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The food sanitation control is important for consumer protection. Escherichia coli (E. coli)
bacteria have been utilized as one of the indicator organisms for food safety. Usually, cultural
procedure is used for identification of E. coli, however it is time-consume method because of the
bacterial growth require over a day. Therefore, the development of on-site bacteria detection system
(which with rapid, simple, low cost and portable but high sensitive) is beneficial in the food safety
testing. On the other hand, DNA analysis with polymerase chain reaction (PCR) has become routine
part of medical diagnosis, for the sensitive, rapid and specific detection of virus and/or bacteria.
The detection of genes amplified by PCR is commonly accomplished by gel electrophoresis and/
or fluorescence observation based on Tagman chemistry. In particular, fluorescence-based detection
is highly sensitive and makes quantitative real-time PCR possible. However, the optical detection
apparatus for fluorescence intensity measurement is not amenable to miniaturization which makes
it unsuitable for the construction of portable system. We have been currently investigating the
development of electrochemical sensor for nucleic acid, and electrochemical based DNA detection
is a relatively simple technique and is high amenable to miniaturization as it offers label-free, rapid
measurement (about 20 seconds) with low power consumption. In this study, Hoechst was used
as a reporting element for electrochemical detection. Hoechst is an electro-active molecule with
high affinity towards nucleic acid and it can intercalate into double helix. The binding of Hoechst
molecules to the amplified DNA cause the decrease of the peak current due to the slow diffusion of
Hoechst-amplified DNA complex to electrode surface.

Here we proposed that the electrochemical method for E. coli detection without the purification
of DNA using the hand-held potentiostat and the small-sized disposable electrical printed chip (DEP-
chip). The bacteria cultures of various concentrations of E. coli were directly added in PCR solutions,
and 2-step PCR (95, 65°C for 40cycles) were carried out. After PCR, the solutions were directly
mixed into the Hoechst solutions, and dropped onto the DEP chip. Electrochemical signals (linear
sweep voltammogram) were recorded by the portable potentiostat. As the results, the oxidation peak
current of Hoechst were decreased depending on the number of the added E. coli, moreover, from
only one bacteria per reaction could be detected.

Identification of meat species is also crucial for the detection of adulteration in processed foods
to safeguard the consumers against the presence of unknown or less desirable species from health
perspectives or religious. In this study, we have tried to determine meat species-specificity using
a combination of loop mediated isothermal amplification (LAMP) followed by electrochemical
detection. LAMP is a newly invented method for amplifying DNA, where the amplification
reaction proceeds at a constant temperature (~65°C) by using the strand displacement typed
DNA polymerase. Those reactions enable to amplify the target sequence with high sensitivity
because of the recognition of the target sequence by four different primers designed to anneal
six distinct sequences during the reaction. Therefore, it is easy to miniaturize the equipments for
DNA amplification in comparison with the commonly used thermal cycler for PCR. To produce
species-specific loop amplicons, specific primers for bovine, chicken and pork were newly designed
respectively. In order to confirm the specificity of designed primers for LAMP, pork-chicken mixtures
at different ratios were amplified using pork specific primer set or chicken specific primer set. After
LAMP, the solutions were mixed with Hoechst, and measured the current signals by same procedure
as described above. As the result, the presence of the target specific amplicon were confirmed by the
electrochemical signal without cross-reactivity, and it indicated that precise detection of meat species
in mixed samples could be performed.

As described above, the developed electrochemical measurement technique by using DEP chip
and hand-held potensiostat has possibility for applying to the quantitative detection of E. coli and
meat species, and can be extended to be the on-site detection system for food safety testing.



