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ABSTRACT.

An M. Iprae::pHC79 cosmid genomic library was screened for the
identification, isolation and characterization of the 34 kd antigen gene of
Mycobacterium leprae using its homologue, the 34 kd antigen gene of
Mycobacterium tuberculosis, as a DNA probe. Out of a total of 79 different
cosmids screened, covering about 88% of the genome of M. leprae, one cosmid
designated as BL 1527 was found to harbor the gene of interest. Restriction enzyme
analysis of the cosmid BL 1527 yielded four DNA fragments - two containing the
complete gene and two containing part of the gene. The four DNA segments were
subcloned in plasmid vectors pUCBM21 and pBKS+ and characterized physically
and immunologically. Physical characterization of the gene by nucleotide
sequencing revealed that the 34 kd antigen gene has an open reading frame of 801
nucleotides encoding 266 amino acid residues bearing a molecular weight of 28,887
daltons and an isoelectric point of 4.3. Homology comparison with the 34 kd
antigen gene from M.tuberculosis has revealed 80.6 % (633 nucleotides) identity
at the DNA level and 85 % (221 amino acids) identity at the protein level.
Immunological characterization by western blot analysis has shown that the gene
is expressed in E. coli from its own promotor signals and that the recombinant
protein is recognized by the monoclonal antibody F-126.2 which is specific for the
mycobacterial 34 kd antigens. Crossed Immuno-electrophoresis analysis has
established that the recombinant 34 kd antigen corresponds to the non secreted

Antigen 84 of mycobacteria,




2. INTRODUCTION
2.1 THE DISEASE:
The word leprosy, charged with revulsion and horror in every society, describes
the chronic infectious disease caused by the obligate intra cellular pathogen,
Mpycobacterium leprae. Although a number of other organs like the testis, eyes,
liver etc. can be affected in advanced lepromatous cases, leprosy is essentially a
disease of the skin and nerves (Pfaltzgraf & Bryceson, 1985; Job, 1971, 1983).
2.2. Distribution and prevalence: Although leprosy is eradicated in North
America, Western and Northern Europe (except Iceland) it is still endemic at a very
low level in Eastern and Southern Europe and the Cajun community in Louisiana,
USA. On the contrary, leprosy remains to be a serious public health problem in
most parts of Asia, Africa, Central & Latin America (Bryceson & Pfaltzgraf, 1990,
Nordeen, et al., 1992). At present leprosy have a world wide tropical distribution
affecting in particular people of low standard of living and those suffering from
poverty as well as over crowded conditions of life (Bryceson & Pfaltzgraf, 1990).
The over all picture of the distribution pattern of leprosy is shown on Table 1.
The current estimate of the WHO (Nordeen, er al., 1991) puts the estimated
number of active leprosy cases in need of treatment at 5.5 million in contrast to the
10 - 12 million estimated in the early 1980’s. This reduction in active cases of
leprosy is due to the success achieved by the implementation of multi drug therapy

(MDT) (Nordeen et al., 1992).




WHO regions Estimated  cases | Registered | Prevalence % of
0° cases per 10,000 total
Africa 916,000(46) 482,669 9.2 12.91
Americas 391,000 (40) 301,704 4,2 8.08
S.E.Asia 3,750,000(9) 2,693,104 | 20.5 72.06
Europe 9,000 (14) 7,246 0.1 0.19
Eastern Medi- 207,000 21) 99,913 2.6 2.67
terranean
Western Pacific 238,000 (22) 152,739 1.0 4.09
World 5,511,000 (152) 3,737,375 | 7.1 100.0

Table I. Distribution of registered cases of leprosy by WHO region 1991, (Adapted
from Nordeen, er al., 1991 & 1992). * Numbers in bracket = No of countries.
2.3. LEPROSY IN ETHIOPIA:

Leprosy is considered as one of the major health problems in Ethiopia, the
higher incidence of the disease occurring in the highlands (Berhe. et al., 1990).
MDT was introduced in 1983 and after 5 years, prevalence has been reduced to 75
%. The number of estimated leprosy cases in Ethiopia 1s around 60,000 and in
1991, the registered cases were 31, 753 while the prevalence and detection rates

were estimated at 6.8 and 1.1 per 10,000 persons, respectively (Daumerie, 1991).

2.4. Transmission, Reservoirs & Hosts:

The mode of transmission of leprosy is not established definitely. The
available bits of evidences, however, implicate the upper respiratory tract as the
most likely route.

Although, a number of reports (see Meyers, ef al., 1992) have established




that there are known extra human reservoirs of M. leprae in three animal species,
the epidemiological evidences available are in favor of suggesting that human to
human transmission is the most important, if not the sole, source of infection for

man.

2.5. Clinical and immunological aspects of leprosy:

Although Leprosy is principally a disease of man, the majority of the species
(95 - 99 %) are refractory to the establishment of the disease in spite of their close
contact to the bacilli (Newell, 1966) and clear immunological evidences that they
have been actually exposed to the pathogen (Myrvang, et al., 1975). Among the
susceptible 1 - 5% individuals again the severity of the disease differs significantly
and the incubation time required for clinical symptoms to appear may take from
two months to 10 years or more. The clinical manifestations of the disease, which
are the outcome of the degree of resistance mounted by the victim of infection, are
depicted as a spectrum that ranges from a single, localized lesion affecting a small
patch of skin (in the tuberculoid pole) to widely disseminated infiltration of many
organs and occurrence of profuse skin lesions ( at the lepromatous pole) with a
number of intermediate forms (the border line cases) occurring in between.

The Ridley Jopling system of classification (Ridley and Jopling, 1966) which
reflects the spectral pattern of the disease, assigns leprosy to one of five classes as:
LL, polar lepromatous leprosy;, BL, border line lepromatous leprosy; BB, mid
border line leprosy; BT, border line tuberculoid leprosy; TT, polar tuberculoid

leprosy.




It has long been recognized that the position of a particular case of leprosy
along the spectrum is determined by the out come of the immunological scenario
that follow the individuals reaction to M. leprae and/or its released antigens (Ridley
& Jopling, 1966). There is a clear evidence that indicate the existence of a strong
inverse correlation of CMI and bacillary multiplication suggesting that the level of
CMI determines the clinico-pathological manifestations of the dis-ease (Rees &
Weddie, 1968; Bloom, et al., 1989).

Various immunological tests like the lepromin test, Iymphocyte
transformation tests, macrophage migration inhibition tests etc. have established
beyond doubt that CMI and DTH are well developed in the tuberculoid pole where
as they are absent in the lepromatous pole (Bjune, et al., 1976; Bullock, 1978;
Haregewotn, et al., 1983 & 1984, Gills & Godal, 1986; Converse, et al., 1988,
Ottenhoff, et al., 1989).

Interestingly the cellular infiltration of nerve granulomas or lesions mimic
that of the skin granuloma and lesions (Turk, er al., 1991). The most prominent
granulomatous and lesional features of the classes in the leprosy spectrum are
summarized in Table 2.

Immunological stability is one of the most crucial aspects of the leprosy
spectrum as sudden shifts in the immunological balance account for many of the
fatal complication of the disease (Scott, et al., 1976, Klenerman, [987) as well as
spontaneous healing. Among all the classes of leprosy, BB is the most
immunologically unstable state and stability increases as the disease moves towards

either pole.




TTp TS BT BE BL LLs LLp

Epithelioid cells, mature +4+ 4+ % - - - -
Epithelioid cells, Immature + + ++ ++ x/- - -
Langhans' giant cells, large -+ +/- - - - -
Macrophages . - - - : ++ ++ ++

, Lymphocytes - +++  +t ++/+ ++ +it +
Denna)] nerves, maximum diameter 200 1000 400 250 200 200 80

(um '
Clear subepidermal zone - +i- ++-  ++ ++ ++ ++
Erosion of ¢epidermis +f=- ++/- i - - - -
Bacterial index of granuloma 0 ol 2% 4 dsYe SISt
LiB, percentage fall in six months e “es 100~ 78 23 14 5.5
Bacilliin nasal smears - - - - + + ++
Lepromin, Fernandez reaction t++  Hdl- - /- - - -
Lepromin, Mitsuda reaction +4+  ++%: +++ - - - -
LTT, percentage lymphocyte 16 10 5.7 2.0 0.4 0.3 0.2
transformation

Leucocyte migratlon index 076  0.78 0.84 089 092 092 096
Antibody, anti-M. leprae -+ i+ =I++ ++ ++4+ +++ ++ 4
Immunologlcal stability +++ +++ O+ - + ++ +++
Borderline (DH) reactions - + ++ +4++ O+ + -
Erythema nodosum leprosum - - - - + ++ ++
Distribution of cases, approximate 4 5 3 8 13 29 10

Table 2. The clinical & immuno-histopathological features of the leprosy spectrum.
(Taken from Ridley, 1988)
2.6. THE PATHOGEN.

Mycobacterium leprae, the etiologic agent of Hansen’s disease or Leprosy,
has proved to be the most enigmatic and paradoxical micro-organism. Enigmatic;
because, in spite of intensive biochemical research, many of its properties remain
obscure and when they are established they often show peculiar features that
distinguish M. leprae from other mycobacteria. Paradoxical; because, although it
was the first micro organism to be implicated as the cause of a human disease
(Hansen, 1874),[discovered a decade earlier than the tubercle bacillus by Koch in
1882 (Bryceson and Pfaltzgraf, 1990)] with the successful cultivation of Treponema
pallidum it admittedly remains to be the last of human pathogenic bacteria yet to

be cultivated on artificial media (Hutchinson, 1987).




2.6.1. Classification & morphology.

Classification: Despite some atypical lineaments, M. /eprae belongs to the
family Mycobacteriaceae in the order Actinomycetales (Runyon, Wayne & Kubica,
1974). The mycobacteria are characterized by being non-spore forming, Gram
positive bacilli often acid and alcohol fast after staining with carbol fuchsin and
with an optimum growth temperature range of 28 - 45°C (Shepard, 1965).

Morphology: Electron and Light microscopy studies of the leprosy bacillus,
both on stained and un-stained preparations, reveals it as a straight or slightly
curved rod-shaped bacterium with parallel sides and rounded ends that range in size
between 1-8um length and 0.3pum diameter. The bacilli are often enhanced with
irregular beaded appearance (Edwards, 1970; Draper, {982 & 1983; Hirata, 1985a
& 1985b) and divide by binary fission (Edwards, 1970; Fukunishi, 1985). In

infected tissue, the bacilli are most often stacked or clumped together to form globi.

2.6.2. GROWTH REQUIREMENTS & OTHER GENERAL FEATURES:

Since M. leprae has defied all attempts to cultivate it in vitro, all our
knowledge of the bacteria has to be derived from assays done on its limited growth
in mouse foot pad (Shephard, 1960, 1965) from manipulations performed on
bacteria purified from armadillo tissue (Kirchheimer & Storrs, 1971) and bacteria
obtained from patients (Abe, 1970;Cocito & Delville, 1985; Hirata, 1985a) as well
as from monitoring the onset and progress of the disease on paltients.

M. leprae has a predilection for cooler sites in the human body reflecting its

low optimum growth temperature. This fact, evidently, has led to the choice of the
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mouse foot pad which maintains an average temperature of 30°C (Shepard, 1960)
and the nine banded armadillo which has a core temperature of 31 - 35°C
(Kirchheimer & Storrs, 1971) as experimental animals. In the former, the optimum
multiplication was observed at around 30°C and was markedly reduced at 36°C
(Shepard, 1965; Levy, 1976). The generation time of the bacillus is one of its
features kn'own with least certainty. In mouse foot pad assays, the doubling time
was estimated to be about 11 days (Levy, 1976) in marked contrast to the 26 h

average in nude mice estimated by Hastings & Morales (1982).

2.6.3. MOLECULAR BIOLOGY OF M.leprae: Prior to the early 198(’s,
research efforts directed at prying open the biochemical and immunological
mysteries of M. leprae were hindered by the inability to grow the micro-organism
in vitro. As a result, the identification of M. leprae antigenic determinants were
confined to the use of extracts of the bacilli derived from human biopsies (Abe, et
al., 1970) and bacilli obtained from experimental animals like the nine banded
armadillo, normal and nude mice (Closs, et al., 1979; Ehrenberg & Gebre, 1987;
Britton, et al.,, 1988). Thus a limited number of antigenic determinants were
identified by employing methods such as indirect fluorescent antibody test (Abe, et
al., 1972) immune-electrophoresis (Kronvall, et af., 1975; Britton, et al., 1988)
SDS-PAGE (Klatser, et al, 1984) and immunodiffusion (Abe, ef al., 1970).
However, the mere identification of antigenic determinants was not sufficient
as ways and means to harness the immunological potential of the identified antigens

were equally important for detailed analysis of the protective or pathologic




implication of the individual antigens. Considering the notoriously difficult task of
purifying individual antigens from a complex mixtures of antigens that result from
cell extracts of M. leprae (Daniel & Janicki, 1978), the situation is even more
aggravated.

Thus, the introduction of molecular and immuno-biological techniques in the
early 1980’s, notably the introduction of the Polymerase Chain Reaction (PCR)
techniques, application of monoclonal antibody (MoAb), and recombinant DNA
technologies; heralded not only better means and ways for identification of novel
antigens but also afforded improved methods for their isolation and purification.
The introduction of these nove! techniques has also opened new vistas in the in vitro
manipulation of the cloned antigen genes i.e in studying the out come of the
deletion, addition and modification of the genes encoding them. These advances in
effect breached the barrier imposed by the failure of in vitro cultivation of the
bacillus. The introduction of PCR techniques is proving useful in detecting M.
[epme specifically even when it is present as scantily as a single bacillus per sample
(Hartskeerl, er al., 1989; Williams, et al., 1990) and is being polished so as to
have application in determining the viability of the organisms detected as such
(Woods & Cole, 1990).

MoAb’s, which are produced by immunizing laboratory mice with various
forms of mycobacterial antigens and subsequently fusing them with mouse myeloma
cells (de St.Groth, et al., 1980; Seckle, 1985; Young, 1991), are being applied
successfully in mycobacterial taxonomy, diagnosis, epidemiology and

immunological detection of mycobacterial antigens, (Kolk, ef al., 1988).
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At present, recombinant DNA technology (see Huynh, er al., 1985; and
Maniatis, ef al., 1982, Sambrook, er al., 1989} which at the out set proved its
versatility by allowing isolation of immunodominant antigens, is being employed
to identify, characterize and produce other M. leprae components such as key
metabolic and regulatory (eg. transcriptional and translational) enzyme targets for
use in screening potential blocking agents as well as for applied purposes as in the
development of immuno-diagnostic and molecular epidemiological tools (Hopwood,
et al., 1988; Kolk, er al., 1988; Young, 1988; Colston & Lamb, 1989).

The genome of M. leprae which is estimated to have the size of 2.2 X 10°
daltons and G+C content of 56 % (Clark-Curtiss, er al., 1985) has been
manipulated by recombinant DNA techniques and at present genomic expression
libraries constructed both in bacteriophages such as Agtll (Young & Davis, [985)
and cosmid libraries , constructed using Cosmid pHC79 (Clark-Curtiss, ef al.,
1985) and using Cosmid Lorist-6 (Eiglmeier, et al., 1993) do exist. These libraries
are used for the purpose of identifying antigens relevant to the immunopathology
of leprosy. The libraries are screened by T cell clones (Villarreal-Ramos, et al.,
1991) monoclonal antibodies (Young, er al., 1985), patient sera (Cherayil &
Young, 1988; Satish, et al., 1990), healthy contact sera (Hartskeerl, et al., 1990)
and DNA probes (this work) as it suits each investigator. In this way many
antigens have been (and are being) isolated and characterized with respect to their

physical and immunological properties (Summarized in table 3).
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Table 3. Fully or partially characterized M. leprae protein antigens'™.

Neo Subunit-KD | Other names Structurel and functional feature. Immunoiogical characteristics Ref®
1. 70 KD Dna K HSP,role in protein folding and translocation. > 50% Antibody response in immune mice & man, proliferative T 1,2
homology with £. coli DnaK and Human HSP 70 cell responses in patients & controis. Potential target for
| autoimmunity
2. 65 kd Gro EL HSP, role in protein felding and transtocation, >50% Antibody response in mouse & man, proliferative & cytotoxic 1,2
CIE Ag82 homology with £. coefi Gro EL and Human HSP 60, T cell response in patients & controls, multiple peptide
functions with Gro ES epitopes mapped, autoreactive responses in rodents and
humans,
3. 65 KD 2™ Gro EL Similar to first Gro EL above, Similar as above. 5
4. 28 kd Sod A Superoxide dismutase. >50% homology with £ coli Recognized by monoclonal antibodies F116.5 & D2D. 1,2
Sod A,
S. 14 kd Gro ES, MCP1. HSP, role in protein folding and translocation, Recognized by monoclonal antibodies, induces strong 1,2
functions with Gro EL, extensive homology with proliferative T cell responses in tuberculoid leprosy and in
E. coli Gro ES. lepromin test.
8, 18 KD LS Not identified. Antibody response in mouse & man, profiferative T cell 1,2
responses in patients and contacts.
7. 36 KD proline rich ag. Not identified. Antibody responses in patients, proliferative & suppressive T 1,2
cell response
8. 28 kd Iron regulated protein,potential signal sequence, Antibody response in lepromatous leprosy. 3
R 18 KD Member of small HSP family. Antibody response in mouse & man, proliferative T cell 1.2
responses .
10 15 KD Expressed as free protein. Antibody & T cell responses in leprosy patients & contacts. 4
11 12 KD Recognized by monoclonal antibodies 1
12 10 KD 2™ Gro ES As Gro ES above As Gro ES above 5

A, In addition to the ones listed above, 8 number of M, /eprae antigens; the 85 complex, the 45, 35, 30/31, 30/33, and 12 KD,
are under investigation with respect to their structural and immunological properties.
References: 1. In Engers, ¢t 8/, 1986; 2. In Young, ot &L, 1882, 3. Cherayil & Young, 1988,

4. Sela, or a/.,1991, 5. Rinke de Wit, et g/, 1992, B. Reference 1 & 2 are compiiations of papers.
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The overall objective of such antigen searches is to look for potent
antigens that (at least in combination) might result in producing reliable immuno-
diagnostic reagents and candidate vaccine components which, in the long run, may
be used to develop a vaccine for the disease.

By far the most important land mark in the short history of the molecular
biology of M. leprae is the Genome Project initiated and being pursued by the
group of Stewart Cole in Paris (Honore, et al., 1993).

Initial results of the genome project (Eiglmeier, et al., 1993) have generated
substantial volume of information about the M. leprae genome with respect to,
precise localization of genes and partial sequences, the nature of the regulatory
apparatus in transcription and translation, G + C content, codon usage, etc.. These
findings would undoubtedly have applications in improving existing expression
vectors or in the development of new ones for efficient expression of M. leprae
genes or gene clusters comprising entire metabolic pathways.

It is expected that by the end of 1993, 30 % of the genome will be
sequenced (S.Cole, personal communication). The completion of the project would
usher the era of surrogate molecular biology of M. leprae. That 1s, scientists
interested in the study of the pathogen will focus on the manipulation of genes
~ already sequenced by the project and be limited to doing applied research on the
consequences of their deletion , addition, modification, transfer to and from

between M. leprae and other bacteria including mycobacteria.
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2.6.4. The aim of the project.

Earlier in 1990 the M. tuberculosis 34 kd antigen encoding gene was
identified by screening a Agt 11 genomic expression library with monoclonal
antibody F-126.2. Later on the presence of a homologous gene in all other
mycobacteria was established by performing Southern hybridization on genomic
DNA of several mycobacteria including M. leprae (Hermans, manuscript in
preparation).

Western blot analysis of M. tuberculosis and other mycobacterial lysates
using tuberculosis patient sera have indicated that there is strong antibody reaction
to protein antigens located around the 34 kd area indicating that this group of
antigens are among those that are recognized by the immune system of human
patients (A.H.J. Kolk, personal communications). Further more the 34 kd antigens
of the mycobacteria were shown to correspond to the non secreted antigen 84 by
crossed immuno-electrophoresis (CIE)(M. Harboe, personal communication).

As M. leprae is of medical importance, the isolation of its 34 kd gene which
was also shown to be immunogenic by its reaction with patient sera, was found to
be relevant to the study of the antigenic repertoire of the bacillus. The decision to
carry out the isolation and characterization of the M. leprae 34 kd gene culminated
in the realization of this work.

Thus, the aim of this thesis work was to screen a genomic library of

Mycobacterium leprae constructed in the vector pHC79 using the Mycobacterium
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tuberculosis 34 kilo dalton antigen encoding gene, as a DNA probe in order to be

able:

1. to identify, isolate, and clone the 34 kd antigen encoding gene of

Mycobacterium leprae into plasmid vectors for characterization,

2. to characterize the gene by DNA sequencing,

3. to determine the homology of the M. leprae 34 kd gene at the level of the

nucleotide and amino acid sequences with the 34 kd gene of M. tuberculosis.

4. to investigate the expression of the recombinant 34 kd M. leprae protein

in Escherichia coli and,

5. to test the reactivity of the recombinant protein encoded by the gene with
the monoclonal antibody F-126.2 which recognize the 34 kd antigen of

mycobacteria,
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3. MATERIALS AND METHODS.

3. 1. Recombinant DNA library and Bacterial Strains.

Recombinant DNA library: The recombinant DNA library used in this
thesis project was derived from the original Cosmid library constructed by Clark-
Curtiss, et al., (1985). It was made available to our use by courtesy of Dr. J.E.R.
Thole (Leiden University hospital, Department of Immunohematology & Blood
Bank, Leiden, The Netherlands) as Southern Blots on two Nylon membranes. The
two blots carry Pst I digests of 79 different cosmids that were chosen on the basis

of their difference in restriction patterns.

Bacterial Strains. The bacterial strains used are:
i. E. coli XL1-Blue [F’::Tul0 proA”B" lacl aflacZ)M15/recAl endAl
gyrA96 (Nal) thi hsdR17 (r,m.") supE44 relAl lac]
il.E. coli DHSaF* [F’/endAl hsdR17 (r, m. " )supE44 thi-1 recA gyrA(Nal)
relAl aflacZYA-argF)U169 (phi80a (lacZ} M15)]
3.2. Plasmid vectors used for subcloning:
i, pUC BM21: Col El Origin, Lac Z, Amp” (Boehringer Mannheim,
GMBH. 1992 Catalogue).
ii. pBluescript KS+ (pBKS+): Col El Origin, Fl Origin, Lac Z, Amp’
(Stratagene, Paris. 1992 Catalogue).
3.3. Probes used in the experiments:
i. A 2 kb Eco RI DNA fragment of M. tuberculosis containing the 34 kd gene

rescued from recombinant plasmid pPH 5220. (Courtsey of Dr P.W.M. Hermans).
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i1. Plasmid pBKS+ (Stratagene, Paris).
iii. Monoclonal Antibody F-126.2 (Courtesy of Dr. A H.J. Kolk, Royal
Tropical Institute, Amsterdam),

iv. Goat a-mouse IgG- Alkaline phosphatase conjugate (Sigma Chem. Co)

3.4. Media and antibiotics.

The medium used for propagating bacteria was Luria-Bertany (LB) broth
[1% w/v Tryptone (Difco) 1% w/v NaCl (Merck) 0.5% w/v Yeast extract (Sigma.
Chem. Co.) , and LB agar (LB broth , 1.5% Agar (Gibko, Scotland). Antibiotics
used were ampicillin (Sigma, Chem. Co) 100 pg/ml on plates and 200 pg/ml for
liquid cultures. Tetracycline (Sigma, Chem. Co) was used at a concentration of 25

pg/ml and 50 pg/ml for solid and liquid media respectively.

3.5. DNA TECHNIQUES.

Plasmid isolation (Birnboim): Plasmid isolations were carried out by the
Birnboim method following the modified protocol of Sambrook, et al., (1989).
Medium scale plasmid isolation from cultures of 30 - 150 ml and maxi plasmid
isolation from cultures of 250 - 500 ml cultures were done by the Qiagen column
elution using the protocol outlined in the Qiagenologist manual (Qiagen USA) and
by CsCl density gradient centrifugation procedures (Sambrook, ef al., 1989)

respectively.
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Restriction enzyme digestion: Restriction enzyme digestions were carried
out as follows: 1 ul (= 1 ug) of plasmid or cosinid DNA, 1 pl restriction enzyme
(2 - 4 units), 2 pl of 10X restriction enzyme buffer and 16 ul of dd-H,O to make
a final reaction volume of 20 pi. The reactions were carried out at 37°C for 1 hr.

Ligation of DNA fragments: Ligation reactions were performed as follows:
pre-determined amounts of the two DNA’s of interest treated appropriately , 1 ul
(2.5 units) of T4 DNA ligase (Amersham, Int.), 1 ul 10X ligation buffer, dd-H,0
to make final reaction volume 10 ul. The reactions were carried out for 2 - 16 hrs
at 16 °C in a Thermostatic Circulator (LKB, Bromma). Aliquots of 1 pul were taken
before and after ligation to monitor the efficiency of ligation by running them on
I % agarose gel.

Transformation of comptent E.coli cells: Appropriate strains of E. coli
cells were made competent before hand by treatment with ice cold 50 mM CaCl,
and stored at -70°C (Sambrook, er al.. 1989). Transformation proceeded as
follows: competent cells were thawed on ice, 100 pl of the thawed cells was added
to plasmid DNA and kept on ice for 1 hr, the cell plasmid mixture was heat
shocked for 2 min at 42°C, 500 ul of liguid LB medium, pre-equilibrated at 37°C,
was added to each tube and incubated at 37°C for 30 min. The transformants were
then plated on LB agar supplemented with 100 pg/ml ampicillin and containing
IPTG (100 pm) plus X-Gal (24 ng/pl) and incubated overnight at 37°C for

blue/white screening.
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Agaroes gel electrophoresis: DNA of interest, plasmid, cosmid or restriction
enzyme digested DNA, were loaded on a | % agarose gel mixed with DNA sample
buffer and electrophoresed in 1X TAE buffer (2 M Tris-HCI, 5.72 % Glacial
Acetic Acid, 50 mM EDTA) and electrophoresed at the desired voltage for varying
lengths of time as necessary. The gels were photographed by a Polaroid Land
Camera (Brand Manufacturers) .

Extraction of DNA from agarose gel slices (Gene Clean): DNA of interest
were extracted from gel slices after agarose gel electrophoresis according to the
protocol supplied with the Gene Clean Kit (Bio 101, La Jolla, CA.)

Radioactive labelling: Probes were labelled by random priming using
Amersham Mega Prime DNA labelling Kit (Amersham Int.) following the
instruction manual supplied with the kit.

Southern transfer of DNA: Gels that were intended for blotting were treated
as follows, 5 min UV irradiation, 10 min in 0.25 M HCI, 2 X 20 minin 0.4 M
NaOH. Blotting was carried out by HSI-TE8(Q vacuum blotter (Hoffer Scientific
Inst. San Francisco, CA) on a Hybond N+ membrane (Amersham Int.) with 10X
SSPE buffer. After blotting the gels are restained in ethidium bromide (EtBr) to see
how efficient the blotting was.

Dot blotting of plasmid DNA: Plasmids isofated by mini-preps were
denatured by boiling for 5 min and immediately cooling in ice water. Then the
denatured plasmids were spotted onto Hybond N+ nylon membrane and air dried.

Colony blotting: Colony blotting was done following the Colony/Plaque

Screen instruction manual supplied by manufacturers (Dupont, USA).
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Southern hybridization: Southern blots were pre-hybridized at 65°C for 30
min, in 25 ml 5X Denhardt’s solution [hybridization buffer(40 mM Tris-Cl pH 7.5,
I M NaCl, I % SDS), 0.1 % BSA, 0.1 % Poly Venyl Pyrollidone (P.V.P.) and
0.1 % Ficoll-400] in a hybridization incubator (Robbins Scientiﬁc)._ Then labelled
DNA probes and Herring Sperm DNA (Serva Biochemica) were denatured by
boiling for 5 min. and immediately cooling on ice water. The denatured probe
DNA and 100 pl of 10 mg/ml Herring Sperm DNA (blocking agent) were added
into the pre hybridization mix and hybridization was carried out over night at 65°C.
The following morning, the blots were rinsed once with 5X SSPE (0.05 M
Na,HPO,.2H,0, 0.9 M 5 mM EDTA, 1 % SDS) and washed in the same buffer
for 30 min. at 65°C. After the washing was over, the blots were taken out of the
hybridization tubes, placed DNA side up on intensifying screens and wrapped in
saran wrap (Dow Chem. co.). The residual radioactivity was measured by a Mini
Monitor (Mini Instruments Ltd.) and based on the strength of the signals, the blots
were exposed for varying lengths of time on Kodak X-OMAT-AR X ray films
(Sigma Chem. co.). The films wel;e processed in Kodak GBX developer and fixer
(Sigma Chem. Co).

Restriction pattern analysis: DNA chosen for restriction analysis were
subjected to restriction enzyme digestion by using the selected enzymes and digested
by single or double enzymes in concert. The digests were then loaded on gel and
the size of each fragment estimated by comparison with the standard DNA

molecular weight marker.
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DNA sequencing: The sequencing procedure employed was the Sanger di-
deoxy chain termination method (Sanger, 1977) using o-**S-dATP (Amersham, Int.)
and a DNA sequencing kit (Promega Biotech., Madison, WI). The products of the
sequencing reaction were separated on a 6 % polyacrylamide - 7 % Urea , 1X TBE
(89 mM Tris base, 89 mM Boric Acid, 2.5 mM EDTA) gels poured with 0.4 mm
flat spacers on 60 c¢m long glass plates and running them using an BRL vertical
electrophoresis apparatus(BRL, USA). After electrophoresis the gels were fixed in
10 % methanol, 10 % glacial acetic acid solution for 45 min rinsed in water and
dried for 90 min at 65°C in an oven (Gallenkamp Medium incubator Size C).
Finally the dried gels were exposed overnight on either X-OMAT-AR (Sigma
Chem. co.) or Hyperfilin 8-Max (Amersham Int.) X-ray films in the dark at room
temperature for 12 - 16 hrs.. Once the open reading frame was identified, the
largest clone i.e. pPF-1000 was used to conduct the sequencing to completion.
Oligonucleotides were developed for progressive sequencing on both strands and
the sequence results were compiled to give the 34 kd M. leprae antigen encoding
gene sequence (Fig.16). The nucleotide sequence for both strands were determined
separately and the results were analyzed by the PC/Gene Nucleic acid and protein
sequence analysis soft ware (IntelliGenetics Inc. Switzerland) and the Beckman

Microgenie Sequence analysis program (SciSoft Inc. USA),

3.6. IMMUNOLOGICAL TECHNIQUES.
Induction of clones for expression and cell lysate preparation: Cell lysates

for Western blotting procedure were prepared as follows: 5 mi cultures of each
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clone were initiated in the morning and induced by IPTG, final concentration of 24
ng/ml, when they reach the log phase (late afternoon) and allowed to grow
overnight. The clones induced as such were concentrated by centrifugation,
sonicated in I % SDS in the presence of 20 mM Phenyl Methyl Sulfonyl Fluoride
(PMSF), in ice bath using a sonifier (Branson Sonic Power Co.) for six periods of
30 seconds at full power, centrifuging after each burst of sonication.

SDS-PAGE and Western Blotting: Samples to be blotted were run on a 12
% acrylamide gel (Laemmli, 1970) and electrophoresed at 200 V for 4 hrs using
a Protean-II XI Cell vertical electrophoresis apparatus (Biorad, Richmond, CA.) in
IX SDS-PAGE running buffer (2.5 mM Tris base, 1.92 M Glycine, 0.1 % SDS).
The gels were blotted on NC paper in a Trans-Blot™ Cell (Biorad) for 2.5 hrs at
36 V in Western blotting buffer (30 mM Tris-Glycine, pH 8.3). The resulting blot
was blocked by blocking buffer (40 mM KH,PO,. 160 mM Na,HPO,, 1.15 M
NaCl; pH 7.2, | % BSA, 0.5 % Gelatin) for 30 min rinsed and washed by PBS-
Tween 3 x 10 min, and incubated with primary antibody, Monoclonal antibody F-
126.2 (A.H.J. Kolk), for 1 hr. The blot was rinsed and washed as before and
incubated with secondary antibody, o-mouse IgG Alkaline phosphatase conjugate
(Sigma, Chem. Co), for 1 hr. Finally the blot was rinsed and washed for a third
time and developed with substrates. The substrates were BCIP (0.5 mg/ml) and

NBT (1 mg/ml) . After a few minutes the reaction was stopped with 0.5 M EDTA.
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4. RESULTS.

4.1. SELECTION OF THE 34 kd GENE OF M. leprae:

The search for the. identification of the 34 kd antigen coding gene of M.
leprae was carried out by screening a genomic library of M. leprae with the
homologous M. tuberculosis 34 kd antigen gene. The recombinant DNA library
screened was derived from the original Cosmid library constructed by Clark-
Curtiss, er al., (1985). It was made available for our use as Southern Blots on two
Nylon membranes. The two blots carry Pst I digests of 79 different cosmids chosen
on the basis of their dissimilarity in restriction pattern. Since each of the cosmids
contain an _insert of 35 --50 kb M. leprae genomic DNA the two blots are
estimated to represent more than 88% of the genome.

The DNA probe used in the screening procedure was the previously
characterized M. ruberculosis 34 kd antigen gene which was made available as
recombinant plasmid pPH 5220 - a pNGS20+ (N.Stocker) recombinant containing
the gene and its flanking region. The 2 kb Eco Rl insert DNA was then isolated
first by digesting pPH 5220 with the restriction enzyme Eco Rl and cutting the
fragment out of gel and purifying it by Gene clean system (Fig 1. A & B). About

2 micro gram of probe DNA was obtained in this way.
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Fig 1. Isolation of the probe DNA from gel and its purification by gene clean. A)
Lanes;l. ADNA Hind Il marker; 2 & 3. pPH 5220 digested with Eco RI, arrow
show the 2 kb fragments cut position, B. Lanes; 1, the Gene clean purified probe
DNA; 2, A DNA Hind 111 marker.

Screening of the M. leprae genomic library by probing with the
Mycobacterium tuberculosis 34 kd antigen gene resulted in the detection of the
Mycobacterium leprae equivalent in cosmid designate BL 1527 (lane 27 of the blot)
(Fig. 2).

Once the cosmid of interest was identified, adequate amount of DNA was
isolated from it by small scale plasmid isolation procedure. This was later on
subjected to restriction enzyme digestion by Pst [, the enzyme used originally to

construct the library, to confirm, by comparison with the original polaroid picture

of the Southern blots (not shown), the identity of cosmid BL 1527 (Fig. 3).
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Fig 3. Cosmid isolation and identity confirmation., Lanes: 1.N DNA Hind 111
Marker 2 & 3 Pst I digest of cosmid BL 1527 DNA.

To isolate the gene of interest. the cosmid BL 1527 was digested by 8
restriction enzymes selected on the basis that they cut only once on the vector DNA
- with the idea of limiting the number of vector bands to only two so that the rest

of the bands that appear will be of insert origin (Fig.4).

A 123456789 123456789 B

Fig 4 A & B. Restriction digestion of BL 1527 with the 8 enzymes .A. Lanes; [,
A DNA Hind 111 marker: 2, Eco RI: 3, Cla 1 4, Bam HL; 5, Sal 1. 6, Pst 1: 17,
Hind 111: 8, Ava I, 9, Pvu I1. B, Duplicate of A.
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As the restriction enzyme digests were loaded in duplicate (Fig.4) they were
probed with two discriminating probes, the 34 kd M. wberculosis DNA (the Gene
Specific Probe) and pBKS+ DNA (the Vector Specific Probe ) after labelling by
random priming. One of the blots, designated Blot A was hybridized with the gene
specific probe while the second one, designated Blot B, was hybridized with the

vector specific probe as described earlier (Fig.5).

2 3 4 5 6 7 8 9

- = utoradiogrms of the twin blots with discriminating, probes. A. Blot A,
= =— - _-=1 with the gene specific probe, and B). Blot B, hybridized with vector

-— -~ —-gbe. (Order of loading as in Fig. 4).
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Careful comparison of the twin blots by superimposition on each other
allowed the identification of gene specific bands in five lanes: that of Eco Rl (a 3.8
& 2.1 kb fragments), Bam HI (a 3.5 kb fragment), Cla 1 (a 1.9 kb fragment), Pst
I(a2.6& a2.0kbfragments) and Ava 1 (a 0.8 & 0.5 kb fragments). In the rest,

(Hind I, Pvu 11 & Sal 1) digests, it was difficult to obtain gene specific bands.

4.2. Isolation and Subcloning of the 34 kd M. leprae gene.

Following identification of the gene specific bands, a second restriction
enzyme digestion was performed, this time using the restriction enzymes that gave
gene specific bands only. Foilowing the digestion of the cosmid and separation of
fragments by electrophoresis, the gene specific bands marked earlier from the result

of the autoradiograms were cut from the gel and purified by Gene clean (Fig. 6).

Fig 6. Restriction digest of Cosmid BL 1527 with the 5 enzymes for isolation of
gene specific bands. Lanes; |, Eco RI; 2, Cla 1; 3, Bam HI; 4, Pst 1 & 5, Ava 1.
6. A DNA Hind UI marker. (Arrows indicate position of band cut out for
subcloning).
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The purified DNA from each band were loaded on gel together with
pUCBMZ21 and pBKS+ plasmids cut with the restriction enzymes used to generate
the DNAs of interest to determine the amount that will be needed for a proper

ligation (Fig. 7).

8910 111213

Fig 7. Gene clean purified DNA fragments and plasmid vectors. Lanes; 1, A DNA
Hind 111 marker; 2, Eco R1 3.8 kb: 3, Eco RI, 2.1 kb: 4, Cla11.9 kb; 5, Bam HI,
3.5kb: 6, Psr1.2.8 kb: 7, Pst 1, 2.0 kb: 8 & 9 blank: 10. pUCBM21-Eco RI; 11,
pBKS+-Cla I; 12 pUCBM21-Bam HI; 13, pUCBM21-Pst 1.

The bands generated by the enzymes Eco R1. Bam HI, and Pst 1 were sub-
cloned by sticky end ligation process in pUCBM?21 where as the one generated by

Cla I was sub-cloned in pBKS+ in the same way and the efficiency of ligation was

monitored by loading 1 pt of samples after ligation on gel (Fig. 8).

123 945 67

Fig 8. Gel used for monitoring ligation efficiency. Lanes; 1, Eco RI 3.8 kb; 2, Eco
RI, 2.1 kb; 3, Cla1 1.9 kb; 4, Bam HI, 3.5 kb; 5, Pst [, 2.8 kb; 6, Pst 1, 2.0 kb;
7, A DNA Hind 111 marker,
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The recombinant plasmids were then transformed into competent E. coli
XL1-Blue cells and subjected for blue/white screening. The result showed that in
the transformations approximately 95 % were blue and the rest 5 % were white.
After transformation and blue/white screening, DNA from five white (recombinant)
colonies from each of the pUCBM21 transformations were spot blotted on Hybond
membrane where as the pBKS+ transformed colonies were blotted on
colony/plaque blot membranes. The two classes of blots were then hybridized with
the original gene specific probe, in order to select those transformants that contain

gene insert (Fig. 9 & Fig. 10).

Iig 9. Colony Blot Hybridization of Cla 1 recombinants with gene specific probe.
Numbers indicate the selected positive clones.




11 12 13 ) 15

16 17 18 19 20

21 22 23 24 25

Fig 10. Dot Blot Hybridization of recombinant clones with gene specific probe.
Spots: 1-5 Eco RI 2.8 kb fragment, 6-10 Eco RI 2.1 kb fragment; 11-15 Bam HI
3.5 kb fragment; 16-20 Psr I, 2.6 kb fragment; 21 - 25 Psr 1 2.0 kb fragment
transformants. (Box on lefi show order of numbering).

The positives thus selected were finally tested for size conformity with the
original bands on the cosmid digested with the respective enzyme used to generate
them. This was done by digesting plasmid DNA from all the selected clones with
the corresponding restriction enzyme used for their isolation and running them side
by side with a digest of cosmid BL 1527 by a similar enzyme (Fig. 11). Four
subclones that satisfied the last condition were eventually verified as true positives,

given proper designations and their characterization pursued (Table 4),
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Fig 11. Gel showing size comparison of inserts with their counterpart bands from
the cosmid. Lanes 1, 9 & i5 AN DNA Hind Tl markers;2 & 3, BL 1527 & pPF
3000 Eco RI digest, 4, Bl 1527 & 5,6,7,8 clones pPF 2000, Cla T digests; 10, BL
1527 & 11, pPF1000 clone digested with Bam HI: 12, BL 1527 13 & 14 pPF 4000
in duplicate digested with Psr I (Numbers on side show size of MW markers).

No || Enzyme used & size of | Plasmid E. coli Name
DNA O* vector strain

l. Bam HI, 3.5 kb (O) pUCBM21 XLI1-Blue pPF 1000

2 Cla 1, 1.9 kb (C) pBKS + XL1-Blue | pPF 2000

3. | EcoRI, 2.1 kb (P) pUCBM?21 XLi-Blue | pPF 3000

4 Pst 1, 2.0 kb (P) pUCBM21 | XL!I-Blue | pPF 4000

Table 4. Summary of the clones selected for characterization of the 34 kd M.
leprae antigen gene. A. (P) = Partial, (C) = Complete gene.

Restriction Pattern analysis was conducted on the four clones selected for
characterization, which were derived from the Bam Hi, Cla 1, Eco Rl and the Pst
I fragmenits and designated pPF-1000, pPF-2000, pPF-3000, pPF-4000 respectively.
They were subjected to restriction enzyme digestion by using the enzymes Eco Rl
and Pst | singly or in concert. The digests performed (not shown) were loaded on

gel and analyzed carefully. The over all results gave the composite map shown in

Fig. 12.
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Fig. 12. Physical map of the four clones showing the relative size of the clones and the restriction sites of the enzymes used
Soprestrichion analysis,
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4.3, Expression of the 34 kd recombinant antigen.
Following the restriction analysis, all the four clones and the cosmid BL
1527 were tested for expression of the target protein by Western blotting procedure.

The result showed that the cosmid BL 1527 and two of the clones, pPF 1000 and

pPF 2000, expressed the 34 kd antigen in E. coli.
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Fig. 13. Western blot of the four clones. Lanes: 1, Cosmid BL 1527; 2, E. coli
XL1-Blue lysate (Negative control); 3, 4 & 5. pPF 1000; 6. 7 & 8, pPF 2000, 9.
10, & 11, pPF 3000; 12, 13, & 14, pPF 4000; (Numbers on the side are MW

markers).
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Since two of the four clones tested, pPF-1000 and pPF-2000, which contain
the complete gene were shown to give expression, we were interested to know
whether expression was under the strict regulation of the E. coli -Galactosidase
gene, down stream of which both were cloned. To this end the two clones were
further subcloned with the objective of obtaining the same subclones in opposite
orientation, The result of restriction enzyme digestion on 8 randomly selected
colonies from both subclonings showed that in both cases. the expected opposite
orientations were achieved which allowed selection of representative clones in both

orientations (Fig. 14).

23456789101 121314

Fig.14. Restriction enzyme Psr I digests of colonies showing opposite orientation
of the inserts. A} Lanes; 1, A Hind 111 Marker; 2, 3 & 4, pPF 1000, 5, 6 & 7, pPF
1020; 8, 9 & 10,pPF 2000; 11, 12 & 13, pPF 2020; 14, A\ Hind Il marker.

The selected clones (both orientations) were tested by Western Blotting. The
result showed that there was expression in both orientations in each of the two

groups (Fig. 15).
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Fig. 15. Western Blot of the selected representative sub clones with inserts in
opposite orientation. Lanes:1, BL 1527: 2 & 3, pPF 1000; 4 & 5, pPF 1020; 6 &
7, pPF 2000; 8 & 9, pPF 2020. (Numbers on the side are sizes of MW standards).
4.4. DNA Sequencing of the 34 kd gene of M.leprae.

In order to characterize the 34 kd gene of M. leprae. sequence analysis was
performed. The sequencing results were then compared with the homologous 34 kd
gene of M. ruberculosis whose sequence has been worked out by Dr. P.W. M.
Hermans (Hermans, manuscript in preparation). Totally the sequence of 1884
nucleotides were read. Computer aided analysis revealed that the open reading
frame of the 34 kd gene was 801 nucleotides long encoding a protein of 266 amino
acids with a calculated MW of 28,887 daltons and bearing an isoclectric point of
4.3. The nucleotide sequence and the predicted amino acid sequences are

shown below (Fig. 16).
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] } i ! | I
I I
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ACACTAGGTGGCAATTCTAACTTGTGGGCTGGAGGATCACCAATGCTGATCATTGCACTG

1750 1760 1770 1780 1790 1800
1 ! ! I 1 1
1

| 1 ! I I
GTGTTGGCCCTCATTGGTCTCGTTGTTCTGGTGTTTGCGGTTGCCAACCAGAATTTGCTA

1810 1820 1830 1840 1850 1860
! I f 1 ! |
] ]

[ i i |
ATGGCCTPGGGTATGTATTGGTGCAAGTGTCCTGGGCGTGCTGCTGTTAATCGTTGATGCA

1870 13880
I |

| 1
GTCCGGGAACACCAGTGCATCGAT

Fig. 16. Nucleic acid sequence of the 34 kd gene DNA of M. /eprae showing the
translation of the 34 kd Open Reading Frame.

S.D. = The deduced Shine-Delgarno sequence (Ribosome binding site).

Comparison between M. leprae & M. tuberculosis 34 kd genes have depicted
that the former is longer by 18 base pairs (6 amino acids). Homology comparison

shown below in Fig.17 reveals 80.8% (633 nucleotides) identity.

34KDML- ATGCCGCTTACACCAGCCGACGTCCACAACGTGGCGTTCAGTAAGCCGCC -50

------------------------------------------------
------------------------------------------------

34KDMT~ ATGCCGCTTACACCTGCCGACGTCCACAATGTGGCGTTCAGTAAGCCGCC ~50

34KDML- CATCGGCAAGCGTGGTTRTAACGAAGATGAGGTCGACGCTTTCCTCGACC -100

-------------------------------------------
...........................................

34KDMT~ TATCGGCAARCGTGGGTACAACGAAGATGAGGTCGACGCCTTCCTCGACC -100
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34KDML~ TGGTTGAGAARCGAGCTGACTCAGCTCATTGAAGAGAATTCCGACCTACGC —-150

e s B R . . .. L A N ) 4w HE 4
HET-S H IR IR - H i T - ..

34KDMT~ TGGTGGAARACGAGCTGACCCGCCTGATCGAAGAGARCTCCGATCTGCGT -150

34KDML- CAGCGGATCGAGGAGCTGGATCATGAACTAGCTGCGGGTGGCGGTACTGG -200

. 8. I EEE . EEERER] . .. e s woeoww N . a e
. s [ . HERHE S I .. .. LR HER LR . . "

34KDHT~ CAGAGGATCAACGAGCTGGATCAAGAGCTCGCCGCGGG-GGCGGTGCCGG -199

34KDML~ TGCTGGCCCCGTTATCGCCGTGCAGCCCACTCAGGCGCTCTCCACTTTCG —250

I EREE] . IR ] RN ] N . . :
LR HE S . H . H

I4KDMT~ ——===mm = CGTTA-CGCC~~-GCAGGCCACCCAGGCAATCCCGGCGTATG =237

34KDML~ AACCCGAACTAGTGTCTGCCAAGCAGGCGCCAGTGGCAGCTGTTGCCGAG -300

4 s m e on . . . 48 s e 408 a2 e [ a . . . .. .
* IR IR . . LRI IR T 4o L b3 - H . ‘. -

34KDMT- AGCCCGAAC-—---- CGGGCAAGCCGGCGCCGGCGGLGGGTCTCGGCGGG -281

34KDML- -ACGGCCGAAGAATTGGCGATGAAGGCTACTAGGGTGTTGAGCCTGGCGC -34¢9

+ a .. . . . . vy IR .
. . T P HIB I HE S I A A HE LI LR .

34KDMT~ GATGAACGAGGAACAGGCCCTGAAGGCGGCGCGAGTGCTGAGTCTGGCCC -331

34KXDML- AGGATACCGCTGACCAGCTCACCAGTACGGCTAAGGTCGAATCGGACRAG -399

[ RSN 'R LY e + o a e [ + . T
¢« a3 N H- I L .. H I ) “ . . HEE HEER R

J4KDMT- AAGACACCGCCGACCGGCTTACAAACACCGCCAAAGCCGAGTCGGACARG -381

3J4KDML- ATGTTGGCCGATGCGCGTGTCAATGCCGACCAAATTCTCGGCGAGGCTCG ~449

TR IR RS R RN .. IR s s e 4 s seoew . s
e LRS- I S - S EEEEE R .. LY . Be s R “«

34KDMT- ATGCTGGCCGATGCCCGTGCCAATGCGGAGCAGATCCTCGGTGAGGCCCE —431

34KDML- CCTCACGGCGGAGGCTACCGTCGCCGAAGCCCAGCAACGCGCCGACGCGA —-499

. e L3 ] 0 [ B EEENE] RN o tr . + .. +
H .. P2 sa e p s H H HEE A .. -

34KDMT- ACACACCGCCGACGUCACGGTCGCCGAGGCCCGCCAGCGTGCCGATGCCA —-481

34KDML~- TGTTGGCCGACGCCCAAACTCGCTCTGAGGTCCAGTCACGTCAAGCCCAG —-549

1 R R R . [ 3 A we . . .t .
. vy H * A H H . Lo HE LI - H HEES HEH HIE I

34KDMT~ TGCTGGCCGATGCCCAATCCCGATCCGAGGCCCAGTTGCGCCAGGCGCAG ~531

34KDML~ GAGAAGGCCGACGCCCTGCAGGCCGAAGCCGAGCGTAAGCATTCTGAGAT -599

EEEEEEER] . FH H R * S T [ [ I [
H H

34KDMT- GAGAAGGCCGATGCCTTACAGGCCGATGCGGAACGCAAGCACTCCGAGAT -581

34KDML- TATGGGAGCCATCAGCCAGCAGCGCACGGTGTTGGAAGGCCGACTCGAGC —-649

R LA [ R B R ] EEEE . TR B RN P N
R FEEE- - @« % 4 n v s e o0 CEE . s s r s e FER- - S

34KDMT- CATGGGAACCATCAACCAGCAGCGCGCGGTGCTTGARGGCCGCCTCGAGC ~631

34KDML- AGCTACGTACCTTCGAACGCGAGTATCGGACCCGGCTCAAGACCTATCTG -699

s s w0 n I EE R R R E ] I EEE] . ] IR EEEEEE L)
ERE I ) - - S 4 ] HE H- - - « ¥ s

34XDMT- AGCTGCGTACCTTCGAACGTGAGTACCGCACCAGGCTCAAGACCTACCTG -681

34KDHL- GAATCTCAGCTTGAGGAACTCGGTCAGCGTGGGTCEGGCTGCACCGGTTGA ~749

“r e n . R 23 v e s as e e s waesasa R e 4 s aeew . a
R LI I I I I IR D) .+ v ow e ..

34KDMT~ GAATCGCAGCTGGAGGAACTCGGCCAGCGTGGATCGGCGGCGCCGGTCGA —731

34KDML- TTCCAATGCGGATGCTGGTGGATTCGACCAGTTCAATCGGGGTAATAACT ~799

IR N LR ) £ F e . * . C - ] .. .
RS- S-- --- L LI . PeLoae e o e LR

34KDMT- TTCCAATGCGGATGCCGGTGGCTTCGATCAATTCAACCGGGGCAARAACT ~781
34KDML~ AG -801

34KDMT- AG -~783

Fig. 17. Alignment of the nucleotide sequences of 34 kd M. leprae gene and the
34 kd M. uberculosis gene. The character *:” show that two aligned residues are
identical.
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Homology comparison between the putative amino acid sequences of the
M. leprae and the M. tuberculosis 34 kd antigens show that there is 85 % (221

amino acids) identity and 13 % (34 amino acids) conserved substitutions (Fig. 18),

10 20 30 40 50 60
34x-ML MPLTPADVHNVAFSKPPIGKRGYNEDEVDAFLDLVENELTQLIEENSDLRQRIEELDHEL

I .. - TR [ 2 43 428 e e EEEEER] v a ]
HERREREEEE TS A A B I S I A 2 - - S O S B - - O SO B S O B

34k-~MT MPLTPADVHNVAFSKPPIGKRGYNEDEVDAFLDLVENELTRLIEENSDLRQRINELDOEL

10 20 30 40 50 60

70 80 90 100 110 120
34K-ML AAGGGTGAGPVIAVQPTQALSTFEPELVSAKQAPVAAVAETAEELAMKATRVLSLAQDTA
34K-MT AAGGGAGVTP~—--QATQAIPAYEPE——PGKPAPAAVSAGMNEEQALKAARVLSLAQDTA

70 80 20 100 110

130 140 150 160 170 180

34K-ML DQLTSTAKVESDKMLADARVNADQILGEARLTAEATVAEAQQRADAMLADAQTRSEVQSR

. e TR EEREEE] [ s R EEREE .. va s e s B R t1 I3 ] H
L 0 I RO - - 4 .+ - - I [ I R R HEFS -

34K-MT DRLTNTAKAESDKMLADARANAEQILGEARHTADATVAEARQRADAMLADAQSRSEAQLR
120 130 140 150 160 170

130 200 210 220 230 240
J4K-ML QAQEKADALQAEAERKHSEIMGAISQQRTVLEGRLEQLRTFEREYRTRLKTYLESQLEEL

IR EEEREE! - 4 a0 e s e . Powoe IR EEEE IR R o4 e
PSS A A - SO S - S S O L I A I B S ] HEE A

34K-MT QAQEKADALQADAERKHSEIMGTINQQRAVLEGRLEQLRTFEREYRTRLKTYLESQLEEL
180 190 200 210 220 230

250 260
34K~-ML GQORGSAAPVDSNADAGGFDQFNRGNN

I N N RN
. T2 A s LR 2 I -

34K-MT GQRGSAAPVDSNADAGGFDQFNRGKN
240 250 260

Fig. 18. Alignment of the deduced amino acid sequences of the 34 kd
Mycobacterium leprae and Mycobacterium tuberculosis genes.

N.B. ’:’ = ldentical residues; ’.’ = conserved substitutions.
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5. DISCUSSION,

The search for the 34 kd antigen encoding gene of Mycobacterium leprae
was carried out by screening an M. leprae cosmid library using the earlier isolated
34 kd antigen encoding gene of Mycobacterium tuberculosis as a DNA probe.

Screening of the cosmid library showed that, out of a total of 79 cosmids
screened, only one cosmid, designated as BL 1527, carry the gene. Since the
library is estimated to represent more than 88 % of the M. leprae genome, this was
interpreted as an indication that the gene exists as a single copy in the genome,
which was in agreement with the result of hybridization on total genomic DNA
mentioned previously.

Following the detection of the gene on cosmid BL 1527, differential
hybridization of the cosmid vector and the gene of interest (using the 34 kd antigen
gene of M. tuberculosis against the gene and plasmid pBKS+ against the vector)
allowed the identification and cloning of four different DNA fragments.

Two of the four fragments, a 3.5 kb Bam HI fragment and a 1.9 kb Cla 1
fragment, were shown to contain the complete gene as inferred from the single
hybridizing bands they gave. The other two, a 2.1 kb Eco Rl fragment and 2.0 kb
Pst 1 fragment of DNA, were shown to contain only part of the gene as they were
derived from one band of two positively hybridizing signals in each case (Fig. 6).

The four clones and the cosmid BL 1527 were tested for the expression of
the recombinant protein by western blotting using the monoclonal antibody F-126.2
as a probe. The result (Fig. 13) depicted expression of the protein in the cosmid BL

1527 and two of the clones that contain the complete gene, pPF-1000 and pPE-
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2000, where as the other two clones that contain partial fragment of the gene, pPF-
3000 & pPF-4000, did not show any expression. In the cosmid BL 1527 and the
two clones that gave expression, the molecular weight of the expressed protein was
of the same size and it was about 34 kd.

In addition to the band around the 34 kd area, reactive bands were seen
around the 60 - 70 kd area in cosmid BL 1527 and in pPF 1000 which were absént
in pPF 2000. As BL 1527 and pPF 2000 contain more M. leprae DNA than pPF
2000, the higher bands observed are believed to be results of dimer or oligomer
formations mediated by down stream genes. The fact that the observed higher
reacting bands were present only in BL 1527, pPF 1000 and pPF 1020 which
contain substantial downstream DNA, as opposed to pPF 2000, pPF 2020 and pPH
5273 (the M. ruberculosis 34 kd gene) which do not contain down stream regions,
indicates that the phenomenon is apparently mediated by products of these down
stream DNA.

When the two clones showed expression, we were interested to see whether
expression was under the control of the E. coli §- galactosidase gene promotor,
down stream of which they were cloned. To address this question, the two clones
were re-subcloned in the same vectors and clones with inserts in opposite
orientation were obtained (Fig. 14). Western blot analysis of the clones in both
orientation (Fig. 15) revealed that the two clones were expressible in both
orientations showing that their expression is not under strict control from the (-
galactosidase gene promotor but from their own transcriptional and translational

signals. Furthermore, the fact that the protein products were of the same size when
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expressed from both orientations was an indication that the protein in question was
expressed free and not in fusion with f-galactosidase.

These observations may look suspicious in view of the existing consensus on
the recognition of mycobacterial regulatory sequences by E. coli. Early experiments
in cloning mycobacterial genes into E. coli were suggestive of poor or no
recognition of the mycobacterial regulatory elements especially the transcriptional
sequences (Clark-curtiss, ef al., 1990; Lamb and Colston, 1988). In addition it was
believed that only mycobacterial heat shock promoters, which belong to the genes
encoding the stress proteins which are evolutionarily highly conserved through out
the living world, are recognized by E. cofli (Young, et al., 1988, 1990; Thangaraj,
et al., 1990). However, recent reports on the expression of mycobacterial proteins
in E. coli are indicating that the above statements are not universal and a number
of mycobacterial proteins such as the 38 kd gene of M. leprae (Andersen, et al.,
1988); thelbiotin carricr proteins of several species of mycobacteria (Collins, et al.,
1987) ; the 15 kd M. leprae gene contained in a cosmid and evidently far from E.
coli promoters (Sela, er al., 1991), have been shown to be expressed as free
proteins apparently from their own promoter signals.

In fact analysis of published mycobacterial DNA sequences have revealed
the presence of typical consensus prokaryotic promoter sites in other genes in
addition to those above (Dale & Patki, 1990). Given that the mycobacterial
initiation elements are recognized by E. coli, the expression of such recombinant
clones would be independent of their orientation and reading frame (Young, et al.,

1987). Hence there is ample illustration in the literature to assume that the
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transcriptional and translational sequences of the 34 kd gene of M. leprae could be
among those recognized by E. coli, thus accounting for the observed expression of
the gene in both orientations. As the two clones which show expression are long
enough to contain intact M. leprae transcription and translation regulating elements,
the above consideration seems likely.

Crossed Immuno-electrophoresis (CIE) analysis performed on two of the
clones (pPF 1000 & pPF 2000) by our collaborator (Dr. M. Harboe, personal
communication) has shown that the M. leprae and M. tuberculosis 34 kd
recombinant antigens correspond to antigen 84 of mycobacteria.

DNA analysis of the 34 kd gene of M. leprae was carried out both by
Southern hybridization as well as sequencing procedures. The DNA sequencing
strategy employed was to start sequencing all four clones using the pUC forward
_and reverse universal primers and search for clues on the open reading frame. Once
the open reading frame was located, with the help of sequence homology
comparison with that of the previously known sequence of the M. tuberculosis
equivalent, the largest clone, pPF 1000, was used to conduct the sequencing of the
801 base pairs long open reading frame of the 34 kd M. leprae gene plus 849 base
pairs upstream of the gene and 234 base pairs downstream of the gene, giving the
nucleotide sequence of a total of 1884 base pairs.

Computer aided analysis of the sequenced DNA of M. leprae 34 kd antigen
encoding gene revealed the presence of three open reading frames of which only
the second ORF, which stretches for 801 base pairs from an ATG start codon

focated at the 850™ base down to a TAG stop codon identified at the position of the
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1648"™ base pair, corresponds to the 34 kd gene. This open reading frame gives a
protein with a deduced amino acid sequence of 266 amino acid residues that is
estimated to bear a molecular weight of 28,887 Daltons and an isoelectric point of
4.3 (Fig. 16).

Comparison of this DNA sequence data with that of the M. tuberculosis 34
kd sequence shows a very high degree of homology between the two genes. The
DNA sequence analysis comparison have revealed 80.8 % homology at their open
reading frames which differ in length by 18 base pairs, the M. leprae 34 kd gene
being the longer one. At the protein level 85 % homology was found between the
two genes harboring 221 amino acid identity out of a total of 266 residues of the
M. leprae 34 kd gene and 260 residues of M. tuberculosis homologue compared.
From the remaining 39 residues, 34 were found to be conserved substitutions,

leaving only five residues unmatched.
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6. CONCLUSION.

A brief scanning glance at the literature of the 1980s and the 1990s will
illustrate the speed with which the molecular genetics of M. leprae is being pried
open with the application of modern immunological and molecular biological tools.
By the day, the enigma that surrounded M. leprae in the past is being eroded little
by little and will continue to be so.

The obscurities that surround the immunology of leprosy, however, can only
be brought to light by a comprehensive and exhaustive knowledge of the antigenic
repertoire of the bacillus. This fact provides the impetus for conducting basic
research in molecular biology for antigen identification and characterization.

The work done in this project invoived the identification of an
immunologically recognized 34 kd antigen encoding gene of the leprosy bacillus.
The research, which was carried out with the aim of establishing the physical
properties of the gene as a prelude to detailed immunological study, has culminated
in establishing some of the physical and immunological properties of the 34 kd gene
of M. leprae by: 1). working out the partial restriction map of the gene, 2).
determining the nucleotide sequence of the gene, 3). showing that the recombinant
protein encoded by the gene is expressed in recombinant Escherichia coli, 4).
establishing the fact that the expression of the protein is signalled from its own
regulatory sequences and 5). confirming that the recombinant 34 kd antigen of

Mycobacterium leprae corresponds to the non secreted Antigen 84 of mycobacteria.
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Abbreviations.

Ag. Antigen

BCIP. 5-Bromo-4-Chloro-3-Indolyl Phosphate

CMI Cell Mediated Immunity

DTH Delayed Type Hypersensitivity

EDTA Ethylene Diamine Tetra Acetic Acid

HSP Heat Shock Protein

IPTG Isopropyl Thio-8-D-Galactopyranoside

kb Kilo base

kd Kilo dalton

NBT Nitro Blue Tetrazolium

NC Nitro Cellulose

PAGE Polyacrylamide Agarose Gel Electrophoresis
PBS Phosphate Buffered Saline

PMSF Pheny! Methyl Sulfonyl Fluoride

SDS Sodium Dodecyl Sulphate

Tris Hydroxymethyl-Aminomethane

X-Gal 5-Bromo-4-Chloro-3-Indolyl-8-D-Galactoside




Appendices.

Appendix 1.

The DNA molecular weight standard used throughout the text is the A DNA Hind
Il marker. The molecular sizes of the fragments in base pairs in descending order
is :

1. 23,130

2. 9,416

3. 6,557

4. 4,361

5.2,322

6. 2,027

7. 564.




