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Isolation and Sequencing of the Gene Coding for an Antigenic
34-Kilodalton Protein of Mycobacterium paratuberculosis
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The gene coding for an antigenic 34-kDa protein of Mycobacterium paratuberculosis was isolated and
sequenced. The 897-bp open reading frame coded for a novel protein containing specific B epitopes. The
occurrence of well-defined hydrophobic and hydrophilic portions suggests the wall location of the protein.

Mycobacterium paratuberculosis, the etiological agent of
Johne's disease, contains a major antigen complex called
A36 which is highly recognized by sera from cattle infected
with M. paratuberculosis (6, 9). We have recently shown
that a 34-kDa protein of the A36 complex is immunodomi-
nant and contains B epitopes specific for all tested mycobac-
teria, including Mycobacterium bovis and Mycobacterium
avium (6). A 500-bp DNA fragment coding for a portion of
the 34-kDa protein has been isolated from a Xgtll genomic
library ofM. paratuberculosis (clone Xgtll-a362). This DNA
fragment coded for a polypeptide containing B epitopes
present in all tested M. paratuberculosis strains but not in
related bacteria, including many strains of the M. avium-M.
intracellulare-M. scrofulaceum group (7). In this article, we
describe the isolation and the sequence of the complete gene
of the 34-kDa protein.
The previously cloned DNA fragment ofM. paratubercu-

losis (7) was excised by EcoRI digestion from clone Xgtll-
a362 (18) and inserted into the EcoRI site of the sequencing
vector pBluescript SK+ (Stratagene, La Jolla, Calif.) (20).
The recombinant plasmid was transferred to Escherichia coli
DHSaF' by transformation (18), and the insert (boxed in Fig.
1) was sequenced with the universal primers SK and KS
(Stratagene) and the T7 sequencing kit used with Deaza G/A
T7 sequencing mix (Pharmacia, Uppsala, Sweden).
The gene sequence revealed two open reading frames,

possibly in phase with the ,-galactosidase gene of Xgtll, at
each extremity of the inserted mycobacterial DNA. In one
direction, a stretch of 299 bp (nucleotides 1340 to 1638 in Fig.
1) corresponding to a 13.6-kDa polypeptide was found,
whereas in the opposite direction there was a 179-bp frame
(nucleotides 1832 to 1654 in Fig. 1) coding for a 7.2-kDa
polypeptide. The original orientation of the inserted myco-
bacterial DNA fragment in phage Xgtll-a362 (unidentifiable
after its transfer into the sequencing vector) was established
as follows. The mycobacterial DNA insert was cloned in
both orientations into the expression plasmid pmTNF.MPH,
and both reading frames were translated (Fig. 2). This vector
allows the expression of cloned genes as fusion proteins with
a polypeptide comprising the first 25 amino acids of mouse
tumor necrosis factor and a hexahistidine peptide (4). The
resulting recombinant plasmids were introduced into E. coli
K-12 A H1 (ATCC 33767) by transformation (18). Single
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transformed colonies were grown at 28°C in the presence of
tetracycline to an A6. of 0.2 and then heat shocked (4 h,
42°C). Cell lysates were tested, in Western blot (immuno-
blot) experiments, with rabbit antiserum directed against the
fusion protein expressed by phage Xgtll-a362. Restriction
analysis of positive clones (pmTNF.MPHa362) indicated
that the correct orientation of the mycobacterial DNA frag-
ment in phage Xgtll-a362 involved the transcription of the
299-bp open reading frame, which encoded a 13.6-kDa
polypeptide.

Confirmation of this result, and of the corresponding
nucleotide sequence, was obtained by sequencing the puri-
fied recombinant polypeptide. A sonic extract of the induced
recombinant bacteria containing pmTNF.MPHa362 was
centrifuged (25,000 x g, 15 min, 4°C), and supernatant
proteins were precipitated [30% (wt/vol) (NH4)2SO4], dis-
solved (0.5 M NaCl-15 mM potassium phosphate buffer, pH
5.2), and dialyzed overnight at 4°C (against the same buffer).
Guanidine chloride was added (final concentration, 4 M in 50
mM phosphate buffer, pH 7.4), and the recombinant poly-
peptide carrying six adjacent histidines (Fig. 2) was purified
from E. coli proteins by selective interaction between the
polyhistidine peptide and a metal chelate adsorbent (Ni ion
affinity chromatography on a chelating fast-flow Sepharose
column) (16, 17). After elution (0.5 M NaCl-50 mM potas-
sium phosphate buffer, pH 7.4, containing 4 M guanidine
chloride and 150 mM imidazole), the last traces of contam-
inating E. coli proteins were removed by gel filtration
(Superdex 75; Pharmacia). The purified recombinant poly-
peptide (mTNF-a362) was transferred to a nitrocellulose
membrane and tested with rabbit antiserum directed against
the fusion protein expressed by phage Agtll-a362 by West-
ern blot analyses. This antiserum, which was previously
shown to recognize the 34-kDa protein of M. paratubercu-
losis (7), also recognized the mTNF-a362 recombinant
polypeptide, thus confirming the correspondence of all these
products (Fig. 3).
To allow sequence analysis, the fusion protein was de-

salted by reverse-phase chromatography (PTC-C18 column;
2.1 by 220 mm; Applied Biosystems, Foster City, Calif.).
The fraction that was eluted at 45% acetonitrile contained
the fusion protein and was used for peptide mapping. Inter-
nal fragmentation was obtained by either enzymatic (0.1 ,ug
of trypsin/,Lg of protein, 37°C, 18 h) or chemical (3% formic
acid, 110°C, 4 h) cleavages, followed by separation of the
fragments by reverse-phase chromatography on either PTC-
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1546 GOT TCG GC& ACC GCC AAT TAC TCC GAG CA& GCC GGT GGC CAG CAG TCC TAC GGC CAG
Gly Ser Ala Thr Ala Asn Tyr Ser Glu GIn Ala Gly Gly GIn GIn Ser Tyr Gly GIn
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1816 CATGAC-CGGCOCGTI

FIG. 1. Nucleotide sequence of the region containing the gene encoding the 34-kDa protein of M. paratuberculosis. The sequence of the
gene and of its translation product and the potential promoter region (-10 and -35 sequences) and Shine-Dalgarno sequence (SD) are shown.
The translation initiation codon, ATG, is indicated by an arrow, and the stop codon is indicated by dots. The amino acids confirmed by
internal sequencing of the recombinant polypeptide are underlined. The sequence corresponding to the DNA fragment inserted in clone
Xgtll-a362 is boxed.

C18 (see above) or RP300-C4 (Aquapor; 2.1 by 100 mm; hydrolyzed by endonuclease ApaI (18); two fragments in-
Applied Biosystems) columns. Peptides were sequenced by cluding nucleotides 1340 to 1477 and 1478 to 1832 were
the Edman degradation method (8) (model 427A protein obtained (Fig. 1). The former segment, corresponding exclu-
sequenator with an on-line 120A amino acid analyzer; Ap- sively to the coding region of the 34-kDa protein, was
plied Biosystems). The determined peptide sequence (under- isolated by electroelution from a 2% agarose gel, labeled by
lined in Fig. 1) corresponded to the 299-bp reading frame of random priming with [a-32P]dCrP (18), and used as a probe
the mycobacterial DNA fragment inserted in the Xgt11-a362 to detect the remaining part of the gene. For this purpose,
clone. this probe was denatured and hybridized with the ApaI

Since the 299-bp reading frame was shown to correspond restriction fragments of the M. paratuberculosis genome,
to the carboxyl-terminal portion of the 34-kDa protein, as which were previously fractionated by agarose gel electro-
indicated by the stop codon at position 1636, the remaining phoresis, denatured, and transferred to a nylon filter (18).
part of the gene was cloned as follows. The mycobacterial The labeled DNA probe was hybridized with blotted DNA
DNA insert in the pBluescript SK+ plasmid (see above) was (48 h at 49°C in 50% deionized formamide, 0.9 M NaCl, 90
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FIG. 2. Cloning and expression of the mycobacterial insert a362. The strategy adopted for cloning of the a362 insert into expression vector

pmTNF.MPH is outlined.
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FIG. 3. SDS-PAGE and Western blot analysis ot the recombi-

nant polypeptide. The expression product (1 ,ug) of clone pmTN
F.MPHa362 was electrophoresed on a polyacrylamide gel (SDS-
14% PAGE) and either stained with Coomassie blue (panel A, lane
2) or transferred to a nitrocellulose membrane which was incubated
with rabbit antiserum directed against the fusion protein expressed
by phage Xgtll-a362. Membrane-bound immunoglobulins were re-

vealed by peroxidase-labeled protein A (panel B, lane 1), as previ-
ously described (9). Molecular mass standards (66.0, 45.0, 36.0,
29.0, 24.0, 20.1, and 14.2 kDa) were stained with either Coomassie
blue (panel A, lanes 1 and 3) or india ink (panel B, lane 2).

mM sodium citrate, 0.5% sodium dodecyl sulfate [SDS],
0.1% bovine serum albumin, 0.1% Ficoll, 0.1% polyvi-
nylpyrrolidone, 0.1% denatured salmon sperm DNA). After
hybridization, the membranes were repeatedly washed at
60'C (with 0.3 M NaCl-30 mM sodium citrate solution, with
the same solution plus 0.1% SDS, and finally with 15 mM
NaCl-1.5 mM sodium citrate solution) and autoradio-
graphed. As shown in Fig. 4, a single DNA fragment of 1,500
bp was detected by probe hybridization. According to its
molecular mass, this DNA fragment should contain the gene
portion corresponding to the NH2-terminal part of the 34-
kDa protein and the sequence preceding it. The ApaI-
cleaved mycobacterial genome fragments located in the
1,500-bp region, after electroelution from the agarose gel,
were cloned into the ApaI site of the pBluescript SK+
sequencing vector. Recombinant plasmids were transferred
into E. coli DH5aF', and the resulting DNA library was
screened (colony hybridization) with the aforementioned
probe (18). The mycobacterial DNA insert of a clone thus
isolated was sequenced (nucleotides 1 to 1477 in Fig. 1). The
orientation of the cloned segment, with respect to the
mycobacterial DNA inserted in clone Agtll-a362, was iden-
tified owing to the 137-bp sequence (nucleotides 1340 to 1477
in Fig. 1) overlapping the two DNA segments.
The complete sequence of the 34-kDa protein gene and of

the adjacent DNA segments is displayed in Fig. 1. It contains
an open reading frame of 897 bp, which starts with codon
ATG at position 742 and ends with the TAA triplet at
position 1638. A Shine-Dalgarno sequence, AGGAGG, fully
homologous to the consensus sequence of E. coli (19), is

FIG. 4. Identification of the M. paratuberculosis DNA fragment
containing the beginning of the 34-kDa-protein gene. ApaI-digested
DNA from M. paratuberculosis ATCC 19698 was electrophoresed
on a 0.6% agarose gel and hybridized after Southern blotting with a
32P-labeled probe corresponding to nucleotides 1340 to 1477 of the
34-kDa-protein gene (lane B). Molecular mass markers of the
indicated sizes (X DNA cut with HindIII and EcoRI), 32p labeled
with the Klenow fragment ofDNA polymerase I, were electrophore-
sed and blotted (lanes A and C). Autoradiography of the membranes
was performed at -70°C.

located 4 bases upstream of the start codon. A transcrip-
tional promoter is expected to be present in the region
preceding the ATG start codon. Promoter-like sequences,
similar to those described for E. coli, are the hexanucleotide
TAAAAG (homology of 4 of 6 bases with the consensus

sequence, TATAAT) (10) and the box TCGCAA (50%
homologous to the consensus sequence, TTGACA) (10). The
length of the 19-nucleotide-long spacer between these two
promoter regions is in the 15- to 20-base range of E. coli
transcriptional promoters (10). The occurrence of promoter
sequences different from those found in E. coli is still
possible. It is known, in fact, that many promoters of cloned
mycobacterial genes do not function in E. coli (5).
The overall base composition of the 34-kDa protein gene,

70% guanine plus cytosine, is in agreement with the high
G+C content ofM. paratuberculosis chromosomal DNA (67
G+C) (12). The percents G+C occurrence in the first,
second, and third positions of the codons were 70.6, 56.5,
and 86.2, respectively. The codon usage for the 34-kDa
protein was found to be similar to those described for the few
known genes of the M. tuberculosis complex, with a strong
preference for codons with a G or a C in the third position
(5). Glycine was the most abundant amino acid of the 34-kDa
protein (17.8% of total amino acids), followed by alanine and
proline (13.4 and 11.7%, respectively). The exceptionally
high frequency of a G or a C in the first position of the
codons could be explained by the relative abundance of
glycine, alanine, and proline, which are all specified by
codons beginning with either a G or a C.

1 2 3 1 2
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FIG. 5. Kyte-Doolittle hydrophobicity profile of the 34-kDa pro-

tein of M. paratuberculosis.

The protein corresponding to the open reading frame of
the cloned gene herewith reported was initially recognized in
a M. paratuberculosis lysate fractionated by electrophoresis
on a denaturing polyacrylamide gel (SDS-polyacrylamide gel
electrophoresis [PAGE]). Under these experimental condi-
tions, the size of the identified protein was estimated to be 34
kDa (6). There is, however, a discordance between the
molecular mass determination by electrophoresis under de-
naturing conditions and the theoretical molecular mass. As a

matter of fact, the sum of the molecular masses of the amino
acids encoded by the nucleotide sequence of the open
reading frame is 29,565 Da. Such a discrepancy might be due
to the high proline content of the protein (11.7%), which
reduces the mobility of the protein in the SDS-PAGE frac-
tionation, thus leading to an overestimation of its size, a
phenomenon previously observed with other proteins (1, 3,
21). In this connection, it is worth noting that the relative
proline content of the carboxyl-terminal moiety of the 34-
kDa protein is even higher than that of the whole protein. In
fact, the recombinant polypeptide mTNF-a362 contains
14.3% proline. Its molecular mass was estimated to be
22,500 Da by its electrophoretic mobility (by SDS-PAGE)
(Fig. 3) but only 14,976 Da according to the sum of the amino
acid molecular masses.
A hydrophilicity profile of the 34-kDa protein was drawn

with the "DNA Strider" computer program (14) by the
method of Kyte and Doolittle (13). The profile shown in Fig.
5 identifies two distinct regions: a strongly hydrophobic
portion corresponding to amino acids 40 to 160 and a highly
hydrophilic part encompassing amino acids 161 to 298.
Such a peculiar feature is compatible with a peripheral
location of the 34-kDa protein within the mycobacterial cell,
the hydrophobic NH2 moiety being buried within the enve-

lope and the hydrophilic COOH part being exposed at the
cell surface. This view is supported by the observation that
B epitopes localized in the carboxyl-terminal part of the
protein (amino acids 200 to 298, expressed by clone a362)
were found by immune electron microscopy to be present at
the cell surface (7). Some other antigenic proteins associated
with cell wall polymers have also been reported by others (2,
7, 11, 15).

In conclusion, this article describes the isolation and
sequencing of a new mycobacterial gene and the identifica-
tion of a protein endowed with interesting biochemical and
immunological properties. A search in the EMBL data bank
(release 31) indicated the uniqueness of the 34-kDa protein,
with no resemblance to other known proteins.

Nucleotide sequence accession number. The nucleotide
sequence of the 34-kDa protein of M. paratuberculosis has

been submitted to the EMBL data library under accession
number X68102.
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