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Tuberculosis continues to be a global
health problem. Nearly one third of the
world's population is reported to be infected
with the causative agent M ycobacterium tu-
berculosis ("). In India alone there are 9—
10 million people suffering from the disease
at any given time, with an annual mortality
rate of 500,000 (13). The white plague has
reappeared in the West as a result of the
increase in the numbers of patients with
AIDS. While several immunological studies
are currently in progress to identify pro-
phylactic/immunotherapeutic agents, an
equally important task in combating the
disease is to gain an understanding of the
complex mycobacterial genome at the mo-
lecular level. There have been many reports
of reiterated DNA sequences in AI. tuber-
culosis (6, 14, 2I )) Nucleotide sequence data
have shown some of these to be insertion
elements (9. 17). Hermans, et al., however,
reported a 10-bp tandemly repeated DNA
sequence which showed significant homol-
ogy to the "chi" (crossover hotspot insti-
gator) sequence of Escherichia coli (b0).
Characterization of repetitive elements and
adjacently located genes may give insight
into some of the molecular mechanisms that
make mycobacteria so unique.

We have described earlier the identifi-
cation of a 5.6-kb Alu fragment which is
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present in multiple copies in the genome of
M. tuberculosis (14)• We now report the a)
molecular cloning and characterization of
this repetitive element and a contiguously
located single copy region of Al. tubercu-
losis, and b) development of a highly specific
and sensitive polymerase chain reaction
(PCR)-based diagnostic assay for the detec-
tion of Al, tuberculosis.

MATERIALS AND METHODS
Bacterial strains, phage library and plas-

mids. The bacterial strains listed in The
Table were obtained from the standard col-
lection of the Trudeau Institute, Saranac
Lake, New York, U.S.A., except for Al. tu-
berculosis south Indian isolate and Myco-
bacterium tv, which are available at the Na-
tional Institute of Immunology, New Delhi,
India. The Al. tuberculosis Xgt 1 1 genomic
library was obtained from the World Health
Organization. R18.8.2 is a phage clone which
strongly hybridized to the 5.6-kb Alu frag-
ment (14). The 2-kb and 1.4-kb Eco RI in-
serts of R18.8.2 were subcloned in blue-
script plasmid vector, and the resulting
clones were named pKP4 and pKS I 0, re-
spectively.

Recombinant DNA techniques, such as
extraction of genomic and plasmid DNA,
restriction endonuclease cleavage, purifi-
cation of fragments from low melting point
(LMP) agarosc and Southern hybridization,
were performed as described earlier (14).

Replica plaque lifts. A Al. tuberculosis
phage library was plated such that a 90-mm
petri dish contained 103 plaque forming
units (pfu). Genescreen nylon membrane
(Dupont NEN, Boston, Massachusetts,
U.S.A.) 88 mm in diameter was layered on
top of the soft agarose and allowed to absorb
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THE TABLE. Results of hybridization of
2-kb repetitive and 1.4-kb single copy se-
quences of Mycobacterium tuberculosis to
DNA from other mycobacteria."

2-kb 1 . 4-
kb

Itivcobacterium tuberculosis H37Rv^+ +
Al. tuberculosis H37Ra^+ +
Al. tuberculosis, south Indian isolate^+ +
M. &Nis BCG^ + +
M. africanum^ ++

avium
Al. int racellulare^ —
Al. scrofulaceum
M. kansasii

smegmatis
M. cheloni

fortuitum
M. vaccae
Mu

+ = Positive hybridization; + + = intense hybrid-
ization; — = no hybridization even after long exposure
times.

phage for 60 sec. Then it was carefully peeled
off the plate. A second membrane (the rep-
lica) was then placed on the same plate and
allowed to sit for 90 sec before it was lifted
off. The two membranes were processed for
plaque hybridization as per Maniatis, et al.
("). The first membrane was probed with a
5.6-kb Alu fragment; the replica lift was
probed with a 2-kb insert of pKP4.

Polymerase chain reaction (PCR). The
oligonucleotide primers used for PCR —5'-
CAACCAACATCGCGCTG-3' (KS3) and
5'-ATAGCCGATGACGGTCG-3' (KS4)—
were synthesized using a Gene Assembler
(Pharmacia, Sweden). Typically, a 100-p1
PCR reaction volume contained 1 x PCR
buffer [10 mM Tris-HC1 at pH 8.3, 50 mM
KC1, 1.5 mM MgC17, 0.01% (w/v) gelatin];
200 AM of deoxynucleotide triphosphates
(dNTP), 20 AM each of primers, 50 ng of
genomic or 1 ng of plasmid DNAs and 2.5
units of Taq DNA polymerase. The mixture
was overlaid with 100/11of mineral oil. Each
PCR cycle was performed at 94°C for 1 min,
55°C for 2 min, and 72°C for 2 min; 30 such
cycles were repeated in a thermal DNA cy-
cler (Perkin-Elmer Cetus Instruments, Nor-
walk, Connecticut, U.S.A.). The amplified
product was analyzed by electrophoresis on
ethidium bromide containing 1.2% agarose
gels, followed by Southern hybridization
with the 169-bp product of pKSIO. For this

purpose, the 169-bp fragment was eluted
from LMP agarose gel and 32P-dCTP (alpha
'2P-deoxycytidine triphosphate) labeled by
primer extension using KS3 and KS4 prim-
ers. The filters in Figures 4B and 5B were
hybridized in 5x Denhardt's [0.1% Ficoll
(Pharmacia), 0.1% poly vinylpyrrolidone,
and 0.1% bovine serum albumin (Fraction
V; Sigma)] and 6x SSC (1 x SSC: 0.15 M
sodium chloride, 0.015 M sodium citrate)
at 65°C overnight. Washings were done with
2 x SSC and 1% SDS (sodium dodecyl sul-
fate) at room temperature for 30 min, then
at 65°C for 1 hr and, finally, with 0.2 x SSC
at 65°C for 30 min. The specificity of the
hybridization signal (as shown in Fig. 4B)
was obtained after the wash with 2 x SSC
at 65°C for 1 hr.

RESULTS
Subcloning. In order to identify recom-

binant clones containing repetitive DNA, a
Xgt 11 genomic library of Al. tuberculosis
H37Rv was screened with the 5.6-kb Alu
fragment (t4). One of the strongly hybrid-
izing phage clones, R18.8.2, was plaque pu-
rified and characterized. Eco RI digestion
of R18.8.2 DNA released two insert frag-
ments of 2-kb and 1.4-kb that were sub-
cloned in blucscript plasmid vectors. The
subclones have been referred to as pKP4
and pKS10, respectively.

Comparative Southern hybridization. A
comparative Southern hybridization exper-
iment was designed to determine whether
one or both inserts of R18.8.2 possess a
repetitive element. Equal amounts of Alu l-
and Eco RI-digested M. tuberculosis DNA
were run in duplicate in parallel lanes (see
legend to Fig. 1). Following Southern trans-
fer, lanes I and 2 were hybridized with the
pKP4 insert and lanes 3 and 4 with the
pKS 10 insert. Southern hybridization re-
sults have shown the pKP4 insert to be hy-
bridizing to multiple DNA fragments in the
Alu I digest and to several high molecular
size bands in the Eco RI digest (Fig. I, lanes
1, 2). On the other hand, the pKSIO insert
hybridized to two bands in the Alu I digest
and to one band in the Eco RI digest (Fig.
1, lanes 3, 4). The hybridization pattern of
the pKP4 insert resembled that of the pre-
viously reported 5.6-kb Alu fragment (14) in
that it hybridized to multiple DNA frag-
ments of similar size; whereas that of the
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FIG. 1. Comparative Southern hybridization. Equal
amounts (3 pg each) of M. tuberculosis H37Rv DNA
digested to completion with Alu I (lanes I, 3) or Eco
RI (lanes 2, 4) were separated by 1.2% agarose gel
electrophoresis, Southern transferred and hybridized
to 'P-dCTP labeled 2-kb (lanes 1, 2) or 1.4-kb (lanes
3, 4) inserts of pKP4 and pKSIO, respectively. Arrow
= position of 3.5-kb Alu fragment in lanes 1 and 3 to
which both probes arc seen to hybridize; molecular
size markers in kilobase pairs are indicated on the left.

pKSIO insert was of a type consistent with
single copy genes. The results of this exper-
iment, therefore, suggested that Al. tuber-
culosis repetitive DNA sequence, homolo-

FIG. 2. Copy number and similarity of the repeat-
ing unit shared by the 5.6-kb Alu I genomic fragment
and 2-kb cloned insert. M. tuberculosis phage library
was plated at 10' pfu per 90-mm petri dish, replica
plaque lifts were probed with either 5.6-kb Alu frag-
ment (A) or 2-kb cloned insert (B). A total of 1018
plaques were present on this petri dish. Of the 40%
recombinants, 48 hybridized with either probe. Plaque
transfer was more efficient in A; hence the intensity of
the signal as compared to the second plaque lift in panel
B. Striking similarity in hybridization signals is no-
ticeable in both A and B.

gous to the genomic 5.6-kb Alu fragment,
is contained within the cloned 2-kb insert
of pKP4.

Comparative plaque hybridization. The
Southern hybridization of the pKP4 insert
to multiple bands in the genomic digests
indicated the high copy number of the re-
peat. In order to examine the extent of rep-
resentation of this repeat in the gcnome of
M. tuberculosis and to further confirm the
similarity of the nature of the repetitive el-
ement shared by the 5.6-kb Alu fragment
and the cloned 2-kb insert, a comparative
plaque hybridization was performed. A Al.
tuberculosis phage library was plated at a
density of 10 pfu per 90-mm petri plate.
Replica plaque lifts were then probed with
either the pKP4 insert or the 5.6-kb Alu
fragment. As expected, the plaque hybrid-
ization signals obtained with the two probes
were identical. Typical results are shown in
Figure 2. Out of the 1018 plaques on this
plate, of which only 40% were recombinant,
as many as 48 strong super imposable hy-
bridization signals were observed with ei-
ther probe, indicating that nearly 10% of
the recombinant clones in the Al. tubercu-
losis genomic library contained the repeti-
tive DNA.

2-kb Repetitive and 1.4-kb single copy in-
serts of R18.8.2 are contiguously located in
M. tuberculosis genome. The Xgt 1 1 geno-
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FIG. 3. Repetitive (2-kb) and single copy (1.4-kb) sequences are contiguously located in the Al. tuberculosis
genome. Physical maps of complete insert of R18.8.2 (thick bar) and chromosomal region (— — — bar) from
where cloned insert originated. Parts of the chromosomal DNA between Alu I sites correspond to 3.5-kb and
0.8-kb Alu bands seen in Fig. 1, lane 3. Location and direction of synthesis of PCR primers KS3 and KS4 is
also depicted. A = Alu I, R = Eco RI, r = linked Eco RI. There were single sites for Sac II, list EH and Sma I
on the 2-kb insert. The following sites were not present on the 2-kb repetitive DNA: Alu I, Kpn I, Xho I, Ace
I, Sal I, Cla I, Hind III, Pst I, Bain HI and Sau 3A.

mic library used in this study was con-
structed by adding Eco RI linkers to sheared,
end repaired and Eco RI methylase pro-
tected genomic DNA (20). Two possibilities
therefore existed: 1) The two Eco RI frag-
ments of R18.8.2 (2 and 1.4 kb) could have
originated from different regions of the ge-
nome but got ligated together becausc of Eco
RI linkers, or 2) the entire 3.4-kb insert of
R18.8.2 is one contiguous piece of genomic
DNA and an internal Eco RI site cleaved it
into the 2-kb repetitive and 1.4-kb single
copy fragments. That the latter is true is
indicated by the hybridization of 2-kb and
1.4-kb inserts to a common 3.5-kb Alu frag-
ment in the genomic DNA digest of M. tu-
berculosis (Fig. 1, arrow). A partial restric-
tion map showed that there are no Alu I
sites on the pKP4 insert and one Alu site is
present on the pKS 10 insert. By virtue of
the absence of the Alu I site, the pKP4 insert
hybridized to the larger 3.5-kb genomic Alu
fragment from which it originated. The
pKS10 insert, which had an internal Alu I
site, also hybridized with this 3.5-kb band
(of which it forms a part) and with an ad-
ditional genomic band of 0.8 kb (Fig. 1, lane
3). The hybridization of the pKP4 and
pKSIO insert DNAs to the common 3.5-kb
genomic Alu fragment, therefore, proved
that the repetitive element (pKP4 insert) and
the single copy region (pKS10 insert) orig-

mated from this contiguous piece of geno-
mic DNA, as has been schematically rep-
resented in Figure 3.

Diagnostic potential. To evaluate the
usefulness of the cloned inserts in the di-
agnosis of Al. tuberculosis, the specificity of
hybridization was determined for pKP4 and
pKSIO. Two kig each of genoniic DNAs from
Al. tuberculosis and several other mycobac-
teria were dotted in duplicate and hybrid-
ized with radiolabeled probes. The repeti-
tive pKP4 insert hybridized strongly with
Al tuberculosis strains, Al. bovis BCG and
Al. africanum DNA, but not with Al. avium,
M. intracellulare, M. scrofulaceum, Al.
smegmatis, Al. cheloni, Al. fortuitum, Al.
vaccae or Mycobacterium w. However, there
was a weak crosshybridization with M. kan-
sasii DNA. On the other hand, the single
copy pKS10 insert appeared to be specific
in its hybridization with members of the M.
tuberculosis complex. There was no reactiv-
ity with any of the other mycobacteria, in-
cluding Al. kansasii. These results are sum-
marized in The Table. Neither cloned
fragment showed hybridization with geno-
mic DNA from a number of nonmycobac-
terial organisms or human DNA (data not
shown).

PCR-based diagnostic assay. The spec-
ificity of the 1.4-kb single copy insert to the
Al. tuberculosis complex suggested that a
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FIG. 4. Specificity of PCR. Agarosc gel electrophoresis of amplified DNAs of different mycobacterial strains
using oligonucleotide pair KS3 and KS4 (A) and autoradiograph of the transferred DNA hybridized to the
radiolabeled 169-bp product of pKS 10 (B). Lanes 1 = 1-kb size marker; 2 = plasmid clone pKS10; 3 = Al.
vaccae; 4 = Al. stnegmatis; 5 = Al. kansasii; 6 = M. scrofulaccum; 7 = Al. intracellularc; 8 = Al. (triton; 9 =
M. bovis BCG; 10 = Al. tuberculosis south Indian isolate; Ii = Af. tuberculosis H37Ry; 12 = M. tuberculosis
H37Ra. Arrow = position of the I69-bp band; molecular size markers are listed in basepairs.

target region of appropriate length could be
chosen from this sequence for PCR ampli-
fication (''). The pKS 10 insert has been
completely sequenced (Reddi, et al., un-
published results). Oligonucleotide primers
KS3 and KS4 were designed such that a
169-bp band could be amplified from the
genome of Al. tuberculosis as shown in Fig-
ure 3, lower panel.

Specificity of the PCR amplification. Gc-
nomic DNAs from members of the Al. tu-
berculosis complex as well as from other
mycobacteria (see legend to Fig. 4) were PCR
amplified using the KS3 + KS4 primer
combination. The expected 169-bp frag-
ment was amplified in M. tuberculosis
H37Ra, Al. tuberculosis H37Rv and Al. bo-
vis BCG (Fig. 4A, lanes 9, 11, 12, arrow)
which was of the same size as the amplified
product of plasmid clone pKSIO, used as a
positive control (Fig. 4A, lane 2). DNAs
from other strains of mycobacteria were also
amplified (Fig. 4A, lanes 3-8). However,
the sizes of the amplified fragments were
different from those obtained with Al. tu-
berculosis DNA. In order to differentiate the
M. tuberculosis complex-specific PCR am-
plified product from the rest, the 169-bp
PCR product of pKS 10 was radiolabeled
and used as probe to hybridize to the gel in
Figure 4A. On Southern hybridization, a
169-bp hybridization signal was seen only
in lanes containing Al. tuberculosis H37Rv,

Al. tuberculosis H37Ra, Al. tuberculosis
south Indian isolate and Al. bolls BCG
DNAs (Fig. 4B, lanes 9-12). Even though
several amplified fragments were visualized
on ethidium-bromide-stained gel, there was
no hybridization with any of the other my-
cobacteria tested (Fig. 4B, lanes 3-8) there-
by putting in evidence the specificity of PCR.
It is also of relevance that Southern hybrid-
ization revealed the presence of 169-bp am-
plified product in the Indian isolate of AL
tuberculosis (Fig. 4B, lane 10). The target
sequence chosen for PCR amplification with
amplimers KS3 and KS4 appeared to be
conserved among strains ail/. tuberculosis,
thereby indicating that the PCR test is suit-
able for application to clinical specimens.

Sensitivity of PCR. The sensitivity of the
PCR with primers KS3 and KS4 was de-
termined by adding to the reaction mixtures
serial dilutions of purified Al. tuberculosis
DNA ranging from 300 ng to 30 fg per assay.
Up to 300 pg of chromosomal DNA, the
amplified product could be detected by aga-
rose gel electrophoresis followed by ethid-
ium-bromide staining (Fig. 5A); whereas the
amplified product from 30 fg of chromo-
somal DNA could be detected by a simple
dot hybridization using a radiolabeled 169-
bp PCR product as probe (Fig. 5B). Given
the size of the Al. tuberculosis genome as
2.5 x 109 Da, 30 fg of DNA corresponds
to approximately 9-10 bacilli. This exper-
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FIG. 5. Level of detection by PCR amplification.
Tenfold serial dilutions of.lf. tuberculosis genomic DNA
ranging from 300 ng to 30 fg (3 x 10 ' to 3 x 10-8
pg) were PCR amplified using KS3 and KS4 primers.
One tenth volume of PCR products were electropho-
resed on 1.2% agarose gels (A) or dotted and hybridized
with radiolabeled 169-bp probe (B). Lane M = 1-kb
ladder as idicated in Fig. 4. Lane P has the 1 69-bp PCR
amplification product of pKS10.

iment demonstrated that with PCR ampli-
fication followed by hybridization, one could
detect as few as 9-10 tubercle bacilli. In
order to examine the factors that could in-
hibit the PCR, unrelated DNA from either
M. smegmatis or human leukocytes was
added to simulate the presence of extrane-
ous DNA in the PCR reaction mixtures.
This did not affect the level of sensitivity of
the assay (data not shown). To rule out PCR
contamination and false-positive amplifi-
cation, we routinely included a tube with
no template DNA and constantly found this
to be negative for amplification (data not
shown).

DISCUSSION
Screening of a M. tuberculosis genomic

library with the 5.6-kb Alu fragment led to
the identification of a clone bearing 2-kb
and 1.4-kb inserts. Hybridization to M. tu-
berculosis genomic DNA digests showed that

the 2-kb fragment (pKP4) hybridized to
multiple bands of sizes ranging from 6.5 to
0.6-kb. This indicated the presence of a re-
petitive sequence within this cloned frag-
ment. The 1.4-kb fragment (pKS10), on the
other hand, has shown a hybridization pat-
tern which is typical of single copy genes. It
is to be noted that the 2-kb probe hybridized
intensely with the 5.6-kb Alu fragment. Fur-
ther evidence that the cloned pKP4 and the
originally identified 5.6-kb genomic Alu
fragment contain essentially the same re-
petitive element came from the plaque hy-
bridization experiment. Replica plaque lifts
of the M. tuberculosis library gave identical
hybridization signals when probed with ei-
ther the 5.6-kb Alu fragment or the cloned
2-kb probe. The ratio of plaques hybridized
to the total number of recombinant plaques
plated gave an indication that the repetitive
sequence is found on 10% of the cloned ge-
nomic fragments of the Al. tuberculosis li-
brary.

There have been several reports of well-
characterized, repetitive DNA sequences of
Al. tuberculosis (17)• 1S6110 and IS986 have
been shown to be mobile elements. Both
these sequences contain several Alu I sites;
whereas the pKP4 repeat does not contain
any Alu I site and is, therefore, not the same
as 1S6110 or IS986. Hermans, et al. (8) have
reported cloning of the Al. tuberculosis re-
petitive fragment pPH7301 based on the
reactivity with monoclonal antibody F116-
5. The nucleotide sequence of pPH7301
showed the presence of 10-bp repeats that
were termed as major polymorphic tandem
repeats (MPTR) (10). Amplimer pairs A and
D or I and F (8' '°) which amplify 158- and
181-bp fragments of pPH7301, respective-
ly, failed to amplify pKP4 DNA (data not
shown). Further, the presence of two Sau
3A sites in pPH7301 and none in pKP4
proved that these two repeated sequences
are not the same. Ross, et al. have reported
the cloning of high molecular weight Nde II
fragments of M. tuberculosis which contain
repetitive DNA (15). These investigators ap-
peared to have cloned essentially the same
repetitive element as is present on the 5.6-
kb Alu fragment previously reported by our
group (14). This is evident from the Southern
hybridization profiles of pTBN12 and
pTBN52 to Alu I-digested M. tuberculosis
DNA (15) which are identical to that of the
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5.6-kb Alu fragment (14) and the present
pKP4 repeat. Interestingly enough, the re-
striction maps of the three clones, pKP4,
pTBN12 and pTBN52, are distinctly dif-
ferent. We believe that this argues against
the presence of a coding region in these re-
peats. It could be conceived then that the
actual repetitive unit, which is likely to be
common to pKP4, pTBN12 and pTBN52,
is small in size and is present at multiple
loci in the genome of Al. tuberculosis. By
employing different routes of molecular
cloning, our group and Ross, et al. have
identified genomic fragments originating
from different loci but yet containing the
same repetitive unit. While these repeated
elements have proven to be useful epide-
miological markers (3' 111' 15' 18), the function-
al significance of the presence of such pre-
sumably noncoding repeats at multiple loci
in the genome remains to be elucidated. It
is also in this context that the characteriza-
tion of contiguously located gene sequences,
such as the 1.4 kb of the present study, be-
comes relevant. Grossinsky, et al. (7) re-
ported the location of a species-specific re-
petitive DNA downstream of the coding
region of the 65-kDa antigen gene in Al.
leprae. We are further investigating if the
pKP4 M. tuberculosis repeat is located near
a particular class of genes by characterizing
additional clones which contained the re-
peat sequence.

Conventional methods used for the di-
agnosis of tuberculosis infection have in-
herent limitations. Bacteriological exami-
nation by microscopy is simple, rapid and
economical, but is nonspecific and can de-
tect only the heavily infected cases. The cul-
ture technique, on the other hand, is highly
sensitive and specific but it takes 6-8 weeks.
DNA probe technology combines the speed
of microscopy with the reliability and ac-
curacy of the culture technique and should,
therefore, be considered as an alternative
method for the diagnosis of tuberculosis.

Diagnostic potential has been assessed for
the cloned Al. tuberculosis DNA sequences
pKP4 and pKSIO identified in the present
study. The repetitive as well as the single
copy region were specific in hybridization
to members of the M. tuberculosis complex,
except that the former exhibited weak
crosshybridization with Al. kansasii. In this
regard, pKS 1 0 showed the specificity de-

sired of a diagnostic probe. The reported
detection limit of a radiolabeled DNA probe
is approximately 10,000 bacilli per assay
(9. In most clinical situations, especially in
extra pulmonary tuberculosis and pauci-
bacillary cases, the bacilli in a test sample
tend to be fewer than 1000 which cannot
be picked up by the direct probe assay. In
order to be able to detect M. tuberculosis
directly in a clinical specimen without the
need for culture, we have developed a PCR-
based diagnostic assay.

PCR amplification of a defined target se-
quence and hybridization with a specific
probe is a highly sensitive and reliable
method for the early detection of M. tuber-
culosis. We have chosen a 169-bp region
from the 1.4-kb single copy fragment as a
target for PCR amplification by amplimers
KS3 and KS4. By PCR amplification fol-
lowed by hybridization with the radiola-
beled 169-bp PCR product of pKS 10, we
were able to demonstrate that 1) the assay
is highly specific to Al. tuberculosis and Al.
bovis and 2) the sensitivity of the assay has
improved from roughly 1000 bacilli de-
tectable by ethidium-bromide-stained gel to
as few as 9-10 bacilli.

Several reports have appeared describing
the PCR assay for the detection of Al'. tu-
berculosis (1.2,4,5,8

) . These differ in the target
region chosen for amplification. Although
the PCR technique offers a high degree of
sensitivity, care should be taken to elimi-
nate false-negative and false-positive re-
sults. Some investigators read the PCR re-
sults from ethidium-bromide-stained
agarose gels alone (2); others introduced an
additional confirmatory step either in the
form of restriction endonuclease digestion
of PCR product (4) or hybridization with an
oligonucleotide probe internal to the am-
plified fragment ('). However, impurities of-
ten inhibit cleavage by restriction endonu-
cleases which makes interpretation of the
results difficult. It should also be borne in
mind that Taq polymerase, which lacks
proofreading ability, may introduce mis-
matched bases into the amplified product
which, theoretically, would alter a restric-
tion enzyme site or the nucleotide sequence
to be hybridized with the internal oligo
probe. We believe that our method of using
the radiolabeled, whole 169-bp probe for
hybridization to the PCR products not only
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safeguards against these possible artifacts but
offers the additional advantage of higher
sensitivity. Conversion of the labeling of the
169-bp probe to a nonisotopic modality and
analysis of a large number of clinical sam-
ples from proven and suspected cases of tu-
berculosis to evaluate the utility of our PCR
diagnostic assay is currently in progress.

SUMMARY
Screening of a Ägt11 genomic library has

been used as an approach for molecular
cloning of the Mycobacterium tuberculosis
repetitive DNA shown to be present on a
previously described 5.6-kb Alu I genomic
fragment. The recombinant clone R18.8.2,
which strongly hybridized with the radio-
labeled 5.7-kb Alu fragment, carried two
Eco RI inserts of 2 kb and 1.4 kb in size.
Southern hybridization of each of these
fragments to restriction endonuclease-
cleaved Al. tuberculosis DNA clearly dem-
onstrated the 2 kb to contain the repetitive
DNA sequence, while the 1.4 kb is repre-
sented in a single copy. When replica plaque
lifts from the genomic library were probed,
the 5.6-kb genomic fragment and the cloned
2-kb repetitive insert hybridized to an iden-
tical number of plaques, indicating the sim-
ilarity and the high copy number of the re-
peating unit shared by the two fragments.
Restriction mapping and Southern hybrid-
ization patterns indicated that the 2-kb re-
petitive and the 1.4-kb single-copy DNA
sequences originated from a contiguous
piece of genomic DNA. Both fragments were
found to be unique to members of the Al.
tuberculosis complex, except that the 2-kb
insert exhibited a weak hybridization with
M. kansasii DNA. Finally, a 169-bp region
from one end of the single-copy sequence
has been amplified by polymerase chain re-
action (PCR) in a manner specific to Mem-
bers of the Al. tuberculosis complex. The
sensitivity of the PCR was such that as few
as 9-10 bacilli could be detected.

RESUMEN
Sc hizo el tamisaje de una genoteca preparada en

Xgt 11 para despues intentar la clonaciOn de la secuencia
repetitiva del DNA del Mycobacterium tuberculosis
presente en el fragment° genOrnico Alu I de 5.6 kb. La
clona recombinante R18.8.2, la cual hibridizO fuerte-
mente con el fragment° Alu 5.7-kb radiomarcado, con-
tuvo dos insertos Eco RI de 2 kb y 1.4 kb, respecti-

vamente. La hibridizaciOn de cada uno de estos
fragmentos con el DNA del Al. tuberculosis fraccionado
por endonucleasas de restricción, demostrO claramente
que el fragment° de 2 kb contuvo la secuencia repe-
titiva de DNA, mientras que el framento de 1.4 kb se
expresó en una sola copia. El andlisis de la replicas de
las placas de la genoteca, mostrO que el fragment° ge-
nómico de 5.6 kb y el insert° repetitivo de 2 kb, hi-
bridizaron con un nUmero identico de placas, indican-
do la similitud y el alto nUmero de copias de la unidad
repetitiva compartida por los 2 fragmentos. Los patro-
nes de restricción y de hibridización indicaron que
tanto la secuencia de DNA repetitiva (2 kb) como la
contenida en una sola copia (1.4 kb), Sc originaron de
secuencias contiguas en el DNA genómico. Sc encontrO
que ambos fragmentos fueron exclusivos de los miem-
bros del complejo del Al. tuberculosis, aunque el insert°
de 2 kb exhibió una débil hibridización con el DNA
de Al. kansasii. Finalmente, utilizando la reacción en
cadena de la polimerasa (PCR) se ha amplificado una
region de 169 pb de uno de los extremos de la secuencia
contenida una sola copia (1.4 kb), la cual ha resultado
sec especifica para los miembros del complejo Al. tu-
berculosis. La sensibilidad del PCR fue tai que permitiO
detectar desde 9-10 bacilos.

RESUME
L'analyse d'une librairie génomique Xgtll a été uti-

lisée comme approche pour le clonage moléculaire de
l'ADN répetitif de Mycobacterium tuberculosis dont
on a montre la presence sur un fragment génomique
Alu I de 5,6 kb précédemment decrit. Le clone recom-
binant R18.8.2, qui s'hybridisait fortement avec le
fragment Alu de 5,7 kb marque par radioactivite,
contenait deux fragments Eco RI d'une taille de 2 kb
et 1,4 kb. L'hybridisation de chacun de ces fragments

l'ADN de Al. tuberculosis dive par une endonucléase
de restriction a clairement démontre quc le fragment
de 2 kb contenait la sequence d'ADN repetitif, tandis
qu'un seul exemplaire du fragment de 1,4 kb est re-
presente. Lorsque des répliques en provenance de la
librairie genomique ont été sondees, le fragment gé-
nomique de 5,6 kb et Einsert repétitif clone de 2 kb
s'hybridisaient avec un numbre identique de plaques,
indignant la similarité et lc grande nombre d'exem-
plaires de l'unité repetitive que les deux fragments
avaient en commun. La cartographic par restriction et
l'hybridisation indiquaient que le fragment répétitif
d'ADN de 2 kb et l'exemplaire unique de 1,4 kb pro-
venaient de parties contigues de l'ADN genomique.
Les deux fragments se révélèrent spécifiques aux
membres du complexe Al. tuberculosis, si cc n'est que
le fragment de 2 kb montrait une hybridisation faible
avec l'ADN de Al. kansasii. Finalement, une region de
169 bp d'une extremité de la sequence unique a été
amplifiée par une reaction de polymerase en chaine
(PCR) d'une maniere specifique aux membres du
complexe Al. tuberculosis. La sensibilite de la PCR était
telle que des bacilles en nombre aussi faible que 9 ou
10 pouvaient etre detectés.
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