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Abstract

In the present study we evaluated different systems for the expression
of mycobacterial antigen P36 secreted by Mycobacterium bovis. P36
was detected by Western blot using a specific antiserum. The P36 gene
was initially expressed in E. coli, under the control of the T7 promoter,
but severe proteolysis prevented its purification. We then tried to
express P36 in M. smegmatis and insect cells. For M. smegmatis, we
used three different plasmid vectors differing in copy number and in
the presence of a promoter for expression of heterologous proteins.
P36 was detected in the cell extract and culture supernatant in both
expression systems and was recognized by sera from M. bovis-in-
fected cattle. To compare the expression level and compartmentaliza-
tion, the MPB70 antigen was also expressed. The highest production
was reached in insect cell supernatants. In conclusion, M. smegmatis
and especially the baculovirus expression system are good choices for
the production of proteins from pathogenic mycobacteria for the
development of mycobacterial vaccines and diagnostic reagents.
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Introduction

The purification and characterization of
individual mycobacterial antigens are essen-
tial for the understanding of the pathogenic
mechanisms of mycobacteria and the im-
mune response against them. This may also
contribute to the knowledge of the virulence
of other intracellular bacteria in which cellu-
lar immunity is also involved. The extremely
long duplication time and the virulence of
mycobacteria have prevented for years the
identification of antigens and virulence fac-
tors. The application of the tools of molecu-
lar biology has produced important progress

in the knowledge of Mycobacterium tuber-
culosis and M. leprae antigens and of the
immune response against them (1,2). Ex-
pression of mycobacterial antigens and viru-
lence factors in a nonpathogenic, fast grow-
ing organism such as Escherichia coli offers
potential advantages over their purification
from pathogenic mycobacteria such as safer
working conditions and more rapid results.
In addition, expression can be enhanced by
placing the gene under the control of a strong
promoter or by employing useful protein
domains or peptides. However, some diag-
nostic assays based on E. coli-cloned myco-
bacterial antigens were reported to be less
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sensitive than tests in which the antigen is
directly purified from a mycobacterium (3).
Post-translational modifications such as gly-
cosylation, which has been reported in my-
cobacteria (4,5) but not in E. coli, have been
proposed as an explanation for this differ-
ence (3). In this respect, M. smegmatis (6,7)
and the baculovirus/insect cell system (8)
seem to be more appropriate hosts for the
expression of mycobacterial antigens for sev-
eral reasons: the transcriptional and transla-
tional machinery of M. smegmatis and that
of the slow growing mycobacteria may be
similar because both bacteria belong to the
same genus. Moreover, protein from other
mycobacteria expressed in M. smegmatis may
suffer proper modification and folding (6).
On the other hand, the baculovirus system
may reach a high level of expression, up to
50% of the total proteins in infected cultures
(8), and may induce various modifications.
Finally, a reduced reaction of antibodies or T
cells with host antigens may be obtained.
Human or cattle sera frequently have high
titers of antibodies against E. coli proteins.

In this study we investigated the P36
antigen, a 36-34-kDa protein that was identi-
fied and characterized from M. bovis by our
group (9) and from M. tuberculosis by Berthet
et al. (10). One of our aims was to purify this
protein to study the immune response against
P36 and to use it in diagnostic assays. When
we expressed P36 in E. coli the protein was
produced but highly degraded. In this study
we describe the cloning and expression of
the P36 gene in M. smegmatis and in the
baculovirus/insect cell system. Because of
the importance of the MPB70 antigen for the
diagnosis of bovine tuberculosis, its gene
was also cloned in M. smegmatis.

Material and Methods

Bacteria, viruses, insect cells and media

The Escherichia coli strains used in this
work were E. coli DH5a and E. coli

BL21(DE3), obtained from Life Technolo-
gies (Gaithersbourg, MD). They were grown
in LB media supplemented with ampicillin
(100 µg/ml) when required. M. smegmatis
mc2155 was used as the mycobacterial host
for gene expression (11). M. bovis AN5 was
used as the source of native P36 and MPB70.
Mycobacteria were cultured in MADC-TW
media (11) and M. smegmatis was also cul-
tured in 3% tryptic soy broth (Difco, Detroit,
MI). AcMNPV was used as wild type bacu-
lovirus. Sf9 insect cells were grown in se-
rum-free Sf 900 II medium (Life Technolo-
gies) at 27oC in 25-cm2 flasks. All manipula-
tions involving M. bovis were conducted
under a P3 containment.

Cloning procedures

The P36 gene was inserted into the
pYUB18, pMV261 and pYUB178 shuttle
vectors described below. In the following
constructions the P36 gene was obtained
from pMBA123, a plasmid containing the
P36 gene and regulatory sequences inserted
into pBluescript KSII (9). The P36 gene and
regulatory sequences were released with XhoI
(NEB, Beverly, MA) from pMBA123, filled-
in with the Klenow fragment of DNA poly-
merase I and purified from agarose gels with
Gene Clean (Bio 101, La Jolla, CA). The
fragment was ligated to the pYUB18 (11)
vector digested with BamHI and filled-
in with the Klenow fragment, giving rise
to pMBA60, or to the EcoRV-digested
pYUB178 vector (12), giving rise to
pMBA62.

Plasmid pMBA123 was digested with
the enzymes XhoI and RsaI, yielding a 1.0-
kb fragment that contains the P36 gene. The
fragment was purified from the agarose gel
as described above and cloned in the pMV261
vector (12) previously digested with SalI
and PvuII. The resulting plasmid was called
pMBA61.

The MPB70 gene was cloned in pMV261
as follows: a 700-bp band was amplified
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from the M. bovis genome using primers D
5�CAGCAAGGGGCTACAGGTTT3' and R
5�CTAATGCCTCCGGCGTAATC3', based
on the MBP70 sequence (13). The amplifi-
cation conditions were: 94oC for 2 min, fol-
lowed by 30 cycles of: 94oC for 30 s, 55oC
for 2 min and 72oC for 2 min. The amplifica-
tion product was detected in agarose gels
and purified by the Wizard PCR (Promega,
Madison, WI). The fragment ends were phos-
phorylated with polynucleotide kinase (NEB)
and ligated to the vector pMV261 digested
with EcoRV, to produce the plasmid called
pMBA77.

The P36 gene was cloned in the baculo-
virus vector pVL1393 (14) as follows: the
P36 gene was amplified from pMBA123
using the synthetic oligonucleotides: bac pst
5'AACTGCAGATTATGCCGAACCGA
CGCCGACGC3' and bac xba 5�GCTCTAG
ATTAGGCGACCGGCACGGTGATTG3'
containing the PstI and XbaI cleavage site,
respectively. The resulting PCR product of
the expected molecular weight was purified
by agarose gel electrophoresis, digested with
the mentioned enzymes and inserted into the
corresponding sites of pVL1393 under the
control of the polyhedrin protein promoter,
resulting in pMBA90.

pMBA125 has the same insert as
pMBA123, but in the opposite direction so
that expression will be under the direction of
the T7 promoter.

The correct orientation and integrity of
inserts from plasmid constructions were con-
firmed by restriction analysis, PCR amplifi-
cation and sequence analysis. Plasmids were
purified with Wizard mini preps kit
(Promega). The general characteristics of
the plasmid constructs obtained are shown
in Table 1.

Transformation of Mycobacterium smegmatis

Competent cells of M. smegmatis strain
mc2155 were prepared and transformed as
described by Jacobs et al. (11).

Preparation of cell fractions

E. coli cultures were induced for 2 h by
the addition of 10 mM isopropyl-b-thioga-
lactopyranoside (IPTG). For E. coli BL21,
100 µg/ml rifampicin was added at the time
of IPTG induction. Cells were harvested
by centrifugation and resuspended in
loading buffer for PAGE (2% sodium
dodecyl sulfate (SDS), 0.125 M Tris HCl,
pH 6.8, 1% 2-mercaptoethanol, 0.02% bro-
mophenol blue, and 10% glycerol). Cell ex-
tracts were obtained by boiling for 5 min.
Cell extracts from M. smegmatis or insect
cells were obtained also by centrifugation
and boiling in loading buffer for PAGE.
Proteins from culture supernatants were pre-
cipitated by the addition of up to 10% trichlo-
roacetic acid and resuspended in 1/100 of
the original volume in loading buffer for
PAGE.

Western and Southern blots

Western and Southern blots were per-
formed as previously described (15,16).

Transfection of insect cells

Transfection of insect cells to produce
recombinant baculoviruses was performed
as described by O�Reilly (17). Sf9 cells (17)

Table 1 - Main features of plasmid constructions.

1The insert orientation is opposite to that of pMBA123.

Plasmid Vector Cloning site Insert size Promoter Gene

pMBA123 pBluescript KS XhoI 1.3 kb lac Z-P36 P36

pMBA125 pBluescript KS XhoI 1.3 kb1 T7-P36 P36

pMBA60 pYUB18 BamHI 1.3 kb P36 P36

pMBA61 pMV261 SalI-PvuII 1.0 kb Hsp60 P36

pMBA62 pYUB178 EcoRV 1.3 kb P36 P36

pMBA77 pMV261 EcoRV 0.75 kb Hsp60 MPB70

pMBA90 pVL1393 PstI-XbaI 0.95 kb Polyhedrin P36
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were infected at a multiplicity of infection
(m.o.i.) = 5.

Results

Expression of P36 gene in E. coli

In a previous study (9) we reported the
expression of the P36 gene in E. coli, but
severe degradation prevented P36 purifica-
tion from E. coli cell extracts (strain DH5a).
In order to obtain a high P36 expression
level and stability in E. coli, plasmid
pMBA125 was introduced into the E. coli
strain BL21(DE3). This plasmid (pMBA125)
carries the P36 gene downstream of the T7
promoter. The E. coli strains bear the gene of
T7 RNA polymerase from phage T7 under
the control of an IPTG-inducible promoter.
In addition, E. coli BL21(DE3) lacks the
Lon (18) and OmpT (19) proteases, which
especially degrade recombinant products.
Western blot assays using rabbit anti-P36
sera (Figure 1) demonstrated higher P36
expression levels and a more stringent de-
gree of IPTG regulation in E. coli BL21
(DE3) than in E. coli DH5a. However, the
degradation increased with the production
level, because only a 29-kDa degradation
product is seen in E. coli DH5a, while sev-
eral bands are demonstrated in E. coli
BL21(DE3).

Cloning of P36 and MPB70 genes in M.
smegmatis

To compare the expression level in terms
of the vector used, the P36 gene and its
regulatory sequence were cloned in three
different vectors, pYUB18, pYUB178 and
pMV261. The main characteristics of the
three vectors are as follows: pYUB18 is a
low copy number cosmid (11), pYUB178
lacks a replication origin for mycobacteria,
and is inserted into the genome of bacilli at a
mycobacteriophage integration site (12).
Both plasmids lack a promoter for the ex-
pression of cloned genes. pMV261 is a mod-
erate copy number plasmid and contains the
inducible promoter of the BCG hsp60 gene
(12). Following the insertion of the P36 gene
into pMV261, pYUB178, or pYUB18, the
recombinant plasmids pMBA61, pMBA62,
pMBA60 were obtained, respectively. The
MPB70 gene was cloned in M. smegmatis to
compare its expression level and antibody
reactivity to that of P36. The cloning of the
MPB70 gene into the pMV261 vector origi-
nated plasmid pMBA77 (see Table 1). M.
smegmatis was transformed with these plas-
mids and their presence was confirmed by
the preparation of M. smegmatis plasmid
DNA, followed by E. coli transformation
and restriction analysis or PCR amplifica-
tion. A Southern blot was performed to dem-
onstrate the presence of pMBA62 in M.
smegmatis (data not shown).

P36 expression in M. smegmatis

Expression of the P36 gene in extract and
culture supernatants from different recombi-
nant M. smegmatis strains was demonstrated
by Western blots using specific anti-P36 rab-
bit sera (Figure 2). The highest production of
P36 was observed with M. smegmatis
(pMBA61). The recombinant protein was
found both in the supernatant and in the cell
extract. Addition of H2O2 as an inductor of
the hsp60 promoter had no effect on P36

Figure 1 - Detection of P36 ex-
pressed in extracts of E. coli.
Western blot: anti-P36 was
used as first antibody. Lanes: 1,
E. coli DH5a; 2 and 3, E. coli
DH5a (pMBA123); 4 and 5, E.
coli BL21(DE3) (pMBA125).
Lanes: 2, 4: Cell extracts from
IPTG-induced bacteria; 3, 5: cell
extracts from noninduced bac-
teria.

- 41

- 31

1 2 3 4 5
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production (data not shown). Lower levels
of P36 expression were observed in M.
smegmatis (pMBA60) and M. smegmatis
(pMBA62) (Figure 2). No P36 was observed
in the culture supernatant of M. smegmatis
(pMBA62).

P36 proteolysis was reduced with respect
to recombinant P36 expressed in E. coli. A
33-kDa protein reacting weakly with anti-
P36 rabbit sera in cell extracts of nonrecom-
binant M. smegmatis was sometimes ob-
served, indicating the existence of a weak
crossreactive protein. Although the stronger
P36 production took place in M. smegmatis
(pMBA61), no recombinant protein band
was observed in Coomassie blue-stained gels
(data not shown).

In order to precisely assess the molecular
sizes of the supernatant and of the intracellu-
lar forms of P36 protein produced by recom-
binant M. smegmatis, we submitted a small
amount of each sample to SDS-PAGE to
detect sharper bands. In the Western blot we
observed that the intracellular form is heavier
than the supernatant form (data not shown).
The M. bovis AN5 supernatant showed two
bands corresponding to both M. smegmatis
forms.

The immune recognition of the recombi-
nant P36 was studied using a few serum
samples from cattle with macroscopic tuber-
culosis lesions which had been previously
assayed for reactivity against the E. coli
recombinant P36 (9). The sera reacted against
the P36 antigen produced by M. smegmatis
(Figure 3A). Two sera recognized no other
protein in the supernatant while the other
sera recognized a 45-kDa band. Sera from
healthy cattle did not react with supernatants
or cell extract.

MPB70 expression in M. smegmatis

The MPB70 gene was cloned in pMV261
vector. MPB70 protein was detected as a
single band in culture supernatant using a
monoclonal antibody. A very low level of

45-

1 2 3 4 1kDa

31-

2 3 4 5

A B Figure 2 - A, Detection of P36
expressed in M. smegmatis.
Anti-P36 was used as first anti-
body. Western blot of cell ex-
tracts: Lanes: 1, M. smegmatis
(pMBA61); 2, M. smegmatis
(pMBA62); 3, M. smegmatis
(pMBA60); 4, M. smegmatis.
B, Western blot of culture su-
pernatants: Lanes: 1, M. bovis
AN5; 2, M. smegmatis
(pMBA61); 3, M. smegmatis
(pMBA60); 4, M. smegmatis
(pMBA62); 5, M. smegmatis.
One milliliter of culture was
used for preparation of extract
and supernatant.

Figure 3 - A, Recognition of M.
smegmatis-expressed P36 by
cattle sera. Western blot was
performed using the culture su-
pernatant from M. smegmatis
(pMBA61). Sera from infected
(lanes 1-3) or healthy (lanes 4
and 5) cattle were used. B, Rec-
ognition of P36 expressed in
insect cells (3 days post-infec-
tion) by cattle sera. Western
blot was performed using the
culture supernatant from insect
cells infected with recombinant
baculoviruses. Sera from
healthy (lanes 1-3) or infected
(lanes 4-6) cattle were used.

55-
kDa

31-

45-
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Figure 4 - Detection of MPB70
expressed in M. smegmatis.
Western blot: anti-MPB70 was
used as first antibody. Lanes:
1, M. smegmatis culture super-
natant; 2, M. bovis AN5 culture
supernatant; 3, M. smegmatis
(pMBA77) cell extract; 4, M.
smegmatis (pMBA77) culture
supernatant. One milliliter of
culture was used for prepara-
tion of extract and supernatant.

MPB70 protein was observed in cell extract
(Figure 4). A panel of cattle sera reacting
against E. coli recombinant MBP70 (Bigi F,
unpublished results) was assayed for the
immune recognition of M. smegmatis-pro-
duced MPB70. The sera reacted against the

kDa 1 2 3 4

31-

21-
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recombinant MPB70 antigen (data not
shown). No other M. smegmatis protein was
recognized. Sera from healthy cattle did not
react with supernatants.

Expression of P36 gene in insect cells

Insect cells were infected with recombi-
nant baculovirus carrying the P36 gene. In
this construction the start codon of the P36
gene is ATG (instead of GTG) to optimize
expression in this eukaryotic system. The
presence of the P36 gene was demonstrated
in infected Sf9 insect cells by dot blot of cell
DNA using the P36 gene as a probe. Sf9
cells were infected at a multiplicity of infec-
tion of 5. Culture supernatants and cell ex-
tracts were obtained at 1.5, 3 and 4 days
post-infection (dpi). The expression of P36
in extract and culture supernatant was dem-
onstrated by Western blot using specific anti-
P36 sera. The recombinant protein was found
both in the supernatant and in the cell extract
(Figure 5), with a molecular mass slightly
higher than the P36 produced by M. bovis. In
the supernatant, P36 appeared first at 1.5
dpi, reached its maximum expression level
at 3 dpi and was not found at 4 dpi, probably
due to degradation (data not shown). A main
P36 band with slightly smaller bands was
seen, indicating that degradation is highly

reduced in insect cells. Several proteins mi-
grated in the region of P36, making it diffi-
cult to detect a P36-specific band in Coo-
massie blue-stained gels (data not shown). In
cell extracts, P36 appeared at 1.5 dpi, reach-
ing also its maximum expression level at 3
dpi and slightly decreasing at 4 dpi (data not
shown). Anti-P36 serum recognized no pro-
tein in the cell extract or culture supernatant
from nonrecombinant baculovirus-infected
insect cells. P36 production was higher in
insect cells than in M. bovis, because when
only 5 µl of nonconcentrated insect cell su-
pernatant was submitted to SDS-PAGE, the
protein was clearly detected by Western blot.
On the contrary, no P36 band was detected
when 5 µl of nonconcentrated M. bovis was
loaded.

The same panel of sera from infected
cattle as used in section 3.3 recognized P36
secreted by insect cells (Figure 3B). These
cattle sera recognized no other protein in the
insect cell culture supernatant. Sera from
healthy cattle did not react with the superna-
tants.

Comparison of relative P36 production in
M. smegmatis and baculovirus-infected
insect cells

Since P36 is very poorly stained by Coo-
massie blue or silver nitrate (Bigi F, unpub-
lished observations, and Berthet FX, per-
sonal communication) we decided to deter-
mine the relative P36 production level in the
different expression systems by Western blot.
To compare the relative production level of
P36 protein in M. smegmatis, baculovirus-
infected insect cells, E. coli and M. bovis, we
determined the minimal number of cells pro-
ducing detectable P36 by Western blot (Table
2). Since the sera and the antigen used in this
comparison are the same, this method per-
mits an approximate analysis of production
level, even though the absolute amount of
protein (i.e., as determined in Coomassie
blue- stained gels) is not known. The highest

1 2 3 4kDa

45-

31-

Figure 5 - Detection of P36 ex-
pressed in insect cells. Western
blot: anti-P36 was used as first
antibody. Lanes: 1, M. bovis
AN5 culture supernatant; 2, cell
extract from insect cells infected
with nonrecombinant baculovi-
ruses; 3, cell extract from insect
cells infected with recombinant
baculoviruses; 4, culture super-
natant from insect cells infected
with recombinant baculoviruses
(50 µl non-TCA concentrated su-
pernatant). Except for lane 4, 1
ml of culture was used for
preparation of extract and super-
natant.
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relative P36 production was reached in in-
sect cells. The accumulation in the superna-
tant was 20 times higher than in cell extracts.
E. coli showed an intermediate level of ex-
pression, while the supernatant and cell ex-
tracts of M. smegmatis had the same amount
of P36 protein, similar to that of the produc-
ing organism, M. bovis. The production per
cell in the insect cell supernatant was 4600
times higher than in the M. smegmatis super-
natant. The protein concentration of each
fraction is also given in Table 2. The com-
parison was based on the number of cells
and not on protein concentration because of
the highly different protein concentration of
cell extracts and culture supernatants.

Discussion

The objective of this study was to com-
pare different systems for the expression of
mycobacterial antigen genes. For these ex-
pression assays we chose the P36 antigen, a
secreted protein identified and cloned in our
laboratory (9). This protein contains several
amino acidic PGLTS repeats, which is the
main antigenic region of the protein (Bigi F,
unpublished observations).

The gene encoding P36 was introduced
in E. coli BL21 under the control of the
strong promoter T7. P36 production was
higher compared to the E. coli strain (DH5a)
where the P36 gene is under the direction of
lacZ promoter. The degree of gene regula-
tion by IPTG addition was more stringent in
E. coli BL21 than in E. coli DH5a, a result
possibly explained by the fact that in BL21 it
is the RNA polymerase gene, not the recom-
binant gene, which is under the control of
Plac (20). Although E. coli BL21 is a pro-
tease-deficient strain, the extent of proteoly-
sis was still high, preventing the purification
of the antigen and indicating that Lon and
OmpT proteases are not responsible for the
degradation.

To improve P36 protein production, sta-
bility and presumably post-translational

modifications, the gene encoding P36 was
introduced into M. smegmatis and in the
baculovirus/insect cell system. At the same
time, we transformed M. smegmatis with the
gene encoding antigen MBP70 (21,22). We
used MPB70 protein to compare its expres-
sion level, compartmentalization and anti-
body reactivity with that of P36. Plasmid
constructs containing the genes coding for
the two antigens were introduced into M.
smegmatis. These constructs correspond to
different vectors (integrative or replicative,
with and without a strong promoter). The
highest P36 production was obtained with a
replicative plasmid containing the hsp60 pro-
moter (pMBA61). No induction of P36 gene
expression was achieved by adding H2O2 to
the culture medium, as reported by others
(12). A lower production was obtained with
M. smegmatis transformed with a replicative
promoter-less plasmid (pMBA60) and with
the integrative promoter-less plasmid
(pMBA62). This lower P36 production was
observed using both promoter-less vectors,
demonstrating that the P36 promoter is ac-
tive in M. smegmatis. Recombinant MBP70
antigen was produced by M. smegmatis
(pMBA77). No production was obtained
when the MPB70 gene was cloned in
pYUB18 (data not shown), suggesting that
the higher the gene copy number, the stron-
ger the production.

P36 protein was found both in the culture

Table 2 - Amount of cells that produce detectable P36 in Western blots.

1Five-day culture of M. smegmatis (pMBA61); 2Three-day post-infection culture;
3Three-week culture.

Source of P36 Culture Cell Number Protein
volume (µl) density (cell/ml) of cells (µg/ml)

M. smegmatis supernatant1 300 1.0 x 108 0.3 x 108 10

M. smegmatis extract1 300 1.0 x 108 0.3 x 108 200

Insect cell supernatant2 5 1.3 x 106 6.5 x 103 50

Insect cell extract2 100 1.3 x 106 1.3 x 105 220

E. coli cell extract 50 2.0 x 109 1.0 x 108 500

M. bovis AN5 supernatant3 300 4.0 x 108 1.3 x 108 40
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supernatant and cell extract of M. smegmatis
(pMBA61). Since in M. bovis P36 is a se-
creted protein, the secretion process seems
to be more efficient in M. bovis than in M.
smegmatis. The supernatant and extract forms
were detected as bands of slightly different
sizes, with the extract form being heavier.
This result suggests that the cell extract form
may be the processing precursor of the se-
creted form. However, it is unclear why
bands of both sizes are observed in the extra-
cellular fluid of M. bovis. A higher secretion
rate was observed with MBP70 produced by
M. smegmatis mainly in the culture superna-
tant.

P36 stability was higher both in M.
smegmatis cell extract and culture superna-
tant than in E. coli, suggesting that M.
smegmatis has fewer proteases or that P36
acquires a folding that allows it to resist
proteolysis.

The P36 gene was also expressed in the
baculovirus/insect cell system under the con-
trol of the polyhedrin promoter. Again, the
protein could be identified both in the cul-
ture supernatant and in the cell extract. A
higher production and secretion level was
reached because recombinant P36 protein
was easily detected in Western blots in
nonconcentrated supernatants. It has been
shown that baculovirus-infected insect cells
may secrete recombinant proteins (23). The
fact that the protein was not observed in the
supernatant culture at 4 dpi may indicate that
strong proteolysis arises late in the infection,
probably because cell lysis released pro-
teases. Recombinant P36 antigen had a higher
molecular mass than that produced in M.
bovis, perhaps due to post-translational pro-
tein modifications occurring in insect cells.
To our knowledge, there is only one previ-

ous case of mycobacterial protein expres-
sion in the baculovirus system. This was the
expression of the M. tuberculosis chaperonin
10 protein by Atkins et al. (24). Compared to
P36, higher expression of chaperonin 10 was
achieved; however, chaperonin 10 is a non-
secreted protein and is already abundant in
mycobacteria. A sample of few sera from
infected cattle recognized the recombinant
P36 produced by M. smegmatis or insect
cells. As previously reported (25), cattle sera
recognized no protein cell extract or super-
natants from insect cells infected by nonre-
combinant baculoviruses. Recombinant
MPB70 produced by M. smegmatis was also
recognized by cattle sera. These results es-
tablish the basis for a diagnostic assay.

A semiquantitative analysis of the rela-
tive production level of recombinant P36
showed that the highest production was ob-
tained in the baculovirus/insect cell superna-
tant. In this system there seems to be a good
rate of exportation because the extracellular/
cellular ratio was higher than in M. smegma-
tis.

A high yield of mycobacterial proteins in
systems such as those described here could
be the first step to study the immune recogni-
tion or the biological function of these anti-
gens. In an applied approach, the recombi-
nant antigens could be useful for diagnosis
or prevention studies.
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