
Benchmarks 

D N A from the agarose gel, thus speed
ing up the procedure. 

The products of 25-^iL or 50-^iL 
PCRs are run on a 2% low melting 
point agarose gel in Tris-acetate (TA) 
buffer, the resulting bands excised and 
either stored at -20°C or used immedi
ately. These agarose slices are placed in 
microcentrifuge tubes and 2 juL 5% 
Nonidet® P-40, 3 | i L Sequenase® Ver
sion 2.0 buffer (United States Bio
chemical, Cleveland, OH, USA), 1 ^iL 
formamide and 1 | i L 10 j i M sequencing 
primer are added. The tubes are put in a 
boiling water bath for 5 min and then 
snap frozen in a -80°C absolute ethanol 
bath. The tubes are then centrifuged at 
10000 rpm for 10 min at a temperature 
of 5°C. Twelve microliters of the re
sulting supernatant are then used in a 
modified Sequenase chain termination 
reaction (Figure 1). 

This procedure produces rapid re
sults with various PCR products and 
has been invaluable for sequencing 
very small fragments generated during 
ancient D N A investigations. Continu
ous sequences of up to 300 bp are pro
duced regularly using mtDNA primers 
in the cytochrome b and 12S R N A 
small subunit regions. Primers for a 
low copy number human repetitive ele
ment have also been used with success. 
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PCR-Based Detection of 
Mycobacteria in Sputum 
Samples Using a Simple 
and Reliable DNA 
Extraction Protocol 

Detecting pathogenic mycobacteria 
in clinical samples by conventional 
methods, such as microscopy or cul
ture, are either low in sensitivity and 
specifity or time-consuming. The poly
merase chain reaction (PCR) has re
cently been investigated for detecting 
Mycobacterium tuberculosis and ap
pears to have significant diagnostic po
tential (8). One of the remaining issues 
regarding the use of this technique is 
the extraction of D N A from clinical 
material prior to performing the PCR. 
Several procedures to release D N A 
from these acid-fast bacteria have been 
reported (2,3,5,6). Nevertheless, there 
is no extraction method available that is 
simple and reliable enough to allow its 
application in routine clinical practice 
(9). 

Here we present a rapid freeze-thaw 
protocol for efficient extraction of my
cobacterial nucleic acids as template 
molecules for a subsequent PCR. Spu
tum specimens were decontaminated 
by the standard iV-acetyl-L-cysteine so
dium hydroxide procedure, centrifuged 
at 10000X g for 5 min, and the pellet 

was subsequently suspended in 50 \iL 
of extraction buffer (1% Triton® X -
100, 0.5% Tween® 20, 10 m M Tris-
HC1, pH 8.0 and 1 m M EDTA). In 
screw-capped microcentrifuge tubes, 
the turbid suspension was subjected to 
five cycles of 3-min freezing in liquid 
nitrogen and 1 -min heating in a boiling 
water bath. After that treatment, the 
rigid and lipopolysaccharide-rich my
cobacterial cell wall was disrupted and, 
following a short centrifugation step, 
the released genomic D N A from the su
pernatant could be reliably used for 
amplification. We found that freezing 
in liquid nitrogen is crucial for this pro
cedure and this supports the hypothesis 
that lipid acids are cracked by a rapid 
temperature range of approximately 
270°C. 

The sensitivity of our procedure was 
determined by performing PCR on se
rial dilutions of Mycobacterium avium 
liquid culture with known concentra
tion in mycobacteria-negative sputum. 
Using PCR primers according to Bod-
dinghaus et al. (1) and following a 
standard 40-cycle PCR protocol, we 
were able to detect as few as ten organ
isms. In agreement with the results of 
Buck et al. (3), the use of acetone/dry-
ice instead of liquid nitrogen through
out our D N A extraction protocol results 
in a remarkably lower efficiency since 
only 103 organisms were detectable 
this way. 

Additionally, PCR was capable of 

Figure 1. Analysis of PCR products after amplification of mycobacterial DNA prepared by the 
modified freeze-thaw protocol (1% agarose gel). Sputum specimens containing M. tuberculosis show 
the 439-bp band (lanes 1-13). Lane 14 represents a mycobacteria-negative sputum. Lane 15 represents 
a positive control, containing the amplified product from a pure culture of M. tuberculosis. Lane M 
contains a D N A marker (DNA molecular weight marker VIII; Boehringer Mannheim GmbH, 
Mannheim, FRG). 
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Hal 
letecting M. tuberculosis in sputum 
samples, which were positive by smear 
ind culture, from 52 out of 52 patients 
vvith clinically suspected tuberculosis. 
For 15 smear- and culture-negative 
cases without suspected tuberculosis, 
PCR led to negative results. Amplifica
tion products were characterized both 
by length (Figure 1) and sequence. Us
ing PCR primers annealing to a well-
conserved sequence flanking a hyper-
variable region in the 16S rRNA gene 
of mycobacteria even enabled us to dis
tinguish between different mycobac
terial species by direct determination of 
the nucleotide sequence of the amplifi
cation products (6). 

However, in the field of clinical di
agnosis, the use of appropriate internal 
controls is recommended since samples 
may contain potent DNA-polymerase 
inhibitors such as heparin or hemoglo
bin, which can give rise to false nega
tive results (4). 

As incidence of mycobacterial in
fections is increasing over the past dec
ade and the reliability of the PCR-
based detection of M. tuberculosis has 
been questioned (9), there is a great 
need to improve the present methodol
ogy. This simple and efficient DNA-ex-
traction protocol offers significant ad
vantages over the current procedures of 
sample treatment. It is performed 
within 30 min, avoids enzymatic steps 
and the use of phenol/chloroform, pre
vents any cross-contamination and, 
apart from the access to liquid nitrogen, 
no special equipment is needed. In ad
dition, this protocol may be adapted to 
organisms other than mycobacteria. 
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