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ABSTRACT

We found that the PCR could be dramatically
enhanced by Au nanoparticles. With the addition of
0.7 nMof 13 nm Au nanoparticles intothe PCRreagent,
the PCR efficiency was increased. Especially when
maintaining the same or higher amplification yields,
the reaction time could be shortened, and the heating/
cooling rates could be increased. The excellent heat
transfer property of the nanoparticles should be the
major factor inimproving the PCR efficiency. Different
PCR systems, DNA polymerases, DNA sizes and com-
plex samples were compared in this study. Ourresults
demonstrated that Au nanoparticles increase the
sensitivity of PCR detection 5- to 10-fold in a slower
PCR system (i.e. conventional PCR) and at least 10°-
fold in a quicker PCR system (i.e. real-time PCR). After
the PCR time was shortened by half, the 100 copies/ul
DNA were detectable in real-time PCR with gold col-
loidadded, however, atleast 10° copies/pl of DNAwere
needed to reach a detectable signal level using the
PCR reagent without gold colloid. This innovation
could improve the PCR efficiency using non-
expensive polymerases, and general PCR reagent. It
is a new viewpoint in PCR, that nanoparticles can be
used to enhance PCR efficiency and shorten reaction
times.

INTRODUCTION

PCR is one of the most popular tools in molecular diagnosis. It
can amplify DNA samples to a detectable signal level within a
short period of time. In theory, a DNA product can be amp-
lified and doubled in each cycle. However, primer—dimer and
GC-rich regions of the template and the PCR system’s heating/
cooling ratio may interfere with the efficiency of the PCR (1).
To increase the efficiency and yield of the PCR, two key

components of PCR should be considered; reagent and equip-
ment. The reagents include the Tag DNA polymerase, primers
and the template (2-5). The Tag DNA polymerase derived
from the thermalphilic bacterium Thermus aquaticus has
shown the best activity at 72°C (6). Primer design, buffer
content and the occurrence of primer—dimer have also been
reported to affect PCR efficiency (7,8).

Recently, PCR machines showing rapid heating-cooling
responses have been developed (9,10). The thermoelectric
heating of the PCR used had to be restricted by the Peltier-
effect because of the large thermal flux relative to the slow
heating and cooling rates (11). To overcome this limitation,
machines were developed (12-14) with increased surface/
volume ratio and decreased content volume, such as the capil-
lary and the microchip PCR. The surface-to-volume ratio (S/V
ratio) of the PCR chamber has been increased from 1.5 to 8.0
to 20.4 as the PCR machines were developed from conven-
tional PCR equipment to capillary PCR machines to
microchip-based PCR equipment. This change, however,
increased the efficiency of the PCR only 5- to 10-fold (15),
and the improvements to these machines pushed the thermal
efficiency to its limit. The nanoparticle is a novel material and
has many physical properties which are different from bulk
materials. It has been reported that the smaller the nanoparticle
the higher it’s thermal efficiency (16,17), and other studies
have reported that thermal conductivity can be increased by
>20% when suspending nanoparticles in water (1-5% v/v)
(18). In liquid, nanoparticles can transport heat flux and cause
thermal equilibrium with the environment within 10-200 ps.
The reasons for this increase in thermal conductivity are
believed to include the high S/V ratio, molecular-level layer-
ing, the effect of nanoparticle clustering and electron—phonon
coupling (16-19).

In this study, both the yield and the efficiency of the PCR in
reaction with Au nanoparticles are much higher than in the
reaction without Au nanoparticles under the conditions of
shortened reaction time or increased heating/cooling rates.
In this study, we compared different PCR systems, DNA poly-
merases, DNA sizes and complex samples. We studied differ-
ent concentrations of nanoparticles, different heating/cooling
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