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illustra™ Hot Start Master Mix is a 2x premixed formulation
containing Tag DNA Polymerase, ultrapure deoxynucleotide
triphosphates (dNTPs), Hot Start Activator protein, and an
optimized polymerase chain reaction (PCR) buffer. This
system offers the convenience of a master mix in which
only primers, template, and water are required to be added
for endpoint polymerase chain reactions.

Hot start PCR is a method developed to eliminate
nonspecific amplification and limit primer-dimer formation
during PCR. Both of these conditions can generate spurious
bands, background smears and reduce the overall
efficiency and yield of PCR. Traditional hot start methods
rely on maintaining the polymerase in an inactive state
through monoclonal antibodies directed against the
polymerase, or by chemical modification of the enzyme
itself (1, 2.

Hot Start Activator protein sequesters the primers away
from the polymerase, making them unavailable for
nonspecific priming during reaction setup. Unlike
chemically modified hot start polymerases, which can
require extensive precycling heat treatment, the
DNA-binding activity of the Hot Start Activator protein
employed here is readily inactivated during a much gentler
precycling step. This characteristic lessens the chances for
template DNA damage prior to the cycling steps, which is
important when using small quantities of starting material
or if amplification of long fragments is required. The net
result is a more robust and reliable amplification of the
target amplicons with increased yield when compared to
conventional hot start master mix products. The buffer is
formulated to contain MgCl,, but can be easily
supplemented with additional MgCl, allowing users to
customize this reagent to their specific needs.

This application note highlights the hot start capability of
Hot Start Master Mix, providing evidence of its polymerase-
blocking ability and elimination of primer-dimer formation.
In addition, this system does not interfere with common
downstream applications such as restriction digestion and
direct sequencing of the amplified PCR product.

Products used

Hot Start Master Mix 25-1500-01
DYEnamic™ ET Terminator Cycle Us81050
Sequencing Kit

EXOSAP-IT™ UsS78200

Other materials used
ABI PRISM™ 3100 Genetic Analyzer (Applied Biosystems)

Custom design primers (Integrated DNA Technologies)
Taq DNA Polymerase Master Mix (USB)

Chemically inactivated Hot Start Tag DNA Polymerase
Master Mix (Qiagen)

Monoclonal antibody-inactivated Hot Start Tag DNA
Polymerase Master Mix (Invitrogen)

Thermocycler PTC-225 (MJ Research)

Human Genomic DNA (Promegal)

Novex TBE-Urea Gel and 2x Sample Buffer (Invitrogen)
Autoclaved, deionized water

Agilent Bioanalyzer 2100 (Agilent Technologies)

DNA 1000 Lab Chip (Agilent Technologies)

Pst | restriction endonuclease and 10x buffer
(New England Biolabs)

MegAlign software (DNAstar)



PCR setup

Reactions were set up according to the manufacturer’s
protocol in a total volume of 25 pl. Forward and reverse
primer concentrations were 0.2 uM for the primer-dimer
assay and 0.4 pM for the amplification of a 1018-bp
fragment from the human Apo gene. Template amounts for
the primer-dimer assay and the 1018-bp fragment
amplification were 1 ng and 20 ng per reaction,
respectively.

Thermal cycling conditions

Primer-dimer assay:
25 °C for 60 min
*95 °C for 2 min

Three-step cycling (35 cycles)
95°Cfor10s
60°Cfor5s
72 °C for 30 s for numb fragment or 2 min for
p53 fragment

Final extension for 5 min at 72 °C

*Initial heating step of 95 °C for 15 min was used to activate the
chemically modified polymerase.

1018-bp human Apo gene fragment:
*95 °C for 2 min

Three-step cycling (35 cycles)
94 °Cfor30s
50°Cfor30s
72 °C for 1 min

Final extension for 5 min at 72 °C

* Initial heating step of 95 °C for 15 min was used to activate the
chemically modified polymerase.

Polymerase-blocking activity of Hot
Start Master Mix

The ability to maintain a DNA polymerase in an inactive
state underpins all hot start PCR systems. This goal is
normally achieved via antibody-mediated inhibition or
chemical modification of the polymerase. Hot Start Master
Mix uses a novel method for hot start PCR in which the
oligonucleotides are sequestered from the polymerase: this
reduces the potential for nonspecific priming. Thus, the
activity of the polymerase is blocked by the removal of one
of its substrates.

Polymerase blocking ability was demonstrated by using an
assay that compared the polymerase activity of Hot Start
Master Mix to that of a master mix in which the Hot Start
Activator protein was heat-inactivated by incubation at 95
°C for 2 min. The reaction mixture contained 1x master mix
in a final volume of 25 pl, and 2 pmol of overlapping,
extendable oligonucleotides with a 9-bp overlap. One of the
oligonucleotides was labeled with HEX fluorescent dye
while the other was not. After incubation at 25 °C for 4 h,
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the reaction mixtures were resolved on a 15%
polyacrylamide TBE-Urea denaturing gel. The presence of
an active polymerase would lead to an extension of the
labeled 23-bp oligonucleotide to 50 bp but an inactive or
blocked polymerase could not extend the labeled
oligonucleotide.

Figure 1 shows results for the polymerase blocking assays
in which reactions were set up in triplicate using a non-hot
start master mix (lanes 1-3), Hot Start Master Mix (lanes
4-6), and commercially available master mixes whose
polymerase was either inactivated by a monoclonal
antibody or by chemical modification (lanes 7-9 and 10-12,
respectively). Reactions were divided equally and incubated
at 25 °C for 4 h (Panel A) or were heat-treated to reverse the
inhibitory mechanism prior to 25 °C incubation (Fig 1, Panel
B). Heat treatment consisted of incubation at 95 °C for

2 min (lanes 1-9) or 95 °C for 15 min (lanes 10-12).
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Fig 1. Comparison of Hot Start Master Mix to other commercially available
hot start systems in a polymerase blocking assay. Reactions in lanes 1-3
used PCR master mix, lanes 4-6 used Hot Start Master Mix, lanes 7-9 used
antibody-inhibited polymerase master mix and lanes 10-12 used a
chemically inhibited polymerase master mix. Reactions in Panel A were
incubated for 4 h at 25 °C. Reactions in Panel B were heat-treated at 95 °C
for 2 min (lanes 4-9) or at 95 °C for 15 min (lanes 10-12) to stop the
respective inhibitory mechanisms of the master mixes. All reactions were
resolved on a 15% polyacrylamide TBE-Urea denaturing gel and
quantitated using ImageQuant software.

Panel A shows a significant accumulation of the extended,
50-bp product in the reactions where non-hot start master
mix was used (lanes 1-3). In the reactions where a hot start
method was employed, there was no discernible 50-bp
fragment formed (lanes 4-12). This is in contrast to
reactions where the inhibitory mechanism was reversed by
heat inactivation. A marked increase in the amount of
50-bp product formed in all the hot start-capable reactions
suggest that the polymerase had been activated (Panel B,
lanes 4-12).

The amount of 50-bp fragment was quantitated for each
reaction using ImageQuant™ software. A ratio between the
amounts of product formed in the non-heat treated
samples to those that were heat-treated was established.
This was then multiplied by 100% to yield the relative
polymerase activity for a given reaction.



% 50-bp fragment formed in nonheated samples

% Activity = x 100%

% 50-bp fragment formed in heated samples

Subtracting the activity from 100% yields the relative
amount of polymerase activity blocked when a hot start
method is used. The results show that Hot Start Master Mix
blocks polymerase activity to 99.7% while the monoclonal
antibody-inhibited and chemically modified polymerases
blocked activity to 97% and 99.4%, respectively. This
demonstrates that Hot Start Master Mix blocks
polymerase activity by primer sequestration to the same
degree as commercially available hot start master mixes.

Inhibition of primer-dimer formation by
Hot Start Master Mix

PCR amplification using primers with homology to one
another is often unavoidable due to the sequence
constraints of the region to be amplified. This situation
often results in the formation of primer-dimers in which
the primers anneal and are extended by active
polymerase in the presence of dNTPs during reaction
setup. This renders the primers unusable for subsequent
cycling reactions because of the loss of specificity for the
intended target, resulting in a decrease in the yield of
specific PCR product.

To demonstrate the ability of Hot Start Master Mix to
inhibit primer-dimer formation, forward and reverse
primers that were specific for the amplification of either a
303-bp fragment from the human numb locus or a
1114-bp fragment from the human p53 locus were
designed. The pair of primers—forward and reverse—was
designed with a 3-bp overlap at the 3’ ends. During
reaction setup and a precycling incubation at 25 °C, this
overlap allowed the oligonucleotides to form base pairs
resulting in a duplex DNA with an exposed 3'-hydroxyl
group. The latter is a recognizable substrate for DNA
polymerases. Active polymerase, in the presence of dNTPs,
recognizes this exposed end and extends the primer
sequences using complementary forward and reverse
primers as templates. The newly extended sequence lacks
homology to the original intended target sequence and
cannot act as a primer for amplification.

Equal amounts of forward and reverse primers (2 pmol)
and 1 ng human genomic DNA template were used in
reactions with non-hot start master mix (Fig 2A and 28,
lanes 1-4), Hot Start Master Mix (Fig 2A and 2B, lanes 5-8)
and master mixes that use either monoclonal antibody-
inactivated or chemically inactivated polymerase (Fig 2A
and 2B, lanes 9-12 and 13-16, respectively). No-template
control reactions for each master mix were in lanes 4, 8,
12, and 16. All reactions were incubated at 25 °C for 60
min prior to cycling. Equal volumes of each reaction were
resolved on a 1.5% agarose-TAE gel stained with ethidium
bromide and the average overall yield for a 25-pl reaction
of the specific, amplified product for each master mix was
determined with an Agilent Bioanalyzer 2100.
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Figure 2A shows the results of the primer-dimer inhibition
assay for the 303-bp numb locus DNA fragment. In the
absence of hot start there was a weak amplification of the
specific 303-bp fragment (Fig 2A, lanes 1-3) with an
average yield of only 15.7 ng for a 25-pl reaction as
quantitated using an Agilent Bioanalyzer 2100. However,
when Hot Start Master Mix was used, the amount of 303-bp
product increased dramatically (compare lanes 5-7 to 1-3
of Fig 2A) with an average yield of 168 ng for a 25-l
reaction. This represents a greater than 10-fold increase in
overall product yield for Hot Start Master Mix over a
non-hot start master mix reagent reaction. Although there
was an increase in the specific amplified fragment, the
results were less dramatic for the amplification of the numb
locus fragment using either the antibody-inhibited or
chemically inhibited polymerase master mixes (Fig 2A,
lanes 8-11 and 13-15). The average overall yield for these
25-pl reactions were 31 ng and 32 ng for the antibody and
chemically inhibited polymerase master mixes,
respectively. Compared to non-hot start reactions, these
master mixes showed an increase in yield of only about
two-fold, which is five times lower than the increase
observed with Hot Start Master Mix.
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Fig 2. Primer-dimer inhibition. In all the reactions, we used 1 ng of human
genomic DNA as template and 0.2 pM each of forward and reverse
primers specific for the human numb locus (A) or human p53 locus (B),
which amplified fragments of 303-bp and 1114-bp, respectively. For
Panels A and B, lanes 1-4 used non-hot start PCR master mix reactions,
lanes 5-8 used Hot Start Master Mix, lanes 9-12 used antibody-inhibited
polymerase master mix, and lanes 13-16 used chemically inhibited
polymerase master mix. Lanes 4, 8, 12, and 16 represent no-template
control reactions. Products were resolved on a 1.5%-agarose TAE gel
stained with ethidium bromide.

Figure 2B depicts the results of the primer-dimer inhibition
assay for the 1114-bp p53 locus DNA fragment. As with the
numb locus primers, amplification of the 1114-bp p53
fragment was weak and barely visible on an agarose gel
(Fig 2B, lanes 1-3). Quantitation using the Agilent
Bioanalyzer 2100 was unable to detect a significant peak
indicating a complete failure of amplification. In sharp
contrast, reactions using the Hot Start Master Mix (Fig 2B,
lanes 5-7) produced an average yield of 102 ng.
Comparatively, this represents a greater than 13-fold more
product than the antibody-inhibited polymerase master



mix, whose overall average yield was only 7.4 ng. The
chemically inhibited polymerase master mix performed
slightly better than the antibody-inhibited polymerase, with
an overall average yield of 48 ng, but this is still two-fold
less than reactions using Hot Start Master Mix.

These results demonstrate that Hot Start Master Mix
effectively eliminates primer-dimer formation to a degree
that is equal to or better than that for other hot start
methods that employ either monoclonal
antibody-mediated inhibition or chemical inhibition of the
DNA polymerase. This leads to an increased yield in the
amplification of the desired product.

Compatibility with downstream
applications

To demonstrate that products amplified with Hot Start
Master Mix are compatible with downstream applications,
sequencing and restriction digestion reactions were carried
out with fragments amplified using Hot Start Master Mix,
monoclonal antibody-inhibited polymerase and chemically
inhibited polymerase master mixes.

A 1018-bp fragment of the human Apo gene was amplified
in duplicate 25-pl reactions using Hot Start Master Mix,
antibody-inhibited polymerase, or chemically inhibited
polymerase master mix. Following amplification and
quantitation, 100 ng of each reaction product was digested
with Pst | restriction endonuclease. A unique Pst | restriction
site within this fragment at nucleotide position 400 ensures
that a complete digestion will yield two fragments of 400
and 618 bp, respectively.

Negative control reactions were set up alongside reactions
containing the restriction enzyme with 50 ng of product. All
reactions were incubated at 37 °C for 2 h and resolved on a
1% TAE agarose gel stained with ethidium bromide. The
results are shown in Figure 3 where lanes 1-6 represent
negative control reactions and lanes 7-12 are reactions
with Pst I. Products in lanes 1, 2, 7, and 8 were amplified
with Hot Start Master Mix. Products in lanes 3, 4,9, and 10
were amplified with an antibody-inhibited polymerase
master mix. Products amplified with a chemically inhibited
polymerase master mix are shown in lanes 5, 6, 11, and 12.
All the PCR products that were digested with Pst | yielded
two fragments with one at ~ 400 bp and the other at

~ 600 bp. These results demonstrate that PCR products
amplified with Hot Start Master Mix are amenable to
restriction analysis and show no difference compared to
other hot start master mixes.
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Fig 3. Restriction digest of 50 ng of product amplified with Hot Start Master
Mix (lanes 1, 2, 7, and 8), antibody-inhibited polymerase master mix (lanes
3, 4,9, and 10) and chemically inhibited polymerase master mix (lanes 5, 6,
11, and 12) were incubated at 37 °C for 2 h in 1x restriction buffer minus
Pst | (lanes 1-6) or plus Pst | (lanes 7-12). All the reactions were resolved on
a 1% TAE agarose gel stained with ethidium bromide.

To further illustrate downstream application compatibility,
the 1018-bp products were sequenced using a nested
primer that anneals within the 1018-bp Apo sequence.
PCR products were treated with ExoSAP-IT to remove
unincorporated dNTPs and primers from the amplification
step. Sequencing was carried out using the DYEnamic ET
Terminator Cycle Sequencing Kit for ABI instruments and
run on an ABI PRISM 3100. A portion of the
electropherogram spanning the same sequence for one
of each template is shown in Figure 4. There is negligible
difference in peak heights and sequence quality in all
cases demonstrating that products amplified with Hot
Start Master Mix do not interfere with PCR cleanup and
sequencing reactions.

Hot Start Master Mix
w L ™

1|
HELNRD: 1ail

mAb

‘ Il |'|r' -Il!_" N .\ Wl
(VLA L] IR LRI LRSI AL L |

Chemical

Ilrlll 'I | I‘.Ii| |:| |'| |I

AT

W 04

. B |
I | I.h IITH ! d Wl b I -Il | W I
RN ' I

| 1l |
| fl Iy [ MY ||
LIV L [ PRI GRHES EW D UN LB

Fig 4. Representative electropherograms for sequenced PCR
fragments. A portion of the electropherogram spanning the same
sequence for each template shows consistent, high-quality
sequencing results from each fragment.
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Sequence results were aligned with MegAlign software
using the Jotun-Hein sequence alignment method. A
500-bp stretch of the known Apo sequence starting at

50 bp 3’ to the end of the sequencing primer was included
in the alignment to determine the percent identity of each
sequence to the known sequence. Figure 5 shows the
alignment of the known Apo sequence to the sequences
obtained using the PCR-amplified fragments as sequencing
template. Phred20 scores for each sequenced fragment
were determined. Hot Start Master Mix exhibited a Phred20
score of 385 bp while fragments amplified by antibody-
inhibited and chemically inhibited master mix showed
Phred20 scores of 350 bp and 353 bp, respectively. These
results demonstrate that PCR products amplified with Hot
Start Master Mix are better than other commercially
available hot start master mixes in compatibility with
downstream applications and have no adverse affect on
these processes.
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Fig 5. Alignment of sequences from templates amplified with different hot
start PCR master mixes. The sequences were aligned with MegAlign
software using the Jotun-Hein method. Apo 50 bp + is the known Apo
sequence to which all sequences were compared. Red, green, blue, and no
shading represent 100%, 75%, 50%, and 25% identity, respectively, across
all sequences.
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Conclusions

The high degree of polymerase blocking during reaction set
up, as a consequence of using Hot Start Master Mix, means
that the specificity is at least as high as that achieved using
other commercially available hot start master mix systems.

Hot Start Master Mix more effectively inhibits the formation
of primer-dimers during PCR than other commercially
available products. This results in an increased yield, when
compared to conventional hot start master mix products,
for reactions where there is a high tendency for the
formation of primer-dimers.

Hot Start Master Mix can be used with confidence in
downstream applications. The Hot Start Activator protein
does not interfere with downstream processes such as
sequencing or restriction digests.

References

1. Kellogg, D.E. et. al. TagStart Antibody: “hot start” PCR facilitated by a neutralizing
monoclonal antibody directed against Tag DNA polymerase. BioTechniques 16,
1134-1137 (1994).

2. Moretti, T. et al. Enhancement of PCR amplification yield and specificity using
AmpliTag Gold DNA polymerase. BioTechniques 25, 716-22 (1998).



Asia Pacific Tel: +85 65 62751830 Fax: +85 65 62751829 Japan Tel: 81 3 5331 9336 Fax: 81 3 5331 9370
Australasia Tel: +61 2 8820 8299 Fax: +61 2 8820 8200 Korea Tel: 82 2 6201 3700 Fax: 82 2 6201 3803
Austria Tel: 01 /57606 1613 Fax: 01 /57606 1614 Latin America Tel: +55 11 3933 7300 Fax: +55 11 3933 7304
Belgium Tel: 0800 73 890 Fax: 02 416 8206 Middle East & Africa Tel: +30 210 96 00 687 Fax: +30 210 96 00 693
Canada Tel: 1 800 463 5800 Fax: 1 800 567 1008 Netherlands Tel: 0800-82 82 82 1 Fax: 0800-82 82 82 4
Central & East Europe Tel: +43 1972 720 Fax: +43 1972 722 750 Norway Tel: +47 815 65 777 Fax: +47 815 65 666
Denmark Tel: +45 70 25 24 50 Fax: +45 45 16 2424 Portugal Tel: 21 417 7035 Fax: 21 417 3184

Eire Tel: 1 800 709992 Fax: +44 1494 542010 Russia, CIS & NIS Tel: +7 495 956 5177 Fax: +7 495 956 5176
Finland & Baltics Tel: +358 9 512 3940 Fax: +358 9 512 39439 Spain Tel: 902 11 72 65 Fax: 935 94 49 65
France Tel: 01 69 35 67 00 Fax: 0169 4198 77 Sweden Tel: 018 612 1900 Fax: 018 612 1910
Germany Tel: 0800 9080 711 Fax: 0800 9080 712 Switzerland Tel: 0848 8028 10 Fax: 0848 8028 11
Greater China Tel: +852 2100 6300 Fax: +852 2100 6338 UK Tel: 0800 515 313 Fax: 0800 616 927
Italy Tel: 02 26001 320 Fax: 02 26001 399 USA Tel: +1 800 526 3593 Fax: +1 877 295 8102

General Electric Company reserves the right, subject to any regulatory approval if required, to
make changes in specifications and features shown herein, or discontinue the product described
at any time without notice or obligation. Contact your GE Representative for the most current
information. © 2006 General Electric Company—All rights reserved. GE and GE Monogram are
trademarks of General Electric Company. DYEnamic, illustra, and ImageQuant are trademarks of
GE Healthcare. ABI PRISM is a trademark of Applied Biosystems Inc. ExoSAP-IT is a trademark of
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The Polymerase Chain Reaction (PCR) is covered by patents owned by Roche Molecular Systems
and F Hoffmann-La Roche Ltd. A license to use the PCR process for certain research and
development activities accompanies the purchase of certain reagents from licensed suppliers
such as GE Healthcare and offiliates when used in conjunction with an authorized thermal cycler.

Taq DNA Polymerase is sold under licensing arrangements with Roche Molecular Systems, F
Hoffmann-La Roche Ltd and the Perkin-Elmer Corporation. Purchase of this product is
accompanied by a limited license to use it in the Polymerase Chain Reaction (PCR) process for
research in conjunction with a thermal cycler whose use in the automated performance of the
PCR process is covered by the up-front license fee, either by payment to Perkin-Elmer or as
purchased, i.e. an authorized thermal cycler.

This product is sold under licensing arrangements with Stratagene. The purchase price of this
product includes limited, nontransferable rights under U.S. Patent Nos. 5,449,603, 5,605,824,
5,646,019 and 5,773,257 owned by Stratagene to use only this amount of the product to practice
the claims in said patents solely for activities of end users within the field of life science research.
Further licensing information may be obtained by contacting the Business Development
Department, Stratagene California, 11011 North Torrey Pines Road, La Jolla, California 92037.

This product is sold under license from USB Corporation, Cleveland, Ohio, for use as described in
the accompanying materials. Further licensing information may be obtained by contacting USB
Corporation, 26111 Miles Road, Cleveland, Ohio 44142. Patent Pending. All rights reserved.
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