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Application of molecular biological techniques to the epidemiological study of leprosy is described. Studies of
detecting Mycobacterium leprae DNA in samples of the nasal mucus are discussed in terms of the epidemiology and
the significance of high prevalence. Epidemiological studies on the transmission of leprosy and correlation between
geographic distribution of different M. leprae rpoT genotypes and prehistoric spread of the leprosy by genotyping

based on the genomic polymorphism are introduced.
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Ofloxacin(OFLX) is often applied today as a substitution drug of MDT for drug resistance to dapsone, rifampicin
or clofazimine. However, OFLX resistance is also becoming a great concern. Low and/or irregular administration
are considered to be the major causes of OFLX resistance. OFLX should be used as a combined therapy, and
minimal daily dose of 400mg of OFLX or 200~300mg of levofloxacin is required. Quinolone resistance should be
considered when no improvement of clinical and/or bacterial index is observed after the treatment for 6 months. In

such cases, resistance gene detection is necessary.
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The deciphering of the genomic sequence of Mycobacterium leprae has made possible to predict the pos-

sible lipoproteins. The consensus sequence at the N-terminal region of the protein, including the cysteine

residue to which the lipid moiety gets attached, provides a clue to the search. As such, more than 20 putative

lipoproteins have been identified from Mycobacterium leprae genomic sequence. Lipoprotein LpK (Acces-

sion no. ML0603) which encodes for 371 amino acid precursor protein, was identified. Expression of the

protein, in Escherichia coli revealed a 33 kD protein, and metabolic labeling experiments proved that the

protein was lipidated. The purified lipoprotein was found to induce production of IL-12 in human peripheral

blood monocytes which may imply that M. leprae LpK is involved in protective immunity against leprosy.

Pursuit of such lipoproteins may reveal insights into the pathogenesis of the disease.

Introduction

According to World Heath Organization (WHO)
epidemiological survey report, the number of lep-
rosy patients in the world was around 534000 at the
beginning of 2003, as reported by 110 countries.
About 620000 new cases were detected during 2002
(http://www.who.int/lep/). Inspite of the intensive
leprosy control measures taken, there is no evidence
as yet of a reduction in the number of new cases ".
The situation implies that there is a need to develop
new vaccines and immunotherapeutic tools to con-
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trol the disease. Moreover there is increased concern
about the disease due to the complications due to
severe reactions, peripheral nerve injury due to the
tropism of the bacilli to invade Schwann cells** and
emergence of drug resistant bacilli®.

Bacterial lipoproteins containing N-acyl
diglyceride-cysteine residues, flanked by character-
istic amino acids motif that are required for post-
translational processing via the signal peptidase I
7, have been extensively studied in Gram-positive
and Gram-negative bacteria. Membrane located 17
kD lipoprotein of Francisella tularensis reported by
Sjosted et al. was found to be T cell stimulatory .
Lipoproteins released by pathogenic E. coli, Salmo-
nella typhimurium and Yersinia enterocolitica, were
found to induce proinflammatory cytokine in mac-
rophages and ameliorate pathologic changes associ-
ated with gram negative bacterial infection in mice'?.
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Borrelia burgdorferi and Treponema pallidum, the
etiological agents of lyme disease and syphilis, re-
spectively, are known to possess abundant lipopro-
teins ', which act as major antagonists with the abil-
ity to influence both innate and adaptive immune re-
sponses during infection '». The only two well stud-
ied mycobacterial lipoproteins, are the 19 kD and 38
kD lipoproteins of Mycobacterium tuberculosis **
19, These lipoproteins are therefore presumed to be
involved in the host responses, inducing interleukin-
12 (IL-12) from the host cells. Since IL-12 has T cell
stimulatory properties, which in turn elicits produc-
tion of interferon- y (IFN- 7 ), and facilitates devel-
opment of Th1 cells '*'® these lipoproteins may be
involved in the induction of cellular responses to
mycobacteria and thereby contributing to the devel-
opment of protective immunity'® 2%, Identification
of lipoproteins in M. leprae seems inevitable espe-
cially in terms of host defense and for the develop-
ment of new vaccines against leprosy.

Analysis of a M. leprae lipoprotein

To date, relatively few lipoproteins of mycobac-
teria have been described. The database of the M.
tuberculosis genome (http://www.sanger.ac.uk/
Projects/M_tuberculosis/ ) revealed that there are
about a hundred putative lipoprotein coding genes,
but only about 40 genes have been identified in M.
leprae genome 2" and almost half of the genes iden-
tified are pseudogenes. Table 1 shows the list of the
putative lipoproteins. One of the predictable lipopro-
tein was found to be partially homologous to the pre-
cursor of the glutamine binding protein, the other
one was a possible transport lipoprotein and the third
one was a putatitve secreted protease. But all other
lipoproteins had no homology to any other protein
of known function. One of the more interesting can-
didates is the gene annotated as Ipk (Accession No.
ML0603)*. The N-terminal residues of LpK showed
typical features of a signal peptide with a consensus
sequence (MISALMVAVAC) for the lipid modifica-
tion. A sequence homologue of Ipk was identified in

16

the M. tuberculosis genome database using the
BLASTN search tool. M. tuberculosis Rv 2413c¢
(EMBL:AL123456, 316 amino acids) has 83.5%
identity in the 316 amino acid overlap. However, the
homologue has no consensus sequence for lipid
modification. The fact that the lipid consensus se-
quence was missing is quite surprising since many
of the M. leprae genes when compared to those of
M. tuberculosis genes are pseudogenés as analyzed
from the gene databases?V. This fact may indicate
that this lipoprotein may be specific to M. leprae and
have a significant role in bacteria, specifically re-
lated to the unique features of the organism such as
proclivity for Schwann cell invasion or development
of reactions. Since it is not feasible to obtain adequate
amount of protein from M. leprae for analyses, the
gene was cloned and the protein expressed and puri-
fied in E. coli (Fig.1). The basic lipoprotein nature
of LpK was verified experimentally. Metabolic la-
belling of the bacterial protein with radioactive glyc-
erol provided presumptive evidence of a covalent
linkage of lipid to LpK.

Murine experiments with infectious pathogens, in-
dicate that IL-12 plays an important role in inititation
and regulation of the T cell responses such as Th1 ‘
249, In vitro experiments with M. tuberculosis sug-
gested that I1.-12 is induced rapidly after infection '
25,29 and in in vivo IL-12 was crucial for the devel-
opment of protective immunity against tuberculosis
*, When we examined whether IL-12 was inducible
by LpK in human monocytes, LpK induced IL-12 at
a significantly high level, a level that could be main-
tained even in the presence of polymyxin B (Fig. 2).
Another M. leprae putative lipoprotein (gene prod-
uct of Accession No. ML1699) was expressed in in-
clusion bodies of E. coli. The purified protein, -of
molecular weight 39 kD, did not induce any signifi-
cant amount of IL-12 in human monocytes. The rea-
son for non-inducing capability of the purified 39
kD protein, may be the lack of lipidified region, al-
though the exact reason remains unclear.
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Discussion

" M. tuberculosis 19 kD lipoprotein is both cell wall
associated and secreted lipoprotein which stimulate
proliferation of human T cells and promotes neutro-
phil priming and activation '*?®). It is also known to
induce apoptosis in macrophages through TLR2 li-
gation®”, Recently, the synthetic lipopeptide consist-
ing of the N-terminal portion of M. leprae 19 kD
lipoprotein is shown to induce apoptosfs in human
Schwann cells, also through TLR2 39, At present,
TLR2 seems to be the only receptor known to be
involved in signaling of bacterial lipoproteins and
lipopeptides . In likewise manner, TLR2 seems to
be the receptor on antigen presenting cell, which is
involved in M. leprae LpK lipoprotein signaling. But
blocking of TLR2 with its antagonistic antibody does
not completely inhibit the T cell activating ability of
lipoprotein. Therefore other receptors as yet un-
known, may be required for the signaling. Also, TLR2
seems to associate with TLR1 and recognise the na-
tive 19 kD M. tuberculosis lipoprotein and synthetic
triacylated but not the diacylated lipopeptide 3.
Such type of inter-related receptors may also be worth
investigating.

Display of outer surface protein A (OspA) anti-
gen as membrane associated lipoprotein by M. bovis
bacillus Calmette-Guerin seem to be necessary for
protection against Borrelia burgdorferi infection
(Lyme disease)>¥. But there are a few reports which
considers the involvement of lipoprotein deleterious
to protection against disease **. Therefore it would
be necessary to see whether the display of M. leprae
-l‘ipoproteins could enhance host defense-associated
immunity as well as serve in protection against the
disease in in vivo. '

IL-12 production in mycobacterial diseases is
known to contribute to antimycobacterial defenses
17,3637 by triggering of interferon- y which, in turn,
can reduce, for example, the bacillary load in lepro-
matous leprosy patients '®. In this respect, we can
anticipate that lipoproteins may have the potential to
be used as an immunotherapeutic agent against lep-
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rosy. We may have to investigate the IL-12 inducing
ability of other lipoproteins of M. leprae and the de-
tailed mechanism by which the signal is transduced.

In conclusion, LpK, induced the production of IL-
12 which may indicate a significant role in the in-
duction of cellular responses leading to the develop-
ment of protective immunity against the intracellu-
lar organism. Although the engagement of lipopro-
teins in the pathogenesis of leprosy is still to be evalu-
ated, ongoing studies are conducted to evaluate its
immunogenic role on leprosy.
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TABLE 1. The putative lipoproteins of M. leprae’

No. of
Neo. CDS Number | amino Products
(M. leprae) acid
residues
1 MLO0136 233 Putative lipoprotein (IppX)
2 ML0246 218 Putative lipoprotein (IpqT)
3 ML0319 183 Putative lipoprotein (IpgE)
4 MIL0489 556 Hypothetical lipoprotein
5 ML0557 238 Putative lipoprotein (IprG)
6 ML.0603 371 Lipoprotein
7 MIL.0775 589 Putative lipoprotein (IpgB)
8 ML0902 239 Putative lipoprotein
9 ML1086 468 Probable transport protein
10 ML 1093 285 lipoprotein
11 ML 1099 202 Putative lipoprotein
12 MLI1115 188 Possible lipoprotein
13 ML1116 187 Lipoprotein (IrpC)
14 ML1177 126 Possible lipoprotein
15 ML1315 194 Probable lipoprotein (IppK)
16 M1.1339 525 Putative secreted protease
17 ML1427 445 Possible transport protein
18 MI1.1699 302 Putative lipoprotein
19 ML 1966 161 Possible lipoprotein (IpqH)
20 ML2010 153 Putative lipoprotein
21 ML2446 441 Possible lipoprotein
22 MIL.2593 393 Putative lipoprotein (IprK)

'CDS from M. leprae Sanger database and number of amino acids in the
prolipoprotein forms of the M. leprae lipoproteins are shown.
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Fig. 2 : IL-12 p40 production is induced by M. leprae lipopro-
Fig. 1 : Expression and detection of M. leprae LpK in E. col, tein LpK : IL-12 p40 cytokine induction from human
A. Coomassie stain : 1, mock transformed and 2. pk blood monocytes was observed using 1-LpK, 2-gene
transformed E. coli extract. B. Western blot of the product of ML1699, 3-LPS. Hatched bar indicates the
same, using monoclonal anti-His tag antibody. production of IL-12 p40 in the presence of polymyxin
B.
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Abstract

Mycobacterium leprae lipoprotein, LpK, induced IL-12 production from human monocytes. To determine the components essen-
tial for cytokine production and the relative role of lipidation in the activation process, we produced lipidated and non-lipidated
truncated forms of LpK. While 0.5 1M of lipidated LpK-a having N-terminal 60 amino acids of LpK produced more than 700 pg/m!
IL-12 p40, the non-lipidated LpK-b having the same amino acids as that of LpK-a required more than 20nM of the protein to pro-
duce an equivalent dose of cytokine. Truncated protein having the C-terminal 192 amino acids of LpK did not induce any cytokine
production. Fifty nanomolar of the synthetic lipopeptide of LpK produced only about 200 pg/ml IL-12. Among the truncated LpK,
only LpK-a and lipopeptide stimulated NF-kB-dependent reporter activity in TLR-2 transfectant. However, when monocytes were
stimulated with lipopeptide in the presence of non-lipidated protein, they produced IL-12 synergistically. Therefore, both peptide

regions of LpK and lipid residues are necessary for efficient IL-12 production.

© 2004 Elsevier Inc. All rights reserved.

Keywords: Lipoprotein; IL-12; Mycobacteria; TLR-2

1. Introduction

Bacterial lipoproteins, containing N-acyldiglyceride-
cysteine residues at their amino termini, have been well
studied in gram-positive and gram-negative bacteria
[1,2]. Acylation of the amino group of cysteine in the
consensus lipid-binding sequence takes place by attach-
ment of the diacylglycerol moiety in a thioether linkage
and subsequent cleavage of the proprotein by a specific
signal peptidase. One of the functional characteristics of
such acylated proteins is the production of interleukin-
12 (IL-12)' from host antigen (Ag)-presenting cells
(APCs). Lipoproteins stimulated APCs and these APCs
in turn activated both type 1 CD4* and CD8" T cells, to

* Corresponding author. Fax: +81-42-391-8212.
E-mail address: mmaki@nih.go.jp (M. Makino).

produce interferon-y (IFN-y), which endows bacterio-
cidal activities to APCs mainly macrophages. Therefore,
lipoproteins play a central role as an inducer of host
defense activities to control the growth of intracellular
parasitic bacteria such as mycobacteria. Such lipopro-
teins were isolated from Mycobacterium tuberculosis, of
which the 19- and 38-kDa proteins have been reported
to be capable of activating both innate and adaptive
immunity [3~5]. There are only a few reports of lipopro-
tein from other mycobacterial species, but recently we
have identified a novel 33kDa lipoprotein, LpK, from
Mycobacterium leprae [6).

Mycobacterium leprae induce a chronic infectious dis-
ease, termed leprosy which has been characterized by

v dbbreviations used: 1L-12, interleukin-12; M., Mycobacterium; Ag, antigen; APC, antigen-presenting cell; IFN, interferon; PVDF, polyvinyl
difluoride; PBMC, peripheral blood mononuclear cell; LPS, lipopolysaccharide; PG, peptidoglycan; TLR, toll-like receptor; DCs, dendritic cells.

0008-8749/$ - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.cellimm.2004.06.001
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progressive peripheral nerve injury and skin lesions [7].
One representative spectrum of the disease is a paucibac-
illary form of leprosy, in which the disease lesion is local-
ized. The localization of the lesion is a consequence of
the suppression of bacterial spread and, in this process,
IL-12 producing APCs seem to play a central role in
activating innate and type 1 cellular immunity [8-11].
Since the newly identified lipoprotein LpK was found to
be capable of inducing I1.-12 production in human
peripheral monocytes, it can be predicted that LpK is
one of the antigens in M. leprae with the potential to
contribute to the host defense against leprosy.

Although it may be assumed that the immuno-domi-
nant region of the lipoprotein is the lipid region, the
immuno-dominant region of LpK in terms of 1L-12 pro-
duction has not been studied, and it remains to be clari-
fied whether the acylated lipopeptide region alone could
represent the immuno-stimulatory domain of the lipo-
protein.

In this study, we expressed various forms of truncated
LpK, assessed its IL-12 producing activity and
attempted to clarify the role of peptide lipidation in the
context of cytokine production.

2. Materials and methods
2.1. Bacterial strains, plasmids, and lipopeptides

Escherichia coli DH5a strain (Toyobo, Tokyo, Japan)
was used for all cloning and recombinant expression
experiments. The plasmids used for the expression in F.
coli were pGEM-T Easy Vector (Promega, Madison,
WI), and pGFPuv (Clontech, Palo Alto, CA). Clones

LpK-t
LpK-a
LpK-b
LpK-c
LpK-d
LpK-e

@: Lipid

were selected on Luria—Bertani medium agar plates (1%
tryptone, 0.5% yeast extract, 0.5% NaCl, and 1.5% agar)
or broth supplemented with ampicillin at 100 pg/ml. All
other chemicals were purchased from Wako Chemicals
(Richmond,VA), Sigma-Aldrich (St. Louis, MO) or
Amersham-Pharmacia (Piscataway, NJ). The LpK lipo-
peptide containing the N-terminal 12 amino acids of LpK
was synthesized by Bachem AG (Germany). The structure
of the lipopeptide is as follows: Palmitoyl-Cys((RS)-2,3-
di(palmitoyloxy)-propyl)-Leu-Pro-Asp-Trp-Leu-Ser-Gly-
Phe-Leu-Thr-Gly-Gly-OH. The corresponding unlipidated
LpK peptide containing only the N-terminal 12 amino
acids was also synthesized.

2.2. Cloning and sequencing of the truncated forms of the
Ipk gene

To clone the [pk gene, the DNA of interest was ampli-
fied by PCR by taking the genomic DNA from M. leprae
(Thai-53 strain) as a template for PCR, and the
expressed LpK lipoprotein was purified as previously
described [6]. The primers used for the amplification of
the gene coding protein constructs in Fig. 1 were as fol-
lows: For LpK-a, the sense primer 5'ACATGCA
TGCCCTGGTGTTGGTCCTGTGG3' (a-s) and the
antisense primer 5’CGGAATTCTTAGTGATGGTGA
TGGTGATGGCCTGCCCGCTGCCG3' (a-as) were
used. For LpK-b amplification, primers 5’ACATGCA
TGCCCTGTTGCCTGATTGGTTGT3' (b-s) and the
antisense primer a-as were utilized. Similarly, for LpK-c,
the sense primer used was a-s and antisense 5'GGAA
TTCTTAGTGATGGTGATGGTGATGGCTAAGCT
TAGTGATCC3' (c-as), for LpK-d, primers used were
b-s and c-as. LpK-e utilized the sense primer 5'ACAT

COOH

NV
179

371

Fig. 1. Schematic representation of the constructs of LpK and truncated LpK. The lipidated constructs are LpK, LpK-a, and LpK-c. Non-lipidated
constructs include LpK-t, -b, -d, and -e. The thatched region indicates the C-terminal half of the LpK protein. Numbering shows the position of the

amino acid of LpK in the prolipoprotein form.
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GCATGCCCTTAGCGAGCGTACTGA3' and the
previously described antisense primer for LpK amplifi-
cation [6]. For LpK-t, the sense primer a-s and the same
antisense primer for LpK amplification was used. All
antisense primers contained the histidine tag coding
sequence at the C-terminus of the protein for easy pro-
tein detection. The gene was first cloned into pGEM-T
Easy Vector (Promega), and further inserted into the
expression vector. All other genetic manipulations were
done according to established cloning techniques [12].
All lipidated and non-lipidated Ipk genes were expressed
in E coli. Restriction enzymes were purchased from
New England Biolabs (Beverly, MA), Takara Shuzo
(Shiga, Japan) or Toyobo (Osaka, Japan) and used
according to the manufacturer’s specifications. For
DNA sequencing, plasmid DNA samples were purified
using a Qiagen MiniPrep Kit (Qiagen, Valencia, CA).
DNA sequence analysis was performed on an ABI Prism
Genetic Analyser (PE Biosystems, Foster City, CA)
using the dideoxy dye termination PCR method.

2.3. Detection of the expressed proteins and protein
purification

Escherichia coli transformants were lysed in 6 M urea,
0.5% CHAPS, and 1 mM DTT containing 50mM Tris—
Cl and run on a 12% SDS—polyacrylamide gel [13]. The
resolved proteins were transferred to a polyvinyl difluo-
ride (PVDF) membrane (Millipore, Bedford, MA). The
proteins were then detected using penta-His mAb
(Qiagen), and color developed with 5-bromo,4-chloro,
3-indoylphosphate/nitroblue tetrazolium (BCIP/NBT).
The overexpressed protein was also gel filtrated through
a HiLoad 26/60 Superdex 75 prep grade column (Amer-

_sham-Pharmacia), using buffer containing 6 M urea,
50 mM Tris—Cl (pH 8.0), and 0.1% CHAPS at a flow rate
of 2ml/min. After collecting around 30 fractions, SDS—
polyacrylamide gel electrophioresis was performed; the
proteins were stained either by Silver Stain ‘Daiichi’
(Dai-ichi Pure Chemicals, Tokyo, Japan) or Coomassie
blue brilliant stain. Western blotting was performed
using a penta-His mAb. The fraction containing the
desired protein was used for further evaluation. By SDS—
PAGE of the protein and further staining with a silver
stain, no apparent contamination of E. coli-derivatives
was observed. The concentrations of LpK and its
mutant proteins were determined using a Bio-Rad Pro-
tein Assay kit according to the manufacturer’s instruc-
tions.

2.4. Measurement of IL-12 production by human PBMC

Human PBMCs from healthy individuals were iso-
lated on Ficoll-Paque Plus (Amersham-Pharmacia,
Upsala, Sweden) and cultured for 1h in 10cm dishes.
The non-adherent cells were removed by washing several

times with RPMI 1640 (Sigma) containing 2% FCS. By
flow cytometric analyses, among the plastic adherent
cells, 95-98% of the cells were CD14 positive. T cells and
B cells constituted less than 1% and CDla® dendritic
cells constituted less than 0.1% of the adherent cell popu-
lation. These adherent cells were then detached and cul-
tured in triplicate in 96-well plates (10 cells/well) with
purified lipoproteins at various concentrations. Twenty
to twenty-four hours later, the culture supernatants were
collected and assayed for human IL-12 p40 production
using an OptEIA Set (Pharmingen, SanDiego, CA). The
amount of lipopolysaccharide (LPS) in the purified lipo-
protein was measured quantitatively with a Limulus
Amoebocyte Lysate assay (Whittaker Bioproducts,
Walkersville, MD) and found to be <10pg/ug protein,
an amount that did not stimulate IL-12. Also, the contri-
bution of CD1a* dendritic cells within the plastic adher-
ent cells in the IL-12 production was examined. No
significant difference in the cytokine production was
observed by depleting the CDla* cells using immuno-
magnetic beads (Dynabeads 450, Dynal, Oslo, Norway).

2.5. Cell transfection and luciferase assay

Human embryonic kidney cells (HEK293) were
obtained from the American Type Cell Culture Collec-
tion (Manassas, VA). Cells were cultured in DMEM
supplemented with 10% FCS, 50 mg/ml penicillin/strep-
tomycin, and non-essential amino acids (Invitrogen,
Carlsbad, CA), at 37°C in a humidified incubator of 5%
CO,. The cDNA of human Toll-like receptor 2 (TLR)
was PCR-amplified using a human spleen cDNA library
(BD Biosciences, San Jose, CA) and inserted into pCI-
neo (Promega, Madison, WI). HEK293 cells (2 x 10
were transiently transfected with a mixture of plasmids:
200ng pClneo hTLR2, 25ng p5x NF-kB-luc (Strata-
gene, La Jolla, CA), and 10ng pRL-TK-Renilla lucifer-
ase plasmid (Promega) using the FuGENE 6 reagent
(Roche molecular Biochemicals, Indianapolis, IN), as
previously described [14]. Thirty-six hours after transfec-
tion, cells were treated with or without various amounts
of LpK and its truncated forms, or peptidogiycan (PG)
as positive control (for TLR2-dependent luciferase
activity) for further 6h. The cells were lysed in 70 ul of
1x passive lysis buffer (Promega) and luciferase activity
in 10l of the cell lysate was measured using Promega
Dual-Luciferase Reporter Assay System according to
the protocol provided by the manufacturer. Data were
expressed as fold induction relative to the activity of
Renilla luciferase, which is an internal control for trans-
fection efficiency.

2.6. Statistical evaluation

The Student’s 7 test was applied to reveal statistically
significant differences.
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