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Development of Plasmid Vector for Detection of Mutagen. Yeon Joo Choi, Jin Sam You, Jin
Mok Ha and Hyung Suk Baik*. Deparfment of Microbiology, College of Natural Sciences,
Pusan National University, Pusan 609-735, Korea— After DNA damage, umuDC is the only SOS
operon that must be induced to promote SOS mutagenesis in Escherichia coli. The recombinant plasmid
pBC401 and pBC402 were constructed to fuse the lac structural genes with promoter region of umuDC
operon to induce the expression of lacZ gene by DNA damage. We transformed the plasmid pBC401
and pBC402 into E. coli MC1061, lacZ deleted strain and determined the activity of J-galactosidase for
various mutagen; UV, mitomycin C (MMC), N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), 4-nitroqunol-
ine-1-oxide (NQO), ethyl methanesulfonate (EMS). The B-galactosidase activities of pBC401 and pBC402
for UV, MMC, and NQO were increased in proportion to expression time until 3 hours thereafter, the
activities were constant or slightly decreased. The activities for MNNG and EMS were not so high as
for UV, MMC, and NQO. When MNNG and EMS were treated, [B-galactosidase activity of pBC402
was slightly lower than pBC401 but when UV, MMC, and NQO were treated in pBC402, [B-galac-
tosidase activity was slightly higher than in pBC401. Therefore, the pBC402 was better than the pBC401
in terms of sensitivity for frameshift mutagen. We suggest that the plasmid pBC401 and pBC402 are
easy to detect mutagens which cause frameshift mutation rather than point mutation.
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2 2asit, Aapateol s AE shdd o 180 ¥4
o] UmuD7} A= =d(7), o1Z A F2 7|z
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o 24, v|x]e] 33HEAl 2] & a8 histidine 27F7}



K1
flrd

histidineE A5l 8-731% &= HFHe|FE A3t
- E2A5e] zjalgl EAle] SAlolyel 3 A

ol ERE n vitro BV AP 2 Ed W
bt ZHAsked glodd 2 A8 uhE
] A o2 vield 4 9l AlelEed el g

Halof 8la, eabr} WAE 7gAde] ot £
“]-‘E' DNAd| &8 itsle A o3
FEH = unuDC promoter 42 lacZ %
ZF2] promoteri-i-oll AZA|F o ZA DNAZY &404
2 A lac7t WEHEEE 8o [gcZe BT E
Aol met, Aol BAle] B 7 Y 2 AHEE
el B g 9}\1.- plasmid& 1skstarzl shsick, &
promoterf-¥-2 X338 ypmuD E wmuDC TS lar
fusion vector@l pMC874°ﬂ(2(J) cloningdt # & =
Hol -8 Ae]std wmuD D umuDCS W8-S Lo
ZA lacZ w3A7 HEETE plasmids A E S}
vl2je] Z4el i FAS 77 ¥ 2 AEE EE &
241 plasmid vectorE 7Nl 72} 31ic},

o
Ay
ok
i

m[m _?L* £

T T S O AT R o

r°*‘ —I,J oy S

o L
o
W

Xz 3 Ere

AlEnFe} Xl & plasmid

E. coli®] SOS FA AR ymuZ cloningsl=dl AL8-%
plasmid & 2H23% plasmide] 2&-S- Z221sb| &8l A}
BE] e} 1 ) FA EAL Table 19 vhelyigie}, ¢t

Ao A= Luria Bertani(LB) broth(21)& A}8-3}43
3| 42w 2= Vogel-Bonner(VB)S} MOuR=] (24) = A}B—

st o SHAA = Al ul =] o] wel ampicillin (50 pg/
m!)®} kanamycin (50 ug/m#)S A 7}skict

Plasmid DNAZ| XX &t 8! Cloning
Cloningell AF8-8F plasmid DNAE Sambrook $(21)

Table 1. Bacterial strains and plasmids

Strains or plasmids Relevant properties Source

Bacterial strains
E. coli DH5a  endAl hsdR17 supEdd thi-1 BRL
recAl
E. coli MC1061 gyrA96 relAl A(lactZY A-argF) Meissner
hsdR mcrB araD139 A et al. (21)
(araABC-leu)

7679 AlacX74 galU galK

Plasmid
pMC874 Km' lacZ protein fusion G. C
vector Walker (5)
pSE117 Km' umulD* C; pBR322 G. C.
Walker (5)
pBC401 Km" umuD' (umuC -lacZ" This work
pBC402 Km" umuly-lacZ This work
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o] whlell ule} Felsidnt AlgkE A= POSCOS} IBI
Co.Z 48] 4-3138}9d 2 T4 DNA ligaset EPICENTRE
TECH NOLOGIESel| 4 8{sted AM8-3tgdr}, DNA =t
Hel 34+ QIAGEN GmbH (Max- Volmer-StraPe
440724 Hilden, Germany)® QUIEX gel extraction
kitE AH8-8te] sisted a2, cloningS €& BamHI DNA
linkerv= Promega Co.oll4] -7]13tod A8-3tgiv}, 2}l
S X71E SF 3 A ARS-AF ol whEko), 7] d F2 0.8
%2} 1% agarose gelell4] TAE buffer(40 mM Tris-
acetate, 1 mM EDTA)-E Al8-8te] A Al8}dc}. Trans-
formations Cohen¥} Chang®] #FH(23)2 3 w3}
o] competent cellsZ A8l 4 A|5t¢ict. Cloning o
-5 2 &2lal7] ¢3H4] Enhanced chemiluminescence
(ECL) system (Amersham International plc.)2] HFH
o] w2} hybridization& s§3hsd.ew, oluf ARSIt pro-
bee pSE117(24) 4 wmuDC 1 kb ©¥#He)8l 37, hy-
bridization buffer2} detection agent®] k2 F4l3]4}
o] 2| AJHE nitrocellulose filter T o] H]#|d}e] A}
alei o,

= HO0| 3 (mutagen)Oil CHE MEEB2| |H

B-Galactosidase assayell ¥4l Held ool &
UV, MNNG, NQO = MMCst EMSe] HAxalses
A8l A 2 Zdwio) e i =8-S Az
&5 pBC4015} pBC402 L8] 3. pMCR74E thAat o
Zabahed).

LB broth 5 m/ell A 3855 E3hod 37 CAA 3§15
! Hﬂ‘jbﬂ 2. 1% casamino amdfi’l- 0.2% glucose”} 7}

H M9 FHamiAe 1:10028 AFske] 600 nmoll 41 2]

%%Eﬂ 0.3~0.5"4 % = d7}=] weFsiadct, 2+ Eiw
olE FxHE Aelsle] 37T 3A17F A x]ufordt
-, 0.1 mi® FHsle] At Mgk § zhz) 3709] LB
agar platecl| A 8}5-9; wioFsldc}. 2} plate] colony s
o] & A1 AEF(survival fraction)g 1+3ic].

SBH0|Rle] Xe| & -Galactosidase Assay

7 A Ak FAAE 2838k LB brothol
SHERF wlokgt ¥ 1% casamino acid®} 0.2% g]ucoseﬂ

].

A7hel M9 FHawhA]ell 1008) 3 A sed L3 F 3x
107 cells/m! (0D, =0.28~0.70)°] === siafsisic).

UV A 2 el sl 10 miE F-o

9.1 erg/mm® - sec®] AU Z| B|E&R 2057 ZA}5E 5L
stehEode]flel MNNG, NQO, MMC, ¥ EMSE i
a]:on 5 ml‘"’l‘ ;zlzq._n.ﬂ :ﬂa]sl q____.m lac” _Tar;zd;g}gq ut
o] f5x% F QEE 37T 1~427F S3F & A nj
oksleic). o %‘—'— B-—galactosidase #4448 Millers] #y
(25)e) upet S shadct.
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wmye RS 2§81 9l pSE117& Belll= At
A7) o5, wmu gene] AHF-7F 3k 1 kb =&
velstgiv}, “lacZ fusion vector ¢l pMC874%- BamHI
o2 Ak} o, umud] A7 3 1 kb &
SH-2- pMC874l AHA|A lacZ 7 3>(deletion) 52 E.
coli MC1061¢ &3]3l ch(Fig. 1). X-gal?} kanamy-
cing T3l Ad=lul =)ol 4 kanamycinoll #3442 v}
el]+= light blue colonySs<& A3 2, A 7]d-5A4 el
A1 cloning®] o445 4 #Felg o3 (Fig.2), ] colo-
nyg oAl UVEAL] 23] B-galactosidase &4de]
=5+ colonyg& A Feldkgdch ¢ldg UVe 9.1
erg/mm’ - sec®] R ¥l&E 1537 ZABFS o,
4417} Fok W A7l v}g- A8 B-galactosidase A
o] 250~320 unitsdl 33}t plasmidE pBC401& ¥+3
shodch

wimu A ARS] 2A R} lacZ FAAE t]R A E)
Al A4 A717] #shA pBC401o =&¥ umuDC 1 kb
#-& chA] Hincl2 AwHeled promotor 234 wmuD
FAxle] Aok gx oF (.7 kb wHHE By,
pMC874¢ell <37 A4 cloningstsi v (Fig. 3). X-gal3}
kanamycing £33 A=) x| o4 kanamycinel A
31415 el light blue colonyE A Ei 2, #17]
“”’EALOHH cloning®] %5 4 &3 of3 (Flg 4),
pBC4015 A3t vhi s S48l umuD -lacZ 5 *
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Fig. 1. Schematic representation of the construction of
plasmid pBC401.

Abbreviations for restriction sites are as follows: B, BamHI; Bg,
Bg!/ll; Rl, EcoRI; H3, HindlIl.

g3l pBC402E AHskeich pSE117 w#ie] 1kb
unuDC <RS- probed AH8-3}91 southern hybridiz-
ationg A A5t pBC4013 pBC4029] umu <HHol| |
2 cloning® 22 A &alskich(Fig. 5).

2t SOOI/ Cist YWEFE XA}
Cloning¥! umustH o] 32| AEE| 43& n2A|
o] of & Feolgz FAdl, fusion strain?l pBC401=}
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Fig. .2 Agarose gel electrophoresis pattern of recombinant
plasmid pBC401.

lane 1: size marker (1 kb ladder), lane 2 and 3: plasmid pBC
401, lane 4: pBC401 digested with EcoRl, lane 5: pBC401 dig-
ested with Hindlll and EcoRlI, lane 6: pMC874 digested with
HindlIll and EcoRI, lane 7: pMC874 digested with BamHI.

Bg Hc otmuc BE

( Umﬁ I I

1Kb Bglll fragment from pSE117

s [igested with Hincll

« Elution of large fragment

» Attachment of BamHi finker
* Digested with Bami

* Digested with BamH!
» Dephosphorylation

Ligation J

Fig. 3. Schematic representatmu of the construction of
plasimd pBC402.

Abbreviations for restriction sites are as follows: B, BamHI;, Bg,
Bal/ll, He, Hincll; RI, EcoRI; H3, Hindlll.
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Fig. 4. Agarose gel electrophoresis pattern of recombinant
plasmid pBC402.

lane 1: size marker (1 kb ladder), lane 2 and 3: plasmid pBC402,
jane 4: pBC402 digested with EcoRI, lane 5: pBC402 digested
with HindIll and EcoRl, lane 6: pBC401 digested with HindIII
and EcoRI, lane 7. pMC874 digested with HindIll and EcoRlI,
lane 8: pMC874 digested with BamHI.

a b c d e f g

Fig. 5. Southern hybridization analysis of pBC401 and pBC402.
Each lane electrophored through a 0.8% agarose gel and was hybn-
dized with umuDC {1 kb fragment) probe..land a: plasmid pBC401,
land b: plasmid pBC402, lane ¢ pBC402 digested with EcoRl,
lane d: pBC402 digested with HindIIl and EcoRI, lane e: pBC
401 digested with HindIll and EcoRlI, lane f: pMC874 digested
with HindlIl and EcoRI, lane g: pMC874 digested with BamHI.
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Holfle) AHelxo g AR flslA, 5F
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tHFig. 6). 2 A3} 2+ Sdo]de] w7} EolA+3
pEgo) Zhass oFd2 pBC401, pBC402, |3
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Fig. 6. Log-survival vs.
(a) UV-dose, (b) Mitomycin C (MMC), (c) N-Methyl-N'-nitro-N-
nitrosoguanidine (MNNG), (d) 4-Nitroquinoline-1-oxide (NQO),
and (e¢) Ethyl Methanesulfonate (EMS) for pBC401 (0O), pBC402
(@), and pMCB74 (/).
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Fig. 7. Kinetics of induction of [J-galactosidase activity in strain containing plasmid pBC401(a) and pBC402(b).
Cells were grown in supplemented minimal media at 37°C. Cells were treated with 20 seconds of UV irradiation in 9.1 erg/mm’ - sec
(@), 0.4 ug/ml of mitomycin C (W), 20 ug/ml of NQO ([), 3 pg/ml of MNNG (¥}, and 0.6 ug/mi of EMS (M), and without other

mutagen (O ).

= pBC401, pBC402, 18]31 pMC8742] A&Fo] 73
A B FE, F UVe 9.1 erg/ mm’: sec®
20%7F ALY, MMC+= 0.4 ug/mi=Z, NQO= 20 pg/
mlZ, MNNG+ 3 pug/miZ, 2213 EMS+ 0.6 pg/mlE
A sict.

A0 NelU| W2 facZe| wE

wmu promoter?] 2HFol 218 [acZe] 2
AEw= Faol’lE Ae]dE ZA15E 4412 H A 71A]
o Al7} 783 0. 8 B-galactosidase assays A A|Ele] &
Aeldct(Fig 7). olu] Sdwe]ls Aujgh A|AHe
ODweell A8 F3 5+ 0.3~04H =93, 447 A4
7}z 0.6~0.74 25 f-A|slo] A E:ﬂoﬂ A 3hslodt.
Fusion stramn?l pBC4013 pBC402¢| B-galactosidase
$ e Selro)d e AHeld ASoh Aelsha e
B}l A 2AE o] olE 7o vE)] vl e
2 Azl¥ EMS—% 57 EdeldE Ael3hA] ¢
o= ufot Ao FAgE 84S el pBC4019] A
F-of EMS2t MNNGE A 2]3}51& wj= U3 A 7ol A
-3l % B-galactosidase EAdo] & W slglo] ]E;‘—'?z 2
Helgl o} UVel MMC 2 NQOE A= sed-g v i
3 Al 7ke] ANt w2}l B-galactosidase A= 4§
Z7tebe vlwAd A4 SAHAY, & S-S lacZ
#el 3AZE A 7ER] v A 73-7}3}14% 4217 A =
HHEw 2358 Fisle A3s ¥k pBC40241 4]
%= B-galactosidase BAMo] Fix = A2 AN o=
pBC4013 frAbslde). Zelvt EMS®F MNNGE #He
3135 vl pBC40101141 %}” grE T whotz2] 1, UVel
MMC = NQOE Azl3ted-2 W9 472 pBC4019
AR} Zopxl AnE zMDP pBC4029] lacZ B8 %
pBC4013% 7R 2 3417 A 7h=] nlaa] gAlo]

Table 2. Induction of B-Galactosidase in fusion strain by
various agents’

Chemical Concentration  [-Galactosidase Activity
(ug/ml) (U at ODgy)
pBC401" pBC402° pM(C874
None : 20 20 4
Mitomycin C (0.4 152 161 S
4-Nitroqunoline-1- 20 106 126 4
oxide
Ethyl Methanesul- 0.6 30 25 4
fonate
N-Methyl-N'-nitro- 3 52 42 45
N-nitrosoguanidine
uv 20 seconds 274 289 5
(9.1 erg/mm°
© 8ec)

“An exponentially growing culture of strains in minimal medium
was split into several sample. One sample was untreated, and
chemicals were added to others to the concentrations shown.
The cells were them incubated at 37C for 3 h, and the P-galac-
tosidase activity was determined. *Fusion strain (umuC’-lacZ’).
‘Fusion strain (umuD'-lucZ’).

F7Vee 8-S Hdoh o2l B-galactosidase assay
of| 2] 3AI7F WA & Sgdwo] e HAlo] RS Hcts
= 7|EAH L2 AAAsr] 1 3AJEHE Table 29 vleh
g}, gtellA AAYE T Fodwold el xrex]e

f’%] e _Lft’%ﬁlrc’% B- galactosxdase ﬂf‘”%}" H}JJ—B‘}E’E‘.,

s

}ﬂg}a] pB(A()l.Jr pB(,él()ZOﬂH Z+z}y 274 umtsQJr 289
units® S vbE MNNGE #2lslgd S o= 224
52 5%7} 27+ 529} 42 units= ez, MMCE
2lshed & W= 9%7) 2 1522F 161 unitsE YeERY
et &, AEFe] ol s)4 B-galactosidase 40|



=& 7)3.&. ohtiglal, gt AEFo| Jriir A Aol
=7 GM“-‘JK}. w2} pBC4013 pBC402¢414
lacZ®| &2 survival fractioni}e] AFIA Rol= &
c::]u:]o]ﬁ_] Z|-A| 2] .H,?J 1:4_)\] EL%}-’“% 'E'-Q:}H:IO]C’ ] DNA
of £=AFS mx|= F‘Rh,]r o] zlo|o]| uka} promoter
o] |k ,?HA]H]E/}- elz| = e g2 AziEEc) A A1 g1
EdHoe]d ol NQO+= WA ® &A1 —H]El”i
DNAAS] E G- C7I1%E& C-G, T-A 3= A
T 7|z 2gA et opvzt +1G, -1G, +1A, %
-1A 58] F#o]%(frameshift) o] & EA LR
“?rﬂa"}']?]‘ﬂ, MMCE G -C-T- A t;z;;f T - A—G - Cg]
A7) 233 FA -1G -2(C - B8 FFolgEd ol
2 Fsles Aog 0‘“3434 9lt}. Watanabe 52| X 370
2w, NQOLJr MMCEE umuDC F3AAE 24 3)s)
o FoAe|s-& SV 1“” =912 ”‘%“l-?l?li
sl e (25, 26). HbHel] MNNGY EMS 52 C - GA4d
A FEeIEEA|E e E D, F2 O
methylguaninee |t O*-methylthymineg& A4 AIA G
C—A-T 2 A-T-G: Co F7|AgHEARe]E o
7lc}, &A% B-galactosidase BAAFE oleid A

Zojuie] o] EAl Fadsle] wlwsld, clokdl f-39
37|23} FFolEEdWelE EAHoRE Fistod

DNAdl ¢£AHE do7]= NQO2F MMCe| 745 347k
ksl A ppx] ZBAIgre] #AIs] Er)sted HA] A 9
i, MNNG®} EMS+ 847ke] 7P =7t e
‘/"71] 2 glgc) wabA] wmu promoter?] WS DNA
A}o]| ia&ﬂi ZojelE @l oy Z2x] 8 Xiﬁ,]ﬁp u:ﬂ
AFRA A7 oS S| o] FoAnR, FRelE T

ru

o] ol A 4be s SHETAE) Azl &
o1 oz A7heich

B =AEA L FAH A ‘f’é'ﬁ;*% ARSh= Hl = o
317]"7‘1 S Fol|4] 7R Jubd e g o]-8-5= "Ames
test’ v Salmonella typhimurum LT-22 his-Eq M)
of ‘:’T«"]ﬂ %“%ﬂ‘ﬁo] U2 2|2 hys+ EFHo
2 A3EE BEE S5, Aele B4 FAle
W o AEE ﬁ}‘:}ﬂ‘—*} FFol el ® is- AR}
7}2} = TA9S ﬁ'—r*ﬂ]r A7 X o) ® his--{A A
7}21%= TA100 FF histidine®] AgHE #| A-vf =] ol
=eiol = A HW%}% his+ 2 BAE F3:2
2UZE AR, A5 EHHe|FF At 4

x| gou} FRolF -9 Ede] RS SAT

- 22y TA1008] = Aot Ad vA=H 2, &
L e plate“}‘i} f Apol&E Hol= AV B
- Al 2 AT oA 27 W AlFE FEo] Fr 1
2l odekQpAlHo|TE o] 843 ZAbHelmE F Al

2)ol| 4] vljekalo} s}aL B He|FE Alslr|7HR] FHAa
3do] £ 89t ol=l¥ WA ellx] Eul), fusion strain®!

-z -{N ~h4

ﬂ%“
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pBC4013} pBC402E ©]&% A4 A& &
A o) =i BB sl F3A o] B-galactosidase as-
saye| =&, g?‘“-’?’— x| 2]&} 7. B-galactosidase S &
Aste] HA K-S guksir| 7] A o] k5 qlell A
grlng ¥l A5 24 EA Mol o] FojA 7o

i Rits
2

E coli @842l SOS 42! wmuDC operon<-
DNA7}F £4k=81-& ul W3e] fE5w SOS Sdwe]
ftaA] o] Adl Ao}, ol# EAlL] umuDC pro-
moter+2-& lacZ promoterfi-iol dHA|Fo w4,
DNA<ALS 2 algh wmud] W8 F7) lacZ®] WL E
olo} & 4 Q12 E A FF plasmid pBC4013}F pBC402E
wekslgl o, o} & lac A&TFal MC10614 E314171
F og{7iz] Sdold-g& Aelslil PB-galactosidase
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