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Fractionation, Characterization and Diagnostic Potential

INTLRNAFIONAL Jul 'RNAI. OF LITROSY

of Circulating Leprosy Antigens Isolated from Sera of
Lepromatous Leprosy Patients'

R. Narayan, Praveen K. Maheshwari, and Bhaskar C. Harinath:'

Leprosy is a chronic granulomatous dis-
ease primarily affecting the peripheral
nerves, although other organs may also be
involved. If not for the nerve pathology,
leprosy would have been just another skin
disease. It is thus necessary to understand
the pathogenesis in leprosy. Although much
work has been done on surface and sonicate
antigens of Mycobacterium leprae, it will
be of interest to identify the circulating anti-
gens involved in the Immoral and cell-me-
diated immunity in leprosy. The granuloma
formed around the bacilli-infected tissue
leads to inflammation and is the cause of
neuritis. A novel method for the identifica-
tion of these antigens would be to isolate
them from the sera of M. /cm -tie-infected in-
dividuals. Similar studies have been carried
out earlier (I.'") where the fractionated cir-
culating filarial antigens were found to be
specific and useful in immunodiagnostics.
Ramaprasad and Harinath (`) have isolated
filarial antigens from hydrocoele fluid.

In this paper we attempted to isolate,
fractionate and characterize circulating
antigens in leprosy sera and also to evaluate
the diagnostic utility of these fractions.

MATERIALS AND METHODS
Sera. Human sera belonging to leprosy

patients and endemic normal controls were
screened for this study. Twenty leprosy
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serum samples from untreated lepromatous
leprosy patients with a bacterial index (BI)
of more than 2+ were collected and pooled.
Endemic normal (EN) blood samples were
taken from healthy individuals living in an
endemic region but having no history of
leprosy. Sera were separated from blood
samples and stored at —20°C after adding
sodium azide (0.01 %) as a preservative un-
til use.

Isolation and fractionation of circulat-
ing leprosy antigen (CLA). The sera of 20
lepromatous leprosy patients with a BI of
more than 2+ were pooled. The antibodies
were precipitated with 35% ammonium sul-
fate, the supernatant was separated and fur-
ther precipitated with ammonium sulfate
(36%-75% and 75%-100%). The precipi-
tate of each fraction was then reconstituted
in a minimum volume of 0.05 M sodium
phosphate buffer (SPB), pH 7.2, dialysed
overnight in the same buffer, and checked
for reactivity by an indirect ELISA with the
leprosy sera. The protein fraction showing
reactivity with leprosy sera was then la-
belled as circulating leprosy antigen (CLA).
The proteins were estimated by the method
of Lowry, et al. C), and were stored at
—20°C with 0.01% sodium azide as preser-
vative.

Fifty mg CLA in 0.05 M SPB, pH 7.2,
was fractionated on an Ultrogel AcA-34
(Pharmacia LKB, France) gel filtration col-
umn (1.6 x 50 cm) previously equilibrated
with the same buffer at 4°C. Ultrogel AcA
34 gel contains 3% acrylamide and 4%
agarose and is stable in a buffer solution
with ionic strength of at least 0.05 between
pH 3 and pH 10. The flow rate of the elu-
tion was fixed at 8 ml/hr using a 2132 mi-
croplex peristaltic pump (LKB, Bromma,
Sweden). Two ml fractions were collected
using a Frac 100 fraction collector (Phar-
macia, Uppsala, Sweden) while the protein
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concentration in the eluate was monitored
at 280 nm (UV Cord II; LKB) and recorded
with one channel recorder (LKB). The pro-
tein peaks obtained were pooled separately
and concentrated to 1 ml by ultrafiltration at
4°C. The fractionation procedure was con-
tinued using different batches of CLA and a
similar elution pattern was observed. The
proteins in the four fractions (CLA,, CLA„
CLA, and CLA 4 ) were estimated by Lowry,
et al.'s method and tested for antigen reac-
tivity by an ELISA using pooled LL,
pooled TT and pooled EN sera using anti-
human IgG+ IgM horseradish peroxidase
(HRPO) (Sigma Chemical Co., St. Louis,
Missouri, U.S.A.) conjugate. The diagnos-
tic utility of the antigen fractions was then
evaluated by an indirect ELISA.

Production of anti-EST-II antibodies.
Polyclonal antibodies to a crossreactive
antigen (EST-II ) obtained from early cul-
tures of M. tuberculosis H37Ra as de-
scribed by Lodam, et a!. ( 4) were produced
in mice and used in this assay. BALB/c
mice were immunized intraperitoneally
with EST- 1 I antigen, and the gamma glob-
ulin fraction of mouse ascitic fluid showing
anti-EST-11 antibody was precipitated by
33% ammonium sulfate. The precipitate
was resuspended in 0.01 M SPB (pH 7.2)
and dialysed against the same buffer. After
dialysis the protein was estimated by
Lowry, et a/.'s method.

Production of anticeramide antibodies.
Ceramide (Centre for Biochemical Tech-
nology, New Delhi, India) was conjugated
to bovine serum albumin (BSA) by the
mixed anhydride method ('). New Zealand
white rabbits were immunized with 1 mg
conjugate in Freund's complete adjuvant
(Sigma). The animals were then further im-
munized with 500 pg antigen twice at
weekly intervals. The rabbits were bled 2
weeks after the second booster dose. Ce-
ramide specific antibodies were isolated
from the antiserum by adsorbing it with
BSA ( 1 ). Anticeramide antibodies were then
separated by precipitation with ammonium
sulfate.

Indirect ELISA. An optimal concentra-
tion of CLA fraction (250 ng/50 pl/well)
was coated onto flat-bottom, polystyrene
microtiter plates (Tarson Products, India)
and incubated at 4°C overnight. The plates
were then washed with phosphate buffer

saline (PBS) 0.05 M with 0.05% Tween
(PBS/T) and further incubated with 100 pl
volume of 3% BSA (Lupin Labs, India) for
I hr at 37°C. Sera were diluted 1:300 in
PBS/T and incubated at 37°C for 1 hr. The
binding was then probed by incubating the
plates with antihuman IgG (1:2000) or IgM
(1:3000) HRPO conjugate at 37°C for 1 hr.
The reaction was visualized by the addition
of 50 p1 of orthophenylene diamine (OPD;
Sigma) substrate, consisting of 5 mg OPD,
5 ml citrate phosphate buffer pH 5.0 and 5
pl 30% F1,0 2 , and blocked by the addition
of 2 N HCI. The optical density (OD) was
read in an ELISA reader (Dynatech MR
250; Dynatech Labs. Inc., Chantilly, Vir-
ginia, U.S.A.) at 490 nm.

Inhibition ELISA. Optimal concentra-
tions of nerve/bacterial antigen (ceramide;
Centre for Biotechnology and S 100; Sigma)
100 ng/50 pl/well and EST-11 500 ng/50
p1/well were coated onto flat-bottom poly-
styrene plates and incubated at 37°C for 3
hr. After one washing 3% BSA was added
to the wells and incubated at 37°C for 2 hr;
100 pl (5 pg/ml) of reactive circulating
antigen (CLA,-7, CLA,-1 or CLA,-7) was
then reacted with respective anti-EST-11,
anti-S 100 or anticeramide antibodies (500
ng in 10 pl) and incubated at 37°C for a half
hour. The supernatant after centrifugation
was added to the sensitized plate and incu-
bated for 1 hr at 37°C. Optimally diluted
antirabbit HRPO (Cappel, West Chester,
Pennsylvania, U.S.A.) or antimouse HRPO
(Lupin) were added to the plates and the re-
action was visualized using OPD substrate.

Fractionation of CLA by sodium dode-
cyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE). CLA, and CLA,
were resolved by SDS-PAGE on 10% non-
gradient slab gel (12 x 12 cm) and sliced
horizontally at I -cm intervals (12 slices
designated CLA,-1 to 12 and CLA,-1 to
12), and the proteins in each slice were
electroeluted. The eluates were then used to
check the reactivity with leprosy sera by an
indirect ELISA.

Identification of bacterial/nerve anti-
gens in CLA. The presence of bacterial or
nerve antigens in the circulating antigen frac-
tions was studied by an inhibition ELISA.

Biochemical characterization. The en-
zymes alpha-amylase (Sigma); chymotryp-
sin (SD Fine Chemicals Ltd., India); trypsin
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Fio. 1. Fractionation of circulating leprosy antigen
on AcA-34 gel filtration column.

(SRL, India); pronase (Boehringer GmbH,
Mannheim, Germany) and lipase (SRL) (4
mg each) were coupled separately to 1 ml
CNBr Sepharose 4B beads (Pharmacia Fine
Chemicals) ( 7 ). The protein in the super-
natant was estimated before and after cou-
pling, and the binding obtained was 80%-
85% in all cases.

Enzyme treatment. CLA,-7, CLA,-1
and CLA,-7 fractions were treated sepa-
rately with different enzyme coupled beads
and the mixture kept at 37°C for 24 hr. The
supernatant was separated by centrifugation
at 4°C and diluted optimally for use in an
indirect ELISA.

Heat inactivation. Antigens were heated
at 100°C for 30 min in a water bath (`'). Af-
ter cooling, fractions were centrifuged and
the supernatants were used in an indirect
ELISA.

Periodate treatment. The three anti-
gens were treated separately with 0.1 M
sodium metaperiodate (BDH, England) at
37°C for 24 hr ('). The reaction was stopped
by dialysis against 0.01 M sodium phosphate
buffer pH 7.2 after which the antigens were
used in an indirect ELISA.

Thin-layer chromatography. Thin-layer
chromatography of neutral glycosphingolip-
ids was performed as described by Skipski

stainedrained with a sodium hypochlorite-ben-
zidine spray to identify sphingolipids, and
the pattern was compared with that of stan-
dard ceramide.

RESULTS
The results of the analysis of fractionated

sera showed antigenic activity in the 36%-
75% ammonium sulfate fraction. This anti-
genic fraction was labelled as circulating
leprosy antigen (CLA). Fractionation of
CLA on an AcA-34 gel filtration column
resulted in four protein peaks, CLA,, CLA„
CLA CLA, (Fig. 1). The proteins in
the peaks were concentrated and tested for
reactivity with the leprosy sera. By indirect
ELISA, fractions CLA, and CLA, were re-
active with the leprosy sera (The Table).
While fraction CLA, reacted with IgG anti-
bodies, CLA, showed the presence of IgM
antibody in leprosy sera. On analysis by
SDS-PAGE, CLA, gave 17 protein bands,
while the CLA, fraction gave 21 protein
bands in the molecular weight range of
12,000 to 120,000 Da. On testing the 12
eluates obtained after electroelution of the
CLA resolved gel by an indirect ELISA,
fraction CLA,-7 reacted with pooled leprosy
sera while with the CLA, resolved gel, frac-
tions CLA,-1 and CLA,-7 were reactive.

The diagnostic use of the three reactive
fractions (CLA,-7, CLA,-1 and CLA,-7)
for the detection of antibody in leprosy sera
was studied by an indirect ELISA. CLA,-7
detected IgG antibodies in 80% of the LL
and 40% of the TT patients, fraction CLA,-1
detected IgM antibodies in 80% of the LL
and 80% of the TT patients, and the CLA,-7
fraction reacted with IgM antibodies in
70% of the LL and TT patients (Fig. 2a—c).

THE TABLE. Reactivity of Ultrogel AcA 34 fractions for detection of antibodies in lep-
rosy sera by indirect LUSA.

Endemic normal controls 5 I I I 0
Tuberculoid leprosy patients 5 4 4 2 0
Lepromatous leprosy patients 5 4 3 2 0
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Pic. 3. The effect of heat, periodate and enzyme
digestion on the reactivity of: A) CLA,-7; B) CLA,- 1
C) CLA,-7. SPB = sodium phosphate buffer; heat =
100°C x 30 min, chytry chymotrypsin.

In an inhibition ELISA using the three re-
active antigen fractions, fraction CLA,-7
inhibited the binding of anticeramide anti-
body to ceramide coated onto the PVC mi-
crotiter plates, but did not inhibit the bind-
ing of anti-EST- I I antibody to EST-11 or
anti-S-100 antibody to S- I00 coated onto
the plate. Fractions CLA,-7 and CLA,- I did
not inhibit the binding of anticeramide anti-

FIG. 2. Scattergram showing seroreactivity with
leprosy sera to: A) CLA,-7 (IgG antibodies); B) CLA 2-I
(IgM antibodies); C) CLA,-7 (IgNI antibodies).
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FIG. 4. Thin-layer chromatography of CLA,- I and
CLA,-7 antigen fractions showing the presence of cc-
ramide.

body, anti-EST- I I antibody, or anti-S-100
antibody to the plates. Fig. 3a—c shows the
effect of heat, chymotrypsin, trypsin,
pronase, periodate and lipase action on
CLA,-7, CLA,-1 and CLA,-7. The anti-
genicity of CLA,-7 was lost by treatment
with heat, proteolytic enzymes and perio-
date, while no loss of activity was seen after
lipase treatment. CLA,-1 was heat stable
and the reactivity was lost after treatment
with proteolytic enzymes and lipase. No
loss of reactivity was seen after periodate
oxidation. After separation by thin-layer
chromatography and staining for sphin-
golipids, CLA,-1 showed the presence of
ceramide (Fig. 4). The CLA,-7 fraction was
also heat stable, and loss of reactivity was
observed after treatment with lipase and
chymotrypsin. Antigen activity was not af-
fected after periodate treatment. On separa-
tion by thin-layer chromatography and

staining for sphingolipids, CLA,-7 showed
the presence of ceramide.

DISCUSSION

The isolation of circulating antigens in
sera from individuals suffering from differ-
ent parasitic and other infectious diseases
has been explored in the past ( 2. and sonic
of these antigens were also studied for their
diagnostic utility ( 3 .'"). The ammonium sul-
fate fraction followed by AcA 34 gel filtra-
tion column chromatography yielded two
active fractions, CLA, and CLA,, with pref-
erential reactivity to IgG and IgM antibod-
ies, respectively.

On analysis with SDS-PAGE dilates of
fractions CLA, and CLA, by an indirect
ELISA, three reactive fractions (CLA,-7,
CLA,-1 and CLA„-7) were identified. Of
these three fractions CLA,-1 and CLA,-7
could detect 80% and 70% of LL leprosy
sera screened, thus demonstratinu, the diag-
nostic value of these fractions. Further ex-
tensive studies are warranted to explore the
diagnostic potential in different groups of
leprosy sera.

Biochemical characterization showed
that CLA,-7 was found to be a heat-labile
glycoprotein, while fractions CLA,-1, and
CLA,-7 were heat-stable lipoproteins (Fig.
3a—c). Fraction CLA,-7 was found to in-
hibit the binding of anticeramide antibody
to a ceramide-coated plate, demonstrating
the presence of ceramide in this fraction.
No such inhibition was observed with frac-
tions CLA,-7 and CLA,-1. However, frac-
tions CLA,-7 and CLA,- I stained for sphin-
golipids by thin-layer chromatography and
showed an Rf value similar to that of stan-
dard ceramide. The nonreactivity of CLA,-1
compared to CLA,-7 with antibovine brain
ceramide antibody may possibly be due to
the absence of the crossreactive epitope in
CLA,-1.

As far as we are aware, this is the first
study to show the diagnostic potential of
circulating leprosy antigen in sera of pa-
tients and the presence of cermide in circu-
lating antigen.

SUMMARY

Circulating antigen was isolated from
lepromatous sera by ammonium sulfate pre-
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cipitation. The protein fraction between
36% and 75% ammonium sulfate was reac-
tive with leprosy sera. Further fractionation
of Ultrogel AcA 34 gel filtration column
gave four protein fractions, CLA,, CLA„
CLA, and CLA 4 . CLA, and CLA, showed
antigenic activity. On SDS-PAGE analysis
and elution of the protein fractions, CLA,-
7, CLA,-I and CLA,-7 were found to be re-
active with leprosy sera. On evaluating the
diagnostic utility of these fractions, CLA,-7
could detect IgG antibodies in 80% of the
lepromatous (LL) and in 40% of the tuber-
culoid (TT) serum samples. Fraction CLA,-1
reacted with IgM antibodies in 80% of the
LL and TT patients; fraction CLA,-7 re-
acted with IgM antibodies in 70% of the LL
and TT sera. Biochemical characterization
indicated that CLA,-7 was a glycoprotein
while CLA,-1 and CLA,-7 were lipopro-
teins in nature. When tested by an inhibi-
tion ELISA, fraction CLA,-7 inhibited the
binding of anticeramide antibodies to a ce-
ramide-coated plate while thin-layer chro-
matography of fractions CLA,-1 and CLA„-7
showed a spot with an Rf value similar to
that of standard ceramide. This study thus
shows for the first time the presence of ce-
ramide in circulating leprosy antigen.

RESUMEN
Sc aislaron los complejos inniunes circulantes de los

sueros de pacientes con lepra por precipitacion con
sultan) de amonio. La fracción de proteinas precipitada
con 36-75% dc sunto de amonio foe reactiva con los
sueros de los pacientes con lepra. La separaciOn adi-
clonal de esta fracción usando una columna de Ultro-
gel AcA 34 did 4 fracciones proteicas, CLA,, CLA,
CLA, y CLA 4 . CLA, y CLA, mostraron actividad
antigenica. Por PAGE-SDS y eloción, se obtuvieron
varias fracciones (CLA,-7, y CLA,-7) que
mantuvieron su reactividad con los sucros. Al valorar
1;lutilidad diagmistica de estas fracciones se encontró
que la fracci6n CLA,-7 pudo delectar anticuerpos IgG
cn el 80%. de los micros de los pacientes lepromatosos
y en el 40% de los pacientes tuberculoides. La fracción
CLA,-7 reaccionó con tinticuerpos IgM en el 70% de
los sueros LL y TT. La caracterización bioquimica de
las fracciones indicó que CLA,-7 fue una glicopro-
kina y que CLA„—I y CLA,-7 fueron lipoproteinas.
En on ensayo de inhibici6n por ELISA se encontró que
la fracción CLA„-7 inhibit') el enlazamiento de anti-
cuerpos anticertimido a placas cubiertas con certimido,
mientras que por cromatogralia en capa film, las frac-
ciones CLA,-1 y CLA,-7 mostraron una mancha con
un Rf similar al cncontrado con el ceramido estandar.

Este estudio muestra, por primera vez, Ia presencia de
ceramido entre los antigenos clue circulan en los pa-
cientes con lepra.

RÉSUMÉ
Un antigene circulant a été isolé de serums lépro-

mateux par precipitation du sulfate d'aminonium. La
fraction prokique entre 36% et 75% de sulfate d'am-
monium reagissait aVCC les scrums lépreux. Un frac-
tionnement ultericur stir colonne de filtration en gel
Ultrogel Aca 34 a donne quatre fractions proteiques,
CLA,, CLA, CLA, et CLA,. CLA, et CLA, oat mon-
tre tine activite antil.knique. A [analyse SDS-PAGE et
elution des fractions prokiques, CLA,-7, CLA,-I et
CLA,-7 etaient trouves connate reagissant avec les
scrums lepreux. A [evaluation de [utilite diagnos-
tique de ccs fractions, CLA,-7 pouvait détecter des an-
ticorps IgG chez 80% de échantillons de serums lépro-
mateux (LL) et 40% des tuberculoides (17). La frac-
tion CLA,-1 réagissait avec les anticorps IgM chez
80%. des patients LI, et TT; Ia fraction CLA,-7 reagis-
sail avec les anticorps IgM dans 70% des scrums LL et
TT. La caracterisation biochimique indiquait que
CLA,-7 etait une glycoprotéine, tandis que CLA,- I et
CLA,-7 etaient de nature lipoprokique. Quand elle lot
lestée par on ELISA d'inhibition. la fraction CLA,-7
inhibait Ia liaison des anticorps anticeramides a one
plaque revetue de ceramides, tandis que la chro-
matographic en couche mince des fractions CLA,-1 et
CLA,-7 montrait tine tactic avec tine valeur Rf sem-
blable cells de la ceramide standard. Cette etude
montre done pour la premiere lois la presence de
céramides dans un antigene lépreux circulant.
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