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Conditions for Stable Light Production of Recombinant £scherichia coli
Containing Lux Operon and Sensitivity to Toxic Chemicals
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Recombinant E. coli DH5«/pSB311 was made by cloning the genes encoding bacterial luciferase and aldehyde
substrate proteins from Photohabdus luminescense, to complement defects of Lumistox, which is normally used in
bioassays to monitor toxic substances in water environmental systems. The conditions for stable light production by the
recombinant strains were investigated with respect to cell growth stage, cell number, and buffer conditions. The
optimum growth stage was a middle-exponential stage with an ODesonm value of 0.6-0.7. About 10°- 107 cells per test
tube was optimum for stable light emission. The effect of buffer was not significant if an optimum viable cell number
was maintained. The bioluminescence of the recombinant E. coli harboring the Jux operon of Photohabdus
luminescense was not affected by temperature, while the biocluminescence of Lumistox was temperature sensitive. The
recombinant E. coli was more sensitive to heavy metals (Cd, Cu, Hg, Zn) than Lumistox, because it does not require
high concentrations of NaCl in the buffer.
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Table 1. Bacterial strain and plasmids used in this study
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Strain and plasmid Genotype Reference or source
Strain
E. coli DH5 o F" RecA endA gyrA96 thi-1 hsdRI7 A(lacZ YA-argF) Laboratory stock, (9)
E. coli S17-1 Mobilizing donor strain; hsd pro recA Laboratory stock, (9)
Lumistox Photobacterium phosphoreum Drlange Corp. Germany
Plasmids
pSB311 696-kb EcoR 1 fragment containing the lux operon from Photorhabdus luminescens in

pACYC 184
pUT/luxAB 2.0-kb Not 1 fragment containing the luxAB gene from Vibrio harveyi in pUT (15)

Rl wep ﬂ*éxéiw gA)3h
7 2 497 organismo]w 2% DNA 7lex 71 ¢
4¥ E colis o]&3to 1rte] 712 H7be] MAZZ] g

lux operong E. colid] §¥ste] B4 AAA] 7]Eo] 5
HL_»L,] o]-7ék} 2740 x_—}xo Agzl— )\]-EHQ_}_ /‘ﬂE/\ Zzé %}
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Biosensor ©]-87}54S ZAIACH
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% 9 plasmid
B A8 A3 FF9} plasmide= Table 13} 2t}

K] 2 HH Y

Ao AL83 759 wj%ols LB jA|(Luria-Bertani ;
tryptone 10 g/L, yeast extract 5 g/L, sodium chloride 5 g/L)
g Agsgon, YA Wy TR WFe Ase
Ampicilline(Sigma Co., U.S.A)E #7841, E colic &7
2z} A 37C, 180 rpme] wyhelok7|(Vision Scientific
Co., K.M.C.8480SF, Korea)ol|A] ] oFalth

HE LR e

2% NaCl €9(pH 7.0£02)< HA FuH3tz, ¥F A9
Hjokaole A2 o) Eef =o|i incubatorol] Fo] 1587} ul
Gk BEE YAVAHES AU Bo] B HlojAd 34
Ax gro] 283k AEs MEsAE 05 mL W F 2
B A EE0JFI incubatorol] EoHE § WHWAES WG
o] &7l cuvette 0.2 BT o]FA|FIth

M 28 9 Mz 55 3
A5 plate count WP g FPTDYS ojfdigon,
A 9 colonyd A7) A3 & AR 1081 0.85%
NaCl 4] 2lg4=ol 3A3}e] PCA(plate count agar) H]%]o]]

2ate] 37ToA 24~36A12F B g F FAH
colony& A3, ME v 2% AE 1 mL& cuvette
o] #3+ & UV-visible spectrophotometer& ©]83}a] 660 nm
oA ZA3Hch

Transformation

Plasmid pSB311-2 transformation 3}7] 9|84 competent
celle] A ZE CaCl, Methods| we} E coli DH5 ¢ & 315
A LB A wjxle]] HE3lo 37ToA vjeksichk 50 mL LB
oA wjx]o] ujekd 05 mLES HEAIZ] ¥ 37C shaking
incubatorol] 4] OD(660 nm) 04 AT=Z wjof & Oé%oﬂ 1057+
¥t} 47T, 5000 pmollA] 1027 GAEEE ] A5HE
g2 dad CaChe z7hs €4S 10 mL 7‘47} A

Hgoll 20837 FUhr} 4T, 5000 rpmol| A 1087 9
gt A5as 24234 WEa 1 mL CaCh £94&
A7 g7l & 3087 489 FthUt eppendorf tubed]]
. o] E=t}. Competent cell 0.1 mLo] plasmid
5 uLEs e o 489 3087 9 X 42TdAM 287
AT F 0ColA 1582 Eo LB A#uAE 1 mLs
tubeol] A7}ated 37CoA 1A17F viFE}al 0.1 mLS AehH)
A(Te 10 pg/mLyo] =ste] 37ColA 12~16A3F wj) ok3ic).
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9= RLU(Relative Light Uni)Z 18 & 1 mLe] A|FolA
HhAlEE We] 9kg mVE el Aolck

eciisio| oj= Bioluminescenceo| M3}
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3} LumistoxE A-£(25~30C)3 15T £xoA A7+ A
o w2 gkl AT WslE SAch

£34 ol20| Us SHE A
CuSO,, CdCl,, HgCl,, ZnSOs, PbCLE ZEso] S8)AA
stock F8HE whEo] HAPA HA FEE M3t AME3d)
St E. coli DH5 a/pSB311-& overnight 8F3te] o]AL 4
#9037 39} mid-exponential stage(4A)ZH7FA] v g3k w2k
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Figure 1. Typical luminescence activity and optical density of E. coli
(A) DHS ¢/pSB311 and (B) S17-1/pUTIuxAB cultivation : (@) growth,
(O) luminescence.

Az &3t LumistoxE 15T 42(25~300)0A4 F5
ol =F, 308 Fo H3F F2ES SHRAL

=4z BN
EAHENN EFA4E Jehlls 3PHoE EC(effective
concentration) -3 T3lHth EFE =& 308 34 50%9)
WP 74E Hole FEE EC002 Uehhsd, 97
CF(correction factor)¢} Ie & 3 thS, I'(Gamma)3k =,
golgle WHY 2709 SR ol wRY B}
1o] He('=1) A4Ed9] X7} EC500]tK1).
(1) Calculating the correction factor (CF)
Io = Initial value
Iso = Final value
CF =1/l
(2) Ic = corrected Isp value = IgXCF
3) % lso value
(Ic - Isp) X 100/Ic = % Iso
(4) Gamma value
% Iso | (100 - % Is0) = I

N8 E. colio] 4w wagmio] NEE

SRS 4 AT 4o wdee 23R 4 3
AE S Add 28 FIE 2AUE o83 AZ
3} E coli®] A7 W wiegks dolr git). Photorhabdus
luminescens®] wxCDABE - x}7} plasmid  vectort]) 9]
tetracycline promotere]] 9]3) fEFoJAEE FHAAoE A=
3+l E. coli DH5 ¢/pSB311& LB H|X|ol|A 10 uyg/mL %
9] tetracycline-S 7}t vkt 7%, L3eke exponential

I~

stage®] Z7|%E] Z7}8}7] A6l exponential stage?] Eoi
A A WS BY3, MEZ} stationary staged] SojA
Ao 71 e meh EFFE Fast{c(Figure 1A).
o]& transcription levelolX] AHE Fxo HlHAHOZ auto-
induction®) = 7]&e) W& zddgolal & ¢ Jri12). gt
W, Vibrio harveyi®] luxAB FAA §3Eo] AZ3E E
coli S17-1jpUTIuxAB9] Lol luciferased] 712 A4S
4 91022 1% n-decyl aldehydeE 40 yL Hr7}slx 48 &
s S48tk CDABE #3AE HF ztn Qs
A Z& E. coli DH5 a/pSB3113} u}317}A] 2 exponential stage
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AE FHSA R HojAle ZA: FI¥ + UG
(Figure 1B). o] V. harveyi luciferase®] 739 stationary
stageol ©]E9 intracellular proteasesol] ojsl] w27 E3)j==
AT AXete AoF, x FANE o&sly Az
AP ESE  Ax:sbedl glol lux  fFAAY sourcer}
luciferase®] A 2 dFE =|A& HdFa gtk &
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21 dste dFe 9E EE F 3o 712 AUty ¥
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stage 7= Z|43le MAslE DEE Hol: AHEE 3T
(M. A FAHE =FET o9 o|H3 xAB FHAN
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late-exponential stage7}#] vj<ket & EAAIHo|L} A7 BRE
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Figure 2. Typical light emission curves of E. coli DH5 a/pSB311 in
two different buffer during exponential stage (sample was diluted 10
times).
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Figure 3. Typical light emission curves of E. coli DH5 ¢ /pSB311 in
two different buffer during exponential stage (sample was diluted 100

times).
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Figure 4. Typical light emission curves of Lumistox and E. coli
DHS @ /pSB311 at two different temperature.
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Table 2. Comparison of sensitivity of the construction E. coli DHS5 ¢/pSB311 with Lumistox for several heavy metal

E. coli DHS a/pSB311 Lumistox
Substances

ECy» ECso ECqo ECyp ECso ECoso
CuSO, - 3.1 12.5 5.0 7.0 14.0
CdCl, 52 220 - 14.5 20.0 25.0
HgCl 0.45 0.6 0.80 0.39 0.42 0.50
ZnS0, 3.20 6.30 229 14.30 25.70 16.70
PbCl> - 25.0 31.3 0.90 3.60 22.90

Table 3. Comparison of sensitivity of the construction E. coli DH5 ¢/pSB311 and Lumistox with three other bioassays for several heavy metals

ECso(mg/L) ‘
E. coli . . 14 E. coli Photobacterium
Substances Lumistox Microtox 4 s
DHS ¢ /pSB311 BW322/pCSS108 phosphoreum

30-min 30-min 5-min 10-min 30-min
CuSO04 3.1 7.0 8.0 47
CdCl 220 20.0 0.5 3.0
HgCl 0.6 042 0.07 0.2 0.005
ZnS0, 6.30 25.70 2.5 0.8 12
PbCl» 25.0 3.60 110

%™ ¥ Adapted from reference
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W, Vibrio fischeriz= 30C olAtollXe BRI, Vibrio
harveyiv 37C7FA SHA3aL, Photohabdus luminescence=
2T o)FdX= M¥sittn Bud ub JYeK13). 1ER
AZT PR ARLES A8 Wil Hebd BAAUA
g gesiE DeHolAch al, oY 2AS v
2 E. coli DHS q/pSB311-2 Photohabdus luminescence® lux
operons FHFOEH 42T o9 & 29 Ur=
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Hg wol B2 FeE FAF F AU

r{ r
rob
2
&
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pUlh|
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Z320| ot E. coli®} Lumistox2] Bioluminescence H
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Cu, Cd, Hg, Zn, Pbol] W3t gk W3 s )57 ¢
A E coli®} LumistoxS ©0|E EFo =2, 3058 39
FFo] WztE ZARIET waEke] intensitys RLUZOE

T Ao

vehlglen], 948 A7hle) Z3ake] 20, 50, 90%E 7+
Adled] 83 EAEAY T E EC(effective concen-

tration) ZEO.2 AME3}9T)

Table 29] EC gk AAME viws] B, Cu, Cd, Hg, Znd
ta)A E. coli DHS5 /pSB311¢] Lumistox 2.t} © ¥17+81A
U 8AFEHA ulesle Aol wha] Pbol wisjA:= Lumistox7}
o w2Eld ¥HeElgo) o) Table 394 hux AB SAAS
4%t E coli BW322/pCSS108S 7}A]31 A &3} Microtox
o A @IS W Cu, ZndA W WHEA gz, AG)Y

Photobacterium phosphoreum-S 7}A 31 ZF&0) st ¥4

S B AT wms] B A7 Cd, Znd QoA T =
E. coli DH5 a/pSB3119} BW322/pCS1080] T w73t
Uebdth o)A F& chlorided] FEoM RE 2
5o Ao WE olF tHstE EAE FATTHe).

M) + 1CT > MEH0)ClI™ + nH;0

o] B3tdle v LndAM o Hgslu, FF& =4

558 4oz YAt 9¥E Wk ool 488€

MiCI’OtOXQ—]' LumistoxPJ 5’“ ok HE]—‘%L U]/@%(Phozobacterium

phosphoreum) 7} ol g} €A BE A7t Hi e OE
=

Y TF MAE BT wgeld FHE 2L Y 20~
2.5%] NaCl £ AR&3tT QIEH ol wage] gL
HoAgz R2Y $549 EARE testdol] ojde U
=7t "olAA she agle] Hok7). 1¥nz SF&e =4
T2 248 JoAE &% w3 vAE-S biosensorZ )
£3}7] Hth= E. colig} 20| saline 0.85% 9 W& saltAlol| A
T oMzt B3-S RolE straind AMREE Zo] w3}
o AJzhgct

5875 JFE AL 2L U] AP A
A ARAANZE EA 483l Lumistox?] ©HL H3Y]
3, Photohabdus luminescence®] lux CDABE A2 &
=] Z1dH7ke] WA R0l gle AZF E coli DH5 ¢/
pSB311& AX3FTk AA A Hele} WS, @4F 3
PERAEL FHoF AZF E coli DHS o/pSB3119) it
AAZ 2HE ZAG AR, FA AESI 4R8E 23
s8R 2 FHA ZA FFE wx] Zov, ODessomn
0.6~0.7 F=9] middle-exponential stageZ7}A]¢] cell ageE 7}
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i 106~107
S Ho FE

A= 8% AESF7F 7FE gste gy
Aoz UG X0 WE ARY E
coli¢t Lumistox®] WH4ao] W3E AHEW, Lumistox:
15CAME ehdsht He@5 ~ 30C)d s FAsHA w3
Fo] ZAadhs 48 Hoje whd, E coli DHS ¢/pSB311&
Photohabdus luminescence®] lux operonS 3o zH 5
of e FIFLS o] WA e FFYTh a2 A=
3t E coli®} Lumistox?] F3%0) )3 =HAEE ECgo.
2 &3k Cd, Cu, Hg, Znd] thajA E colt DHS al
pSB3112 Lumistox®t} ] D248 AY §A18 9188 BY
t}. o] Lumistox®] 4743} %‘”%2 SR A —T—% ﬂiE
9] saltol 2]t WAL Al wWE Ao R, Pilo} 2
FH 22 A FF4 —C—T@E—e— 48] A% HE
ARAANZ AE7ldle s UF mAES ol&srug
© AZ E colizt ¥ &7AAE & 4 AATk

pd AI.

a

Plasmid pSB311& £%3e 9= Nottingham Tt 3}¢]
Christine W33, E coli S17-1(pUT/luxAB)E Hofure 3l
ooy o]FE w4 A=A
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