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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. 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
systems’s sensitivity and detection limits.

This project studied the construction, laboratory characterization, and environmental testing of
genetically engineered GFP-based bacterial biosensors that detect specific organic pollutants (e.g.,
benzene). 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.
Therefore, such GFP-based biosensors might provide even real time monitoring environmental
pollutants.

We have successfully constructed a prokaryotic GFP-based vector.  This vector is used for
developing the benzene biosensor. The results indicated that the GFP-based vector has almost no
fluorescence background and high stability. In addition, we have successfully isolated and amplified

one of the promoter fragments that are essential for establishing the benzene biosensor.
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pEGFP-NI and pBR322 was purchased from Clontech and NEB, respectively. pEGFP-NI
encodes a red-shifted variant of wild-type which has been optimized for brighter fluorescence and
higher expression (Excitation maximum = 488 nm; emission maximum = 507 nm). pEGFP-N1
encodes the GFPmutl variant which contains the double-amino-acid substitution of Phe-64 to Leu
and Ser-65 to Thr.
Generation of “ eGFP” and vector

To generate eGFP fragment, pEGFP-N1 was double-digested by restriction enzymes BamH
I and EagI. The 742 bp DNA fragment contains eGFP, the red-shifted variant. The digestion
mixture was separated on an agarose gel and the 742 bp DNA was cut for further gel extraction.

pBR322 was cut with restriction enzymes BamH I and Eag [. The digestion mixture was
separated on an agarose gel and the 3797 bp DNA fragment that will serve as vector was excised for
further gel extraction. Both 742 bp and 3797 bp DNA fragments were extracted from agarose gel
using QIAEX II Gel extraction kit (Qiagen). DNA was eluted in 20 pl 10mMTris-Cl, pH 8.5 and
stored at -20°C.  Both of the gel-purified DNAs were run on an agarose gel and quantified as

shown on below figure.

Lane 1 2 3

Lane 1: 1kb DNA ladder (NEB)

Lane 2: eGFP fragment, as “insert”

Lane 3: pBR322 backbone, as “vector”
Recombinant eGFP-based plasmid

The 742 bp and 3794 bp DNAs were ligated in a reaction containing T4 DNA ligase (NEB).

The ligation reaction was incubated at 16°C overnight. Five pl of ligation mixture was
transformed into calcium-treated DH5a competent cells.  The transformed cells were grown on LB
/ ampicillin plates at 37°C overnight. To select for eGFP recombinant plasmid, single colony
bacteria was grown in a liquid LB medium containing ampicillin at 37°C overnight. Plasmid DNA
was further purified and dissolved in 20 pl TE, pH8.0.  Subsequently, purified plasmid DNA was
double-digested with restriction enzymes BamH I and Eag I and ran on an agarose gel to check for
eGFP insert.
Isolation of Pu promoter
The Pu promoter was PCR-amplified using the Taq DNA polymerase (Qiagen). Primers used in



PCR reaction are a forward primer containing an Ecol site and a reverse primer, containing a Baml

site. The 324-bp PCR-amplified DNA fragment was gel-purified as shown at following picture.

Lane 1 2

Lane 1: 1Kb DNA ladder (NEB)

Lane 2: Pu promoter
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The goal of proposed grant is accomplished. The results from this grant are publishable and

the manuscript is under preparation.
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