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A multiplex PCR-based assay that targets IS6110 and the mtp40 gene was evaluated for the rapid differen-
tiation of Mycobacterium bovis and M. tuberculosis, two of the causative agents of tuberculosis. The IS6110 target
is present in both species, whereas the m¢p40 gene was thought to be specific for M. tuberculosis (P. Del Portillo,
L. A. Murillo, and M. E. Patarroyo, J. Clin. Microbiol. 29:2163-2168, 1991). However, the mtp-40 gene is not
present in all M. tuberculosis strains and, hence, is not useful for differentiating M. tuberculosis and M. bovis.

Although Mycobacterium tuberculosis causes the vast major-
ity of cases of tuberculosis in the United States, the contribu-
tions of M. bovis and M. africanum infections to the tubercu-
losis burden of the United States have not been well
characterized because in most diagnostic laboratories, the bio-
chemical tests necessary to separate these three closely related
species are not performed (4). A rapid method of differenti-
ating M. tuberculosis and M. bovis would be helpful clinically
because of the intrinsic resistance of M. bovis to pyrazinamide
and epidemiologically because risk factors for M. bovis infec-
tions may be different from those for M. tuberculosis infections
4).
In 1991, Parra et al. (10) isolated and characterized a gene,
designated mip40, that appeared to be present in M. tubercu-
losis strains and absent in M. bovis strains. This gene encodes
a 13,800-Da protein and was isolated by screening an M. fu-
berculosis recombinant DNA library with a rabbit polyclonal
antiserum against M. tuberculosis proteins. Southern hybridiza-
tion studies and PCR amplifications with two M. tuberculosis
strains (H37Rv and H37Ra), one M. bovis strain, one M. bovis
bacillus Calmette-Guérin (BCG) strain, and single strains of
nine other Mycobacterium species revealed that the mip40 gene
is present only in the two M. tuberculosis strains. On the basis
of these results, Del Portillo et al. (5) proposed that PCR
amplification of m#p40 could be a diagnostic tool for detecting
M. tuberculosis infections and for differentiating them from M.
bovis infections. While our studies were in progress, Del Por-
tillo et al. reported using a multiprimer PCR system which
simultaneously targets the mp40, 1S6110, and 32-kDa antigen
genes of M. tuberculosis to differentiate mycobacterial species
(6). With a limited number of isolates (e.g., nine of M. tuber-
culosis), the technique allowed discrimination of M. tuberculo-
sis, M. bovis, and other, nontuberculous mycobacteria.

Building on early published studies (5, 10), we also designed
and evaluated a multiplex PCR-based assay targeting mp40
and IS6110 to differentiate M. tuberculosis and M. bovis. The
amplification of IS6110, an insertion sequence that is found in
essentially all members of the M. tuberculosis complex (M.
tuberculosis, M. bovis, and M. africanum) (12), serves as an
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internal amplification control and indicates the presence of a
member of the M. tuberculosis complex. The amplification of
mitp40 would distinguish M. tuberculosis and M. bovis strains
because M. tuberculosis strains should produce both the 1S6110
and mip40 amplicons, whereas M. bovis strains should produce
only the IS6710 amplicon. In evaluating the multiplex PCR
with 99 isolates of M. tuberculosis, we discovered that the
mitp40 gene is not present in all strains of M. tuberculosis.

Mycobacterial strains and DNA preparation. The mycobac-
terial strains were from the collection of the Mycobacteriology
Laboratory of the Centers for Disease Control and Preven-
tion. A total of 99 M. tuberculosis strains were studied, includ-
ing H37Rv, H37Ra, 63 isolates from the April 1991 survey
of drug resistance in New York City (8), and 34 other clini-
cal isolates. M. bovis strains included TMC401, TMC404,
TMC405, TMC407, TMC409, TMC410, TMC412, TMC605,
TMC606, and TMC609 from the Trudeau Mycobacterial Cul-
ture Collection and eight clinical isolates. M. bovis BCG strains
included TMC1002, TMC1009, TMC1010, TMC1012, TMC1019,
TMC1020, TMC1021, TMC1022, TMC1024, TMC1025,
TMC1028, TMC1029, TMC1030, TMC1103, and TMC1108
and four isolates submitted for identification. DNAs from the
cultured bacteria were purified as described previously (13), or
crude lysates were used as template DNA in the amplification
reactions (11).

Oligonucleotide primers and PCR. Primers corresponding
to portions of the M. tuberculosis 1S6110 and mtp40 sequences
were synthesized on a 381A DNA synthesizer (Applied Bio-
systems, Foster City, Calif.) at the Biotechnology Core Facility,
National Center for Infectious Diseases, Centers for Disease
Control and Prevention. The 1S6710 primers were 1S52 (5'-T
CAGGTCGAGTACGCCTTCT-3', complement of bases 987
to 968) (12) and IS57 (5'-GGTCGCAGAGATCCGCGGTC-
3, bases 114 to 133) (12). The mtp40 primers were PT3 (5'-G
GTTCCCAACACCACGTTAG-3', bases 173 to 192) (10) and
PT5 (5'-CCAACATCGACGCAGTACC-3’, complement of
bases 504 to 486) (10).

The amplification reactions contained 5 pl of template DNA
and 45 pl of a reaction mixture (200 uM [each] deoxynucleo-
side triphosphates, 1.0 uM [each] primers, 1.25 U of Taqg poly-
merase, 10 mM Tris hydrochloride [pH 8.3], 50 mM KClI, 1.5
mM MgCl,, 0.01% gelatin), as recommended by the Tag poly-
merase supplier (Perkin-Elmer Cetus, Norwalk, Conn.). The
samples were amplified through 30 cycles in a programmable
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FIG. 1. Amplification products from mp40 multiplex PCR. Arrows indicate
the 878-bp IS6710 amplicon and the 332-bp mip40 amplicon. DNA templates
were from M. tuberculosis H37Rv (lane 1); four clinical isolates (lanes 2 to 5); M.
bovis TMC609 (lane 6), TMC407 (lane 7), TMCG606 (lane 8), TMC404 (lane 9),
and TMC401 (lane 10); and M. bovis BCG TMC1019 (lane 11), TMC1024 (lane
12), TMC1103 (lane 13), TMC1009 (lane 14), and TMC1022 (lane 15).

thermal cycler (Perkin-Elmer Cetus) with a three-step cycle of
denaturation for 1.5 min at 94°C, annealing for 1.75 min at
60°C, and extension for 2.5 min at 72°C. The amplification
products were analyzed by electrophoresis through 1.5% aga-
rose or 6% polyacrylamide gels with a Tris-borate-EDTA
buffer system and visualized by ethidium bromide fluorescence.
The molecular sizes of the products were estimated by com-
paring the migration distances with those of a 100-bp ladder
(GIBCO BRL, Gaithersburg, Md.).

Southern blotting and hybridization. About 1 pg of genomic
DNA was digested with BamHI (GIBCO BRL) for 2 h at 37°C
and then electrophoresed through a 1.0% agarose-Tris-bo-
rate-EDTA gel for 17 h at 40 V. The DNA was denatured,
neutralized, and transferred by capillary blotting to a Hy-
bond-N* membrane (Amersham, Arlington Heights, Ill.) as
recommended by the manufacturer of the membrane. DNA
was bound to the membrane by using a Stratalinker UV Cross-
Linker (Stratagene, La Jolla, Calif.). The samples were hybrid-
ized with the 332-bp mp40 amplicon, which had been labeled
by using the ECL Direct Nucleic Acid Labeling System (Am-
ersham), in the hybridization buffer supplied by Amersham
containing 0.1 M NaCl. After overnight incubation at 42°C, the
blot was washed stringently at 42°C in 7.5 mM sodium ci-
trate—75 mM sodium chloride-0.4% sodium dodecyl sulfate—6
M urea. After development with the ECL detection solutions,
the signals were detected by using X-Omat AR autoradiogra-
phy film (Eastman Kodak, Rochester, N.Y.).

In preliminary studies (data not shown), primer concentra-
tions and amplification conditions were adjusted to generate
strong amplification of an 878-bp fragment of 1S677/0 and a
332-bp fragment of the mip40 gene from M. tuberculosis
H37Rv, which contains 1 copy of the mp40 gene and 15 copies
of the IS6110 element. Next, 33 M. tuberculosis isolates, 19 M.
bovis isolates, and 19 M. bovis BCG isolates were assayed by
using the multiplex PCR-based assay. As expected, all 71 iso-
lates produced the 878-bp IS6110 amplicon. Of the 33 M.
tuberculosis isolates tested, 25 produced both the 878-bp
IS6110 amplicon and the 332-bp mtp40 amplicon (Fig. 1, lanes
2 to 5) and 8 produced only the IS6110 amplicon. Of the 19 M.
bovis isolates tested, 17 produced only the 1S6110 fragment
(Fig. 1, lanes 6 to 10) and 2 produced both fragments. Each of
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the 19 M. bovis BCG isolates tested produced only the 1S6110
fragment (Fig. 1, lanes 11 to 15).

To evaluate further the performance of the multiplex PCR
assay, we tested DNA samples from 63 M. tuberculosis isolates
collected during April 1991 from tuberculosis patients in New
York City (8). These 63 strains represented 38 unique 1S6710
restriction fragment length polymorphism (RFLP) types (3).
Of the 63 samples, 47 produced the expected two-band pat-
tern, 15 produced only the IS6770 amplicon, and 1 produced
only the mp40 amplicon. Of the strains with unique RFLP
types, 30 produced the characteristic two-band pattern, 1 pro-
duced only the mitp40 fragment, and 7 produced only the
IS6110 fragment. The strain that produced only the mip40
amplicon in the multiplex assay carries two copies of the
IS6110 element and did produce the 1S6110 amplicon when
amplified with only the IS6110 primers (data not shown). This
raises the possibility that the failure to detect the IS6770 am-
plicon was due to competition from amplification of the mip40
gene.

Of the seven I1S6170 RFLP types that did not yield the mp40
amplicon, two were the strain W type and a variant of strain W
(1), three others were variants of another type (type 16-A) that
is common in New York City, one was type 17-U, and one was
type 12-T. The eight strains in the preliminary screen that
failed to amplify mitp40 were also either the strain W or 16-A
RFLP type.

To determine if the m#p40 gene is present in these strains,
Southern blot analysis with the 332-bp m#p40 amplicon as the
hybridization probe was performed. BamHI digests of genomic
DNAs from eight M. tuberculosis strains representing eight
unique IS6110 RFLP types, which produced both bands in the
multiplex PCR assay, contained a fragment of approximately
3,000 bp that hybridized with the 332-bp probe (Fig. 2, lanes 1
to 8). This fragment was absent in digests from four strains
with the strain W or strain W variant fingerprints, three strains
with the 16-A or variant fingerprints, and one strain with the
17-U fingerprint (Fig. 2, lanes 9 to 16).
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FIG. 2. Analysis of eight M. tuberculosis strains which produced the mp40
amplified products and eight which were negative for the mtp40 amplified prod-
uct. Southern blot of BamHI-digested genomic DNAs from mip40 PCR-positive
strain H37Rv (lane 1) and clinical isolates (lanes 2 to 8) and mp40 PCR-negative
clinical isolates (lanes 9 to 16). The 3,000-bp fragment which hybridized with a
probe specific for mp40 is indicated.
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Interestingly, all of the strains that failed to produce the
mtp40 amplicon are multidrug resistant. Strains with the strain
W and strain W variant RFLP patterns were associated with
outbreaks of multidrug-resistant tuberculosis in hospital C, in
a state correctional facility, and subsequently in four other
New York City hospitals (2, 3). Over 200 isolates of this strain
have been obtained from New York City patients, and this
strain has also been isolated from patients in six other cities in
the United States (1). The 16-A and 16-A variant RFLP pat-
terns were also associated with clusters of multidrug-resistant
tuberculosis among hospitalized patients (7). The significance
of the absence of the mp40 gene in these multidrug-resistant
strains is unclear, although it must be noted that other multi-
drug-resistant strains do contain an mip40 gene.

Overall, our data indicate that the mp40 gene is present in
most, but not all, M. tuberculosis strains and is absent in most,
but not all, M. bovis strains. The variability in the presence of
this gene is somewhat surprising because M. tuberculosis strains
generally exhibit very little sequence variation in the absence of
selective pressure (9). Finally, the absence of the mip40 gene in
these four important multidrug-resistant M. tuberculosis strains
and its presence in two strains of M. bovis negate the potential
use of this gene as a target of gene amplification tests for
detection of M. tuberculosis or differentiation of M. tuberculosis
and M. bovis.

This work was supported in part by National Institutes of Health
grant KO7 HL03078-01 and by the Emory University Medical School
Dean’s Office for Medical Student Summer Research Fellows.

REFERENCES

1. Bifani, P., B. Plikaytis, V. Kapur, K. Stockbauer, X. Pan, M. Lutfey, S.
Moghazeh, W. Eisner, T. Daniel, M. Kaplan, J. Crawford, J. Musser, and B.
Kreiswirth. 1996. Origin and interstate spread of a New York City multi-
drug-resistant Mycobacterium tuberculosis clone family. JAMA 256:452—
457.

w

11.

12.

13.

NOTES 2311

. Coronado, V. G., C. M. Beck-Sague, M. D. Hutton, B. J. Davis, P. Nicholas,

C. Villareal, C. L. Woodley, J. O. Kilburn, J. T. Crawford, T. R. Frieden,
R. L. Sinkowitz, and W. R. Jarvis. 1993. Transmission of multidrug-resistant
Mycobacterium tuberculosis among persons with human immunodeficiency
virus infection in an urban hospital: epidemiologic and restriction fragment
length polymorphism analysis. J. Infect. Dis. 168:1052-1055.

. Crawford, J. T., and C. L. Woodley. Unpublished data.
. Dankner, W. M., N. J. Waecker, M. A. Essey, K. Moser, M. Thompson, and

C. E. Davis. 1993. Mycobacterium bovis infections in San Diego: a clinico-
epidemiologic study of 73 patients and a historical review of a forgotten
pathogen. Medicine 72:11-37.

. Del Portillo, P., L. A. Murillo, and M. E. Patarroyo. 1991. Amplification of

a species-specific DNA fragment of Mycobacterium tuberculosis and its pos-
sible use in diagnosis. J. Clin. Microbiol. 29:2163-2168.

. Del Portillo, P., M. C. Thomas, E. Martinez, C. Maranon, B. Valladares,

M. E. Patarroyo, and M. C. Lopez. 1996. Multiprimer PCR system for
differential identification of mycobacteria in clinical samples. J. Clin. Micro-
biol. 34:324-328.

. Edlin, B. R., J. I. Tokars, M. H. Grieco, J. T. Crawford, J. Williams, E. M.

Sordillo, K. R. Ong, J. O. Kilburn, S. W. Dooley, K. G. Castro, W. R. Jarvis,
and S. D. Holmberg. 1992. An outbreak of multidrug-resistant tuberculosis
among hospitalized patients with the acquired immunodeficiency syndrome.
N. Engl. J. Med. 326:1514-1521.

. Frieden, T. R., T. Sterling, A. Pablos-Mendez, J. O. Kilburn, G. M. Cauthen,

and S. W. Dooley. 1993. The emergence of drug-resistant tuberculosis in New
York City. N. Engl. J. Med. 328:521-526.

. Kapur, V., T. S. Whittam, and J. M. Musser. 1994. Is Mycobacterium tuber-

culosis 15,000 years old? J. Infect. Dis. 170:1348-1349.

. Parra, C. A., L. P. Londono, P. Del Portillo, and M. E. Patarroyo. 1991.

Isolation, characterization, and molecular cloning of a specific Mycobacte-
rium tuberculosis antigen gene: identification of a species-specific sequence.
Infect. Immun. 59:3411-3417.

Plikaytis, B. B., R. H. Gelber, and T. M. Shinnick. 1990. Rapid and sensitive
detection of Mycobacterium leprae using a nested-primer gene amplification
assay. J. Clin. Microbiol. 28:1913-1917.

Thierry, D., M. D. Cave, K. D. Eisenach, J. T. Crawford, J. H. Bates, B.
Gicquel, and J. L. Guesdon. 1990. I1S6110, an IS-like element of Mycobac-
terium tuberculosis complex. Nucleic Acids Res. 18:188.

Wilson, K. 1990. Preparation of genomic DNA from bacteria, p. 2.4.1-2.4.2.
In F. M. Ausubel, R. Brent, R. E. Kinston, D. D. Moore, I. G. Seidman, J. A.
Smith, and K. Struhl (ed.), Current protocols in molecular biology, vol. 1.
Wiley Interscience, New York.



