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Studies of Lipoproteins of Mycobacterium leprae
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The deciphering of the genomic sequence of Mycobacterium leprae has made possible to predict the pos-
sible lipoprofeins. 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

pfotein, 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-

*Corresponding author : _
Department of Microbiology, Leprosy Research Center,
National Institute of Infectious Diseases, 4-2-1 Aoba-cho,
Higashimurayama, Tokyo 189-0002, Japan

Tel: 042-391-8211 Fax: (42-394-9092

E-mail address: yvumi@nih.go.jp

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-acyi
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 ez 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 'Y, 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'*
'*). These lipoproteins are therefore presumed to be
involved in the host responses, inducing'interleukjn—
12 (IL-12) from the host cells. Since IL-12 has T cell

stimulatory properties, which'in turn elicits produc-

tion of interfe:on— y (IFN- 7 ), and facilitates devel-
opment of Th1 cells 169, 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__tﬁberoulosis/ ) revealed that there are
about a hundred putative lipoprotein coding genes,
but only about 40 genes have been-identified in M.
leprae genome” and almost half of the genes iden-
tified are pseudogenes. Table I 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
ofie was a possible transport lipoprotein and the third
one was a putatitve secreted protéase. 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 /pk (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 2413¢
(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 pseudogenes as analyzed
from the gene databases?". 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. Siice 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 %
2, In vitro experiments with M. tuberculosis sug-
gested that IL-12 is induced rapidly after infection !
.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 rémains unclear.:



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 '42%, It is also known to
induce apoptosis in macrophéges through TLR2 1i-
gation?, Recently, the synthetic lipopeptide consist-
ing of the N-terminal portion of M. leprae 19 kD
lipoprotein is shown to induce apoptosis in human
Schwann cells, also through TLR2 3. At present,
TLR2 seems to be the only receptor known to be
involved in signaling of bacterial lipoproteins and
lipopeptides Y. 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 333,
Such type of inter-related receptors may also be worth
investigating. ' :

Display of outer surface protein A (OspA) anti-
geﬁ 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
lipoproteins 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-

JpnJ Leprosy 73, 15-21(2004)

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’

L

) No. of
Ne. CDS Number | amino Products
(M. leprae) acid
: residues
i ML0136 233 Putative lipoprotein (IppX)
2 -MLO0246 218 | Putative lipoprotein (ipqT)
3 MLO319 183 Putative lipoprotein (IpqE)
4 ML0489 556 Hypothetical lipoprotein
5 ML0557 238 Putative lipoprotein (IprG)
6 ML0603 371 |Lipoprotein
7 MLO775 589 | Putative lipoprotein (IpgB)
8 ML0902 239 Putative lipoprotein
9 ML1086 468 Probable transport protein
10 ML1093 285 lipoprotein
11 ML1099 202 Putative lipoprotein
12 ML1115 188 | Possible lipoprotein
13 ML1116 187 | Lipoprotein (IrpC)
14 ML1177 - 126 Possible lipoprotein
15 ML1315 194 Probable lipoprotein (IppK)
16 ML1339 525 Putative secreted protease
17 ML1427 445 | Possible transport protein
18 ML1699 302 | Putative lipoprotein
19 ML.1966 161 Possible lipoprotein (ipqH)
.20 ML2610 153 Putative lipoprotein
21 MIL.2446 441 Possible lipoprotein
22 ML2593 393 Putative lipoprotein (IprK)

Fig. 1 : Expression and detection of M. feprae LpK in E. cofi,
A. Coomassie stain : 1, mock transformed and 2. ipk
transformed E. cof extract. B. Wastern blot of the
same, using monoclonal anti-His tag antibody.
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Fig. 2: 1L-12 p40 production is induced by M. leprae lipopro-
tein LpK : IL-12 p40 cytokine induction from human
blood monocytes was observed using 1-LpK, 2-gene
product of ML1699, 3-LPS. Hatched bar indicates the
groduction of IL-12 p40 in the presence of polymyxin
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Active Surveillance of Leprosy Contacts in Country
with Low Prevalence Rate?

ABSTRACT

For advanced control of leprosy in Pakistan where the World Health Organization leprosy
elimination goal was achieved in 1996, we conducted surveillance of Mycobacterium
leprae-seropositive patients and their contacts and drug resistant strains of M, leprae.

‘We measured anti-PGL-I antibody level in sera from leprosy patients and their contacts
for early detection of M. leprae infection. Out of 34 leprosy patients undergoing treatment,
4 lepromatous leprosy patients were antibody positive, and 6.8 to 23.7 percent of occupa-
tional or household contacts were seropositive. Furthermore, three cases (1.2%) had a high
antibody titer. For surveillance of drug resistant strains of M. leprae, dapsone and rifampin
were targeted. Four out of 18 polymerase chain reaction (PCR) positive samples had muta-
tion in fo/P gene, and among 10 PCR positive samples, one had a mutation in the rpoB gene.

These results indicate that serological analysis of patient contacts might be useful to find
out high risk individuals, and there are M. leprae strains resistant to chemotherapeutic agents
in Pakistan. : '
RESUME

Dans le cadre du contréle avancé de la lépre au Pakistan oii le programme de 1’Organisa-
tion Mondiale de la Santé a atteint son but d’élimination en 1996, nous avons mené une
étude d’épidémio-surveillance des patients séropositifs contre Mycobactérium leprae, de
leurs contacts et des souches résistantes de M. leprae aux médicaments.

Nous avons mesuré les niveaux d’anticorps anti-PGL-I dans le sérum de patients 1épreux
et des personnes en contact avec ces derniers afin d’effectuer une détection précoce de I'in-
fection par M. leprae. Parmi 34 patients actuellement sous traitement, 4 patients léproma-
teux étaient positifs 2 ’examen sérologique, et 6,8 2 23,7 pour cent des personnes en con-
tact, soit professionnel, soit domestiques, furent séropositifs. De plus, 3 cas (1,2%) présen-
taient un titre €levé. La résistance & la dapsone et la rifampicine furent évaluées pour la
surveillance des souches résistantes de M. leprae. Quatre des 18 échantillons positifs par
PCR présentaient des mutations du géne folP et, parmi 10 échantillons positifs par PCR, une
avait une mutation du géne rpoB.

Ces résuitats indiquent que 1’analyse sérologique des contacts proches de patients han-

* séniens pourrait bien étre utile pour découvrir les individus a haut risque et qu’il existe des
souches de M. leprae résistantes aux médicaments chimiothérapeutiques au Pakistan,

RESUMEN

Se hizo un estudio en Pakist4n, donde la meta de la OMS de eliminacién de la lepra se lo-
gr6 en 1996, para evaluar la evolucion de los pacientes sero-positivos a Mycobacterium lep-
rae y sus contactos, y para detectar cepas de M. leprae resistentes a las drogas antileprosas.

! Received for publication 27 May 2003. Accepted for publication 11 October 2003,
*Reprint requests to Dr. Masanori Kai, Dept. of Microbiology, Leprosy Research Center, National Institute of
Infectious Diseases, 4-2-1 Aoba-cho, Higashimurayama, Tokyo, 189-0002, Japan. E-mail: mkai@nih.go.jp
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Se midié la presencia de anticuerpos anti-PGL-I en los sueros de los pacientes y sus con-
tactos para detectar la infeccién temprana por M. leprae. De los 34 pacientes en tratamiento,
4 pacientes con lepra lepromatosa (11.7%) tuvieron anticuerpos antj-PGL-I, ademds de que
6.8% de los contactos ocupacionales y 23.7 % de los contactos convivientes también fueron
sero-positivos. Tres casos (1.2%) tuvieron anticuerpos anti-PGL-I a titulos elevados. Tam-
bién se estudi6 1a resistencia de las cepas a dapsona y rifampina. Cuatro de 18 muestras pos-
itivas por la reacci6n en cadena de 1a DNA polimerasa (PCR) tuvieron una mutacién en el
gene folP, y una de 10 muestras positivas por PCR tuvo una matacién en el gene rpoB.

Estos resultados indican que el andlisis serologico de los pacientes puede ser titil para detec-
tar a los individuos de alto riesgo, y que en Pakistdn hay cepas resistentes a la quimioterapia.

To THE EDITOR:

In Pakistan, the multi-drug therapy (MDT)
program against leprosy conducted by the
World Heaith Organization (WHO) to elimi-
nate the disease was quite. successful, and
the present prevalence rate is 0.1 per 10,000
inhabitants. However, there are “hot spot
areas” where the prevalence rates are still as
high as 3.4 per 10,000. Although a significant
reduction of the total number of cases regis-
tered was observed, no apparent reduction of
new cases was achieved (*), and the WHO
has now recognized a necessity of a serious
concern for leprosy control. One of the ways
to achieve disease elimination is an active
epidemiological surveillance of patient con-
tacts in highly endemic “hot spot areas,”
which will be directly associated with de-

tection of leprosy patients at an early stage.

On the other hand, although MDT was
designed to prevent the emergence and
spread of drag resistant strains, vesistant
Mycobacterium leprae strain have emerged.
A strain showing resistance to both dapsone
and rifampin was reported in 1993 (*) and,
at present, there are even reports indicating
the emergence of a strain resistant to multi-

ple drugs (%). These drug resistant strains
provide another serious problem and should
not be ignored, especially in countries
where the leprosy elimination goal has been
achieved. Therefore, the development of a
useful tool for early detection of leprosy
and drug resistant strains is necessary for
the prompt initiation of better medication.

In this study, we conducted serological
surveillance of household and occupatlonal
contacts, and detected drug resistant strains
in Karachi, a representative endemic area in
Pakistan.

Serological test for leprosy. A total of
300 sera from various individuals, including
in-and-out patient of CDGK Leprosy hospi-
tal, were Obtained with informed consent.
These sera were donated by 34 leprosy pa-
tients under treatment, 193 household con-
tacts, 59 occupational contacts, and 14 non-
contact healthy individuals llvmg in Karachi
(Table 1). Infection with M. leprae was as-
sessed by using SERODIA®-leprae kit (Fuji
Rebio Inc., Tokyo, Japan), which detects
antibody ~ against phenolic glycolipid-I
(PGL-I) (*). Four leprosy patients under
treatment were still found to be anti-PGL-I
antibody positive (Table 1), and they were

TABLE 1. Detection of anti-PGL-I antibody in sera from leprosy patients and their contacts?
No.of No.of peoene No.of positive sera at each serum dilution
Group sera  positive HViE . ] . . .
examined  sera positivity  1:32  1:64 1:128 1:256 1:>512
Lepromatous leprosy patients - 20 4 20 0 2 0 0 2
Borderline leprosy patients 8 0 0 0 0 0 0 0
Tuberculoid leprosy patients 6 0 0 0 0 0. 0 0
Household contacts (children) 61 7 115 0 3 0 3 1
Household contacts (adults) 132 9 0.8 4 2 1 2 0
Occupational contacts 59 14 237 2 5 3 2 2
Non contacts 14 3 214 0 1 1 1 0
Total 300 37 12.3 6 13 5 8 5

2Detection of anti-PGL-I antibodies in serially diluted sera by ELISA using NT-P-BSA antigen coated gelatin

particles.

Serum dilution of more than 1:32 showing agglutination was taken as positive.
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TABLE 2. Detection of drug resistant associated gene mutations of clinical isolates of

M. leprae.*
No. of foIP gene rpoB gene
Place N T : ; :

. samples No. amplified Mutation No. amplified Mutation
Karachi 24 ‘ _ g 1 3 1
Peshawar 5 5 1 _ 5 0
Balakot 10 : 5 2 0 0
Total 39 18 -4 10 1

* Drug resistance related-genes, folP and rpoB were amplified by PCR, sequenced, and compared with control

M. leprae strain, Thai 53.

TNumber of samples successfully amplified by PCR.

all lepromatous leprosy patients. However,
borderline or tuberculoid leprosy patients
had no antibodies against PGL-I. We then
examined 193 household and 59 occupa-
tional contacts. Among household contacts,
11.5% of children had the antibody as did
6.8% of adult contacts (Table 1). Further-
more, 23.7% of occupational contacts had
the antibody. Three out of 14 non-contacts
were antibody positive. Further studies
should be conducted with a larger number of
non-contacts, but presently, we could not ob-
tain informed consent from them. The titers
among child contacts and occupational con-
tacts are surprisingly high, which may indi-
cate that some individuals were exposed to
M. leprae. This is in accordance with a re-
port that the seroprevalence rate was 26 to
~ 28% in the high endemic area, and 7% in
the low endemic area in Sulawesi, Indone-
- sia (7). When we measured the antibody in a
semi-quantitative fashion, individuals hav-
ing high antibody titer were found in house-
hold and occupational contacts. The titers
of antibody varied from low (1:32) to high
(1:>512) values. Three cases out of 252
(1.2%) samples showed quite high (1:>512)
‘antibody titer. These individuals should
have a clinical examination to monitor the
leprosy manifestation. It has been reported
that anti-PGL-I antibody level can reflect
the disease activity (). Therefore, it might
be reasonable to speculate that the antibody
production was suppressed by successful
MDT treatment. :
~ Detection of drug resistant Mycobacte-
rium leprae, Multi-bacillary (MB) type lep-
rosy patients, either under or after MDT
treatment, were targeted to-obtain bacilli in
the biopsy specimen. M. leprae genomic
DNA was extracted from the specimens as
described previously (%).

To detect drug resistant M. leprae, based
on the previous studies (%), we targeted
mutations of the folP gene encoding dihy-
dropteroate synthase (DHPS) for dapsone
(%), and the rpoB gene for rifampin resis-
tance (*%). The polymerase chain reaction
(PCR) conditions and primers for fo/P and
rpoB are as described previously (> °), The
amplified products from each primer pair
were sequenced by using the ABI Prism
310 Genetic Analyzer (Perkin-Elmer Ap-
plied Biosystems, Norwalk, CT, U.S.A.).

Thirty-nine skin samples were taken
from leprosy patients in endemic areas of
Pakistan such as Karachi, Peshawar, and
Balakot, to detect gene mutations relating
to drug resistance (Table 2). The number of
samples successfully amplified - using
primers for folP gene from 39 biopsy speci-
mens was 18. Among amplified samples,
four samples showed folP mutations
(22.2%). The folP gene mutations were
found at position 158th (the numbering sys-
tem following that of reference 5) in three
samples, and position 164th in one sample.
These mutations induce amino acid changes
from threonine to isoleucine at position
53rd of DHPS and from proline to arginine
at 55th, respectively (not shown). These °
mutations have most commonly been ob-
served in dapsone resistant strains (%). Al-
though a larger number of samples should
be analyzed, these observations may indi-
cate that there are dapsone-resistant M. Jep-
rae in Pakistan. In contrast to folP gene,
primer pair for rpoB less frequently ampli-
fied the DNA. The possible reason for the
failure might be the presence of less than
detectable level of M. leprae bacilli. In our
hands, the detection limit is approximately
ten bacilli per biopsy sample. Also the.dif-
ferent amplification efficiency between folP
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and rpoB might depend on a difference of
the specificity of primers for each gene.
Among ten rpoB gene samples amplified
from the 39 biopsies, one sample showed
the gene mutation at position 550th of the
M. leprae B subunit gene of RNA poly-
merase. This position was not a so-called
“hot spot” of rpoB-associated resistant mu-
tations (%); however, it induced a change of
amino acid residue from aspartic acid to
glycine (not shown). There was no relation-
ship among the resistant samples, and no
double mutation encoding both folP and
rpoB genes was observed.

It is not easy to determine whether the
resistant strain developed before or after
introduction of MDT. However, there
might be some patients who are inade-
quately treated with MDT due to economical
or other social reasons. These patients have a
higher risk to produce mutidrug-resistant
strain than patients adequately treated. Ac-
tive surveillance is required for control of the
spread of drug resistant M. leprae.

- Taken together, we showed that some
leprosy patient contacts have been infected
with M. leprae. Also, dapsone resistance
has been detected in Pakistan.
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Absfract

The fibronectin-attachment protein (FAP) is conserved among several species of mycobacteria. Although this protein is asso-
ciated with attachment and interpaljzation of bacteria to host cells via fibronectin, the physiolegical role of the protein still remains
unclear. To investigate this point, we generated FAP gene disruptant in Mycobacterium smegmatis. The gene disruption, verified by
Southern blot and PCR analysis, induced changes on the bacteria, which are associated with strong aggregation and alteration of
cell surface properties. Increased hydrophobicity and Congo red accumulation was observed in the FAP gene disruptant. In ad-
dition, the complementation experiment demonstrated that the corresponding gene restored wild type morphology in the disruptant.
These results indicate that the FAP affects the cell surface properties, and its deletion lead to enhanced aggregation of the

M. smegmatis,

© 2004 Federation of Buropean Microbiological Societies. Published by Elsevier B.V. All rights reserved,

Keywords: Fibronectin-attachment protein; Gene disruption; Mycobacterium smegmatis

1. Introduction

Mycobacteria, such as Mycobacterium tuberculosis
and Mycobacterium leprae, are the causative agents of
human discase. Bacterial attachment to host cells is
important in the process of infection, and fibronectin-
attachment protein (FAP), a family of fibronectin-
binding [1-6], is one of the representative bacterial

components invelved in the attachment. FAP was ini- .

tially isolated from Mycobacterium vaccae culture and
was subsequently shown to have the ability to bind to
fibronectin [2]. The binding of FAP to fibronectin en-
hanced the bacterial binding affinity and subsequent
internalization of mycobacteria to host cells. In fact, the
freatmoent of M. leprae with anti-FAP antibody inhibited

. T Corresponding author. Tel.: +81-42-391-8211; fax: +81-42-394-
9092.
E-mail address: toukai@nih.go.jp (T. Mukai).

its binding to peripheral nerve Schwann cells [3]. On the
other hand, the FAP of Mycobacterium bovis BCG is
thought to be capable of inducing cellular immunity,
and the FAP of Mycobacterium qvium induced strong T-
cell response in mice [7,8). Therefore, the fibronectin-
binding activity of FAP is one of factors determining the
mycobacterial virnlence.

The mycobacterial cell wall is reported to possess the
activities to protect mycobacteria from various bacteri-
ocidal actions, including host immune system and anti-
mycobacterial chemotherapeutic agents [9]. The deletion
of the polyacyltrehalose and glycopeptidolipids (GPLs)
induced the morphological changes that may be
involved in the induction of alternative host immune
responses against bacteria [10,11]. In other cases, the
morphological changes such as bacterial aggregation -

- consequently triggered the biogenesis of phagolysozome

in human neutrophils, while the declumped single cells
possessed no ability to trigger it [12]. However, in spite.

0378-1097/$22.00 © 2004 Federation of European Mlcrobnologxcal Societies. Pubhshcd by Elsevier B.V. All rights reserved.
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of the fact that FAP is a cell wall component of myco-
bacteria, it has not been clarified yet whether gene dis-
ruption of FAP induce the morphological or functional
changes as lipid component do. A gene disruption is a
well-established method to elucidate the direct role of
each gene. Therefore, in this study, we generated FAP-
deficient mutant of mycobacteria using M. smegmatis as
a model bacteria and characterized the properties of the
mutant to reveal physiological role of the FAP.

2. Materials and methods
2.1. Bacterial strains and culture conditions

Bacterial strains used in this study are listed in Table
1. Escherichia coli DH50 was used as host strains for

Tabie 1

cloning experiments. Mycobacterial strains were grown
in Middlebrook 7H9 broth (Difco laboratories) with
0.05% Tween 80 or Middlebrook 7H10 agar with 0.5%
glycerol, both supplemented with 10% ADC enrichment
(Difco laboratories) and kanamycin (25 pgfml).

2.2. DNA technigues

Plasmids used and constructed in this study are listed
in Table 1. Genomic DNA for polymerase chain reac-
tion (PCR) and Southern blot analysis was isolated from
mycobacterial strains as previously described [16].
Transformations of M. smegmatis strains were carried
out by electroporation with a Bio-Rad Gene Pulsar
(Bio-Rad) set at 1.3 V, 25 uF, and 200 Q as described by
Parish and Stoker [17]. Sequences of the oligonucleotide
primers used for PCR are shown in Table 2. Probes for

Oligonucleotide primers used in this study

Bacterial strains and plasmids used in this study
Characteristics Source/reference
Bacteria .

E. coli DHS5a; cloning host

M. smegmatis me? 155; wild type f13]
MF96; fupS-disruptant This study

M. leprae That-53

M. bovis BCG Pasteur (ATCC35734)

M. avium JATAS1-01 (ATCC25291)

Plasmid

pUC19 E. eoli cloning vector

pBluescript IT 8K (+) E. c¢oli cloning vector

pMV261 " E. coli Mycobacterium shuttle vector carrying Asp60 promoter cassette [14]

pMV306kan A site-specific integrating mycobacterial vector [15]

pUDFAP pUCI9 with a 3.0 kb Hind IIN-Xba I fragment (upstream) and a 3.0 kb Xba I-Kpn ¥ This study
fragment (downstream) .

pUDFAPKm pUDFAP with a 1.1 kb Hird II fragment (kanamycin resistant cassette} This study

pFAPS pMV306kan with a 1.5 kb Xba I-Nhe I fragment (FAP-S-expression cassette) This study

pFAPL pMV306kan with a 1.5 kb Xba I-Nke 1 fragment (FAP-L-expression cassette) This study

pFAPB pMV306kan with a 1.5 kb Xba I-Nhe I fragment (FAP-B-expression cassette) This study

pFAPA pMV306kan with a 1.5 kb Xba I-Nhe I fragment (FAP-A-expression cassette) This study

Table 2

Primer Sequences® Restriction site
us1 5-CCC AAG CTTTAC CTT GAC CCG GCC CGC GC-3¥ Hind I11
Ual §¥-GCICT AGA CGG TCA CCG CAG CCA GCG TC-¥ Xba 1
DS1 §-GCTCT AGA CCG ATG CGC CGC CGG AGA TGA-¥ Abal
DAl ¥-GGGGT ACC GCA GGT CCA TCT CGT CGC GC-¥ Kpnl
Ul ¥-CGTGG CGG TCC GGG CCT CGT CG-¥

D1 ¥-CGGGC GCT CTC GGC TTC GGC GG-¥

51 §-CCCAAG CTT ATA TGT ACG AGT CGG AC TCG ATG-3¥' Hind 111
82 §.CCATC GAT ATC AGG CCG GAG GCA TCA TCT CC-3 Clal
Bl 5-CGGGA TCC CAT GCA TCA GGT GGA CCC CAA C-¥ BamH 1
Bz 5-GGAA TTC TCA GGC CGG TAA GGT CCG CTG-Y EcoR T
11 © $-CGGGA TCC CAT GAA TCA GGT TGA CCT GGA C-¥ BamH 1
12 5-AACTG CAG CTA TCC AAC AGG TGC CGG AGC-3 Pst1
Al 5-GGAA TTC ATGG ATC AGG TGG AAG CGA C-¥ EcoR 1

A2 §-CCATC GATATC AGG CCG AGA. GGG TCT GCT G-¥ Cla 1

2 Underlined indicates restriction site.



