Journal of Life Science 2016 Vol. 26. No. 5. 503~508

ISSN (Print) 1225-9918
ISSN (Online) 22873406
DOl : http://dx.doi.org/10.5352/JLS.2016.26.5.503

A Recombinant Microbial Biosensor for Cadmium and Lead Detection

Hae Ja Shin*

Energy Environmental Engineering Major, Division of Energy Bioengineering, Dongseo University, Busan 47011, Korea

Received January 4, 2016 /Revised May 11, 2016 /Accepted May 16, 2016

Biosensors have been used as first-step monitoring tools to detect on-site samples in a simple and
cost-effective manner. Numerous recombinant microbial biosensors have been exploited for monitor-
ing on-site toxic chemicals and biological signals. Herein, a recombinant microbial biosensor was con-
structed for monitoring cadmium. The cadmium responding cadC regulatory gene and it's promoter
from Staphylococcus aureus was amplified through PCR, fused with the lacZ gene, and transformed into
Escherichia coli BL21 (DE3) cells. In the presence of cadmium, the biosensor cells express 3-galactosi-
dase showing red color development with chlorophenol red B-galactopyranoside (CPRG) as the enzy-
matic substrate. The biosensor cells showed the best (3-galactosidase activity after 3 hr induction with
cadmium at pH 5 and a detection range from 0.01 pM to 10 mM cadmium with a linearity from 0.01
to 0.1 yM cadmium (y = 0.98 x + 0.142, R*= 0.98). Among the heavy metals, cadmium and lead showed
good responses, tin and cobalt showed medium responses, and mercury and copper showed no
responses. The biosensor cells showed good responses to several waste waters similar to buffer sol-
ution, all spiked with cadmium. The biosensor described herein could be applied for on-site cadmium
monitoring in a simple and cost-effective manner without sample pretreatments.
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Fig. 1. Schematics of pLZCadC.
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Fig. 2. Effects of induction time, cell number and pH on the
activity of the biosensor. E. coli BL21 (DE3) cells harbor-
ing plasmid pLZCadC were treated with 1 yM cadmium
and B-galactosidase activity was quantified at ODs7 nm
as described in Materials and Methods. (A) B-galactosi-
dase activity was measured after indicated induction
time (1~5 hr) with cadmium. (B) B-galactosidase activity
(closed circles) was measured at ODsz nm 3 hr after cad-
mium induction with various amount of cells (10~60 pl)
and cell density (open circles) was measured at ODg
mm. (C) B-galactosidase activity was measured under var-
ious pHs (4~10). The data represent the average of two
to four independent experiments, and are given with
standard deviations.

AA e FAHEE S A(Fig. 3). 7Hed AT 55 001
Ml A 10 mM7HA] 52 vlo] QAIA A Xo] YW 3



506 BBULRIX| 2016, Vol. 26. No. 5

0Dy,

0.2 T T WAV 1] R N S AR T1T| B W W WA Ll Ll Ll

le-5S le-4 le-3 le-2 le-1 le+0 le+1

Cadmium concentration (mM)

Fig. 3. The B-galactosidase activities of the biosensor to various
cadmium concentrations. Biosensor cells were treated
with various concentrations of cadmium (0.01 uM to 10
mM). After 3 hr, the B-galactosidase activities were
measured at ODsz nm. The regression curve (y = 0.98
x +0.142, R* = 098 at 0.01~10 M) is shown in the inset.
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Fig. 4. Responses of biosensor cells to various heavy metals (A)
and the B-galactosidase activities of the biosensor to vari-
ous lead concentrations (B). Biosensor cells were pre-
pared as described in Materials and Methods, and then
separately incubated for 3 hr in the presence of 1 ptM
of various heavy metals or various concentrations of lead
(0.01 uM to 10 mM) and the B-galactosidase activities
were measured at ODsz nm. The regression curve (y =
0.41 x + 0.57, R% =095 at 0.01~1 M lead) is shown in
the inset.
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Fig. 5. Detection of cadmium in various water samples. Biosen-
sor cells were treated for 3 hr with various waste waters
and buffer, all spiked with 1 uM cadmium and the 3-
galactosidase activities were measured at ODszx nm.
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