
PCR/RT-PCR

10 Focus® Mar. 2003 Volume 25.1

T
hough PCR is a powerful tool in
nucleic acid research, the most
widely used DNA polymerase,
Taq DNA polymerase, has been

plagued with a high error rate at about 2
to 5 x 10-5 (1, 2). This error frequency pre-
dicts that one base in every 20,000
nucleotides incorporated would be erro-
neous, or one or more 1 Kb-long
amplicons would contain an error after
only 15 PCR cycles, based on a theoretical
doubling time of templates in PCR. 

There have been two different
approaches to achieve PCR amplification
with a higher fidelity: 1) use of a proof-
reading DNA polymerase; and 2) blend
Taq DNA polymerase with a proofreading
enzyme. Using the proofreading enzymes
by themselves in PCR can be arduous at
times due to the very nature of proof-
reading activity. The proofreading activity
of a polymerase comes from its intrinsic
3´➔5´ exonuclease activity that can occa-
sionally chew off free 3´ ends of primers
or amplicons, making the enzymes diffi-
cult to use without extensive
optimization of PCR parameters. The
blended polymerases, as the second
group is known, were devised because of
the arduous nature of the proofreading
enzymes at the expense of higher fidelity.
Alternatively, a third factor could be
introduced to improve the user-friendli-
ness of the proofreading enzymes
without compromising performance. By
introducing thermostable accessory fac-
tors to polymerases, PCR enzymes are
more efficient, without sacrificing the
high fidelity. 

Invitrogen introduced the first mem-
ber of a new line of next-generation PCR
enzymes in 2001, AccuPrime™ Taq DNA

polymerase (2,3). This new technology
uses a replication associated factor,
AccuPrime™ Protein, to police primer
annealing and guide the polymerase to
primed sites for higher specificity and
efficiency. AccuPrime™ technology
improves PCR performance by promoting
specific primer-template hybridization
before, as well as during, every cycle of
PCR. The same technology has been
updated and successfully applied to a
proofreading enzyme to create the most
robust high-fidelity enzyme, AccuPrime™

Pfx DNA polymerase. In this case,
AccuPrime™ technology has been updated
to include a second, complementary pro-
tein, AccuPrime™ Protein II, that

enhances the robustness of the enzyme.
The blending of AccuPrime™ proteins is
unique to AccuPrime™ Pfx DNA poly-
merase, making a robust high-fidelity
PCR enzyme. 

In this manuscript, we describe the
enhanced performance of this next-gener-
ation, high-fidelity PCR enzyme with the
updated AccuPrime™ technology for PCR
applications that require high fidelity,
high sensitivity, and robustness.
AccuPrime™ Pfx DNA polymerase shows
improvement in yield, sensitivity, and/or
specificity over other high-fidelity
enzymes in about 50% of the cases with
various target templates, such as, genom-
ic DNA, plasmid, bacteriophage λ DNA,
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The template DNA used were human genomic DNA (K562, genotyping grade) ranging from 874
bp to 8.9 kb at 100 or 200 ng per reaction: 1) Rhod 874 bp; 2) Rhod 1237 bp; 3) p53 2380 bp;
4) Hbg 3.6 kb; 5) Rhod 6.8 kb; and 6) Fabp 8.9 kb, cDNA templates: 7) β actin 1 kb; 8) BF 2.4
kb; and 9) ATCR 6.1 kb, plasmid DNA; 10) pMOL21 4.1 kb, and λ DNA templates: 11) 9.1 kb;
and 12) 9.8 kb. The gel shows a consistent performance enhancement in specificity, sensitivi-
ty, and robustness of AccuPrime™ Pfx DNA polymerase over Platinum® Pfx DNA polymerase.

Figure 1 – Performance comparison of AccuPrime™ Pfx DNA polymerase with Platinum®

Pfx DNA polymerase using various templates
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or cDNA. With its enhanced sensitivity,
specificity, and reproducibility,
AccuPrime™ Pfx DNA polymerase is ideal
for a variety of PCR/RT-PCR applications,
while its robustness minimizes the need
for optimization. AccuPrime™ Pfx DNA
polymerase maintains the high fidelity of
Platinum® Pfx DNA polymerase and com-
plements AccuPrime™ Taq DNA
polymerase in generating a premier, next-
generation PCR enzyme family.

Materials and Methods
PCR. Unless otherwise indicated, all PCR
reactions were run following a standard
protocol (below). PCR reactions were pre-
pared in 50-µl reaction volumes containing
1X Pfx Amplification buffer with 1 mM
MgSO4 and 0.3 µM of each primer. The
concentration of each of the four deoxynu-
cleoside triphosphates (dNTPs) was 0.3 mM.
The AccuPrime™ Pfx reaction mix con-
tained AccuPrime™ Protein I and
AccuPrime™ Protein II and is optimized for
most PCR applications. Template concen-
tration varied from 20 ng to 200 ng
depending on the application. One unit of
AccuPrime™ Pfx DNA polymerase
(Invitrogen, Cat. no. 12344-024) was used
in a typical 50-µl reaction. Thermocycling
was conducted using either the GeneAmp®

PCR System 9600 (Applied Biosystems,
Inc.), GeneAmp® PCR System 2400
(Applied Biosystems, Inc.), or Peltier
Thermal Cycler (PTC) 200 (MJR).

Standard PCR program
Pre-incubation

95°C 5 minutes
35 cycles of

95°C 15 seconds
55°C–65°C 30 seconds (5 degrees

below Tm)
68°C 1 min/kb

Hold at +4°C

Following the completion of thermocy-
cling, PCR amplification products were
mixed with 5 µl of 10X BlueJuice™ Gel
Loading Buffer (Invitrogen) and aliquots
(20% of total reaction volume, or 10 µl,
per lane) were analyzed by electrophoresis
on a 0.8%-1.5% agarose gel with an ethid-
ium bromide concentration of 0.4 µg/ml
pre-mixed in 0.5X TBE. The resulting gels
were analyzed visually for specificity and
yield among different samples.

Competitive Audit. The performance of
AccuPrime™ Pfx DNA polymerase was
compared with other high-fidelity PCR
enzymes, such as PfuTurbo® DNA
Polymerase (Stratagene), PfuUltra™ DNA
Polymerase (Stratagene), Tgo DNA
Polymerase (Roche), and KOD Hot Start
DNA Polymerase (Novagen). Each
enzyme was used to amplify targets rang-
ing from 822 bp to 6816 bp using 100 to
200 ng of human genomic DNA (K562,
genotyping grade). The following primer
sets were used: c-myc 822 bp; p53 2380
bp; Human β globin (Hbg) 3.6 kb; Rhod
6173 bp; and Rhod 6816 bp. PCR reac-
tions were performed following
manufacturers’ recommended conditions.

The annealing temperature for each
primer set was identical for all poly-
merases tested: 65°C for c-myc 822 bp
and p53 2380; 62°C for Hbg 3.6 kb; and
64°C for Rhod 6173 bp and Rhod 6816 bp.
PCR amplification products were
processed and analyzed as above.

Results and Discussion
Performance Enhancement of AccuPrime™

Pfx DNA Polymerase. Performance of
AccuPrime™ Pfx DNA polymerase was
assayed using genomic DNA, plasmid,
phage λ DNA, and cDNA (Figure 1, page
10). Performance criteria were the
amount of specific PCR product generat-
ed as measured by the band intensity
(yield), the ratio between specific and
non-specific bands (specificity), the min-
imum amount of template needed to
generate the specific band (sensitivity),
and consistency between duplicate reac-
tions (reproducibility or robustness).
AccuPrime™ Pfx was compared with
Platinum® Pfx DNA polymerase using 89
primer sets with amplicons ranging from
500 bp to 13 Kb. The new AccuPrime™ Pfx

out-performed Platinum® Pfx DNA poly-
merase in 47% of the cases (Table 1).

When the data was more closely scru-
tinized, however, it was found that PCR
of amplicons less than 3 Kb showed a
higher rate of improvement over
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Total Primers Marked Slight Already No 
tested improvement improvement good improvement Inhibited

89 28 14 20 25 2

(31%) (16%) (22%) (28%) (2%)

Table 1 – Statistical analysis of the performance of AccuPrime™ Pfx DNA polymerase
compared to that of Platinum® Pfx DNA polymerase



Platinum® Pfx DNA polymerase.
Considering Platinum® Pfx already out-
performs most other commercially
available proofreading PCR enzymes, the
higher performance of AccuPrime™ Pfx

DNA polymerase over Platinum® Pfx

implies the superiority of the new
enzyme. Since most functional genes are
less than 3 Kb (coding about 120 kDa
polypeptides), AccuPrime™ Pfx DNA poly-
merase with its high fidelity would be
ideal in amplifying functional genes for
cloning or other proteomic applications. 

Most significantly, AccuPrime™ Pfx

DNA polymerase maintained the high
fidelity of Platinum® Pfx DNA poly-
merase, which is about 26-times higher
than that of Taq and two times that of Pfu

DNA polymerase (1).

PCR Optimization for AccuPrime™ Pfx

DNA Polymerase. Though the perform-
ance of AccuPrime™ Pfx DNA polymerase
is robust and unsurpassed, there is no
magic formula for PCR that works in all
reactions. The outcome of PCR, in gener-
al, depends very much upon specific
primer sets: 1) the annealing temperature
of the PCR cycles should be adjusted
according to the primers; and 2) the com-
position of an amplicon, as defined by the
primers used, could affect the outcome of
a PCR reaction. There are several helpful
hints and pointers for primer design
available online or in publications (4). In
addition, there are a few software pro-
grams for PCR primer design as well,
such as Vector NTI™ from InforMax®. 

PCR optimization should begin with
the primer annealing temperature, as
described above, once the primers are
prepared. Annealing temperature should

be set at 5 to 10°C below the melting tem-
perature (Tm) of the primers used. A
higher annealing temperature may help
in achieving a higher specificity. An
increase in the amount of the template
DNA could increase the yield. Another
optimization option for AccuPrime™ Pfx

DNA polymerase is to add KCl up to a
final concentration of 50 mM. Several
primer sets tested with KCl demonstrated
that titration of KCl for PCR optimization
is a viable option (data not shown).

Competitive Audit of AccuPrime™ Pfx DNA

Polymerase. Performance of AccuPrime™

Pfx DNA polymerase was directly com-
pared with other major high-fidelity
polymerases, such as, PfuTurbo® and
PfuUltra™ DNA Polymerases (Stratagene),

Tgo DNA Polymerase (Roche), and KOD
Hot Start DNA Polymerase (Novagen),
using five primer sets with amplicons
ranging from 822 to 6,816 bp (c-myc 822
bp; p53 2380 bp; Hbg 3.6 kb; Rhod 6173
bp; and Rhod 6816 bp). AccuPrime™ Pfx

DNA polymerase showed superior per-
formance over all others tested in yield,
specificity, robustness, and consistency
(Figure 2).

Conclusion
We report here the development of anoth-
er member of the next-generation
AccuPrime™ PCR enzyme family.
AccuPrime™ technology was introduced
last year with the launch of AccuPrime™

Taq DNA polymerase and its companion,
AccuPrime™ Taq PCR SuperMix. These
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The performance of AccuPrime™ Pfx DNA Polymerase was compared to that of PfuTurbo®

and PfuUltra™ DNA Polymerases (Stratagene), Tgo DNA Polymerase (Roche), and KOD Hot
Start DNA Polymerase (Novagen). Each enzyme was used to amplify targets ranging from
822 bp to 6816 bp using 100 to 200 ng of human genomic DNA (K562, genotyping grade).
The gel shows clear and consistent performance of AccuPrime™ Pfx DNA polymerase over
all other products.

Lane 1: c-myc 822 bp
Lane 2: p53 2380 bp
Lane 3: Hbg 3.6 kb
Lane 4: Rhod 6173 bp
Lane 5: Rhod 6816 bp 

Figure 2 – Competitive audit of AccuPrime™ Pfx DNA polymerase 
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systems incorporate a thermostable
AccuPrime™ protein into the Platinum®

technology that already enhances the per-
formance of Taq DNA polymerase in PCR
beyond that of other hot-start Taq DNA
polymerases (2,3). The enhancement is
shown in all aspects of PCR performance
of the enzyme such as the specificity,
sensitivity, and robustness. Such
enhancement makes the AccuPrime™ Taq

DNA polymerase system suitable for
many areas of PCR application, including,
high-throughput PCR, multiplex PCR, and
PCR miniaturization. 

Here we have applied an updated
AccuPrime™ technology to the most ardu-
ous PCR application of all, amplification
with a high-fidelity DNA polymerase. The

high-fidelity nature of an enzyme comes
from the DNA polymerase having a proof-
reading, or 3´➔5´ exonuclease, activity in
addition to the polymerase activity. These
counteracting activities of the polymerase
make it useful, but difficult to harness, in
PCR applications. In the updated
AccuPrime™ technology, the two
AccuPrime™ proteins complement each
other in their functions to harness the
high fidelity of Pfx DNA polymerase to
create the most robust high-fidelity
enzyme. AccuPrime™ Pfx DNA poly-
merase, with higher specificity and
sensitivity than all other high-fidelity
enzymes in the current market, makes a
natural extension of the next-generation
AccuPrime™ PCR enzyme family. 
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