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Recently, the method of detecting and differentiating 
mycobacteria by means of amplification of target DNA 
using the polymerase chain reaction (PCR) has at- 
tracted considerable interest on the part of investiga- 
tors working on the problem of tuberculosis. PCR of- 
fers the possibility of amplifying with high precision 
certain parts of DNA within several hours and of dif- 
ferentiating tuberculosis mycobacteria from atypical spe- 
cies [1-7]. The method of DNA amplification depends 
on the choice of oligonucleotide primers which are 
responsible for the reaction specificity. Sometimes, two 
or more primers have to be synthesized before the 
desirable ones are found, which requires additional time 
and expense. In view of the above we have tried to 
facilitate the creation of a successful method of diag- 
nosing tuberculosis mycobacteria by choosing the ap- 
propriate specific primers flanking the site of the gene 
which encodes the maximally expressed antigen deter- 
minant of the protein of interest. Another crucial as- 
pect of PCR is the preparation of samples. For myco- 
bacteria this procedure incurs special difficulties due to 
the high resistance of the bacteria to the chemicals and 
enzynles routinely used [8]. 

The present study aimed at creating our own di- 
agnostic system based on PCR, at choosing the spe- 
cific primers obtained by means of the approach sug- 
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gested, and at developing an effective method of myco- 
bacterial cell preparation for the amphfication reaction. 

MATERIALS AND METHODS 

The DNA sequence encoding the MbaA protein [9] 
was used for the selection of primers. For this pur- 
pose the protein was analyzed for determining the 
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Fig. 1. Results of PCR amplification with M. bovis BCG in serial 
dilutions. Gel electrophoresis in 2% agarose with I• buffer. 
Number of cells per lane: 1) 107; 2) 106; 3) 105; 4) 104; 5) 103; 
6) 102; 7) 10; 8) 1. 

0007-4888/93/0004-0432512.50 �9 1993 Plenum Publishing Corporation 



L G. )~al'kov 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

a 

b 

Fig. 2. Results of PCR amplification with mycobacteria lysates. 
Gel electrophoresis in 2% agarose with I• buffer. Lane 
numbers correspond as follows: 

a: 1) M. tuberculosis N192; 2) M. tuberculosis N5281; 3) 54. 
tuberculosis dt/st; 4) 34. bovis ell6, 5) M. bovis AN5; 6) M. 
bovis Ravenel; 7) M. bovis Bang; 8) M. bovis 14; 9) M. bovis 
Bov inus -8;  I0,11) M. boris Vallee; 12) M. intracellulare 15769; 
I3) M. intracellulare tk; 14} pBR/Hae III. 

b" I) M, avium Ng; 2) 34, intraceI1utare N12928; 3) 34, kansasff 
N2409; 4) M, fortuitum 342; 5) M, intracellulare N4937; 6) M. 
intracellulare N14773; 7) 34, intracellulare tk; 8) M. scrolulaceum 
N123; 9) 34, intracellulare 16E; 10) 34. intracelIulare N290/52; 
11) M. avium FP; 12) M, avium 14114; 13) 34, bovis BCG (10 ~ 
cells); 14) pBR/Hae III. 

c: 1) M. phlei L2312; 2) M, Iortuitum Rapid; 3) M. avium N2282; 
4) M. smegmatis; 5) M. avium 89; 6) M. intracellutare N12928; 
7) M. intraeellulare N13623; 8) 34. intracelIulare TE; 9) M. 
intracellulare 21E; 10) M. avium N2282; 11) M. triviale; 12) M. 
B - 5 ;  13) DNA of M. boris BCG (I00 pg), 14) pBR/Hae III. 

region with minimal  hydrophoby using "PRASIS TM'' 
software (Pharmacia LKB BiotechnoIogy, Sweden). The 
gene site from 1796 to 2115 bp was taken as the tar- 
get for amplification. This sequence encodes the pro- 
tein region from 407 to 514 amino acid residues with 
hydrophoby index -0.1. The amplification reaction was 
performed with oligonucleotide primers Pr6412 flank- 
ing this protein region and disposed from 1811'to 1830 
bp (upper) and from 2203 to 2222 bp (lower). 

The oligonucleotides were generated with the 
automatic DNA synthesizer Gene Assembler Plus 
(Pharmacia LKB), programmed according to the syn- 
thesis protocol for phosphoamidite chemistry. 
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The following mycobacteria strains were used for 
the experiment: 3 strains of M. tuberculosis, 7 strains 
of M. bovis, and atypical mycobacteria of 4 groups 
in Runyon's classification, among them 6 strains of 
M. avium, 10 strains of M. intracellulare, 2 strains 
of M. fortuitum, and 1 strain each of M. scrofu- 
Iaceum, M. kansasii, M. phlei, M. triviale and 3//. 
B-5. The strains were obtained from the All-Russian 
State Research Control Institute of Veterinarian 
Preparations and the L. A. Tarasevich State Institute 
of the Standardization and Control of Medical and 
Biological Preparations, Moscow. The mycobacteria 
were grown in Lovenstein-Jensen medium at 37~ f o r  
30 days. Preparation of mycobacteria for the ampli- 
fication reaction was carried out as follows: single 
colonies were suspended in TE (10 mM Tris-HC1; 
1 mM EDTA, pH 8.0) up to 108 cells/ml and 1 ml 
of the suspension was placed in a 1.5 ml Eppendoff 
tube. To determine the reaction sensitivity serial di- 
lutions of M. bovis BCG from 107 to 1 cell/ml were 
prepared. The bacteria were pelleted by centrifugation 
and lysed with 0.2 M KOH in the presence of 
Tween 20. The tube was then shaken for 10 rain with 
10-15 gl glass beads (D=0.1 ram), after which 10 gl 
of the neutralizing solution containing 0.3 M KC1, 
0.5 M Tris-HC1, and 40 mM MgC12 (pH 7.3) were 
added and the mixture was boflecl at 95~ for 10 rain. 
For the amplification reaction 5 gl of supematant 
was taken and 10 pM of primers, 50 gM of each 
dNTP, 1 U Thermus aquaticus polymerase (Taq.) 
(Biopol, Russia), sterile deionized distilled water up 
to 50 gl and 50 gl of mineral oil were added. PCR 
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Fig.3. Hybridization of PCR products transferred from gel (Yig.2, 
b, c) to nitrocellulose with digoxygenin--labeled purified product 
of amplification reaction. 
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was carried out in a D N A  thermal cycler (Bio- 
therm'91) using a thermocycle for 45 rounds of am- 
plification. The almealing temperature was 61~ for 
1 min, primer extension occurred at 72~ during 2 
mill, and denaturation was accomplished at 93~ 
during 1.5 rain. After the amplification was com- 
pleted the mineral oil was removed. One fifth of the 
final reaction volume was loaded on top of 2% 
agarose gel and run at 120 V for 1.5 h. Plasmid 
pBR322 restricted with Hae III was used as a mo- 
lecular weight marker. The gels were stained, photo- 
graphed, transferred to nitrocellulose, a n d  probed 
using the purified synthesized product of D N A  M. 
tuberculosis-M, boris as a D N A  probe. Labeling of 
DNA with the digoxygenin labeling kit and hybridi- 
zation were performed according to manufacture pro- 
tocol (Boehringer Mannheim). 

RESULTS 

DNA bands of the expected size (412 bp) were de- 
tected in the agarose gel starting from 100 ceils of 
M. bovis BCG per sample, (Fig. 1). The test for 
primer specificity in the amplification reaction re- 
vealed that all strains of the M. tuberculosis-M, bovis 
complex yielded a bright band (412 bp) and an addi- 
tional weaker band of about 270 bp (Fig. 2, a). 

Of the 23 atypical mycobacteria strains not one 
yielded visible bands in agarose gel after PCR (Fig. 
2, b, c). 

No bands were observed either in D N A - D N A  
hybridization of  the products of amplification of 
atypical mycobacteria transferred to nitrocellulose with 

the product of amplification of M. rubercolosis-M. 
bovis as a DNA-probe. 

Thus, due to the approach used for choosing the 
target for amplification, the specific gene site which 
made it possible to differentiate reliably M. tubercu- 
losis-M, bovis from atypical mycobacteria was iden- 
tified. Such an approach could be useful for the de- 
velopment of new diagnostic systems on the base of 
PCR for a variety of infections. 

Another positive result of our investigation is the 
proposed method for mycobacteria cell destruction, 
which could be successfully used in the practical 
domain, e.g., for the examination of pathological 
material. 
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