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Using a single-probe method, we have cloned the gene for an immunogenic MPB57 protein of Mycobacterium bovis BCG. 
The nucleotide sequence includes an ORF of 300 base pairs encoding a protein of 99 amino acids with an M, of 10 818. 
This cloned gene was expressed in an Escberichiu coli expression vector to give a mature protein which reacted with a 

polyclonal antibody raised against MPB57. 
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1. INTRODUCTION 

Interest in mycobacterial proteins has increased 
in recent years because it has been reported that the 
epitope of 65 kDa Mycobacterium bovis BCG pro- 
tein seems responsible for the immunopathology 
of arthritis [ 11, and because some extracellular pro- 
teins from mycobacteria may offer an attractive 
possibility for use in serological assays for the 
detection of mycobacterial diseases. 

Using a single-probe method [2] which has great 
potential for the isolation of mycobacterial protein 
genes, we have recently cloned two genes encoding 
cy antigen [2] and MPB64 [3] derived from M. 
bovis BCG, both of which were expressed in E. 
coli. 
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ku, Kawasaki 210, Japan 

Abbreviations: aa, amino acid(s); PPD, purified protein 
derivatives; ORF, open reading frame; SD sequence, Shine- 
Dalgarno sequence; SDS-PAGE, SDS-polyacryl amide gel elec- 
trophoresis; IPTG, isopropyl-/3-D-thiogalactopyranoside; 
Amp, ampicillin 

The MPB57 protein was isolated by one of the 
authors from the culture filtrates of M. bovis 
BCG-Tokyo and hf. tuberculosis H37Rv and 
found in the cell-sonicates of these species. A 
similar component can be found in the PPD 
prepared after heat sterilization. In this com- 
munication we report the cloning, sequencing, and 
expression in E. coli of an approx. 12 kDa MPB57 
protein gene. It was also shown that this protein 
reacted with the monoclonal antibody IT3 [4]. 

2. MATERIALS AND METHODS 

2.1. Synthesis and design of oligonucleotide probes 
About 15 pg of purified MPB57 was analyzed by a 470A gas- 

phase protein sequencer (Applied Biosystems Inc.) and the se- 
quence of 20 N-terminal aa was determined (fig.1). 
Oligonucleotide probes (probe 1: 21-mer; probe II: 53-mer) cor- 
responding to the N-terminal aa sequence were chemically syn- 
thesized by a 370A automated DNA synthesizer (Applied 
Biosystems Inc.), using the most frequently used codons which 
were selected on the basis of the reported mycobacterial protein 
sequences (65 kDa [5], n antigen [2], and ,MPB64 [3]). The 
codon usage of these proteins is extremely biased to the use of 
G + C (-8040%) in the third position. About 100 pmol of 
purified oligonucleotide probes were labeled with 32P by Td 
polynucleotide kinase. The probes were purified with NEN 
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t IO 20 
AhLysVdAn lleLpPmLwGluA9pLn 2alm1V~GlnA&*nOluAh0*I 

ham II Rd. I ; GTGCAGGCCAACGAOOCCGAG 
AAGGlGAACATCAAGCC+CT~AGGACAAGA~~TGCAQGCCAACGAGGC 

Fig. 1. N-terminal aa sequence of MPB57 and oligonucleotide 
probes. The short probe (21-mer) gave a completely matched 
(21121 = lqO%) base pair in a synthetic oligonucleotide-DNA 
duplex by selecting a region of biased codons, and the longer 
one (53-mer) also gave a high matching rate (4903 = 92%). 
The unmatched bases are underlined. Both were extremely 

70 00 90 100 110 120 
GAGACCACGACCGCGTCCGGTCTGGTCATTCCTGACACCGC 
GluThrThrThrRlaSerClyLeuValIleProRspThrAlaLysGl"Ly~ProGlnGlu 

efficient in the Southern and the colony hybridizations. 130 140 150 160 170 IS0 
GGCACCGTCGTTGCCGTCGGCCCTGGCCGGTCGGACGRG~CG 
GlyThr"al"alRla"alGly~~~GlyA~g~~~A~~G~~A~~GlyGl~Ly~A~g~~~~~~ 

SORB (Du Pont Co., Ltd) and then used for the hybridization 
tests. 

BarnHI 
190 200 210 220 230 240 

CTGGACGTTGCGGAGGGTGACACCGTCATCTACAGCARGTG 
LeuAe~ValAlaGluGlyA~~Th~V~lIl~TyrSerLysTy~GlyGlyTh~Gl~IleLy~ 

2.2. DNA cloning 
250 260 270 280 290 300 

TACAACGGCGAGGAATACCTGRTCCTGTCGGCACGCGACG*CG==GGCCG~CG~~~CAAG 
TyrAsnGlyGluGluTyrLeuIleLeuSerAlaRrgAspValValGlyArgA~gPheLyS 

M. bovis BCG DNA was digested with restriction enzyme 
PslI and size-fractionated on a 0.8% agarose gel by elec- 
trophoresis. Since a PstI fragment with a length of 9.0 kbp gave 
a relatively clear hybridized band with probe I, it was harvested, 
cloned into pUC18, and transformed into E. coli JM109. One 
positive colony was obtained by colony hybridization with 
probes I and II. 

TAGTAGAGCGTGTTCCCCGGCGATCCCGTCG 
****** 

Fig.2. Nucleotide and deduced aa sequences of MPB57. The 
sequence is numbered beginning with the first nucleotide of the 
start codon GTG. The - 35 and - 10 regions of the proposed 
promoters are underlined. A possible SD sequence is boxed. 

2.3. DNA sequencing 
The PstI fragment from the mycobacterial DNA insert was 

digested with BwzHI and XhoI to get a BarnHI fragment and 
an XhoI fragment, respectively. Then the fragments were 
cloned into pUC18 digested with BarnHI and WI. The 
nucleotide sequence of the subcloned DNA fragments was 
determined by the dideoxy chain termination method [6], using 
intact pUC plasmid [7] and E. coli bacteriophage Ml3 mp19 
[81. 

tween these putative promoter elements, which is 
in agreement with the 15 to 20 base spacing 
described for E. coli promoters [l 11. The SD se- 
quence GGAGG can be seen 9 bases upstream of 
the start codon GUG. Besides a preference for the 
use of G and C in the third codon position, there 
is a similar strong bias in codon usage patterns 
(table l), compared with those of LY antigen [2] and 

3. RESULTS AND DISCUSSION 

The N-terminal aa sequence of this protein was 
identical to that of BCG-a of Minden et al. [lo] ex- 
cept for one aa; Glu-15 of BCG-a was replaced by 
Gin-15 in MPB57. The DNA sequence contained 
an ORF beginning with GTG at position l-3 and 
ending with the double stop codons TAGTAG at 
position 301-306 (fig.2). Its theoretical M, was 
calculated to be 10 8 18, Examination of the DNA 
sequence revealed that this protein lacked a signal 
peptide sequence, suggesting that it might be 
originally an intracellular protein but released into 
the medium by lysis during cultivation; the 
possibility of excretion without the signal peptide 
remains to be elucidated. Sequences closely 
resembling the - 10 and - 35 regions for E. coli 
promoters were at positions - 173 to - 168 
(TATAGA) and - 194 to - 189 (TTGAGT) 
upstream of the ORF [l 11. There are 15 bases be- 

Codon usage for an MPB57 gene 

TTT 0 TCT 0 TAT 

TYr 

0 TGT 0 

TTC 1 TCC 1 TAG 
sar 

4 TGC cys 0 
TTA 0 TCA 0 TM 0 TGA l ** 0 

l ** TTG 0 TCG I TAG 1 TOO Trp 1 

CTT 
LeuoccT 

2 CAT 
His O cGT 

2 

CTC 2ccc 0 CAC R. 0 CGC 1 

CTA OCCA 1CfUI 
Gin ’ CGA 

Am 
0 

CTG 4cCG 2 CAG 2cGG 2 

ATT 2 ACT 0 AAT 0 AGT 0 

ATC Ilo 5 ACC 6 AAc 
~ !hr 

Thr 
3AGc 1 

ATA 0 ACA OAAA 0 AGA 0 

ATG M& 0 ACG 1 AAG LYS 9 AGG Arg 0 

GTT 3GcT 0 GAT 2 

GTC 
val 5 Occ 

4 GAC 
Aw O OOT 

Ala 
1 GGC 

GTA 0 GCA 1 GAA 

G’” 

1 GGA G(y : 

GTG 2GcG 3 GAG 10 GGG 0 
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Fig.3. Construction of E. coli expression vector pKKM57. The 
22-bp Ncol-XhoI synthetic adaptor encoding the N-terminus 
(7 aa) of MPB57 was ligated to a pKK233-2 plasmid vector [9] 
digested with NcoI. After digesting with XhoI, the linearized 
plasmid was linked to an XhoI fragment containing all but the 

terminal 7 aa of the MPB57 gene, creating pKKM57. 

MPB64 [3]. The G + C content of the third letter is 
85%. Almost all codons which were not used 
possessed A or T at the third position. Interestingly 
in the case of Leu, only CTC and CTG were used 
among synonymous codons. It seems likely that 
CTT and CTA were converted by the so-called GC 
pressure [12] during evolution to the codons hav- 
ing G or C, since the mutation of T to C or A to 
G is silent. 

The protein expressed in E. coli had a mobility 
in SDS-PAGE identical to that of authentic 
MPB57, corresponding to a molecular mass of 
12 kDa (fig.4). An interesting point is that the 
MPB57 protein was produced in much larger 
quantity (-5% of the total proteins) than (Y antigen 
[2] or MPB64 [3]. The hydropathy profile (not 
shown) showed three hydrophilic regions around 
aa 30-40, 50-60, and 75-85, which might be 
regarded as exposed epitopes. The mature MPB57 

Fig.4. SDS-PAGE and immunoblot analysis of an MPB57 
protein expressed in E. coli. Protein bands are visualized by 
Coomassie brilliant blue staining (A) or by Western blot 
analysis (B) using a rabbit antiserum raised against MPB57. 
Lanes: (1) molecular mass markers; (2) and (5), the authentic 
MPB57 protein; (3) and (6), E. coli JM109 [pKKM57]; (4) and 

(7), no plasmid. 

protein and some poly eric epitopes would be 
good candidates for ser liagnosis [ 131. 
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