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Analysis based on comparisons of 16S rRNA sequences provides a rapid and reliable approach to identifying
human pathogens. By directing oligonucleotide primers at sequences conserved throughout the eubacterial
kingdom, bacterial 16S ribosomal DNA sequences of virtually any member of the eubacterial kingdom can be
amplified by polymerase chain reaction and subsequently analyzed by sequence determination. Indeed,
automated systems for broad-range amplification, sequencing, and data analysis are now feasible and may
form the basis of the next generation of automated microbial identification systems. However, identification of
pathogens by this strategy is hampered by the frequent contamination of reagents used for the amplification
reaction, in particular Taq polymerase, with exogenous bacterial DNA. Here, we describe detailed investiga-
tions on the use of 8-methoxypsoralen and long-wave UV light to eliminate contaminating DNA in polymerase
chain reaction reagents. The clinical utility of the developed procedure was demonstrated in a case of
paucibacillary osteomyelitis, for which no specific bacterial agent had been cultured.

rRNA sequences are an appealing target for detection,
identification, and classification of bacteria (45). Compara-
tive analysis of the 16S rRNA sequences from different
microorganisms revealed stretches of highly conserved pri-
mary structure and others with a considerable amount of
variability. Several investigators have shown that organism-
specific oligonucleotides can be directed successfully at the
variable regions within the 16S rRNA (for examples, see
references 1, 3, 14, 17, 34, 35, and 40). However, even when
labelled with 32p, these probes can detect no fewer than 103
to 104 cells. Oligonucleotide probes directed at rRNA are
therefore not sensitive enough to detect small populations of
bacteria. To improve the sensitivity of rRNA probes, several
investigators have taken the approach of using the poly-
merase chain reaction (PCR) primed with genus- or species-
specific oligonucleotides to amplify a ribosomal DNA
(rDNA) gene fragment (2, 3, 5, 6, 16, 19, 28, 39, 43).

In 1989, we described the use of primers complementary
to conserved sequences within the 16S rRNA to amplify and
subsequently analyze by sequence determination rDNA of
microorganisms (9, 15); other studies using this approach
have since been reported (4, 12, 41, 44). In theory, broad-
range eubacterial primers permit amplification of any bacte-
rial 16S rDNA and offer advantages over more narrowly
specific probes for detecting organisms whose identities are
unknown. Such an approach would be particularly valuable
for detecting unculturable eubacteria of unknown identity in
disease in which there is circumstantial evidence for a
bacterial etiology. However, this approach is hampered by
problems due to contamination. Tiny amounts of PCR prod-
uct carried over from one reaction to the next are a well-
known cause of a false-positive results (23). In the case of
bacterial 16S rDNA, additional contamination problems
exist, as conventional contamination of the reagents by any
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sort of eubacterial DNA represents a serious problem. In
particular, Taq polymerase has been found to be frequently
contaminated with bacterial DNA (10, 29, 37). Obviously,
methods directed at eliminating product carryover (13, 24,
27) are largely ineffective in this instance.
We describe here detailed investigations on the use of

8-methoxypsoralen to inactivate contaminating DNA in re-
agents used for broad-range amplification by PCR. The
elimination of contaminating DNA facilitates definitive anal-
ysis of organisms by broad-range amplification. It is espe-
cially suited for detection and identification of small numbers
of pathogens that are difficult or impossible to culture.

MATERIALS AND METHODS

Nucleic acid preparation. Genomic DNA from Mycobac-
terium tuberculosis H37 cultures was prepared by a ly-
sozyme-proteinase K-sodium dodecyl sulfate procedure as
described recently (6). The concentration of nucleic acids
was determined spectrophotometrically at 260 nm and veri-
fied by judging the relative intensities of bands after electro-
phoresis on 0.8% (wt/vol) agarose gels. For estimation of the
number of bacterial genomes, it was assumed that a single
bacterium contains 5 fg of nucleic acid (6).

Nucleic acids were extracted from a patient's sample after
homogenization. Briefly, the cell pellet was dissolved in
guanidine isothiocyanate lysis solution (8) and transferred to
a 1.5-ml screw-top plastic microcentrifuge tube containing
acid-washed glass beads with a diameter of 100 ,um (Sigma,
Deisenhofen, Germany). An equal volume of buffered phe-
nol-chloroform-isoamyl alcohol (25:24:1, vol/vol/vol) was
added, and the samples were placed for 5 min in a tissue
disintegrator (H. Mickle, Gomshall, Surrey, United King-
dom) at maximal speed to disrupt the cells. After centrifu-
gation in a microcentrifuge for phase separation, the aqueous
phase was transferred to a fresh tube and the organic phase
was reextracted with guanidine isothiocyanate lysis solution.
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TABLE 1. Oligonucleotides used

Oligonucleotide Sequence (5' to 3') 16S rRNAa Strand Melting Reference
position orientation temp ('C)

246 AGA GTT TGA TCC TGG CTC AG 8-28 + 60 6
240 CCG TCA ATT CCT TTG AGT TT 928-908 - 56 15
264 TGC ACA CAG GCC ACA AGG GA 1046-1027 - 64 6
244 CCC ACT GCT GCC TCC CGT AG 361-342 - 68 15

a Corresponding Escherichia coli position.

The combined aqueous phases were reextracted with buff-
ered phenol-chloroform-isoamyl alcohol (25:24:1, vol/voV
vol) and nucleic acids were precipitated with 0.05 volume of
3 M sodium acetate (pH 5.2) and 1 volume of cold isopro-
panol. The pellet was washed twice with cold 70% EtOH
(vol/vol), dried, and resuspended in 50 ,ul of H20. A 1-,ul
aliquot was used for PCR. HeLa cells and a lymph node from
a patient with lymphoma were used as sources of human
control DNA.
PCR amplification. The PCR was performed with a total

volume of 50 pul with 1.25 U of native Taq polymerase
(Perkin-Elmer Cetus, Uberlingen, Germany) in 50 mM
KCl-10 mM Tris-HCl (pH 8.3)-1.5 mM MgCl2-0.01% (wt/
vol) gelatin-200 ,uM each deoxynucleoside triphosphates
(dATP, dCTP, dGTP, and dTT'P)-50 pmol of each of the two
primers. The 45-pul mixture was covered with 50 pl of light
mineral oil (Perkin-Elmer Cetus). DNA was always added
last in a 5-pul volume after or before the complete PCR
mixture was irradiated with UV light.
The thermal profile involved 39 cycles of denaturation at

93°C for 1 min, primer annealing at 56 or 60'C for 2 min, and
extension at 72'C for 2 min. The oligonucleotides used for
amplification are shown in Table 1. Primers 246 and 240
represent broadly reactive eubacterial 16S rDNA primers;
primer 264 is specific for mycobacteria. A combination of
primers 246 and 240 will result in amplification of any
eubacterial 16S rDNA (15), and a combination of primers 246
and 264 will specifically amplify mycobacterial nucleic acids
(6).
8-Methoxypsoralen (Sigma, Munich, Germany) was dis-

solved in dimethyl sulfoxide (DMSO) to result in a stock of
2.5 mg/ml. Appropriate dilutions of 8-methoxypsoralen in
DMSO were prepared to result in a final concentration of 1%
DMSO in the PCR assay, as more than 5% DMSO was found
to inhibit the PCR. The 0.5-ml transparent plastic microcen-
trifuge tubes (Sarstedt; Numbrecht, Germany) were irradi-
ated from the side at a distance of 1 cm with long-wave (366
nm) UV at room temperature by using a conventional UV
hand monitor (Hanau Fluotest; Heraeus, Osterode, Germa-
ny). Pyrogen-free water for injection (Pfrimmer, Erlangen,
Germany) was autoclaved twice and used in all procedures.
The buffers used for PCRs were autoclaved twice, and
plugged pipette tips were used throughout all the proce-
dures.

Hybridization and analysis of amplified samples. Aliquots
of amplified samples (5 pul) were electrophoresed through
0.8% agarose gels, and the DNA was visualized by UV
fluorescence after ethidium bromide staining.
For slot blot analysis, 10-pul aliquots of amplified samples

were denatured by the addition of 100 pul of 0.5 M NaOH-25
mM EDTA, incubated for 30 min at room temperature, and
neutralized with 110 pul of 2 M ammonium acetate. The
samples were loaded into wells of a manifold (Minifold II;
Schleicher & Schuell, Dassel, Germany) fitted with a nitro-

cellulose membrane (BA 85; Schleicher & Schuell) previ-
ously wetted in 10x SSC (1 x SSC is 0.15 M NaCl plus 0.015
M sodium citrate, pH 7.0). Each well was rinsed with 0.4 ml
of 1Ox SSC, and the membranes were heated for 2 h at 80'C.
Hybridization was performed by standard techniques. In
brief, the membranes were rinsed in 6x SSC and prehybrid-
ized in 6x SSC-5x Denhardt solution (lx Denhardt solution
is 0.02% Ficoll, 0.02% polyvinylpyrrolidone, and 0.02%
bovine serum albumin)-0.1% sodium dodecyl sulfate-100 ,ug
of tRNA (Boehringer, Mannheim, Germany) ml-' for 1 to 2
h at 50'C. Hybridization was performed overnight with the
same solution containing 2 x 106 to 1 x 107 cpm of
5'-end-labeled oligonucleotide ml-. The blots were washed
three times for 20 min each at room temperature in 6x SSC
and three times for 20 min each in 6x SSC-0.1% sodium
dodecyl sulfate at the melting temperature, (in degrees
Celsius) of the oligonucleotide. The blots were exposed to
XAR-5 films (Eastman Kodak Co., Rochester, N.Y.) in
cassettes containing an amplifying screen for various lengths
of time at -70'C.
The oligonucleotide probe was labeled in 15 pul of 50 mM

Tris (pH 7.6)-10 mM MgCl2-5 mM dithiothreitol-0.1 mM
spermidine-0.1 mM EDTA with 8 pmol of synthetic oligo-
nucleotide, 100 ,uCi of [-y-32P]ATP (specific activity, >5,000
Ci/mmol; Amersham, Braunschweig, Germany), and 10 U of
T4 polynucleotide kinase (New England BioLabs, Schwal-
bach, Germany) by incubation for 1 h at 37°C. The kinase
was inactivated by incubation for 10 min at 75'C, the
nucleotides were extracted by phenol, and the labeled oligo-
nucleotide was purified and separated from residual
[y-32P]ATP with push columns (Stratagene, Heidelberg,
Germany). The resulting specific activity of the labeled
oligonucleotide was 2 x 108 cpm/,ug.

Direct sequence determination of amplified gene frag-
ments was performed by using biotinylated primer 246 in
PCR and magnetic beads coated with streptavidin (Dyna-
bead; Dynal, Hamburg, Germany) as described previously
(20).

RESULTS AND DISCUSSION

Contamination of PCR reagents with exogenous bacterial
DNA represents a serious problem for amplification of
eubacterial 16S rDNA sequences with broad-range eubacte-
rial 16S rDNA primers. It was through the use of such
broad-range primers that it was found that Taq polymerase is
frequently contaminated with bacterial DNA (10, 29, 37). We
and others (37) have been unable to eliminate or reduce the
apparent contamination by using previously described pro-
cedures (21, 36). Indeed, it was found that the recommended
treatments frequently damage Taq polymerase (26).

Psoralens are known to intercalate into double-stranded
nucleic acids and form a covalent interstrand cross-link after
photoactivation with light at 320 to 400 nm. Jinno and
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FlU. 1. Effect of 8-methoxypsoralen on the amplification reac-
tion. Bacterial nucleic acids (2.5 pg) were added to reaction mixtures
1 to 10. Primer 246 and reverse primer 240 were used for amplifica-
tion and to direct the synthesis of a 920-bp fragment. In addition, 1%
DMSO was added to reaction mixtures 3 and 4; 50 jLg of 8-meth-
oxypsoralen per ml was added to reaction mixtures 5 and 6; 25 p.g of
8-methoxypsoralen per ml was added to reaction mixtures 7 and 8;
and 12.5 pug of 8-methoxypsoralen per ml was added to reaction
mixtures 9 and 10. Amplification products were resolved by elec-
trophoresis in 0.8% agarose gels. The molecular mass marker is the
1-kb ladder (GIBCO-BRL, Eggenstein, Germany).

coworkers originally suggested the use of 8-methoxypsor-
alen to extinguish the template activity of contaminating
DNAs (21). The recommended concentrations of 8-methox-
ypsoralen (100 ,ug/ml) and irradiation with long-wave (365
nm) UV light for 1 h, however, were detrimental to the Taq
polymerase and/or the target DNA to be amplified (Fig. 1
and 2). Here, we report our detailed investigations of the use
of 8-methoxypsoralen to eliminate DNA contamination of
PCR reagents and characterize several effects of a combined
8-methoxypsoralen-UV treatment on DNA template and
Taq polymerase activity.
To determine whether 8-methoxypsoralen itself without

UV treatment affects the amplification reaction, 8-methox-
ypsoralen at different concentrations was added to the PCR
mixture prior to the addition of 2.5 pg of target DNA
(corresponding to 500 bacterial genomes). As can be seen in
Fig. 1, lanes 5 and 6, 8-methoxypsoralen at a concentration
of 50 ,ug/ml severely inhibits amplification of the target
DNA, indicating that this concentration of 8-methoxypso-
ralen is detrimental to the amplification reaction. As 8-meth-
oxypsoralen at 25 ,ug/ml (Fig. 1, lanes 7 and 8) did not
interfere with the amplification of target DNA, this concen-
tration was chosen for further experiments.
Next, we optimized the time of UV treatment. As can be

seen in Fig. 2A and B (lanes 1 and 2), 8-methoxypsoralen at
a concentration of 25 ,ug/ml without prior UV treatment does
not affect amplification of contaminating DNA with broad-
range 16S rRNA primers. Note that PCRs in Fig. 2A and B
were performed without adding target DNA. Irradiating the
8-methoxypsoralen-containing reaction mixtures for 3, 4, 5,
and 10 min (Fig. 2A and B, lanes 7 to 14) eliminated
amplification of the contaminating DNAs. The effect of
combined 8-methoxypsoralen and long-wave UV treatment
on the activity of Taq polymerase was measured by adding
500 target DNA molecules to the reaction mixture after UV
treatment. Figure 2C and D illustrate that UV treatment in
excess of 5 min is detrimental to the enzyme. From these
experiments, we conclude that 8-methoxypsoralen at a con-
centration of 25 ,ug/ml in combination with long-wave UV
treatment for 3 to 5 min clearly eliminates contaminating
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FIG. 2. Effect of UV treatment on the amplification reaction.
Primer 246 and reverse primer 240 were used for amplification, and
8-methoxypsoralen was added at a final concentration of 25 ,ug/ml.
(A) Reaction without added template DNA. Lanes: 1 and 2, no UV
treatment; 3 and 4, UV treatment for 1 min; 5 and 6, UV treatment
for 2 min; 7 and 8, UV treatment for 3 min; 9 and 10, UV treatment
for 4 min; 11 and 12, UV treatment for 5 min; 13 and 14, UV
treatment for 10 min. (B) Slot blot analysis of panel A with the
internal broad-range oligonucleotide 244 (15) as a probe. (C) Bacte-
rial nucleic acids (2.5 pg) were added to the amplification reaction
mixture after UV treatment. Lanes same as for panel A. (D) Slot
blot analysis of panel C with the above-described oligonucleotide as
a probe.

DNAs in PCR reagents without significantly affecting the
activity of Taq polymerase. 8-Methoxypsoralen, DMSO
(Fig. 1, lanes 3 and 4), or 3 to 5 min of UV treatment alone
had no effect on the template activity of the contaminating
DNA, nor did DMSO plus 8-methoxypsoralen without UV
treatment (Fig. 2, lanes 1 and 2) or DMSO plus 3 to 5 min of
UV treatment (data not shown), indicating that elimination
of contaminating DNA is a specific effect of combined
8-methoxypsoralen-UV treatment.
The effect of combined 8-methoxypsoralen-UV treatment

on the activity of Taq polymerase was investigated in more
detail. For this purpose, different amounts of mycobacterial
nucleic acids (equivalent to 200, 20, 7, and 2 bacterial
genomes) were added as target for amplification after irradi-
ating the PCR mixtures. A primer combination (246-264)
which would specifically amplify the input mycobacterial
16S rDNA was chosen (6). Performing PCR without adding
mycobacterial DNA does not result in an amplified gene
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FIG. 3. Effect of 8-methoxypsoralen-UV treatment on the sensi-
tivity of the amplification reaction. Primer 246 and reverse primer
264 were used for specific amplification of mycobacterial 16S rDNA
and to direct the synthesis of a 1,020-bp fragment. Mycobacterial
DNA corresponding to the indicated amounts of bacterial genomes
was added after UV treatment. (A) Lanes: 1 to 5, no 8-methoxy-
psoralen, no UV treatment; 6 to 13, 25 p.g of 8-methoxypsoralen per
ml and 3 min ofUV treatment; 14 to 21, 25 ,ug of 8-methoxypsoralen
per ml and 4 min of UV treatment; 22 to 29, 25 ,ug of 8-methoxy-
psoralen per ml and 5 min of UV treatment. Lanes: 1, 6, 7, 14, 15,
22, and 23, 200 genomes; 2, 8, 9, 16, 17, 24, and 25, 20 genomes; 3,
10, 11, 18, 19, 26, and 27, 7 genomes; 4, 12, 13, 20, 21, 28, and 29,
2 genomes. Lane 5 is the negative control reaction with no myco-
bacterial DNA added. (B) Slot blot analysis of panel A using the
same oligonucleotide as in Fig. 2.

#tS I

fragment with this primer combination (Fig. 3A and B, lane
5). By comparing the results of control amplification reac-

tions without added 8-methoxypsoralen and UV treatment
(Fig. 3A and B, lanes 1 to 4) with the results of reactions with
8-methoxypsoralen at 25 ,ug/ml and UV light for 3 min (Fig.
3A and B, lanes 6 to 13), 4 min (Fig. 3A and Fig. 3B, lanes
14 to 21), and 5 min (Fig. 3A and Fig. 3B, lanes 22 to 29), the
effects of the decontamination procedure on Taq polymerase
activity can be determined. With untreated PCR mixtures,
the assay is able to detect two mycobacterial genomes (Fig.
3, lanes 4). As can be seen in Fig. 3, Taq polymerase exhibits
sensitivity to UV proportionally to the time used for irradi-
ation. While a 5-min UV treatment resulted in a 10-fold
reduction in the amount of target molecules detected, a 3- to
4-min exposure only marginally affected the sensitivity, by a

factor of 2 to 3.
The quantitative reduction of contaminating DNA was

assessed in a model system. For this purpose, different
amounts of mycobacterial nucleic acids (equivalent to 107,
106, 105, 104, and 103 bacterial genomes) were added to a

PCR mixture prior to UV treatment with the mycobacteri-
um-specific primer combination 246-264. To control for
amplification efficiency, the same amount of target DNA was

added to another set of tubes after UV treatment (compare
Fig. 4A and B) as well as to PCR mixtures without UV
treatment (Fig. 4A and B, lanes 4, 8, 12, 16, and 20). The
results in Fig. 4B and C demonstrate that a 5-min combined
8-methoxypsoralen-UV treatment eliminates template activ-
ity of 1 x 104 target DNA molecules and that a 3- to 4-min
treatment eliminates 1 x 103 target DNA molecules. As the
activity of Taq polymerase and the capability to destroy a

given number of target DNA molecules appear to show an

inverse correlation in this procedure, we have chosen 4 min
as the optimal time for UV treatment for elimination of
contaminating DNA (Fig. 2A, lanes 9 and 10) because this

I I

FIG. 4. Determination of the amounts of target DNA that can be
eliminated by combined 8-methoxypsoralen-UV treatment. Ampli-
fication was performed with primer 246 and reverse primer 264.
8-Methoxypsoralen was present at a final concentration of 25 ,ug/ml.
(A) The indicated amounts of mycobacterial genomes were added
after UV treatment. (B) The indicated amounts of mycobacterial
DNA were added before UV treatment. Lanes: 1 to 4, 1 x 107
genomes; 5 to 8, 1 x 106 genomes; 9 to 12, 1 x 105 genomes; 13 to
16, 1 x 104 genomes; 17 to 20, 1 x 103 genomes. Lanes: 1, 5, 9, 13,
and 17, 3 min of UV treatment; 2, 6, 10, 14, and 18, 4 min of UV
treatment; 3, 7, 11, 15, and 19, 5 min of UV treatment; 4, 8, 12, 16,
and 20, no UV treatment. (C). Slot blot analysis of lanes 9 to 20 from
panel B with the oligonucleotide described in the legend to Fig. 2.

treatment simultaneously affects Taq polymerase activity
only minimally (Fig. 3A and B).
To demonstrate that contamination of Taq polymerase

with bacterial DNA is not limited to a specific producer,
different preparations of Taq polymerase, including recom-

binant Taq polymerase and "low-DNA" Taq polymerase,
which was generously provided by Roche Molecular Sys-
tems, Alameda, Calif., were investigated. All enzymes were

found to be contaminated with bacterial DNA, with low-
DNA Taq polymerase being quantitatively the least contam-
inated enzyme (data not shown).
The method of elimination of contaminating DNA within

PCR reagents was applied to a case of osteomyelitis, the
clinical details of which will be reported elsewhere (18).
Smears from the patient's lesions sporadically showed iso-

lated structures resembling acid-fast microorganisms, but

repeated attempts to culture the pathogen failed. Nucleic

acids were extracted from a lesion, and amplification was

performed with a broad-range primer combination (246-240)

A

B

C
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FIG. 5. Clinical application of 8-methoxypsoralen-UV steriliza-
tion. For lanes 1 to 7, amplification was performed with primers 246
and 240. Lanes: 1, no input DNA, no 8-methoxypsoralen-UV
treatment; 2, 5 pg of mycobacterial DNA, no 8-methoxypsora-
len-UV treatment; 3, no input DNA, 25 Stg of 8-methoxypsoralen
per ml, 4 min ofUV treatment; 4, 5 pg of mycobacterial DNA, 25 ,ug
of 8-methoxypsoralen per ml, 4 min of UV treatment; 5, nucleic
acids from the patient's sample, 25 ,ug of 8-methoxypsoralen per ml,
4 min of UV treatment; 6, 400 ng of human DNA, 25 ,ug of
8-methoxypsoralen per ml, 4 min of UV treatment; 7, nucleic acids
extracted from a lymph node, 25 ,ug of 8-methoxypsoralen per ml, 4
min of UV treatment. For lanes 8 to 10, amplification was performed
with primers 246 and 264, without 8-methoxypsoralen-UV treat-
ment. Lanes: 8, negative control, no input DNA; 9, positive control
with 5 pg of mycobacterial DNA; 10, nucleic acids from the patient's
sample.

(Fig. 5). As expected, performing PCRs without pretreat-
ment and with a broad-range primer combination resulted in
an amplified gene fragment even without the addition of
extraneous DNA (lane 1), reflecting the contamination of
Taq polymerase with bacterial DNA. Treatment with
8-methoxypsoralen and UV completely eliminated contami-
nating DNA (lane 3). Using human DNA as a template does
not result in specific amplification products with this primer
combination (lane 6 and 7). DNA extracted from the pa-

129

tient's lesion was added to a PCR mixture containing 8-meth-
oxypsoralen at 25 ,ug/ml and treated previously for 4 min
with UV (lane 5). The amplified fragment of 920 bp from lane
5 was gel purified and sequenced directly (20, 32). Sequence
analysis revealed the presence of regions specific for myco-
bacteria at the genus level (6) as well as the characteristic
signature sequence ofMycobactenum ulcerans (Fig. 6). This
result was corroborated by sequence analysis with a primer
combination specific for mycobacteria (lanes 8 to 10).

Convenient primer sites located at the extreme 5' end and
the extreme 3' end and interspersed within the 16S rRNA
molecule that are highly conserved among the phylogenetic
group referred to as eubacteria (45), but that are not found in
eucaryotes, archaebacteria, or mitochondria, have been
described (4, 9, 12, 15, 44). These primers allow the selective
amplification of rDNA gene fragments of unknown, eubac-
terial microorganisms even in the presence of nucleic acids
from other types of organisms (Fig. 5). Diagnostic amplifi-
cation with such highly conserved regions as primer target
sites permitting amplification of any bacterial 16S rDNA for
detection of bacterial pathogens necessitates reagents that
are not contaminated with bacterial DNA. In addition, the
tissues chosen for investigation should not be contaminated
with indigenous bacterial flora, e.g., from skin or intestinal
lumen. The presence of contaminating DNA within PCR
reagents, especially Taq polymerase, has so far limited the
broad-range eubacterial primer approach to samples which
show a large number of the microorganism of interest (30,
31, 42). Samples which are clearly positive by microscopy
indicate the presence of at least 104 to 105 target organisms
per ml. As commercially available lots of Taq polymerase
have been estimated to be contaminated with approximately
100 genome equivalents of bacterial DNA per unit of enzyme
(29), the excess of target DNA over contaminating DNA will
ensure that the target DNA will preferably be amplified. The
availability of such samples has allowed the identification of
the agent of bacillary angiomatosis (30) and Whipple's dis-
ease (31, 42). In infections with small numbers of bacteria,
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FIG. 6. Sequence analysis of the amplified bacterial 16S rDNA gene with nucleic acids extracted from the patient's lesion. Shown is a
comparison of the amplified sequence with selected mycobacterial 16S rDNA sequences (7, 22, 33, 38). The region depicted represents the
hypervariable region within the 16S rRNA molecule which exhibits species specificity for mycobacteria (32). M. tuberculosis (M. tb. complex)
is used as the reference sequence, nucleotides different from those of M. tuberculosis are indicated, and bars indicate deletions. The numbers
indicate the respective E. coli 16S rRNA positions. For reasons of space limitation, only selected stretches of 16S rDNA sequences are
shown.
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however, we have found that contamination of PCR reagents
with eubacterial DNA prohibits this approach. To identify a
previously unknown and uncultured pathogen causing dis-
seminated infection in patients with AIDS, it was necessary
to use more specific primers to avoid problems with contam-
ination, as these primers will restrict amplification to the
genera of interest (11, 25).

In the present study, we have successfully eliminated
contaminating DNA within PCR reagents. As a demonstra-
tion of this procedure, we have amplified a 16S rRNA
sequence identical to that of M. ulcerans from a case of
paucibacillary osteomyelitis, for which no specific pathogen
had been cultured. The method of decontamination de-
scribed herein facilitates the broad-range eubacterial primer
approach for identification of bacterial pathogens that infect
humans, a strategy that is particularly suited for identifica-
tion of pathogens that cannot be cultured and otherwise
remain elusive. It may allow the use of this technique in
infections in which only small numbers of target organisms
are present.
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