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Construction of Bioluminescent Escherichia coli form lux Operon and Heat Shock Promoter for the
Detection of Toxic Substances. Yoo, Seung-O, Eun-Kwan Lee, Hyun-Suk Kim, Kye-Hun Chung, and
Uck-Han Chun*, Department of Food Technology and Science, Faculty of Life Science, Kyung Hee University,
Suwon, Kyungki 449-701, Korea — In order to use heat shock promoter for the detection of toxic substances, dnak
promoter was amplified from E. coli genomic DNA by using a polymerase chain reaction(PCR) followed by
sequencing and sub-cloning into the multi-cloning site of the plasmid, pUCD615. The pUCD61S5 is a broad-host-
range vector containing promoterless lux operon originated from V. fischeri. The recombinant plasmid was trans-
fered to E. coli DH5a through electroporation. The recombinant E. coli showed several patterns of bioluminescent
responses to ethanol stress. The bioluminescent E. coli also showed responses to other toxic substances including
FeK3(CN)g, CdCly, p-nitrophenol and HgCly. The increases of RLU(Relative Light Unit) were observed at 100 ppm
of FeK3(CN)g, 10 ppm and 100 ppm of CdCl,, 1 ppm and 10 ppm of p-nitrophenol and at 1 ppm of HeCl,.
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Regulatory
L Genes Structural Genes 7
Genes Gene products
LuxR Positive regulatory protein(requires autoinducer)
Lul Protein needed for autoinducer production
LuxA Luciferase a subunit .
LuxB Luciferase 8 subumt] Luciferase
LuxC Reductase
LuxD Transferase } Fatty acid reductase complex
LuxE Synthetase
LuxF, G Unknown function,

Fig. 1. Genes and gene organization of the lux operons in vari-
ous species of luminous bacteria.
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Fig. 2. Genetic map of pUCD615. The vector has two origins of
DNA replication (Sa from pSa and 322 from pBR322) and two
antibiotic resistance selectable markers (kanamycin and ampi-
cillin).
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Plasmid vector pUCD615% 7] $§ hostiF+= E
coli DH5a(pUCD615)VUN02200 AH-&38lgdew, E coli
LE392(KCTC 1042)% dnaK promoter?] &% 9 com-
petent celld wh==d AM8aieic)

DnaK promoterS] =

Cowing 5612 dnaK operon promoter®] @714 49&
o] 831y dnaK promoter® EA|57] $18F source organism
< 2] 218 intemet GenBank(http://www.nchi.nim.nih.gov/)
|41 homology Z£AME- 819 . Homology FAME- & =}
E. coli K-12 genome DNAeA Uz dli= HHo] Ex) s}
Gt E coli K-128) W<l E coli LE392(KCTC 1042)
ERE genomic DNAE FZ3}o] spectrophotometer®
22600041 %2 248k 50 ng/ulE 348 F{22] PCR
Hh2-2] template DNAZ. AR8-319ic}, PCR HES<Y Ad-H-2]
%%+ DNA polymerase 1U, 250 uM Z+z+e] dNTP,
50 mM Tris-HCI(pH 8.3), 40 mM KCl, 1.5 mM MgClO]
9o template DNAZ 50ng, primerss ZZ} 10 pmole
g F7keleioh. Primere) TAlel Hitachi*ke] DNASIS
for Windows(ver 2522 1=0-& o]L45l9ic} Forward
primerell = XbalA|gHE A 9l 9-& backward primerel &=
BamHIZ1A) AM9-g Alsle] ohgoll 2% enzyme A=E
#2181 &gt PCRYM-E predenaturation S 94°Cel|A]
332, denaturation 2 94 °CellA 1%, annealing 64.1°Cel|A]
1%, extention 2 72°Cel|A] 138} o vk88F 20 u2
308 AAIEHAH.

PCR product2| &5

PCRZ % DNA fragment’} dnaK promoter3]A|E
2elalr) 13 2% agarose gelell PCR ®Eg-] F&%
= 2 AZGE s 25 ZAlelE =8 971AM
g BAL Ysled. pUCIO 1ugd NEBAMY BamHIs}
Xbal©.Z double digestion 3tTH. o]d] buffert> No.2E
ARSEld T reaction volume2 10 pul, £%F 37°C, A3t
£ 277h )b ubEssict. e ¥ QIAGENAR] Qiaquick
Nucleotide Removal kit® 2 degest® plasmid DNA<}
PCR product® Z+z+ AHAgt & pUCI9 AA dollx 4
ul(eF 300 ng), PCR product A#| HellA 1 ul(eF 100 ng).
PromegaAl2] T4 DNA ligase buffer 1ul, DDW 4 ulE
1.5ml microfuge tubeol] &7 HX T4 DNA ligase 1.5
it H7FE §F 22°ColA 3AIZE whEEidct HRE F
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CaCLZ A &lste] =hE competent cell 60 ploll ligation
Hhgall 5 s Wil 84 A3A 7 EH4]. Blue-white screen-
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X-gal stock(20 mg/ml) &-<8-& FTIF H F ansforma-
tione] Byt wjoFodS A3k plateol] spread Sl 3 °CoA]
overmight 33 white colony 1715 E=1gks} LB broth
(ampicillin 50 pg/ml)ell A overnight wjeksl & <J7)Ad
B Abgg plasmid DNAS F&3lden 324
plasmidE QIAGENA}2] Qiaquick Nucleotide Removal
kite = A3 F 9rIME-S BAskt

Plasmid pUCD6152] MCS0l anak promoter2| sub-
cloning

Plasmid pUCD6152] multicloning siteMCSYZ- Xbal=}
BamHISZ AFZ & DNAE AAsl 94 AAE dnak
promoter®} ligation S+4w W5 F competent E. coli
LE392 40 w¢} ligatione] Bt Hhgo) 1 wE £33 %
transformation &EE-& =o|7] 98] electroporation ¥H-&
o] &sle] A A3} vH1]. Electroporation system-2
BIO-RADAF2] Gene Pulser TE AFS3}9d e 25kV,
25 uF, 200 Q2] EF o)A A3} VectorZ ARt
pUCD6152] multicloning sitesl|& recombinationg: 218+
T 9l marker?} ¢17] ®Fell ¥2 ALA]Z F LB
agar(ampicillin 50 pg/ml) platec]A 1xk2 A¥EE colony
E F dnak promoter’} AE AE A2 45 4
H3}7] 28] ©]E colonysZ T LB broth (ampicillin
50 pg/mbell A 8A1ZE wiokEl wiokd 1 mi¥ S/HE #He
% ethanol¥ O(control), 1, 2, 3, 4%) HEZF Hr}sle]
stressE 7Fg+ % Lumat LB9507(BERTHOLDAHE. A A
o] HEE 1A7F St FASsT. RLURelative Light
Unityghe] Assle wjekale] HE2 solid medias] ©HA]
ZZE35)e] bioluminescenced] FEEFAE HeolE colonyE
Helsled e E coliKHoZE wHskae).

Plasmid vector pUCDB1E M2IEl dhak promotere|
d45

Vectorsl| dnaK promoter”} APIE oJF-8 Fl3lr]
3 ool E&|E = ethanoll T3] bioluminescence”}
=% 270§¥ colonyS LB broth(ampicillin 50 pg/ml)el]
HEST overnight ¥ioFste] plasmids® FZ8 ¥ 2%
agarose gelel] A7) 3% 32w oW hybridization®] 7
2 99 %% dnak promoters I A71°%3% Ik
F7199F 5 geld HIE size® A F depurination
158, denaturation 30%, neutralization 30% Z}&2 #x
48417k Z4b nitocellulose membrane® 2 transfergted e,
Membranes 80 °CollA] 2417k 4} bakingslie}. Probe
DNA= PCRE o]43led wbEslon] o] PCR ¥4

# Zort INTP do F712 @ AZF o’p dATP 4
WE A7kste s Prehybridization2 65 °CellA] 34]7F 314
I hybridization & 22 %2 1647 ¥HEAZH o
270 °CollA] 2447k X-ray filme]] xZA]FT}

Recombinant F. coliS) S=0 WE ethanol stressOi
st 5SS :

NZFE E coliz o188l o7 FAEE R vk
S &A3sl7] A, =] ¥ ethanol stressel] T)Ek ¥4
£ #Asledc)d. LB broth(ampicillin 50 pg/mhel] o]=] A
BE AFF E coli® colony B REF F 37°C, 150
pm 2. wiokslE A 6AIZE wiekd o2 RE | miE s
ODgE SH T ethanol(d%)S H7Fske] 1417 <t
lominometer® RLUE 543193t

Recombinant £ coii®] SE=20| et 2HS A"

Recombinant E. colie] o8 FAAER) Hg v =
AFsl7] 915l ¥=5% LB broth(ampicillin 50 zg/mlyell A
3 & 37°C, 150 rpm o 2. 2k 8417} wjoksled ethanolo]]
iak qbsAde] 7 =9k TS M E(0Dgge 0.3£0.02)
I mi¥ 571E #Hsled FeK3(CN)sE O(control), 0.1, 1. 10,
100(ppm) = %% H7}3led luminometerZ RLUZ- 1A]7h
F¢b ZA4slEYt. Controk DDW 10 g A7pslgl ey,
R 8] TR FHEHeR 10007 34 2 5 9lEF
ol2] HE9] FeKi(CN)g stock solution®ZX-E 10 pldS
Hrisle] EJE 2ALE stressS 7heigin). 22 wiHo
£ p-nitrophenol, cadmium chloride, lead chloride, mer-
curic chloride =9l ®ialjAlE ¥R &4)s)dc}. B3] CdCL
= 1,000 ppmell A bioluminescence 825 &4)6190t

HIZ|, Al2F I Fd]|

AM-E E colif- #iAE LB WiR|ZA] 24L& NaCl 10
g/, tryptone 10 g/l, vyeast extract 5 g/l°] LA wjA]=
agarg 15 g/1°] =5 Arlslgdvl. Selective marker=A]
ampicillin®] ¥ £ 2% 50ugmlE stgicl. PCRE
BIONEERAF] AccuPower™ PCR PreMix= AM&-sl3T,
Template DNA%] ‘F#X+ SHIMADZU UV-1201 spectro-
photometerZ. 260 nmel|A] SA4F1HE). Primers BIONEERAH
2HE 5 AslaY). Enzyme reaction?} plasmidE 3+
3 T DNAS] gelzRE|e] AAle 27 QIAGENALS]
Qiaquick Nucleotide Removal kit, Qiaquick Gel Extraction
kits AHesigrl. §4% NEBAREHSY BamHE} Xbald
PromegarlZ25-E] T4 DNA ligaseZ F3igich d97]M4
B2 AmershamA}2] T7 Sequenase Version 2.0 DNA
Sequencing kity AFEEISlsl isotopes B EALY) [0¥S)
dATP AG 10002 AME-31912™, southemn hybridization®]
probe DNA®| labelling [c*?P] dATP AA 00048 A&
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Pulser 11 AH&3%1.27, Bioluminescence®| F74-2
BERTHOLDAF] Lumat LB9507% &3]514ic}.
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EX|= PCR producte] ZZ

DnaK promoterZ BA|317] ¢35l DNASIS Z=7=1&
o] &3le] Hz}eld}t primerE Table 19l Vehfie}. w)zjel
26 bp 2] primerell 9 bp] A|FELAAMEE 4H
3lgler] PCR %82 annealing &%= 64.1 °Cel i}
Forward primer?] G¢} €29 9719 L 33%°|
backward primero| 49| &=k 37%¢)90e}. E. coli K-12
2] WZ<l E coli LE3922] chromosomal DNAE tem-
plale® PCRE 8 % L producty 2% agarose gelol|A
150 V2 1A2F A7]°d5E 8 2 Fig. 3A BXo] oF
200bp¥] DNA fragment(lane2)7} $Z= v}t &3k, PCR
product®] 971MES E48 23 Table 200 vehA%l S
™ o]7& Cowing 5612 2% LAstsiet.

1 2

Fig. 3. PCR product amplified with E.coli LE392 genomic DNA
as a template (lane 1 size marker: from the top, 1 kbp, 750 bp,
500 bp, 300 bp, 150 bp, 50 bp)
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Table 1. Primers designed in this study
G/C(%) Tm
Forward 33 641

Sequence ¥

cegelegagegcanaageacaaaaaattttigeal

Backward 37 64.1 cgggatcecatctaaacgtctecactalatalteg

*To construct primers, restriction enzyme recognition sequ-
ences(Xba | ctegag, BumHII ggatec) were included and underlined.

Table 2. Sequence of DNA fragment amplilied by PCR

Sequence

daaageacaa adaattittg catcfeecee ttgatgacgl ggtttacgac cccatttagl
agtcaaccge agtgagtoag tctgcanada aatgaaattg ggcagttgaa acca-
gacgll legeeeclat tacagactca caaccacatg algaccgaat atatagtgga
gacglitagate

MZE £ coliQl screening & ME 5T FFE

DnaK promoter”} plasmid pUCD615¢] multl—(.lomng
siteol] AE E colis M3 ¢l #AAs & 3=
heat shock response® =3l ethanol®[22, 23] stressE
7lsked  |A]7F E4te] RLU(Relative Light Unit)e] = #H
& &As9 o0 culture brothE solid mediael] Wik
bioluminescence = @A HeolE colonyE AHsleict.
Aaks #aE H3EH FF= cthanoldy TS ©E] o]
bioluminescence = &332 R4 ¢F 20%] A
A RLUZ] 2= %59 ethanole] thste] Akl
I 57} ol s RLURe] A53lvth. Fig. 4ellA] 2
%ol ethanols AH71E1A dgkE & 7%-4 biolumine-
scence#Fe] HEREA] 93T ethanol®] % Z7}A17 o)
w2l RLU Zhe] ®lE Svisieint. Elhanol —5—1:7} 3%}
4%l A1%= RLUZEe] wlsssiAl viebdet. o] A2 Dyk(7rs
o] ethanol 2%} 492 A83)e1-S wo) #zlel w53y
vectore]l AFUE dnaK promoter”} o131 ethanol stressel]
o8 fr==9l7] Eelvl. =3t Fig. 504 Beixjxo]
HA4] bioluminescence® AAsl= M EQ] FxE= ODgono
0299 wo]oi ethanolg 718 3 208 #HE7} AvgA
RLUZF S7bsp7] AlRHhia HZ5E7} ODg 03636
RLUS Zhe] wolglel. gl MZ55E7} ODgyp 0299 @
| #)e] RLU ZHE Hgidh

C

L

pUCD6152] MCSOl anak promoter &4

Ethanolell =s] RLUZte] #7}3} colonyl3} colony2E
dglom o]EZFE plasmid DNAE £33 dnak
promoter7t vectorel]l AU =1 E=A]E Southern hybridi-
zation. 2 #elalgd v} Fig. 644 HIEo] lane 2¢]=
dnaK promoter= loadmoﬁ}ﬁﬂ hybridization$ 7 £3H=
marker? AMSE1 T lane 3 lane 4oll= 2719] colony

ZHe 535 plasnnds Z+7} loading shath. Y& ARAl
< A7) 4% 3 F AL gel A2 ARl 2EH£L X
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Fig. 4. Bioluminescence production from recombinant E. coli
(KH o) stressed with various ethanol concentrations ranging
from 0 to 4%. The concentration of cell was 0.32 at ODgy; and
cells were cultivated at 37 “C.
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Fig. 5. Bioluminescence responses of various concentrations of
recombinant E. coli (KH o) with 4% (w/w) ethanol.

ray 5o =ZA7) AFARFle]Tk Probed] @7IAE
lane 22] dnaK promoter?} i [o-*2P] dATPZ labeling
Hdelk 2 E8F Azl A lane 29| dnaK promoter2}
probe?} hybridization®] H{ L= o] Whe-2- 22 AF
g 4 9]2™ lane 39 lane 49] Z}Ze] plasmidell M=
probe} hybridization®] HULEZ=Z dngK promoter”} 4t
UE%So] Fal=gieh

SYE2H Hs NE

Fig. 6. dnaK promoter inserted into the MCS of pUCDG615 was
identified with southern hybridization. (lanc 1: A Hind Il mar-
ker; from the top, 23,130 bp, 9,416 bp, 6,557 bp, 4,361 bp,
2,322 bp, 2,027 bp, lane 2: PCR product, lane 3, 4: plasmid of
colony 1, colony 2).

=422 FeKs(CN)s, p-nitrophenol, cadmium chlo-
ride, lead chloride, mercuric chlorides ARgs}gen] 7t
o) 43l Hsle] 30 BRAS Bakch AZ
2 BEEx 37°CAAM 150rpm 2 oF 87} kst
ODgyo 0.310.02¢ = el o]gsj5ien] SHELL A
7b F 108512 RLUE 243159t PhCL @) 79 5
S HF—C’l TR @k, A EAE dEE
stress 5= RLUZe] Al=s}sich

FeK3(CN)f,-4 7% Fig7ol4 EXe] 100 ppme] FE=s]
A 40l ZFshdM RLURL]) Aslslet. 27 RLUG
o] 80%-o] gk F <F 25098 background Fx|2] 54
2] bioluminescence”t WAVFLAT. T8} FeK3(CN)6ol
10ppm FZo|slel A= RLURLS S M3p ¢l
o|Z-E N AEL stresw} gl ANRANME Abged
%Fe] heat shock proteinsS Al4s)A] MAMLZZ. 0.1 ppm
2t 1ppm®| FeKs(CN)o2 F47 AAr27164 vhEelx)e=
heat shock proteins#}e] $H3-A-8- wlFole} AJzb<lc].

Cadmium chloride®] 7%= 10ppm, 100 ppmol A <F
40%-°] ZA3shEA RLU %}'C’] A=l omd 10 ppme] A%
60%- 73 F 27)%c} eF 239, 100 ppme] A oF 2.7
W7t 474 EAS A Fg ). 58 100ppms] A
stressF 458714 RLUZF AMA1S] ZHAasiclr) Alesled)
o)7L Fo]x] stressE Ql5ked ML) v1ab1111y7]— 7} 4w
7} heat shock proteine] o Z Wa=o] A Ao
o 58] el =ajee6].
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Fig. 7. Bioluminescent responses of E. coli(KH () to various
concentrations of FeKs;(CN)¢. The cell cencentration used was
0.310.02 at ODggp.
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Fig. 8. Bioluminescenl responses of E. coli(KH o) to various
concentrations of CdCl,. The cell cencentration used was
0.3£0.02 at ODgy.

p-nitrophenok 1 ppm, 10 ppmellA] 108e] ) ZA=31A]
korgol = RLUZMl A38lE L 1 ppm®] - 208 %7
% pack ground 7R} oF 1.59) F7islei e 10 ppme]
A% 308 AS T of vt S71SRTkFie. 9). Heat
shock protein®] FS3= stressB2ol whel 1-28uol] 2o
W= shed| (18] £ A#e] A-$ p-nitrophenole] test3k
EXNEA F 7P wE hEEEE vpepliglet o]l of
ul= phenoliFe] F7]8u7 FEFEET AE W heat
shock proteing] AFxk&=x7} FASHA $7FH 3 biolumine-
scence expression™ FAIHE = 702 ALEH .

Fig. 1004 E-Ee] mercuric chloride®] 73-% 1 ppmel
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Fig. 9. Bioluminescent responses of E. coli(KH o) to various
concentrations of p-nitrophenol. The cell cencentration nsed was
0.3£0.02 a1t ODgqy.
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Fig. 10. Bioluminescent responses of E. coli(dKH o) to various
concentrations of HgCly. The cell cencentration unsed was
0.3£0.02 at ODggq.

A ap¥o] AAshEA wkgo] veldc). 808 AEIRA
< ¥ RLUZ} 27 gtRet oF 27} E7hekeet. a=iv
100 ppme] F7FEGE W F28] hdsle] 108e] A <k
sle] RLUZC] A2 &AHA] gkow] 10 ppme] 5o
A= RLUZ] Z4asledrl 4413 s)8eie 498 B
o]%E= 10 ppme] Ak HeCly “SEoflA= MZ2] viability7}
Fojza 4 A mechanismel]] Hsl7} o] wfFo|=
B3], 100 ppmell M= HEY AEe] ErFsdE] dfiel
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bioluminescence "E/‘ ] byl Aot}

Testqr 570¢] SAI-EAS p-nitrophenol?] 73-F- BH&-A]7k
o] 102 mRkeZ 7131‘ wekom PbClg A|E vpez
EFASL] A FEH2E oF 4080 508 AXIF 48
HRZ GellA FA8E ethanol®] 7% oF 208 AZI}F &
255 AAL) PAEL swess7t W& o= heat
shock proteine- o] A= ALM A=, AHp(12)
= E coli LE392¢] CACLE #7l5le] stressE: F9E
Wl 220, 73, 53, 43, 42, 41, 30, 38, 37, 25KD]
protein AB4ke] F7F=912™, 100 ppme] CACLe] H7F=$)
o= celle] AAe9d ot 100 ppmE 23 FEAME
celle] AABHA] F3 ¥ USLT glew o|& Fig. 89 4
#o} FAbshe. AAF 2AelAM A= heat shock
protein®] 55|, FAHEH] cellell v|XE FAT ¥
gk vjg=shAvt ef7ke] xfelz) 9lS 7 RLUR 8
7} @AY (CdCl, 1ppm; FeKs(CN), 0.1 ppm,
p-nitrophenol 0.1 ppm; HgCly 0.1 ppme] 7-%) AMA3] F
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