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epitopes, as predicted by the Protean I program, are shown
together with the hydrophilicity profile.
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FIG. 3. Coomassie-stained polyacrylamide gel. Lanes: 1, molec-

ular weight markers (values given on the left are in thousands); 2, 3,
and 4, dilute samples of crude protein extracts of E. coli DHSalpha
transformed with pAA26 separated on 7.5% polyacrylamide gel; 5,
E. coli DHSalpha transformed with pBR322. <, RpoB; 4, RpoC
(molecular weiglhts, 150,615 and 155,159, respectively).

epitopes are now available. The amino acid sequence was
analyzed by a program, Protean I (Proteus Biotechnology
Limited), that predicts B-cell epitopes on the basis of the
deduced secondary structure of the molecule (10). A hydro-
philicity profile of the protein was deduced by the program of
Hopp and Woods (12). In Fig. 7, the highest-ranked

Pab 1

PhoS 1

DISCUSSION

A stretch of 1,993 base pairs of M. tuberculosis DNA
containing the pab gene has been sequenced. The structural
gene was considered to extend 1,122 base pairs from a GTG
start codon. The deduced molecular weight of this gene
product, 38,200, is in accordance with the molecular weight
of the native protein as judged by its mobility in polyacryl-
amide gels.
GTG is used as a start codon in only one of the mycobac-

terial genes sequenced so far (36). However, only a very
limited number of mycobacterial gene sequences have been
established as yet. The GTG codon is followed by a se-
quence of four adenine residues which is one of the preferred
sequences to follow an initiator codon (29). Five base pairs
upstream from the start codon, a putative ribosome-binding
site was observed, strengthening the likelihood that this
GTG codon is a start codon. The overall GC content of the
pab gene, 64.5%, is in accordance with results obtained from
hybridization studies of sheared chromosomal DNA (4) and
with sequence data from other mycobacterial genes (7, 26,
32, 36).

Shinnick previously observed that the GC content of the
gene encoding the 65-kilodalton protein was not evenly
distributed throughout the gene: the GC content was 55% in
the first two positions of each codon versus 87% in the third
position (26). This was interpreted as "a strategy allowing
the organism to have a high GC content without limiting the
access to amino acids whose codons contain A or T residues

60 LLYPLFNLWGPA FHERYPNVT
. * * * *

31 GAGATFPAPVYAKWADTYQKETC

ITAQGSGA****A*AAAGTVNIGASDAYLS WGMA

GNKVNYQGIGSSGGVKQIIANTVDFGASDAPLS

116 AHKGLMNIALAISAQQVNYNLPG VSEHLKLNGKVLAAMYQGTIKTWDDPQIAALNPGVN
* ** * * ** * * *** * * *** *** ** ****

90 AQEGLFQFPTVIGGVVLAVNIPGLKSGELVLDGKTLGDIYLGKIKKWDDEAIAKLNPGLK

175 LPGTAVVPLHRSDGSGDTFLFTQYLSKQDPEGWGKSPGFGTTVDFPAVPGALGENGNGGM
** * **** * **** * * * * *** * ** ** *

150 LPSQNIAVVRRADGSGTSFVFTSYLAK VNEEWKNNVGTGSTV KWPIGLGGKGNDGI

235 VTGCAETPGCVAYIGISFLDQASQRGLGEAQLGNSSGNFLLPDAQSIQAAAAG FASKTP
** ** * * * * * * ** * ***

206 AAFVQRLPG AIGYVEYAYAKQNNLAYTKLISADGKPVSPTEENFANAAKGADWSKTF

294 ANQAISMIDGPAPDGYPIINYEYAIVNNRQKDAATAQTLQAFLHWAITDGNK ASFLDQV
* * * * ** ** * ** * ** **

263 A QDLTNQKG EDAWPITSTTFILIHKDQKKPEQGTEVLKFFDWAYKTGAKQANDLD

353 HFQPLPPAVVKLSDALIATISS
** ** * *

318 YASLPDSVVEQVRAAWKTNIKDSSGKPLY

FIG. 4. Alignment of the amino acid sequence of Pab with that of PstS (also designated PhoS). *, Identical amino acids.

MKIRLHTLLAVLTAAPLLLAAAGCGSKPPSGSPETGAGAGTV ATTPASSPVTLAETGST
**M** * ** *

MKVMRTTVATWAATLSMSAFSVFAEASLT
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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, HindIll; S, Sall; Sm, Smal; Xm, XmaIll. 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 AA59 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

AA60 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,

1kb

pAA26

pAA25

pAA24

pAA17

-ff-x-x"
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FIG. 6. (A) Coomassie-stained polyacrylamide gel. Crude protein extracts of E. coli DHSalpha 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, pAA25; 4, pAA24; 5, pAA17; 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

endpoint pAA23

I i l.

'0 log 150

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. tiuberculosis.

endpoint pAAi7

E] I13 a
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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.
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