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A biosensor is composed of a biological sensing component, which recognizes chemical or
physical changes, couple to a transducing element that produces a measurable signal in response to
the environmental insult. Cell-based biosensors can be classified according to the response of
their sensing element, such as changes in cellular metabolism, pH, altered gene expression in
genetically modified organisms. Genetically engineered cell-based biosensors can elicit a
response in the presence of an environmental insult by coupling the sensing element to a reporter
gene fusion, which upon expression produces a readily measurable signal. The sensing element is
often composed of regulatory proteins and promoter. The specificity of these sensing elements for
the environmental insult confers selectivity to the system, while the reporter protein determines the
system’s sensitivity and detection limits.

We proposed the construction, laboratory characterization, and environmental testing of
genetically engineered GFP-based bacterial biosensors that detect specific organic pollutants (e.g.,
benzene, naphthalene, salicylate, PCBs, and chlorocatechols). The reporter plasmid in which
expression of gfp gene for jellyfish Aequorea victoria green fluorescence protein (GFP) will be
placed directly under the control of the specific promoter. The primary advantage of GFP as a
reporter protein is its autofluorescence, and therefore, its use does not require the addition of
cofactors or exogenous substracts to produce fluorescence. Additionally advantages of GFP
included high stability at biological pH, assay simplicity, and lack of endogenous homologues in
most target organisms. Therefore, such GFP-based biosensors might provide even real time
monitoring environmental pollutants.

This is a two-year project. In the first year, the main task is to establish a sensitive and stable
biosensing system using GFP as reporter protein. In addition, the benzene and related compound
biosensor will be developed. The dose-dependent and time-dependent relationship of the
biosensor and organic compound will be investigated. Furthermore, the application of biosensor
in detecting environmental will be explored. Currently, we have successfully developed the

recombinant biosensor plasmids. Other investigations are in progress.

Keywords biosensors, green fluorescence protein (GFP), organic pollutants



()

biosensors sensing component ( ) transducing
element ( ) sensing component
Daunert, et al., 2000
(specificity) (selectivity)
(bioavailability)

sensing element
genetically engineered
sensing element  reporter gene (recombinant plasmid)
Sensing element regulatory protein
promoter sensing element
reporter protein Daunert, et al., 2000
reporter gene
reporter [-galatosidase (lacZ
gene) bacterial luciferase (lux gene) green fluorescent protein (gfp gene)
E.coli B-galatosidase lacZ gene [-galatosidase
B-galatosidase reporter protein
(endogenous activity) (substrates)
Luciferase Baldwin, et al., 1999
Bioluminescence luciferase
bioluminescence vibrio, photobacterium  xenorhabdus Meighen,
1991 Bacterial luciferase  structure subunits a P luxA  luxB gene
(encode) fatty aldehyde fatty acid 490 nm -
C D E fatty acid reductase fatty aldehyde
Wilson and Hastings, 1998 lux CDABE operon [uxA
luxB 5
Wilson and Hastings, 1998 Lux
lux reporter gene
pH
(green fluorescent protein, GFP) reporter protein
GFP jellyfish Aequorea victoria cloned (photoprotein)
GFP reporter protein (autofluorescence)
cofactors Naylor, 1999 spectral
variants biological pH
Wood, 1995; Naylar, 1999 GFP

(gene expression) transformed cells

3



cell-trafficking reporter microbial

biosensors
Robinson, et
al., 1998
(bioavailability) Daunert, et al., 2000
reporter gene
promoter reporter gene

promoter-reporter-gene
(nondestructive) Daunert, et al., 2000
(bioavailable concentration)
(transport process) Daunert, et al., 2000
ofp reporter gene

benzene
ofp reporter gene (auto-fluorescence)
cofactors
real time spectral variants
biological  pH
ofp reporter gene luc lux  lacz reporter
gene
afp reporter gene
sensitivity

Dose-response relationship

environmental sample field testing

1. GFP-based (sensitivity)

2.

3. benzene

4. benzene Dose-response relationship
5. Benzene field test

()

E. coli strains
E. coli DH5a GFP-based DNA

: miniprep DNA, cloning, PCR, DNA sequencing, gel electrophoresis, etc,
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