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Improvement of GC-Rich
Template Amplification
by Inverse PCR

Inverse polymerase chain reaction
(iPCR) is a very attractive method for
performing site-directed mutagenesis,
since it requires a single pair of prim-
ers. On the other hand, the method in-
volves the amplification of the whole
recombinant plasmid, a specially diffi-
cult step when a large insert of high
G+C content is concerned. Inverse
PCR also proves to be useful in cloning
missing parts of genes by using self-li-
gated genomic DNA fragments as tem-
plates. However, the method is difficult
when applied to high G+C-containing
DNAs.

In order to improve PCR on these
arduous high G+C-containing tem-
plates, several DNA polymerases have
been tested both with and without the
addition of different organic solvents.

A pUCI18-derived 4.8-kb plasmid
containing a 1980-bp insert encoding
the Actinomadura R39 DD-carboxy-
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peptidase [74% G+C rich (7)) served as
template.

The. synthesis of a pair of primers
was designed in inverted tail-to-tail di-
rections: 5'-GCCCTCGGCGGCGGT-
ACCGCAT-3" (T, = 70°C) annealing
perfectly with the target sequence and
5-GTGGTCGAGGCCCACACCGGG-
ACGATG-3" (T, = 61.6°C) introduc-
ing two non-contiguous mismatches in
view of changing a triplet in the coding
sequence. The T, values were calcu-
lated according to the Primer Analysis
Software ‘OLIGO version 3.4 distrib-
uted by National Biosciences (Hamel,
MN, USA) (4,6), and three mismatches
were considered for the second primer.

Different DNA polymerases were
tested: AmpliTag™ Polymerase (from
Thermus  aquaticus;  Perkin-Elmer,
Norwalk, CT, USA), Tth DNA Poly-
merase (from Thermus thermophilus;
Pharmacia Biotech, Brussels, Bel-
gium), EuroTag™ Polymerase (from
Thermus aquaticus; Eurogentec, Se-
raing, Belgium), DynaZyme™ Poly-
merase (from Thermus brockianus;
Finnzymes Oy, Espoo, Finland) and
Vent™  DNA  Polymerase (from
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Figure 1. Amplification by iPCR of a 4.8-kb plasmid, containing a GC-rich (74%) 1980-bp insert.
10 pL of each sample were loaded onto a 0.7% agarose gel. Lane S, 1-kb Jadder size standard; lane C,
control iPCR under standard conditions without organic solvent; lanes D1, D2, D3 and D4, iPCR in
presence of 8%, 10%, 15% and 20% DMSO, respectively; lanes F1. F2. F3 and F4, iPCR in presence
of 5%, 10%, 15% and 20% formamide, respectively: lanes T1, T2, T3 and T4, iPCR in presence of
102 M, 10* M, 104 M and 105 M TEMAC]. respectively: lane GP1, iPCR in presence of 8% DMSO
with 3 ug of T4 gene 32 protein: lane GP2. iPCR under standard conditions with 3 pg of T4 gene 32

protein.
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Thermococcus litoralis; New England
Biolabs, Beverly, MA, USA).

A standard three-step cycling proto-
col (1 min of denaturation at 94°C, 2
min of annealing at 55°C [T -6°C)
and 5 min [1 min/kb of expected prod-
uct] of elongation at 72°C) was applied
to 100-uL samples, containing the su-
percoiled plasmid (ca. 25 ng), the prim-
ers (2 pM each), the deoxyribonu-
cleoside triphosphates (dNTPs) (200
MM each), one of the above-mentioned
DNA polymerases (2 units) and 10 pL
of 10x DNA polymerase buffer (the
composition of which varies according
to the supplier).

No fragment of the correct size was
amplified with any DNA polymerase
tested.

With the purpose of abolishing sta-
ble secondary structures, either di-
methylsulfoxide (DMSO) (from 8% to
20%) (3,16), formamide (from 5% to
20% (3,14,15) or tetramethylam-
monium chloride (TEMACI) (8) (from
105 to 10-2 M) were added to the de-
scribed mixture.

Analysis of the PCR products in the
presence of these organic solvents
revealed that only Vent DNA Polym-
erease succeeded in amplifying the 4.8-
kb plasmid and that a 10% concentra-
tion of formamide was the most
effective additive (Figure 1). DMSO at
8% or 10% was also useful, but the ad-
dition of less than 8% completely failed
to amplify the plasmid. The T4 gene 32
protein, a single-stranded DNA-bind-
ing protein used to overcome secon-
dary structures (1,2), did not appear re-
ally helpful, and the addition of
TEMACI was not effective at all.

The lack of amplification by most of
the DNA polymerases tested suggested
that they could be highly sensitive to
the added organic solvents, ‘

Vent™ (exo’) and Deep Vemt™
DNA Polymerases (New England Bio-
labs) were not considered in our study
because they have been modified for
specific applications other than iPCR
(12,13). Pfu DNA Polymerase (Strata-
gene, La Jolla, CA, USA), an enzyme
very interesting in terms of thermo-
stability and fidelity (10), but more ex-
pensive on a unit basis was also not
considered.

iPCR was repeated with different
pairs of primers, and in each case the
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whole 4.8-kb plasmid was successfully
amplified by Vent DNA Polymerase in
the presence of 10% formamide, in the
above-described conditions.

The Vent DNA Polymerase (5,9,11)
with its excellent level of fidelity (5-
fold to 15-fold higher than that of Tag
DNA Polymerase)—due to a strong 3'-
5" proofreading exonuclease, its high
thermostability (half-life of 6-7 h at
95°C), its production of blunt-ended
DNA fragments and its tolerance to or-
ganic solvents—thus appears to be the
enzyme of choice for iPCR on GC-rich
templates.

The combination of Vent DNA Po-
lymerase and 10% formamide is now
used as a routine protocol to amplify
very GC-rich templates up to 5 kb with
only minimal further adjustment.
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