK610 75+ UVl A& MMSe| s S
Ro] fritsel #2159l pKM101, pSL4, pJB200
T} pJB210 EdWo] ftsS 94413 3B A A}
(Fig.6). M=% Zehrv)= pJB200E o} e
ZvjERch Ak o o S el
pIB210%= &) FHelavl= pKMI101ET} ok7)
s EdHelEE Btk o] AL cloning® muc
gene®| Z-¥-3] W& ste] nonmutabilityE < A &)=
dl Hoh g8Aolele AL o &

Table 2+= recA 1 5(JC2926) o) =)= Ze}~
n) = pKM101, pSL49} pJB210°] UVe] Eodw o]q)
vl2l= <dekg vhebd Aol
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Fig. 5. UV-induced reversion of AB1157(
AB1157/pKM101( m-m ), TKB10(0-0),
TK610/pKM101( @-@® ), TK610/pJB200
( ®- ) and TK610/pJB210( a-a ) to His+.

=),

Table 2. /nfiunce of plasmid pKM101, pSL4 and pJB210
cn Uv-nduced Mutability of recA” strain

UV DOSE Arg* Arg*t rever-

Strains (sec) 9.1 erg/  revertants tants per 107

sec plate* survivors
JC2926 0 50 1

2 15 39

4 80 30
JC2926/pKM101

2 90 35

4 90 50
JC2926/pSL4 0 11 35

2 70 19

4 95 56
JC2926/pJB210 0 10 31

2 22 41

4 56 38

*: Each value is the average of duplicate or triplicate plates
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Fig. 6. MMS-induced reversion of TK610({ O-0 ),
TK610/pKM101( @~@® ), TK610/pSL4( a-a ),
TK610/pJB200( ®-® ), and TK610/JB210
(A-a ) to His+

recA (JC2926)+= UVell o &tod 107 survivor
T Args B3]Eelulol = wlw A vkl Eepan
250 ®9]d Eolwle) fubsel WoE Adgg
v 2} 2] Fstsd el 53] muc genee] cloningl p)B
210> =R el Eepav]= pKM1013Y w228 a3}
E el e muc genee recA A el ol@l =
4 =ltl= Nunoshiba 5-(1987)° X 39} <l ] 3}9]
c}.

I

(]

sebvlE pKMIOLs} ole] Eelwlo]d pSLA
(Baik %5, 1982) 2] mutator 7} SOS repair A 2}
e ghalo] 915 pSLAS] el ske] pKMIOLnrh =
o A Y3 dFHHE =i E pKM
1013} pSLA4A2] muc =7} DNA 408 o
= repair A9} AZadste] v 74

old s mlan 5] Sd ol F Fepaw] e
muc 53743 cloningshed &Fof 4 ol 4l #) 23}
EE}-*U

=4

pIB2003} pJB210S 4 g}ty 0|0
TR
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TK610(umuC36, uvrA6) FF|4 UVel dig A
343 mutabilitys 3 &3tk =23 A2 =
P EE5S muc +AAE DNA &4 g3 &
23] wdEe o ¢ e, Perry 5(1982)0]

2 pGW1700¢} vl AFHE Ak

pKM1012 wmu ol F5ol A UVel| oigt A3
A3 Edwle] fit5 & FEAIF I, =T MMSe
gy E 2 AxE Jepdid (Walker 5, 19
79) oo W3l A= pKM1019] muc A A7 2
g AgS otz 48 A glti(shanabruch 5, 19
80).

2 A e pKMI01e #e AFAE dAF,
pSL4, pJB2003%} p]B210% wumu @A vl
A345 Jepdigdoh 282 A2 k20 = pIB
2005} pJB210¢] UVeF MMSel| di&l AH3Ad=} =
gdwlo] %S IBA|FE ASZE Hol muc
Ao FEF dl slellA] o] FAATNELR rec
A" lexA* ol o) &3 umu AR V)5S FHE

£
Zgtav]= pKM10134} o] 9] Zodw o)Al pSL4e] mutator
pJB210-&
A= gk 2ARE T Alxgd Eetanc
EdRel &S IFAHL R adE IA S7PAAT o] AR muc
EolHe] o
Q13}9d 3, pSLAS] muc
& recA”(JC2926) Tl 4] B o] fsel 4 “L"— w2} 2] 53 A
T Ao

A A}

B oo 1988~19899 % Fwy R SAL
gl AFA el o8k A4
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