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Effective systems for rapid, sequence-specific nucleic acid
detection at the point of care would be valuable for a wide
variety of applications, including clinical diagnostics, food
safety, forensics, and environmental monitoring. Electro-
chemical detection offers many advantages as a basis for
such platforms, including portability and ready integration
with electronics. Toward this end, we report the Integrated
Microfluidic Electrochemical DNA (IMED) sensor, which
combines three key biochemical functionalities—symmetric
PCR, enzymatic single-stranded DNA generation, and se-
quence-specific electrochemical detection—in a disposable,
monolithic chip. Using this platform, we demonstrate detec-
tion of genomic DNA from Salmonella enterica serovar
Typhimurium LT2 with a limit of detection of <10 aM, which
is ~2 orders of magnitude lower than that from previously
reported electrochemical chip-based methods.

Sequence-specific detection of very low quantities of DNA or
RNA at the point of care is useful for a wide range of applications,
including clinical diagnostics,! food safety testing,? forensics,® and
environmental monitoring.* For such applications, direct detection
without amplification is difficult, because the amount of nucleic
acids available from samples typically falls below 20 fM (35
ug/mlL),>® and there has been considerable interest in integrating
nucleic acid amplification with quantitative, sequence-specific
detection through the use of microfluidics technology. For
example, many investigators have performed on-chip integration
of polymerase chain reaction (PCR) with a variety of detection
methodologies, including capillary electrophoresis,” hybridization
arrays,® intercalating dyes,”!° and Tagman probes.!!
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Electrochemical approaches offer an attractive detection mo-
dality, because they require minimal instrumentation and are
readily integrated with microelectronics in a chip-based format,'?
and several investigators have shown significant progress with
such systems. For example, Liu et al. demonstrated asymmetric
PCR with a two-step electrochemical hybridization sensor using
ferrocene labels to achieve ~2 fM detection of bacterial DNA.1%14
Yeung et al. integrated asymmetric PCR with multiplexed detec-
tion at 1 fM through the use of electrode-specific probe im-
mobilization.’® More recently, the same group demonstrated an
improved means of performing quantitative electrochemical detec-
tion during PCR with a limit of detection of 5 fM.'° Because most
hybridization-based detection schemes require single-stranded
DNA (ssDNA) targets, asymmetric PCR has been extensively used
to generate SSDNA amplicons, as illustrated by the aforementioned
examples. Unfortunately, the yield of asymmetric PCR is limited
by linear rather than exponential amplification, and it is thus
inherently less efficient than symmetric PCR and requires
significantly longer reaction times.!”*8

To overcome these limitations, symmetric PCR may be
performed with a modified primer, followed by exonuclease-
mediated digestion to generate single strands as done by Reske
et al. and Luo et al.'*?° Here, we present the first work to integrate
similar symmetric PCR, ssDNA generation, and sequence-specific
electrochemical detection on a single monolithic chip toward a
point-of-care system: the Integrated Microfluidic Electrochemical
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