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714-&3kch 22 R e g44 e 2 A3 pJACA
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phosphatase & 2|3 pJAC4 Zzfivn|z e} 144
A& ligation 8934 E. coli DH1 #5-8& 44
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2 AP e dET TR 37°CA
127 o wieksisdch Al gl 10 miS AR
2ete] AZE FE F01M Q4 544 I miZ
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Fig. 1. Genetic map of promoter-probing plasmid,
PJACA.
Sau3Al fragments of total E. coli chromo-
somal DNA ranging from 100 to 500 base
pairs were cloned into the BamHI site. SD,
ribosome binding site; ampC, gene for B
lactamase; Km', kanamycin resistance gene;
ori, origin of DNA replication.
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ol FEtste] Aol 5EF whA| st} o] deteyo)
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ik 85°CellA 1087 wba|ste] W42 &, 30
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A % 50mM Tris-HCI(pH 7.6), 60 mM KCI. 10
mM MgCl,, dATP, dGTP, dCTP, dTTP Z+ | mM,
I mM DTT. 1 unit/g/ RNasin(Promega), 50 ug/m/
actinomycin D 5°] E3% 2138 AES
o3l AMV A & A(AHASE) 20unitE Mo}
ato] 42°Co A 9037 9h-3-A) 7} ukg AHES TM
urea”} ¥§% 8% polyacrylamide 2 Abol] 2] %7
%95 ¥ autoradiography® Fasbeic)
S1 wZz2IotHIE 0|88 RNAZ 24

ST yrEe]eld 244 4k 48 vE7] 98t
ZEREY 22499 pJAC4 Zel~n|=E BamHI
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phosphatase& *]e]ste] &alatsl wk-3-2 sleich T4
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S1 fZelobAlE 37°Coll A 2417k Fob uk-g-A] HTHO.
28M NaCl, 0.05M sodium acetate, pH4.5, 4.5
mM ZnSO,, 20 yg/m/ salmon sperm DNA, 500
units/m/ S1 nuclease). ©J7)ol] S1 BF-3-F=x]|&-H(4 M
ammonium acetate, 50 mM EDTA, pH 8.0. 50 ug
/m/ {RNA) 80 W& Hol ofigte AHAZ} IAE
+ TE 4 ol %4l ¥ formamide loading £4(80%
formamide, 10 mM EDTA, pH 8.0, 1 mg/m/ xylene
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E coli Z2RE library® W57 $8le] E coli
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ampicillin (8 ug/m & FAAHNE A3 A
o 120070 H3Hel FAHPAE A, E
coli DNA 4#& 712l A4 Az (kanamycin
WA #ddskal)e) dele] m2ues @43 Az
gAe wE2 o 3% Hwo|gic)
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Number of clones

200
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Fig. 2. Distribution ot different levels of ampicitlin
resistance among transformants.
Six hundred and sixty transformants which
were resistant to 8 wg/m/ ampicillin were
isolated. Each transformant was then grown
in LB ampicillin gradient plates containing
various concentrations of ampicillin ranging
from 8 to 1000 wpg/m/, and the maximum
ampicillin concentration that allowed cell
growth was determined.
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& 4 9ok o Azl HA FAASA Y 58%7)
ampicillin %% 8~700 ug/m/ H$lx WAL 7}
AL AL, 1,000 pg/ml oAl A Awte FEE
A2 10%S 2=)8ksichFig 2). T4 HEE o)
438lo] A Ishihama ¥} F48 ZERE
library®] WA 23§ AR HAst oF 88%e]aL
FA47E oF 5% AZoIHTK12). o] & v]Fo] & of &
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AL o & ol
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Ampicillin %% 8~700 yg/m/ol 4] zlels HA=
s 383708 Adsled superoxide itiztel] 2%
FEUE 55 2ARIEY FAASASE super-
oxide #tjz-& WA X| 7| paraquat(s ug/ml)E =
2% =T elga} paraquat’h $le FUE 5=
Tl g o] zZtzb xabsle] paraquatr) oS o 5
o]H o2 ampicillin HAe] F7kske Al7le] 2E+&
Ads Weloh F& 5+ paraquat 28| 4] ampicillin
WAl HdEr) e 1604 68 ug/miE 571813 3,
ZE 155 8604 128 ug/miE, E& 34& 136014
190 ug/mi 2 WHalslgdcl, T2 RE] A7} paraquat
o osle] Ho)Hoz Zrlsh=x] #Asr] 95l
ampicillin WA 42 AHEQl flactamase 4=
5 AX FEEE §E ST FAF FE ST 4,
ZE 155 1.5, 22l S8 34e 1482 840
FEPS BAsAKFIR 3). o2 ¥ o FE7
Bol o o A FEe] AAt AE FEIE
HElY Blactamase BAES] ZHo] A HAtgh
FEWES HoJEL & 4 glgdrh Paraquatel £
slo] WEoe] FX =+ nfo, zwf sodd, micF 59
ol g8 el copy FFelA A 10w AR H
2E k3, 16). $lolA] AdEd Z=xe FEE
Frevl-g-E oo wlate] A3 ity 2, o]
z2RE S2E59 A multicopy SehAn|= Aol
A fEegs SA] A, Ag vas
98t =t copy FEANA 2 FEEEE A=
Ago] Hgsjrl
Z2op M@ HUIME EE

Paraquatol] &Jste] Lde] frx= E8 5, 15,
34236 Az Zelau|c DNAS o)A 4dd
z2we] HH9 =Zr|E AA’ ZH3 R 560 bp,
460 bp, 330bp= &=t pJACE ZelAn| =9
224 Ao 447 Q971D a A EAQ oligonu-
cleotide & A3l G714 d A4 uh-g9] primerZ
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Fig. 3. Induction of [Hactamase by paraquat in

transformants containing pJAC4 with inserted
promoters.
Exponentially grown E. coli cultures were
divided into two parts, to one of which
paraquat (40 yM) was added. After 1 hr, cells
were harvested to prepare extracts and
measured for B-lactamase activity as des-
cribed in Materials and Methods.

Abg-stoieh. REFHoz AAG Hdr]yd-e Fig4d
9} ). BLAST Zza3(1)g <]43le] DNA
database(GENBANK, EMBL)E =43 Az} z}z}
ol FEE5L E colidlA o}2 HuER & J7)4]
dg ML S o F U, o1F FE 349
Zfell= AlEA  catalase(cotton seed catalase
subunit 2) ¢ 70% o|49 AEAHE AW FAE
ofplizal o] REAH o2 wbAEg K Fig. 4C).
mRNA 5" aitte] ZX

zte] ZE el FESA AAPIA xS A
Ast7) §lste] Z2wE Zekanj=g 34 E
colio) A AA RNAE #%3t9 primer A% 43S
sl Primer2E 371492 AAA] AR
oligonucleotide & ©]€-3%}g] 2] o] primerd 5 %
w2 pJAC4 E2}v|=9] BamHI Ael2%-¥ 40 nt
steloll ixaich 2 Ax, 2 59 29 300 nt, 248
nt®] ¥ FF cDNA AHgo), 2 15& 294 nt, F&
34 329nte] ¢DNA 4bEe| #alzgicy E3F
DNA F8eoz3e & sequence ladderst o)
cDNAES B2 @224 mRNAY 5" ke ¢35
AR = 9K Fig. 5). Paraquat #2]4] mRNA
o] Wzks FAsla, sledld AAE AR 9
2)7F AMV S HAbE 9] HEeolF Al o)
artifact7} opjele Z1& £93lr) 9sled SI 7&
2jobd] £4-& A=3ticiFig 6). & 5ol 9§ SI
probeE= BamHI2] 5" wrto] WhALA EA¥ 800 nt
Zlo]2] Sphl-BamHI A AL o]L3lglony FE 154
3t S1 probei Xhole] 5 wwho) ZA|% 910 nt
Zole] Sphl-Xhol AHE o435 rHFig 6A). Pri-
mer QA A e] Aylz RE &&5E BE5% probe
e Aol FE 59 ¢ 260 nts} 208 nt. FE
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A
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B
G CGTCAGACGTGCMCACAGTTCAGCAGCCAAGCTACGTTCATCATCGGTACATCGCCMC

+ _.s0 .
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M AR
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CGCATAACAGAAAAGTCGCATCCTTCTGCGAATCAGAGTCTCACGTCACTACGAGTCAGT

.80 _
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ACATCGCCGCTICICATTTCGTGCAGCTACATCGTAMCCAAGTIGCA
oA A S H F v a L H A K P S c

Fig. 4. Nucleotide sequences of promoter contaming
fragments from clone 5 (panel 4), 15 (B) and
34 (C).
Also shown below the sequence are the
deduced peptide sequences of putative gene
products. The location of transcription start
site determined by S1 and primer extension
analysis (Fig. 5 and 6) were marked as +1.
Putative Shine-Dalgarno sequence(SD) and
—35 and — 10 promoter elements recognized
by Eo™ RNA polymerase were indicated by
a line drawn above the relevant nucleotides.
Underlined region in panel C is homologous
to cotton seed catalase subunit 2.

159 7§ 464 ntolck. & 59} 15904 primer
el olstel A AxA] YAl el w
5] probe Halo] Falxlgir}. S& 340 Ao
primer 1% A= Y2H o2 ¥EH probe A
e BHY 5 A A v)A2), 22 59 A4S
ol °F 265 nte} 215 nt Ze]o] BEH probe dHo]
e o2 S AMAA $1H7} Ty =
ME 2 4 2lslekFig 6B, lane 29} 3). A%
Well superoxide zht]zo] HAEw = paraquat&
Helgh F RNAE F&sled S| wF3Felopd] ¥.3
FEE BAY A9 dzTd wjsld 22 5=
paraquat *2}4] mRNA Fe] 27t 57}8}be] ch(Fig.
6B, lane 42} 5). 22 59] #$ % =89 mRNA
& 71 mRNAS®] oo Abeds] 2718190 51, paraquatZ
Mok 7% AR MAPRA] #be)(265 nt o] 9]
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Fig. 5. Mapping 5 ends of mRNAs by  primer
extension analysis.
Radiolabeled primer (24 mer) which is com-
plementary to the downstream region of
BamHI cloning site in pJAC4 was extended
on the RNA samples obtained from the three
promoter-containing clones; clone 5 (panel A,
lane 1), 15 (panel B. lane 1) and 34 (panel
C. lane ). DNA sequencing ladders were
generated  from  the purified recombinant
plasmids using the same primer (lanes
AGTC). Extended cDNAs are shown hy
numbered arrows indicating the lengths of
the extended cDNAs.

B35 probe d#ol siwh)r} 1919 Haprfa] zpE
(2150t el 239 probe HHof sjmhHct A
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#el& = glciFig 6B. lane 29} 3). o] Awr} S
rERoAlel 93t artifact7} ohgke 8- 28]
#eked paraquat AJ2]A] %3 RNAS} oz
RNAo| o)ale] primer A% 488 Faste] 1 5
Riete] FU3t 22 #Hadw Far) ek YA
AR EHE AR grds vjEe) RER
ERBE] At ulwg 4$49), RNA £ 54 Eo
of 28te] AR e — 107 —35 298 7jx) R
FE 5 Pl UnzAle 22 griaye 3y
T UHFig 4) ol o]% TewESe EE=g

el Sehs THREEA, JRE WAz
87 7S AAk
= A79 ZHI superoxide Zr|zhol] 2lsled 4

EHw ZREHE 33 Fejalgon o] T2 wEd
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Fig. 6. Mapping 5 ends of mRNAs by ST nuclease protection analysis.

Panel A: Strategy for mapping. S1 probe used for clone 5 was 800 nt long Sphl-BamHI fragment
of recombinant plasmid from clone 5 and was 5 end-labeled at BamHI end. S1 probe for clone 15
was 910 nt long Sphl-Xhol fragment of recombinant plasmid from clone 15 and was 5" end-labeled
at Xhol end. Xhol site is located 210 nt downstream of the BamHI site. 5’ end of oligonucleotide
primer used in primer extention analysis is located 40 nt downstream of the BamHI site. Panel B:
Patterns of S1 protected probes for clones S and 15. Total RNA was isolated from cells treated with
100 uM paraquat(+) or plain buffer(—) and hybridized with the 5’ end-labeled S1 probes described
in panel A. Following Sl digestion, the protected probe fragments were electrophoresed on 5%
polyacrylamide gel containing 7 M urea. The labeled size markers are Alul fragments of pGEM7zf(+)
(lane 1). The approximate lengths of the protected probe DNA were indicated on the right
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oxide ]l osle] Wdo] frEe MEFE
AzZES AT A4A Aol mappingst 24
gty 25 §-32=ke] 222} superoxide =T Zol| €]
g fAA 0 24 7|2k BAPE el A olse

T 9 7127t efE s
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ABSTRACT: The Screening and Characterization of Promoters Inducible by Superoxide
Radical in Escherichia coli

Young-Sang Koh and Jung-Hye Roe* (Department of Microbiology, College
of Natural Sciences. and Research Center for Molecular Microbiology. Seoul
National University, Seoul 151-742. Korea)

We screened promoters inducible by superoxide radical from Escherichia colii For this,
we constructed random promoter library from E. coli MG1655 using a promoter-probing
plasmid, pJAC4. Six hundred and sixty clones in this library were classified based on their
promoter strength by ampicillin gradient plate assay. Three hundred and eighty three clones
with relatively weak to medium promoter strength were selected and then screened for their
inducibility by superoxide radical on ampicillin gradient plate containing paraquat. Three
clones (clones 5, |5 and 34) were detected to be induced by paraquat treatment and the
level of induction were between 1.4 and 4 folds. Comparison of nucleotide sequences of
the cloned promoter fragment with registered sequences in GENBANK and EMBL databases
suggests that the cloned DNA fragments have not been yet characterized in E coli
Transcription start sites in these clones were determined by primer extension and SI
nuclease protection analysis. S1 analysis of clones 5 and 15 indicated that the mRNA levels
were increased by paraquat treatment. Especially, clone 5 was found to have two
transcription start sites. the upstream start site of which was selectively used by paraquat
treatment. Searching for promoter clements, we found that only the downstream promoter
of clone 5 has —10 and —335 promoter elements recognized by RNA polymerase (Ec™)
and the others have no conserved promoter clements. This suggests that these superoxide-
inducible promoters may require transcription initiation protein(s) other than Eo™.



