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In many situations it is especially impor-
tant to maximize the efficiency of a PCR.
For example, increased sensitivity de-
creases the rate of false-negative results
when measuring microbial infection
and, in a forensic context, limited
amounts of crime scene sample often re-
strict the ability to obtain a PCR DNA
profile."’ Optimization of the various
chemical components of the PCR is a
standard procedure.”” However, in es-
tablishing the cycle parameters (anneal-
ing, extension, and denaturation times),
longer periods than theoretically neces-
sary are often used because of the design
constraints of a particular PCR instru-
ment. For example, Perkin-Elmer Cetus
recommends at least 1-min denaturation
times when thick-walled tubes are used
in a 480 Thermal Cycler, although, once
the sample temperature has reached the
effective denaturation temperature, the
actual time required for denaturation is
relatively short.®> We found that the syn-
thesis of a 1078-bp fragment from the
apolipoprotein Al (apo Al) gene was in-
efficient when a standard 1-min denatur-
ation time at 94°C was used in a 480
Thermal Cycler, but optimization of the
denaturation time led to at least a 10-fold
increase in synthesis. The poor yield of
this fragment of DNA during standard
PCR apparently was caused by degradation
of the PCR product during the cycling.

MATERIALS AND METHODS

Amplification of a 1078-bp fragment
from the apo AI gene used primers
5’-CTGCAGACATAAATAGGCCC-3' and
S'-AGGCACAGAGAGGAGCTAAA-3'  (se-
quences according to Seilhamer et al.)*®
PCR was performed in a Perkin-Elmer
Cetus Thermal Cycler model 480 using
100-pl reactions in thick-walled Perkin-
Elmer GeneAmp PCR reaction tubes. Re-
actions contained 200 ng of human
DNA, 200 ng of each primer, 200 pm
each deoxyribonucleoside triphosphate
(dNTP), 2.5 units of AmpliTaq (Perkin-
Elmer Cetus), 50 mm KCl, 1.5mm MgCl,,
and 10 mum Tris-HCI (pH 8.3). The PCR
consisted of 45 cycles of 1-min anneal-
ing at 60°C, 2-min extension at 72°C, and
denaturation at 94°C for the specified
times. Products were electrophoresed on
5% polyacrylamide gels and then stained
with silver.®

RESULTS AND DISCUSSION

In developing a simplified method for
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sequencing PCR products we found that
residual dNTPs from the PCR interfered
with subsequent sequencing.® This
could be overcome by reducing the con-
centration of the dNTPs in the PCR, but
the amplification of some segments of
DNA (e.g., apo Al) was inefficient. Deg-
radation of dNTPs is believed to occur
during PCR.” Therefore, as a test of a
simple method for removing the inter-
fering dNTPs, the sample was heated at
94°C after completion of the PCR. How-
ever, this procedure was unsuccessful be-
cause of degradation of the PCR product.
This unexpected result suggested that
the rate of accumulation of the PCR
product during PCR cycling is a balance
between the synthesis and degradation
of the DNA.

To assess the effect of the denatur-
ation temperature on the stability of the
PCR product, six replicate samples were
subjected to PCR. All samples produced
approximately the same yield of product
(Fig. 1A). At the end of the cycling, each
of the tubes was heated in the PCR in-
strument at 94°C and then removed
from the heating block at different
times. As shown in Figure 1B, the PCR
product was degraded by heating at
94°C. Immediate effects were seen with a
30-min incubation and a specific 1078-
bp length product could not be seen af-
ter 60 min at 94°C.

To test for the 3'-exonuclease deg-
radation of the PCR product during
heating at 94°C, PCR samples (prepared
as in Fig. 1) were extracted with phenol/
chloroform (50:50) and then washed
with diethyl ether. These samples were
then heated at 94°C as in Figure 1.
Degradation of the phenol-extracted
PCR product occurred at a rate similar
to that shown in Figure 1 (results not
shown).

Denaturation times of 1 min are rec-
ommended when thick-walled PCR reac-
tion tubes are used to allow for the delay
in the heating of the samples.”® Using
this parameter, a specific band was pro-
duced with the PCR amplification of part
of the apo Al gene. However, when the
denaturation time was reduced to 30 sec,
the yield of PCR product was increased
~10-fold (Fig. 2). Further reduction in
the denaturation time to 10 sec resulted
in less product than with a 1-min dena-
turation.

During the PCR, DNA is subjected to a
period of elevated temperature that will
vary with the type of instrument used:
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FIGURE 1 Effect of heating a PCR product at
94°C. (A) A 1078-bp segment of the apo Al
gene was amplified in six separate reactions
(denaturation time, 1 min at 94°C/45 cycles.
(B) Each of the samples shown in A was then
held at 94°C for 0 min (lane 1), 30 min (lane
2), 60 min (lane 3), 90 min (lane 4), 120 min
(lane 5), and 16 hr (lane 6).

With the newer instruments, this would
be 10 min over 40 cycles, compared with
40-60 min above 90°C with a Perkin-
Elmer Cetus 480 Thermal Cycler. In view
of the degradation of the PCR product
observed in the above experiments, it ap-
pears that the overall efficiency of a PCR
is a balance between the rate of synthesis
of the DNA during the annealing/exten-
sion phase and degradation of the DNA
at the elevated temperatures required for
denaturation. We have used three PCR
instruments of the same type (480 Ther-
mal Cycler) and found that the optimum
denaturation times are independent of
the instrument.

The stoichiometry of the components
of a PCR and losses of Taq polymerase

FIGURE 2 Effect of denaturation time on the
yield of a PCR. PCR of a 1078-bp segment of
the apo Al gene was performed as described in
the text using 60-sec (lane 1), 30-sec (lane 2),
and 10-sec (lane 3) denaturation times at
94°C.

134 PCR Methods and Applications

activity during the cycling limits the
amount of DNA that can be synthe-
sized.’ However, degradation of the
product during the cycling needs to be
considered. As phenol-extracted DNA de-
graded during heating at 94°C, it appears
that the loss of PCR product is not
caused by the 5’-exonuclease activity of
the Tagq enzyme:® Hydrolysis of the
DNA presumably occurs at the tempera-
tures used for denaturation of the DNA.
Also, some degradation of the DNA
would also occur during the extension
phase of the PCR.

The synthesis of the apo Al gene
1078-bp segment appears to be particu-
larly inefficient, but reduction in the de-
naturation time improved the yield of
PCR product. Testing of three other seg-
ments of human DNA of varying GC
content showed that denaturation times
as short as 10 sec were optimal even
when using thick-walled tubes (results
not shown). Therefore, it is important to
consider the denaturation step of a PCR
when the yield needs to be maximized.
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