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FIG. 5. Subcloning of lacZ and pab into pBR322 (A) and map of deletion plasmids obtained by Bal 31 exonuclease digestion (B).
Restriction enzyme cleavage sites: EV, EcoRV; B, BamHI; H, Hindlll; S, Sall; Sm, Smal; Xm, Xmalll. kb, Kilobase pairs.

in the first two positions.”” The same phenomenon was
observed in the pab gene: 55.7% G+C residues in the first
two positions versus 82.3% in the third position.

A search for homologous proteins in the Protein Sequence
Data Base revealed 30% homology between the Pab protein
and PstS of E. coli. PstS is a phosphate-binding protein of
the phosphate-specific transport (Pst) system of E. coli
which is activated during phosphate starvation. pstS is the
first gene in the Pst operon, which consists of five genes:
pstS, pstC, pstA, pstB; and phoU (31). With phosphate
excess, the Pst operon down regulates the genes of the
phosphate regulon, including pstS. Whether the function of
Pab is to bind and transport phosphate in mycobacteria
remains to be tested. In E. coli, PstS is localized in the
periplasm, and a precursor form with a signal peptide of 25
amino acids has been identified (30). The N terminus of Pab
resembles a signal sequence (23, 34). Two charged amino
acid residues, a lysine and an arginine, are followed by a
chain of 22 nonpolar amino acids followed by a lysine
residue. The ultrastructural location of Pab in M. tuberculo-
sis has not been determined as yet.

The pab gene was subcloned into a plasmid in conjunction

with the lacZ gene. The resultant plasmid, pAA26, produced
a fusion protein as well as a nonfused gene product, as was
seen with the phages lambda AAS9 and lambda AA71. This
could be explained by posttranslational cleavage or by
initiation of translation from the lacZ start codon as well as
from the pab start codon.

It has previously been observed that the phage lambda
AAG60 produced the recombinant gene product in E. coli at
30°C independently of IPTG addition (1). This might be
explained by the observed homology to the phoE Pribnow
sequences (33). We do not know which of these sequences is
the most likely to be used, as we do not know the starting
point of the transcription. The promoter active in lambda
AA60 might, however, be located even further upstream
from the sequence given in Fig. 2, as lambda AA60 carries
more than 300 base pairs upstream from the GTG start
codon.

Bal 31 exonuclease deletions were obtained from the 3’
end of the pab gene of pAA26, and two plasmids, pAA17 and
pAA23, appeared to encode truncated fusion proteins. The
anti-Pab MAbs presently available were probed against
these fusion proteins. The binding of the MAbs HYT 28,
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FIG. 6. (A) Coomassie-stained polyacrylamide gel. Crude protein extracts of E. coli DH5alpha transformed with the deletion plasmids (see
text) separated on 7.5% polyacrylamide gel. Lanes: m.w., molecular weight markers (values given on the left are in thousands); 1, pBR322;
2, pAA26; 3, pAA2S; 4, pAA24; 5, pAALT; 6, pAA23. (B and C) Immunoblot analyses. The proteins from two gels identical to the one shown
in panel A were transferred onto nitrocellulose and incubated with HYT 28 (panel B) and HBT 12 (panel C).

HAT 2, HGT 3, and TB 72 was dependent on the presence of
the ultimate 91 amino acids of the protein. We cannot rule
out that the eptitope(s) visualized by these MAbs is depen-
dent on the correct folding of the protein which might be
destroyed when a part of the molecule is removed. How-
ever, the Protean I computer program predicted two B-cell
epitopes of the linear type within the ultimate fragment of the
molecule.

None of the MAbs reacted with the 117 N-terminal amino
acids produced by pAA23 which, according to the Protean I
program, contains the best-graded B-cell epitope. The plas-
mid pAA17 produced a fragment that was recognized by
HBT 12 as well as TB 71. Within this fragment, the Protean
I program points out only one B-cell epitope.

Recently, Anderson and co-workers used the algorithm by
Hopp and Woods (11, 12) and Levitt (18) to obtain a
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hydrophilicity profile of the 65-kilodalton protein from M.
leprae (3). Peptides corresponding to the most hydrophilic
portions of the molecule were synthesized, and 10 out of 14
B-cell epitopes could be mapped by this method.

As seen in Fig. 7, the sequences given the best grades by
the Protean I program do not overlap the hydrophilic peaks.
We intend to investigate which—if any—of the computer
predictions hold true by having peptides synthesized and
study their binding to the MAbs.

Recently, Bothamley et al. (8) have shown a strong
correlation between antibody titers of patient sera towards
the TB 71 and TB 72 defined epitopes and sputum-positive
tuberculosis, especially in HLA-DR2 individuals. Produc-
tion of peptides covering the antigenic domains of the Pab
molecule may prove useful in the study of pathogenic events
induced by M. tuberculosis.
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FIG.. 7. Hydrophilicity profile of the Pab protein. The averaged hydrophilicity values are plotted versus the position of each residue along
the amino acid sequence (12). Open boxes show the four best-graded B-cell epitopes predicted by the Protean I program (10). The individual
ranking is indicated by numbers; box 1 indicates the best-graded epitope.

1sanb Aq 020z ‘6T 1290100 uo /610 wse rel//:dny wolj papeojumoq


http://iai.asm.org/

VoL. 57, 1989

ACKNOWLEDGMENTS

We cordially thank Juraj Ivanyi for encouraging this study and for
supplying the MAbs TB 71 and TB 72. We thank Raju Lathigra and
Ann Rees for assistance with computer analyses: Jerry Zoon, Britta
Dahl, and Otto Dahl for synthesizing oligonucleotide primers for the
sequencing reactions; Gururaj Kadival and Sotiros D. Chaparas for
supplying the MAb HGT 3; Katrine Bildstedfelt and Iben Nielsen
for excellent technical assistance; and Grethe Jensen for typing the
manuscript. .

This work was initiated when A.B.A. was a Fogarty fellow in the
laboratory of S. D. Chaparas, Food and Drug Administration,
Bethesda, Md. This work has received financial support from the
World Health Organization Programme for Vaccine Development,
from the Carlsberg Foundation, and from the Research Center for
Medical Biotechnology in Denmark.

LITERATURE CITED

1. Andersen, A. B., A. Worsaae, and S. D. Chaparas. 1988.
Isolation and characterization of recombinant lambda gt11 bac-
teriophages expressing eight different mycobacterial antigens of
potential immunological relevance. Infect. Immun. 56:1344—
1351.

2. Andersen, A. B., Z.-L. Yuan, K. Haslgv, B. Vergmann, and J.
Bennedsen. 1986. Interspecies reactivity of five monoclonal
antibodies to Mycobacterium tuberculosis as examined by
immunoblotting and enzyme-linked immunosorbent assay. J.
Clin. Microbiol. 23:446-451.

3. Anderson, D. C., M. E. Barry, and T. M. Buchanan. 1988. Exact
definition of species-specific and cross-reactive epitopes of the
65-kilodalton protein of Mycobacterium leprae using synthetic
peptides. J. Immunol. 141:607-613.

4. Baess, 1., and B. Mansa. 1978. Determination of genome size
and base ratio on deoxyribonucleic acid from mycobacteria.
Acta Pathol. Microbiol. Scand. Sect. B 86:309-312.

5. Baird, P. N., L. M. C. Hall, and A. R. M. Coates. 1988. A major
antigen from Mycobacterium tuberculosis which is homologous
to the heat shock proteins groES from E. coli and the htpA gene
product of Coxiella burneti. Nucleic Acids Res. 16:9047.

6. Bolivar, F., R. L. Rodriguez, P. J. Greene, M. C. Betlach, H. L.
Heyneker, and H. W. Boyer. 1977. Construction and character-
ization of new cloning vehicles. 1I. A multipurpose cloning
system. Gene 2:95-113.

7. Booth, R. J., D. P. Harris, J. M. Love, and J. D. Watson. 1988.
Antigenic proteins of Mycobacterium leprae. Complete se-
quence of the gene for the 18-kDa protein. J. Immunol. 140:
597-601.

8. Bothamley, G. H., J. S. Beck, G. M. T. Schreuder, J. D’Amaro,
R. R. P. de Vries, T. Kardjito, and J. Ivanyi. 1989. Association
of tuberculosis and Mycobacterium tuberculosis-specific anti-
body levels with HLA. J. Infect. Dis. 159:549-555.

9. Coates, A. R. M., J. Hewitt, B. W. Allen, J. Ivanyi, and D. A.
Mitchison. 1981. Antigenic diversity of Mycobacterium tuber-
culosis and Mycobacterium bovis detected by means of mono-
clonal antibodies. Lancet ii:167-169.

10. Garnier, J., D. J. Osguthorpe, and B. Robson. 1978. Analysis of
the accuracy and implications of simple methods for predicting
the secondary structure of globular proteins. J. Mol. Biol.
120:97-120.

11. Hopp, T. P. 1986. Protein surface analysis. Methods for identi-
fying antigenic determinants and other interaction sites. J.
Immunol. Methods 88:1-18.

12. Hopp, T. P., and K. R. Woods. 1981. Prediction of protein
antigenic determinants from amino acid sequences. Proc. Natl.
Acad. Sci. USA 78:3824-3828.

13. Husson, R. N., and R. A. Young. 1987. Genes for the major
protein antigens of Mycobacterium tuberculosis: the etiologic
agents of tuberculosis and leprosy share an immunodominant
antigen. Proc. Natl. Acad. Sci. USA 84:1679-1683.

14. Jacobs, W. R., Jr., M. Tuckman, and B. R. Bloom. 1987.
Introduction of foreign DNA into mycobacteria using a shuttle
phasmid. Nature (London) 327:532-534.

15. Kadival, G. V., and S. D. Chaparas. 1987. Production, charac-
terization, and species specificity of five monoclonal antibodies

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

MAPPING OF Pab OF M. TUBERCULOSIS 2487

to Mycobacterium tuberculosis. J. Clin. Microbiol. 25:76-80.
Kadival, G. V., S. D. Chaparas, and D. Hussong. 1987. Charac-
terization of serologic and cell-mediated reactivity of a 38-kDa
antigen isolated from Mycobacterium tuberculosis. J. Immunol.
139:2447-2451.

Lathigra, R. B., D. B. Young, D. Sweetser, and R. A. Young.
1988. A gene from Mycobacterium tuberculosis which is homol-
ogous to the Dnal heat shock protein of E. coli. Nucleic Acids
Res. 16:1636.

Levitt, M. 1976. A simplified representation of protein confor-
mations for rapid simulation of protein folding. J. Mol. Biol.
104:59-107.

Ljungqvist, L., A. Worsaae, and I. Heron. 1988. Antibody
responses against Mycobacterium tuberculosis in 11 strains of
inbred mice: novel monoclonal antibody specificities generated
by fusions, using spleens from BALB.B10 and CBA/J mice.
Infect. Immun. 56:1994-1998.

Magota, K., N. Otsuji, T. Miki, T. Horiuchi, S. Tsunasawa, J.
Kondo, F. Sakiyama, M. Amemura, T. Morita, H. Shinagawa,
and A. Nakata. 1984. Nucleotide sequence of the phoS gene, the
structural gene for the phosphate-binding protein of Escherichia
coli. J. Bacteriol. 157:909-917.

Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular
cloning: a laboratory manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.

Maxam, A. M., and W. Gilbert. 1980. Sequencing end-labeled
DNA with base-specific chemical cleavages. Methods Enzymol.
65:499-560.

Michaelis, S., and J. Beckwith. 1982. Mechanism of incorpora-
tion of cell envelope proteins in Escherichia coli. Annu. Rev.
Microbiol. 36:435-465.

Sanger, F., A. R. Coulson, G. F. Hong, D. F. Hill, and G. B.
Peterson. 1982. Nucleotide sequence of bacteriophage lambda
DNA. J. Mol. Biol. 162:729-772.

Schou, C., Z.-L. Yuan, A. B. Andersen, and J. Bennedsen. 1985.
Production and partial characterization of monoclonal hybrid-
oma antibodies to Mycobacterium tuberculosis. Acta Pathol.
Microbiol. Immunol. Scand. Sect. C 93:265-272.

Shinnick, T. M. 1987. The 65-kilodalton antigen of Mycobacte-
rium tuberculosis. J. Bacteriol. 169:1080-1088.

Shinnick, T. M., M. H. Vodkin, and J. C. Williams. 1988.
Mycobacterium tuberculosis 65-kilodalton antigen is a heat
shock protein which corresponds to common antigen and to the
Escherichia coli GroEL protein. Infect. Immun. 56:446—451.
Snapper, S. B., L. Lugosi, A. Jekkel, R. E. Melton, T. Kieser,
B. R. Bloom, and W. R. Jacobs, Jr. 1988. Lysogeny and
transformation in mycobacteria: stable expression of foreign
genes. Proc. Natl. Acad. Sci. USA 85:6987-6991.

Stormo, G. D., T. D. Schneider, and L. M. Gold. 1982. Charac-
terization of translational initiation sites in E. coli. Nucleic
Acids Res. 10:2971-3011.

Surin, B. P., D. A. Jans, A. L. Fimmel, D. C. Shaw, G. B. Cox,
and H. Rosenberg. 1984. Structural gene for the phosphate-
repressible phosphate-binding protein of Escherichia coli has its
own promoter: complete nucleotide sequence of the phoS gene.
J. Bacteriol. 157:772-778.

Surin, B. P., H. Rosenberg, and G. B. Cox. 1985. Phosphate-
specific transport system of Escherichia coli: nucleotide se-
quence and gene-polypeptide relationships. J. Bacteriol. 161:
189-198.

Thole, J. E. R., W. ]J. Keulen, A. H. J. Kolk, D. G. Groothuis,
L. G. Berwald, R. H. Tiesjema, and J. D. A. van Embden. 1987.
Characterization, sequence determination, and immunogenicity
of a 64-kilodalton protein of Mycobacterium bovis BCG ex-
pressed in Escherichia coli K-12. Infect. Immun. 55:1466-1475.
Tommassen, J. 1987. Expression of outer membrane PhoE
protein in Escherichia coli K-12, p. 26-30. In A. Torriani-
Gorini, F. G. Rothman, S. Silver, A. Wright, and E. Yagil (ed.),
Phosphate metabolism and cellular regulation in microorgan-
isms. American Society for Microbiology, Washington, D.C.
Watson, M. E. E. 1984. Compilation of published signal se-
quences. Nucleic Acids Res. 12:5145-5164. )
Worsaae, A., L. Ljungqvist, K. Haslgv, I. Heron, and J. Benned-

1sanb Ag 0z0zZ ‘6T 4200100 uo /610 wse rel//:dny woll papeojumod


http://iai.asm.org/

2488

36.

37.

38.

ANDERSEN AND HANSEN

sen. 1987. Allergenic and blastogenic reactivity of three antigens
from Mycobacterium tuberculosis in sensitized guinea pigs.
Infect. Immun. 55:2922-2927.

Yamaguchi, R., K. Matsuo, A. Yamazaki, C. Abe, S. Nagai, K.
Terasaka, and T. Yamada. 1989. Cloning and characterization of
the gene for immunogenic protein MPB64 of Mycobacterium
bovis BCG. Infect. Immun. 57:283-288.

Yanisch-Perron, C., J. Vieira, and J. Messing. 1985. Improved
M13 phage cloning vectors and host strains: nucleotide se-
quences of the M13mp18 and pUC19 vectors. Gene 33:103-119.
Young, D., L. Kent, A. Rees, J. Lamb, and J. Ivanyi. 1986.
Immunological activity of a 38-kilodalton protein purified from
Mycobacterium tuberculosis. Infect. Immun. 54:177-183.

39.

40.

41.

42.

INFECT. IMMUN.

Young, D., R. Lathigra, R. Hendrix, D. Sweetser, and R. A.
Young. 1988. Stress proteins are immune targets in leprosy and
tuberculosis. Proc. Natl. Acad. Sci. USA 85:4267—4270.
Young, R. A., B. R. Bloom, C. M. Grosskinsky, J. Ivanyi, D.
Thomas, and R. W. Davis. 1985. Dissection of Mycobacterium
tuberculosis antigens using recombinant DNA. Proc. Natl.
Acad. Sci. USA 82:2583-2587.

Young, R. A., and R. W. Davis. 1983. Yeast RNA polymerase Il
genes: isolation with antibody probes. Science 222:778-782.
Young, R. A., V. Mehra, D. Sweetser, T. Buchanan, J. Clark-
Curtiss, R. W. Davis, and B. R. Bloom. 1985. Genes for the
major protein antigens of the leprosy parasite Mycobacterium
leprae. Nature (London) 316:450—452.

1sanb Ag 0z0zZ ‘6T 4200100 uo /610 wse rel//:dny woll papeojumod


http://iai.asm.org/

