
©          Nature Publishing Group1985

~4s~o------------------------------------LETTERSTQNATURE------------------~N~AT~u~R~E~v~o~L~·~31~6~1~A~u~G~u~sT~19=ss 

Genes for the major protein 
antigens of the 
leprosy parasite Mycobacterium leprae 

Richard A. Young*, Vijay Mehra*ll, Douglas Sweetser*, 
Thomas Buchanant, Josephine Clark-Curtiss:j:, 
Ronald W. Davis§ & Barry R. Bloomll 

*Whitehead Institute for Biomedical Research, Nine Cambridge 
Center, Cambridge, Massachusetts 02142, and Department of 
Biology, Massachusetts Institute of Technology, Cambridge, 
Massachusetts 02139, USA 
t Immunology Research Laboratory, Pacific Medical Center, and 
Departments of Pathobiology and Medicine, University of 
Washington, Seattle, 98144, USA 
:j: Department of Biology, Washington University, St Louis, 
Missouri 63130, USA 
§Department of Biochemistry, Stanford University School of 
Medicine, Stanford, California 94305, USA 
II Department of Microbiology and Immunology, and Irvington 
House Institute for Medical Research, Albert Einstein College of 
Medicine, Bronx, New York 10461, USA 

Leprosy, a chronic infectious disease afflicting between 10 and lS 
million people, is caused by the obligate intracellular parasite 
Mycobacterium leprae 1• Although M. leprae was the first identified 
bacterial pathogen of man2

, basic biochemical, immunological, 
diagnostic and therapeutic investigations have been severely limited 
because it remains one of the few human pathogens that have not 
been cultured in vitro. An M.leprae recombinant DNA expression 
library was constructed to provide a source of genes encoding 
proteins relevant for such studies. Monoclonal antibodies directed 
against M. leprae specific antigens3-7 have been used to isolate 
the genes encoding the five most immunogenic protein antigens of 
the leprosy bacillus. We report here that M. leprae specific 
epitopes recognized by all of 13 monoclonal antibodies tested were 
produced by recombinant phage in Escherichia coli. 

A recombinant DNA expression library of M. leprae DNA 
was constructed using Agt11, a bacteriophage vector that is 
capable of driving the expression of foreign insert DNA with 
E. coli transcription and translation signals8

-
10

• An attempt was 
made to increase the likelihood that all possible foreign coding 
sequences would be expressed in E. coli by using an approach 
that proved successful in the isolation of Mycobacterium tuber
culosis genes 11

• M. leprae was purified from an armadillo that 
had been inoculated with bacillus from a single human patient 12

; 

DNA was purified from the bacillus 13 and was mechanically 
sheared to produce fragments of 1-7 kilobases (kb) . EcoRl 
linkers were added to the ends of the DNA fragments to allow 
insertion at the unique EcoRl site of Agt11. The ligated recom
binant DNA was packaged into phage heads and this material 
was used to infect E. coli cells14

• The aim of this approach was 
to generate DNA fragments with random endpoints throughout 
the foreign genome and to then produce recombinant phage in 
sufficient numbers that insert endpoints occurred at each base 
pair in the pathogen genome. This strategy should ensure that 
all coding sequences are inserted in the correct transcriptional 
orientation and translational frame to be expressed as a fusion 
protein with the ,8-galactosidase encoded in Agtll. 

The M. leprae DNA library constructed in this manner con
tained 2.5 x 106 individual recombinant phage. This library was 
amplified in E. coli Y1088 (ref. 9) by producing a plate stock14 

whose titre was 2 x 1011 PFU (plaque-forming units) ml- 1
• The 

amplified library consisted of 25 % recombinants whose foreign 
DNA insert lengths averaged 2 kb, as determined by DNA 
restriction endonuclease analysis of 25 independent phage 
clones. As the M. leprae genome consists of -106 base pairs 
(bp) 13

, it is likely that this library comprehensively represents 
the DNA of the bacillus. 

Fig. 1 Arrays of antigen from M. leprae recombinant DNA clones 
probed with individual monoclonal antibodies. Drops containing 
-104 PFU each of 15 cloned A gtll recombinants were arrayed on 
lawns of E. coli Y1090. The phage were grown and the antigens 
blotted and probed with individual monoclonal antibodies at 
-I : 200 dilution as described in ref. II . The monoclonal antibodies 
used here are: a, MLIIC8 ; b, MLIJIC8 ; c, MLIIIE9; d, MLIIH9 ; 
e, Yl -2; and f, Cl-1. The recombinant DNA clones are coded in 
g : I, Y3159 ; 2, Y3160 ; 3, Y3161 ; 4, Y3162 ; 5, Y3165 ; 6, Y3166 ; 
7, Y3170 ; 8, Y3171; 9, Y3172 ; 10, Y3173; 11 , Y3174 ; 12, Y3175 ; 
13, Y3176 ; 14, Y3177 ; 15, Y3178 ; 16, A gtll (this phage plaque 
produced the background signal for each monoclonal antibody). 

The monoclonal antibodies were produced in mice immunized 
with intact or crude extracts of armadillo-derived, purified M . 
leprae 3

-
7

, and the sizes of the antigens to which they bind are 
listed in Table 1. All of the antibodies directed against the 
antigen of relative molecular mass (M,) 65,000 (65K) were 
pooled at approximately 1: 200 dilution and used to probe 106 

plaques (0.25 x 106 recombinant plaques) according to protocols 
described previously10

•
11

• Seventeen plaques produced signals ; 
15 of these were successfully purified to homogeneity in one or 
two successive rescreens with the antibody pool. 

Recombinant DNA clones isolated in this manner were then 
arrayed and probed with each of the monoclonal antibodies 
individually. Figure 1 shows the results obtained with six of the 
seven antibodies directed against the 65K antigen. All seven 
monoclonal antibodies, each directed against a different epitope 
(T. P. Gillis, R. A. Miller, D. B. Young, S. R. Khanolkar and 
T.B., personal communication), were capable of recognizing 
antigen produced in E. coli. At least four different signal patterns 
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Fig. 2 Restriction maps of M. leprae DNA. Recombinant DNA 
clones isolated by using antibodies directed against the 65 K, 36K, 
28K, 18K and 12K antigens were subjected to restriction endonu
clease mapping. A DNA was prepared from phage plate stocks 
according to Davis et al16 A, Saci; B, Bglii; E, Eco RI; H, 

Hindiil; K, Kpnl; M, BamHl; P, Pvul; S, Sal!; X, Xho!. 

were observed in the array of clones. Antibodies MLIIC8, 
MLIIIC8 and MLIIIE9 (Fig. Ia, band c, respectively) produced 
three distinct patterns. A fourth pattern was generated by anti
bodies MLIIH9, Yl-2 and Cl-1 (Fig. ld, e and!, respectively). 
Antibody ML-30, directed against an epitope shared with E. 
coli, produced strong signals with all clones, generating a poorly 
discernible pattern (not shown). There was considerable vari
ation in the number of different epitopes produced by each 
clone, as evidenced by their reaction with different monoclonal 
antibodies. While some clones produced antigen that was rec
ognized by only one antibody (for example, clone 13 in Fig. 
I c), and one of the clones produced antigen recognized by all 
seven antibodies (clone 15), most clones produced antigen that 
was bound by some intermediate fraction of the seven anti
bodies. 

Recombinant DNA clones were also isolated and character
ized with antibodies directed against the 36K, 28K, 18K and 
12K antigens. Approximately 106 Agtll plaques were screened 
with a pool of these monoclonal antibodies. Eleven plaques that 
produced signals were purified to homogeneity. Clones were 
arrayed as in Fig. I and probed with each of the individual 
antibodies that comprised the pool. The anti-36K, 28K, 18K 
and 12K antibodies produced signals with I, 4, 4 and 2 recom
binant clones, respectively. 

The insert DNAs of all the recombinant DNA clones isolated 
using these monoclonal antibodies were mapped with restriction 
endonucleases. Figure 2 shows the genomic DNA restriction 

Table 1 Monoclonal antibodies used to isolate M. leprae genes 

M. leprae 
Antibody antigen Ref. 

MLIIC8 65K 4 
MLIIIC8 65K 4 
Yl-2 65K 7 
MLIIH9 65K 4 
MLIIIE9 65K 4 
Cl-1 65K 7 
ML-30 65K 3 
F47 CL9.1 36K 7 
SAl.D2D 28K 6 
SAl.BilH 28K 6 
L7-15 18K 7 
ML-06 12K 3 

Monoclonal antibodies directed against M. leprae protein antigens. 
The mouse monoclonal antibodies used in this study are tabulated 
according to the size of the M. leprae antigen that they bind and a 
reference describing their source. All of the antibodies are IgG I. 

maps deduced for genes encoding each of the five antigens of 
interest and illustrates how each of the cloned DNAs aligns 
with that map. All clones isolated with monoclonal antibodies 
directed against any single antigen appear to align with a single 
genomic DNA segment. For example, the insert DNAs of the 
12 recombinatnt clones isolated with the seven different anti-65K 
monoclonal antibodies overlap sufficiently to allow the construc
tion of a unique genomic DNA restriction map with which all 
clones align unambiguously. This result indicates that all the 
anti-65K antibodies recognize epitopes encoded in a single DNA 
locus, presumably in a single gene. Similarly, the multiple clones 
isolated with the anti-28K, 18K or 12K antibodies produced 
overlapping restriction maps. 

One concern with the approach used here is that some recom
binant clones may be isolated not because they express the 
protein of interest but because they express an unrelated poly
peptide containing a similar or identical immunological deter
minant. However, when multiple recombinant DNA clones were 
isolated by using a single monoclonal antibody, all contained 
overlapping DNA; this suggests that each of the epitopes of 
interest is encoded by a single genomic DNA segment. 

These results attest to the power of the approach used here 
to detect and isolate specific antigen-coding sequences from 
Agtll recombinant DNA expression libraries. It is striking that 
all of the monoclonal antibodies used in the present study could 
recognize antigen produced by recombinant phage in E. coli. 
The nature of the epitopes recognized by these antibodies is 
presently under investigation. Some of the monoclonal anti
bodies used here bind small linear peptide determinants. For 
example, at least two of the anti-65K monoclonal antibodies 
bind antigen from A gtll subclones of Y3178 (Fig. 2) which 
contain less than 100 bp of insert DNA, encoding at most 33 
amino acids (R.A.Y., unpublished data). 

In summary, the recombinant DNA strategy used here to 
express the coding capacity of the M. leprae genome in E. coli 
and to detect specific antigenic determinants with monoclonal 
antibodies, appears to be effective. Each of the genes of interest 
was isolated by screening no more than 10% of the recombinant 
DNA library. These results suggest that a similar approach is 
feasible with genomic DNA from parasites having more complex 
genomes, such as schistosomes, filaria, leishmania and plas
modia, parasites that cause disease in hundreds of millions of 
people. 

The availability of antigens produced by recombinant DNA 
technology may make it possible to address some problems in 
leprosy that cannot be approached by other means. It should 
be possible to develop simple and specific seroepidemiological 
assays using these protein antigens, in order to screen popula
tions for individuals producing antibodies to M. leprae-specific 
antigenic determinants. This could make early diagnosis of 
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leprosy feasible, permitting early treatment to reduce its trans
mission and prevent the development of nerve damage and 
deformity. 

As resistance to leprosy is provided by cell-mediated 
immunity 1

, the availability of antigens produced by recombinant 
DNA technology should allow experiments to be performed to 
address the basic immunological question of whether epitopes 
recognized by monoclonal antibodies are also recognized by T 
cells. In addition, a mixture of peptides recognized by helper T 
cells could, for the first time, provide a specific skin test antigen 
for use in assessing the immunological status of patients and 
their contacts-this is urgently needed to permit rapid evaluation 
of the immunological efficacy of the candidate vaccines against 
leprosy that are being developed 15

. Finally, the identification of 
antigens involved in cellular immunity could lead to the develop
ment of a new generation of vaccines. Because of the intrinsic 
adjuvant properties of mycobacteria, one attractive approach is 
to introduce genes whose products provide protection into cul
tivatable mycobacteria, to produce a vaccine capable of engen
dering long-lasting cell-mediated immunity. 
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Rheumatoid arthritis (RA) is a widely prevalent (1-3%) chronic 
systemic disease thought to have an autoimmune component1 

; both 
humoral1

""' and cellular5
'
6 mechanisms have been implicated. 

Primary osteoarthritis (OA) is considered to be distinct from 
rheumatoid arthritis, and here damage is thought to be secondary 
to cartilage degeneration. In rheumatoid arthritis, immune com
plexes are present that consist exclusively of immunoglobulin7

, 

implying that this is both the 'antibody' (rheumatoid factor [RF]) 
and the 'antigen' (inost commonly lgG). Autoantigenic reactivity 
has been localized to the constant-region (C-y2) domains of lgG8

•
9

• 

There is no evidence for a polypeptide determinant but carbohy
drate changes have been reported 10

• We have therefore conducted 
a study, simultaneously in Oxford and Tokyo, to compare in detail 
the N-glycosylatioo pattern of serum lgG (Fig. 1) isolated from 
normal individuals and from patients with either primary 
osteoarthritis or rheumatoid arthritis. The results, which required 
an evaluation of the primary sequences of- 1,400 oligosaccharides 
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from 46 lgG samples, indicate that: (1) lgG isolated from normal 
individuals, patients with RA and patients with OA contains differ
ent distributions of asparagine-linked bi-antennary complex-type 
oligosaccharide structures, (2) in neither disease is the IgG associ
ated with novel oligosaccharide structures, but the observed differ
ences are due to changes in the relative extent of galactosylation 
compared with normal individuals. This change results in a 'shift' 
in the population of lgG molecules towards those carrying complex 
oligosaccharides, one or both of whose arms terminate in N
acetylglucosamine. These two arthritides may therefore be glycosy
lation diseases, reflecting changes in tl>e intracellular processing, 
or post-secretory degradation of N-Iinked oligosaccharides. 

At least 30 different complex-type bi-antennary oligosac
charides are associated with human serum lgG (Fig. 2). To 
compare the molar proportions of each of these structures, each 
serum IgG sample was subjected to controlled hydrazinolysis 
to release intact its assoCiated oligosaccharide moieties 11

• Reduc
tion of the reducing terminal N-acetylglucosamine residues 
using NaB3 H4 was then performed to label radioactively each 
carbohydrate chain. Each labelled oligosaccharide mixture was 
subjected to exhaustive neuraminidase digestion in order to 
analyse the distribution of neutral structures. The resulting 
'asialo' oligosaccharide mixtures were fractionated by Bio-Gel 
P-4 ( -400 mesh) gel filtration chromatography, a technique that 
separates neutral oligosaccharides on the basis of their effective 
hydrodynamic volumes 12 (Figs 2, 3). 

A comparison of the individual profiles obtained reveals 
several interesting points. First, all P-4 chromatograms of asialo 
mixtures from control individuals (Fig. 3) were essentially iden
tical to one another (data not shown) and similar to those 
reported previously13

• As any individual lgG molecule contains, 
on average, 2.8 N-linked oligosaccharides14

, many different lgG 
subpopulations must exist, each unique with respect to the 
sequence of its associated oligosaccharides. Further, the overall 
relative molar contribution of each of the 30 or so structures in 
the analysis of polyclonal IgG is remarkably constant. The 
occurrence of this large number of different oligosaccharides is 
not the result of performing the analysis on polyclonal IgG, 
because this same 'set' of structures is found on human myeloma 
proteins13 and an analogous situation exists for mouse mono
clonal antibodies 14

. Second, the P-4 chromatograms of asialo 
mixtures from patients with rheumatoid arthritis are also essen
tially the same between patients (data not shown), but differ 
from control profiles (Fig. 3). Third, the asialo oligosaccharide 
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