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Abstract

Statistics shows that microbiologically induced corrosion (MIC) is responsible for over 75% of
corrosion in oil wells, and for nearly50% of failures of pipeline systems. Of various microorganisms
causing metallic corrosion, sulphate-reducing bacteria (SRB) are the most principal culprits because
they are responsible for a half of all the instances of MIC. Nowadays, three types of protocols have
been used for SRB detection in service environments, i.e., traditional culturing methods,
immunological techniques and molecular biological techniques, evaluating the occurrence MIC at its
early stage. Although the methods such as most probable number (MPN), enzyme-linked
immunosorbent assay and polymerase chain reaction (PCR) can provide results for SRB diagnosis,
they are usually quite time-consuming, and require sophisticated instrumentation that may result in
either a poor bio-selectivity or a low sensitivity.

Electrochemical biosensors utilize biological materials to recognize target molecules while
producing electrochemical signals. They have unique advantages in detecting bacteria such as SRB
with a rapid response, high sensitivity, proper selectivity, and low cost. Furthermore, graphene shows
a promising property in biological detection. To date, most of electrochemical sensors made of
graphene or graphene-based composites for bioanalysis have been based on the two-dimensional
structure of the graphene. To fully use the high specific surface area of graphene in practice, a 3-
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dimensional (3-D) structure is preferred. It is expected that it will enable a sensitive and reliable
performance for SRB detection.

In this work, an electrochemical biosensor based on 3-D graphene/gold nanoparticles was
developed for SRB detection. The technique combined the high selectivity of nucleic acid
hybridization by genetic marker with a high sensitivity of electrochemical analytical method for the
purpose. Processing parameters were optimized to maximize the detection capability, and various
testing and analysis techniques were used to characterize the performance of the biosensor. The
biosensor shows a high sensitivity, with the detection limit up to 9.41x10°> M of the target DNA.
Moreover, the biosensor successfully detects the DsrAB DNA in the fluid collected from an oilfield
and shows an improved detection limit than both gel electrophoresis and the quantitative reverse
transcription polymerase chain reaction methods.

Keywords: Electrochemical biosensor; graphene doped gold nanoparticles; sulphate-reducing
bacteria; electrochemical response.
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