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Various body fluids contain agents that
inhibit the PCR. Such fluids include
urine, 2 serum, > feces,®”’ amniotic
fluid,® and cerebrospinal fluid.® When
detection or quantification of microbial
genomes from clinical specimens is de-
sired, the presence of PCR inhibitory fac-
tors potentially leads to false-negative re-
sults or underestimations, respectively.

We have been engaged in PCR detec-
tion and quantification of the Epstein—
Barr virus (EBV) genome in oral fluids.
Preliminary attempts to demonstrate vi-
ral DNA in whole mouth fluid (WMF)
and parotid saliva (PS) from study sub-
jects resulted in poor positivity yields.
This was despite having established PCR
conditions for the sensitive detection of
EBV derived from cell culture and of
plasmids that contain subgenomic EBV
inserts. These results were surprising in
view of previous reports that the virus
could be isolated from saliva at high
rates by the lymphocyte transformation
assay.®'? We therefore investigated the
possibility that saliva might also contain
PCR inhibitory factors. We demonstrate
here that saliva potently inhibits PCR
and describe a simple procedure to elim-
inate this effect.

MATERIALS AND METHODS

WMF was collected from 10 healthy hu-
man subjects after mechanical stimula-
tion by the chewing of sterile rubber
bands. PS was obtained by applying a
Lashley cup to Stensens’ duct; stimula-
tion was achieved by placing citric acid
crystals on the tongue at ~30-sec inter-
vals. WMF collection preceded PS collec-
tion. WMF was clarified, passed through
5.0-pm Acrodisc filters, aliquoted, and
stored at —70°C until use. PS samples
were passed through 0.45-um filters, si-
miliarly aliquoted, and frozen.

Plasmid pBR322 containing the non-
reiterated BamHI K fragment of the
B95-8 strain of EBV'D was used as the
principal source of DNA template for
PCR. Oligonucleotide PCR primers and
probe used, respectively, for the amplifi-
cation and detection of the BamHI K re-
gion of EBV were synthesized in an Ap-
plied Biosystems 380B synthesizer; the
sequences of these oligomers have been
reported previously.!? PCR was per-
formed in a Perkin-Elmer Cetus PCR
DNA thermal cycler. Thirty-five cycles
were performed per run. Cycling condi-
tions were as follows: denaturation at
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94°C for |1 min; annealing at 50°C for 40
sec; and extension at 72°C for 1 min.

WMF and PS samples, individually
spiked with plasmid DNA, underwent
each of the following DNA extraction
procedures: Geneclean II (Stratech Scien-
tific, Luton, UK); Magic DNA Clean-up
System (Promega, Madison, WI); Sepha-
dex G-50 chromatography; phenol-chlo-
roform; guanidinium thiocycanate/silica
with or without proteinase K pretreat-
ment; microwaving; boiling for 5 min;
and Chelex-100. The Geneclean and Ma-
giprep methods were performed accord-
ing to manufacturers’ instructions. G-50
chromatography was performed as de-
scribed by de Franchis et al.*® Extrac-
tion with phenol-chloroform was per-
formed as follows: Each 100-pl WMF or
PS sample was vortexed with an equal
volume of 25:24:1 phenol/chloroform/
isoamyl alcohol and spun briefly; the
process was repeated following recovery
of the aqueous phase. This was then vor-
texed with an equal volume of 24:1 chlo-
roform/isoamyl alcohol, spun, aspirated,
and precipitated with 3 M sodium acetate
(pH 5.2) and ethanol. The precipitate
was washed in 70% ethanol, air-dried,
and suspended in 20 pl of ultrapure wa-
ter. The guanidinium thiocyanate/silica
extraction method essentially followed
that of Boom et al."* Where treatment
with SDS and proteinase K was required
prior to extraction, a later modification
of the Boom protocol'® was followed.
Microwaving'® was performed as fol-
lows: 0.5-ml polypropylene tubes each
containing 100 pl of sample were radi-
ally arranged around the center of the
glass dish of a Toshiba ER-7820 micro-
wave oven with lids facing outward;
tubes were heated on full power for 2
min. To extract DNA using the Chelex-
100, 100 ul of sample in a 500-pl micro-
centrifuge tube was mixed with 20 pl of
25% (wt/vol) Chelex-100 (Bio-Rad Labo-
ratories, Richmond, CA) in sterile water,
vortexed, incubated at 56°C for 30 min,
vortexed, heated at 95°C for 3 min, vor-
texed, spun in a microcentrifuge for 3
min, and the supernate aspirated for
PCR.

Each PCR mixture consisted of 30 pl
of extracted DNA, 20 pmoles of each
primer pair, 0.3 units of Tag polymerase
(Bioline, London, UK), and 0.4 nwm
dNTPS in a mixture consisting of 50 mm
KCl, 1 mm MgCl,, 10 mm Tris-HCl (pH
8.5), 0.01% (wt/vol) gelatin, 0.5% Tween
20, and 0.1% Triton X-100 in a total vol-

PCR Methods and Applications 365


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cshlp.org on June 24, 2026 . Published by Cold Spring Harbor Laboratory Press

Technical TipsIH T N R N N

ume of 50 pl. After amplification, prod-
ucts were submitted to agarose gel elec-
trophoresis, stained with ethidium
bromide, and visualized by UV illumina-
tion.

RESULTS

Thirty microliters of WMF samples from
10 subjects each containing 3x10° cop-
ies of plasmid were subjected to PCR.
The following extraction protocols were
uniformly unsuccessful in reversing the
PCR inhibitory effect: Geneclean, Magic,
Sephadex G-50 chromatography, and
phenol-chloroform. Microwaving and
boiling were more successful in revers-
ing the inhibition in WMF, as most sam-
ples yielded positive results after treat-

Boiling

ment with either method (Fig. 1, top). A
further study of one WMF sample
showed that prolonged boiling of WMF
totally removed the inhibition (Fig. 2),
as could extended microwaving (data
not shown). The guanidinium thiocy-
anate procedure was less successful than
the heating methods (Fig. 1, bottom).
Proteinase K pretreatment before guani-
dinium extraction did not improve upon
the outcome (not shown). In contrast,
treatment of WMF samples with Chelex-
100 resulted in positive reactions in all
samples (Fig. 1, bottom).

Thirty microliters of PS samples was
similarly mixed with 3x10° copies of
template DNA. Procedures that were suc-
cessful in removing inhibitors in WMF,
including heat-treatment methods (boil-

ing for 5 min and microwaving for 2
min), failed to result in amplification of
template in PS (data not shown). Fur-
thermore, prolonged boiling was not
able to overcome inhibition (Fig. 2). Ex-
traction of PS samples with Chelex-100
did not lead to positive PCR reactions,
even though the PCR procedure itself
could demonstrably amplify from 10 to
100 copies of template DNA (Fig. 3).
Hence, PS exhibited an inhibitory effect
that was more resistant than WMF to re-
moval.

Inhibition in PS could nonetheless be
overcome. Repeated extractions with
Chelex-100 improved the yields, and
four sequential extractions totally re-
moved inhibition (data not shown).
Quenching of inhibition was also
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FIGURE 1 Comparison of methods to reduce PCR inhibition in WMF samples. Ten samples, designated a—j, each containing 107 copies/ml of the
EBV BamHI K insert in pBR322, were subjected to four separate procedures as indicated. (GuSCN) Guanidinium thiocyanate. (+) Positive plasmid
control; (—) negative water control. Amplicons hybridize to an oligonucleotide probe specific to the PCR template (data not shown). Arrowheads
indicate the expected banding position of the amplified product in relation to molecular weight markers.
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FIGURE 2 Effect of prolonged boiling on the removal of PCR inhibition in WMF and PS of a single individual. Durations of boiling are as indicated.
+, —, and arrowhead bear the same significance as in Fig. 1.

achieved with a single extraction using
four times the quantity of Chelex em-
ployed previously in sequential extrac-
tions (data not shown).

DISCUSSION

Previous studies on the PCR detection of
microbial genomes in saliva®’-2® have
generally not validated detection data
against those produced by other detec-
tion methods that were of equivalent
sensitivity. The inhibitory property of sa-
liva could not therefore be suspected or
revealed. One study did evaluate the per-
formance of PCR against virus isolation
for the detection of cytomegalovirus in

Water

saliva,'®® and it reported that a propor-
tion of samples was PCR negative but
isolation positive; this discordance was
attributed to the possible presence of in-
terfering substances in the saliva. In this
study we provide evidence that WMF
and, in particular, PS exert a potent in-
hibitory effect on PCR. Inhibition in
these body fluids could be demonstrated
even when they contained 107 copies/ml
of template DNA.

The inhibitory factors are probably
constituents of salivary gland secretions.
The lesser degree of inhibition in WMF
compared with PS (Fig. 2) is probably the
result of dilution by other oral secre-
tions, for example, crevicular fluid or
pharyngeal secretions.

plasmid copies |
per 30ul
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The chemical nature of the inhibitors
remains to be characterized. By infer-
ence, they are unlikely to be proteins,
because of their relative heat resistance
and the observation that extraction pro-
cedures based on phenol-chloroform or
proteinase K did not prevent inhibition.
The persistence of inhibition after pro-
cessing with gel matrices or ion-ex-
change resins suggests that low-molecu-
lar-weight ionic moieties are also not
inhibitors. Polysaccharides are possible
candidates. In this regard, the known ac-
tivity of Chelex-100 in reversing the PCR
inhibitory effect of heparin,*® an an-
ionic polysaccharide, is of interest.

This study shows that PCR inhibition
by WMF can be consistently quenched

PS samples e
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FIGURE 3 Potency of inhibition in PS samples. (Left) Amplification of 10-fold dilutions of template DNA in water. (Right) Amplification of PS
samples from 10 individuals (a—j), each containing 107 copies/ml of template DNA after extraction with Chelex-100.
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by prolonged heating and by Chelex-100
extraction, whereas the inhibitory effect
in PS can only be removed by Chelex
treatment. The choice of a procedure ap-
plicable to both WMF and PS is therefore
reduced to one based on Chelex-100, but
it has to take into account the require-
ment for PS samples to be sequentially
extracted or loaded with a greater quan-
tity of Chelex-100. It is proposed that to
each 100 pl of WMF or PS sample, 25%
(wt/vol) Chelex-100 is added at a volume
of 20 or 80 ul, respectively; subsequent
steps are then performed as detailed pre-
viously (see above). This procedure,
moreover, reduces the risk of cross-con-
tamination in two ways: It curtails the
generation of aerosols (as may occur fol-
lowing intense heating) and limits the
number of handling and pipetting steps
(as would be required in other extraction
protocols).
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