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Aromatic hydrocarbons are toxic environmental pollutants that are detrimental to the ecosystem and
human health. Among them, chlorotoluene and nitrotoluene are toxic to hydrobios and irritate the
skin, eyes, and respiratory organs of humans. We herein report the development of recombinant mi-
crobial biosensors for cheap and rapid monitoring of chlorotoluene and nitrotoluene compounds.
Plasmids were constructed by inserting the xy/K regulatory gene for BTEX (benzene, toluene, ethyl-
benzene, and xylene) degradation into upstream of /0" (the DmpR activator promoter Fo with the de-
letion of its own upstream activating sequences) or Fu (the cognate promoter of XylR)::/acZ (the
-galactosidase gene) and transformed into Escherichia coli DH5a. In the presence of inducers, the bio-
sensor cells immobilized in agarose developed a red color in 1-2 h due to the hydrolysis of chlor-
ophenol red B-D-galactopyranoside (CPRG), a substrate of [-galactosidase that was expressed by the
inducers. Among BTEX, high responses were specifically observed with o-, m-, p-chlorotoluene (0.1
uM-100 mM) and o-, m-, p-nitrotoluene (0.1 mM-100 mM). Po” demonstrated higher responses than
those with Pu The biosensors immobilized in agarose showed good stability after 21 days’ storage
at 4° C, and responses in untreated wastewater spiked with chlorotoluene and nitrotoluene, suggest-
ing they can be used to detect compounds in wastewater.
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USA)o A F438k3lH. E2+4P = DNA 4] 7]E+= Qiagen
(Hilden, Germany)ol| 4], pGL3 basic vector®} pSV-fgal vec-
tor> Promega (Madison, WI, USA)9l A, 7}& AIEAE,
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kbe] pLZXyIR Blo] QAN Zetan =5 A 2Hsl ) th(Fig. 1).
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Fig. 1. Construction of plasmids. The xy/R-Pr-Pu or xyIR-Pr-Fo’
fragments were isolated from pXRBTEX-Pu or pXRBTEX-
Po’" and introduced upstream of (3-galactosidase /acZ in
the pGL-B-gal [10] to generate about 8.7 kb of the
pLZXyIR-Pu or pLZXyIR-Po’. The arrows indicate the
transcription or processing direction for genes.
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Fig. 2. Effects of cell density (A) and incubation time (B) on
the activity of the biosensor. (A) Various amount of £
colf DH5a cells harboring plasmid pLZXyIR-Po" were
immobilized with 3 mM CPRG in agarose, dispensed
to 96-well plates, exposed to 1 mM p-chlorotoluene for
6 hr, and tested for B-galactosidase activity (closed cir-
cles) by absorbance at ODs7 nm. The cell density (open
circles) was measured by absorbance at ODgy nm. (B)
B-galactosidase activities of biosensor cells containing
pLZXyIR-Po” were measured for the indicated time with
50 pl cell density.

AbeF 3 thFig. 2A, 2B). AlXEe] o] 571845 B-galactosi-
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Fig. 3. Specificity of recombinant £ cal biosensor cells contain-
ing pLZXylR. Biosensor cells (50 ul) containing pLZXyIR
were exposed to 1 mM of the various aromatic com-
pounds for 6 h and their B-galactosidase activities were
detected as described in Fig. 2A.

p-nitrotoluenedl] ¥ ¥-3-3-& RSl ¥ BTEXdl = A9 ¥
S-S Holx &ttt At AFolA luciferase A|2F O 2 o-,
m-, p-xylene, o-chlorotoluene® 4] H]14} =2 bioluminescence
2495 YeERU 129 o-methylbenzylalcohol, p-chlorotoluene,
toluenedl| A °F7He] w34 S, 181 UH A gFEE of
T oFgk RhSA3S EATH10]. o] 8¢ 2po] A2 firefly lucifer-
ase A 22§l7} B-galactosidase Al =¥l 9] Zpo] = 2}
ZAAAA HEE ASZ AARET &, ATl A K3 gl

G &-0] luciferase A< Y3l B—galactosidase A9 o
% Wy 71z o g <18 Axtbe] xpo]2 F3= F o] At} Keane

7] =3 AN FH2} firefly luciferaseZ} 1 2ol A
P sHA HHET AL sttt o]H gk ¥4 9 Afol A

2 =2dx= Yeh=d Willardson 15202 pGL3
basic vector 4l pGL2E AH&-31%.2 ™ p-methylbenzylalcohol
7} ethylbenzene©o] Puoll 913 AAH A Bevha BustHch
[20]. TFALZ, B AT AZ g pLZXyIR F+ ZZEE
A 2]l A Aol HEo] =2 FAY oF
chlorotoluene, o-, m-, p-nitrotoluene?] A& So]Z o2 1t
S¢S HoF3AthFig. 3).
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o 38% ¥EES T UEgon digAoz
m-, p-nitrotoluene> °F 0.1 uMe| 4] 100 mM 9] 4], ilE]
3 0-, m-, p-chlorotoluene ¢F 0.1 mMol| 4] 100 mM % $] 9
A Po' ZERH 7} Pl Bl HIS:8HA WK o-, m-chlorotoluene
X)) B F& ¥ A SJFEENAN)S BoFTh(Fig. 4).
Luciferase A|2~¥l3} B0 &b, luciferase A28 A+ 01 pM
A 10 mM7HA] ¥HEAS YERAI 10 mM o/dol A= 8
HHE-31A] ek Ak 2 B-galactosidase systemol M= 43 3] =
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Fig. 4. Responses of the biosensor to various concentrations of
chlorotoluene and nitrotoluene compounds. Biosensor
cells containing pLZXyIR-Po" (open circles) or pLZXyIR-
Pu (closed circles) were treated with 0.1 yM-100 mM o-
(A), m- (B), p-chlorotoluene (C) and o- (D), m- (E), p-ni-
trotoluene (F), and B-galactosidase activities were meas-
ured as described in Fig. 2A.

r

< FE(100 mM) A= §H3A-& Bt o]= B-galactosi-
dase "V\Eﬂ"ﬂ"i% ERHA e AEE o] &3t WS
<5 55 Ho] ARt lucifer-

S AFIEE £
dAre axrt vggste o] whgo] YehA &S AoR

Belth §HH, luciferase A|2~%-2 B-galactosidase system H

O H4E 7% HHdAM 9 RsA wedta RaE
[15]. mHebr] B Aol A A2 B-galactosidase Al 2282 lu-
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ek,
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&317] 9t &4 dF FAAME olE e o-, m-, p-chlor-
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Fig. 5. Assessment of chlorotoluene and nitrotoluene com-
pounds in buffer or wastewater. Biosensor cells were
exposed to buffer (black bars) or wastewater (grey bars)
spiked with 1 mM of o-, m-, p-chlorotoluene, and o-,
m-, p-nitrotoluene. [B-galactosidase activities were
measured as described in Fig. 2A. A: Po’, B: Pu.

7 B w8 JE Ath(Fig. 5). Po7t Pl HlE Bt =2
W34S el 9len, 3] o, pchlorotoluened| A 71 =
& WSS Hof Fh o] Ae pLZXyIRS 2t Hiol 2
AM7E AFFFoAA Y S3E 271 BEEATT) o] &2
T UFE HAFH AT vpo] AN = SAHEEY 54 4
B84 & YT s Uil Ao2 49A sloH
8] B2AERYE 27|HZ0 &5 A wepA Bt A

get A=A SAFEY sEEA AT LS 77184 T2
2t E pLZXyIRS Zhe Hpo] QAIA 9 b8/ 2ANE
31 tHFig. 6). ZeFP|E pLZXyIRS X8l o7tz a1
%! H]-O] QAN HIEE 05 mM phosphate $%-&(pH 7.0/
2 93 "ES F 4T EEsta 2197 B-galactosidase &
e A }o}ﬁi\:} T T2 RHE HE 219704 & w3
glo] Hio] 2 AlA A& FA e AoE FFEHAU. of ¢t
AL 71E Baf16]9}F FAFetH Bt A717F npo] Q AlA Al
X gL 19 A A4 B(fibrous matrices) of 1

Ao A BE AEA HFEHJATHI. T3 AE 8

X tls
FAZ0E WlEY 4 9 LUK n-6)2 A

>£

2 Aol A BTEX &3l A xR
A 1}9} T “i‘j H(Pu ¥ PojE B-galactosidase 4| 7
Apo} Agetal oprpE 2ol nAste] WS kel s
u]._o_/ﬂg u]—y H /\45].93\1:]. o] u].o]_q_@_]}q: BTEX HLsL% §],
T 93l B-galactosidaseE H& 3t 7]A <1 chlorophenol
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Fig. 6. Stability of the immobilized biosensor cells. Cells (50 ul)
were immobilized in 0.2% agarose and overlain with 100
ul of 50 mM KPOj buffer (pH 7.0), and stored at 4°C.
The cells were withdrawn after 3, 7, 14, and 21 days,
and incubated for 6 h in the presence of 1 m M
p-chlorotoluene. B-galactosidase activities were meas-

ured as described in Fig. 2A.
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