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PCR™ has become one of the most
widely used technologies in many areas
of research. PCR depends on a bacterial
DNA polymerase and is quite specific
and efficient in amplifying a target DNA.
However, there are situations when the
PCR can be suboptimal even though the
specificity is not compromised. One ex-
planation (among many) of a subopti-
mal PCR might be that the process is car-
ried out in an environment foreign to a
bacteria. For example, there are a num-
ber of auxiliary proteins that take part
during DNA replication in a bacteria that
are absent in a test tube environment. In
addition, the intracellular ionic environ-
ment in bacteria, such as Escherichia
coli,'*>® is different from that used in a
standard PCR. The most relevant physi-
ological anion in E. coli is glutamate,®
whereas chloride is the routine anion of
choice in a PCR. In accordance with this
observation, it has been demonstrated
that replacement of potassium chloride
by potassium glutamate dramatically en-
hances protein—-DNA interactions in
vitro.®® The beneficial effect of such a
salt requirement has been further sup-
ported by the demonstration that virtu-
ally all of the restriction enzymes tested
work as well or better in a buffer con-
taining glutamate than in a chloride-
containing buffer.*¥ Because AmpliTaq
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is a bacterial enzyme, we tested the effect
of replacing chloride with glutamate in
the buffer used for PCR. Our data dem-
onstrate a consistent (but not dramatic)
enhancement of PCR efficiency with
glutamate when this enzyme is used.

PCR as described and universally
practiced is best carried out at 50 mm
KCL.® Therefore, we compared the effi-
ciency of potassium glutamate (KGM) in
PCR against 50 mM KCI. The effect of
KGM in PCR on the amplification of two
segments of 291 and 492 bp from the
human interleukin-5 (IL-5) gene is pre-
sented in Figure 1. It appears that for the
291-bp segment, KGM is a better salt at
all concentrations (50-200 mm, lanes
2-6) than 50 mm KCl (lane 1). For the
492-bp segment, however, KGM is sub-
optimal at some concentrations (50 and
75 muy; lanes 8 and 9, respectively) and
inhibitory at 200 mwm (lane 12) compared
with PCR of this segment at 50 mm KCIL.
The maximum increases in the PCR am-
plification of these bands are seen at 100
mM KGM (lanes 4,10).

The extent of the effect of KGM in
PCR was then determined in a semi-
quantified manner. For this, a number of
segments were amplified in the presence
of [a-*?P]dCTP with KCl and KGM. A
portion of the PCR-amplified material
was electrophoresed, the DNA bands
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FIGURE 1 Effect of KGM in PCR. Hot-start PCR® was carried out with the following sets of
primers for the human IL-5 gene: primers 5'-CTG TGC AAG GGG AAG CTT GGA TCC TTA CTG
TGG AAA-G-3' and 5'-CTC AAC TTT CTA TTA TCC AC-3’ for the 291-bp segment and primers
5'-CTG TGC AAG GGG AAG CTT GGA TCC TTA CTG TGG AAA G-3’ and 5'-CTT CAA TGA TTC
TGA TAT C-3' for the 492-bp segment. Five microliters of PCR products was electrophoresed in
a 2% agarose gel and stained with ethidium bromide. (Lanes 1,7) PCR of the 291- and 492-bp
segments, respectively, with 50 mm KCI; (lanes 2,8) PCR with 50 mm KGM; (lanes 3,9) PCR of the
same segments with 75 mM KGM; (lanes 4,10) PCR at 100 mM KGM; (lanes 5,11) PCR at 150 mm
KGM; (lanes 6,12) PCR at 200 mM KGM; (lanes S) DNA size standards. The arrows indicate the
bands of interest. PCR was carried out as describe!” in a total volume of 20 ul and contained 10
mM Tris-HCI (pH 8.3), 1.5 mm MgCl,, 200 ng of genomic DNA, 2 pmoles of each primer, 0.5 units
of AmpliTaq, and indicated amounts of KCI or KGM. Hot-start PCR was achieved by maintaining
the PCR mix minus Amplitaq at 94°C for 5 min, followed by addition of the enzyme. The PCR
profile was 1 min at 94°C, 2 min at 50°C, and 3 min at 72°C for 30 cycles. After the last cycle,
another incubation for 10 min at 72°C was allowed before using the samples.
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were detected by ethidium bromide
staining, the desired DNA segments were
excised, and the amount of radioactivity
was measured by Cerenkov counting.
The radioactive counts obtained with
KGM were then expressed as percentages
of the standard PCR with KCI. This is pre-
sented in Table 1. As can be seen, there
has been a significant increase in the
amount of PCR-amplified product for all
the segments tested. The effect ranges
from 40% increase (for the 492-bp seg-
ment) to 117% increase (for the 204-bp
segment). The increase in the yield is not
dramatic but consistent. Most of the seg-
ments (1422-bp IL-5, 961-bp B-actin,
204-bp pS3, and 338-bp p53) displayed
maximal increase at 50 mm KGM (the
product yield of these segments was 50
mum KCl < 75 and 100 mm KGM < 50 mm
KGM); however, two segments from the
IL-S gene had maximal PCR at 100 mm
KGM. (Note that the 1422-, 961-, 204-,
and 338-bp segments were not checked
for PCR at KCI >50 mwm). This suggests
that there might be a range of concen-
trations at which KGM will have benefi-
cial effect in PCR; therefore, titrations
with KGM should always be performed
for new reactions. KGM at <50 mm was
found to be suboptimal for most PCR.
Data in Table 1 do not indicate a rela-
tionship between segment length and
the stimulatory effect of KGM. The stim-
ulatory effect of glutamate in PCR was
also observed when sodium was used as
the cation (data not shown).

The data presented suggest that for
PCR, glutamate is a better monovalent
anion than the standard concentration

of chloride in PCR. The segments tested
approximate the lengths commonly am-
plified with PCR. The molecular interac-
tions that render glutamate more effi-
cient than chloride in PCR are not clear
at this point. However, the assumption
that glutamate mimics the cellular envi-
ronment more closely than chloride
does™® may have relevance to our find-
ing.

The effect of glutamate on PCR effi-
ciency as demonstrated, although not
dramatic, could have important implica-
tions in at least a few contexts: (1) If the
stimulatory effect of KGM in PCR is
the result of a closer semblance of the
cellular environment, there might be a
reduced rate of misincorporation of nu-
cleotides (this is currently under investi-
gation). It is conceivable, however, that a
higher efficiency could be attained with-
out influencing the fidelity of PCR. A
lower rate of misincorporation could
also be achieved by a stimulated PCR by
performing the process for fewer cycles.
(2) When attempting PCR from a single
molecule or a single-cell or a relatively
impure template, even an incremental
enhancement of PCR efficiency would
be most desirable, (3) Relatively ‘““long-
er” DNA segments might be amenable
for amplification. Finally, it will be inter-
esting to investigate the performance of
other thermophilic polymerases with
KGM in the context of PCR and PCR se-
quencing.
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TABLE 1 Semiquantitation of the Effect of KGM in PCR

Segment Percent yield Concentration
length (gene)? with KGMP of KGM (mm)
1422(IL-5) 152.33 = 20.5(n = 3) S0

291 (IL-5) 143.7 = 7.8(n = 3) 100

492 (IL-5) 140 = 87(n=23) 100

961 (B-actin) 178§(n=1) S0

204 (pS3) 217 (n =1) 50

338 (pS3) 148 (n = 1) 50

After gel electrophoresis the desired DNA bands (at 50 mM KCl) and a band with maximum
ethidium bromide intensity corresponding to KGM at 50 mm (for 1422-, 961-, 204-, and 338-bp
segments) and at 100 mm (for 291- and 492-bp segments) were excised and radioactivity mea-
sured by Cerenkov counting. Radioactivity in the 50 mM KCI lane for each of the segments was
taken as 100. KGM was used at 50, 75, and 100 mu for the 1422-, 961-, 204-, and 338-bp segments.
PCR was carried out as described in the legend to Fig. 1. Values for the 291- and 492-bp segments
were obtained from the experiment in Fig. 1.

*In base pairs.

b(n) Number of experiments.
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