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The antigens from immune complexes of sera from patients with mycobacterial diseases were released by
sodium dodecyl sulfate. The antigenic activity of the released proteins was tested by agar gel diffusion and
immunoelectrophoresis. This simple method provided direct evidence for the presence of mycobacterial
antigens in the immune complexes of sera from patients with leprosy and tuberculosis.

The presence of circulating immune complexes (CICs) in
the bloodstream and its clinical importance in the im-
munopathology of disease is well known (19). In leprosy
patients also, CICs containing Mycobacterium leprae anti-
gens have been demonstrated (1, 15). Since certain antigens
of M. leprae and M. tuberculosis have been found to exert an
immunoregulatory effect (14, 20), the characterization of
antigens involved in the formation of CICs in leprosy and
tuberculosis is likely to help in understanding the pathogen-
esis of the diseases (8). It would also be interesting to
observe whether CICs formed along the spectrum of leprosy
(16) or tuberculosis (10) differ in their antigenic constituents
and to observe the effect of treatment on these constituents.
Therefore, several attempts have been made to isolate and
characterize antigens from CICs. However, the methods of
dissociation of antigen and antibody by treatment with acids,
alkalies, or high-molarity salt solutions (4, 9, 18), by
isoelectric focusing (11, 12), or by ion-exchange chromatog-
raphy (6) are lengthy and time consuming. We report here a
simple and novel method for the demonstration of
mycobacterial antigens in the CICs of patients suffering from
mycobacterial infections.

Eighty-four serum samples were obtained from patients
with various types of active leprosy who were attending the
out-patient department of the Central JALMA Institute for
Leprosy, Agra, India. Classification of the disease was made
according to the Ridley-Jopling scale (16). Of these patients,
35 belonged to the tuberculoid/borderline tuberculoid
(TT/BT) group, 11 belonged to the borderline (BB) group,
and 38 belonged to the borderline lepromatous/lepromatous
(BL/LL) group. The patients were either untreated or had
been undergoing treatment (for up to 2 years). Twenty sera
from patients with pulmonary tuberculosis were obtained
from the T.B. Demonstration and Training Centre, Agra,
India. Normal (control) sera were obtained from 20 healthy
volunteers. All of the sera were preserved with 0.1% (wt/vol)
sodium azide and stored at -20°C. M. leprae was purified
from an autopsied liver of an LL patient by the World Health
Organization protocol (3). Rabbit antibodies against the
sonic extract of M. leprae (R-AMLAB) and against other
mycobacteria were prepared by the method described pre-
viously (5). Pooled LL serum (PLLS) was also used as an
antibody source, since it has been observed by us (17) and
others (2) that the sera from LL patients contain high titers
of circulating antibodies to M. leprae antigens.
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The precipitation of CICs with 3.5% (wt/vol) polyethylene
glycol 6000 was done by the method of Zubler et al. (21). The
final pellets were reconstituted in normal saline to the
original serum volume (2 ml).
A 10% sodium dodecyl sulfate (SDS) solution and CICs

dissolved in normal saline were mixed in proportions of 1:4,
and the mixture was incubated for 2 h at 37°C. For complete
removal of SDS from CICs, the mixture was then dialyzed
against phosphate-buffered saline (pH 7.2) for 48 h with four
changes of phosphate-buffered saline. The samples thus
prepared were used for the immunoassay. Ouchterlony
immunodiffusion was performed in 1% (wt/vol) agarose
(Sigma Chemical Co.) in 0.045 M barbitone buffer (pH 8.3).
For the detection of antigen, 20 ,il of R-AMLAB or PLLS
was applied to the central well, and 10 ,uI (50 to 100 ,ug of
protein) of test samples was applied to the surrounding
wells. Immunoelectrophoresis was done on a 7.5-by-2.5-cm
slide layered with 2.5 ml of 1% agarose (Sigma) in 0.045 M
barbitone buffer (pH 8.3). Each sample to be tested for the
presence of antigen was electrophoresed in the sample well.
After electrophoresis, the precipitation reaction was devel-
oped with R-AMLAB. In an attempt to study the nature of
constituent antigens, the CIC preparations were either kept
in boiling water for 5 min (for determining the heat stability)
or digested with pepsin (for finding out whether the antigenic

TABLE 1. Incidence of mycobacterial antigens in CICs

Disease (status) of patient No. of patients No. (%) antigen
(n = 124) positive

BL/LL leprosy
Untreated 15 11 (73)
Treated 23 11 (48)

BT leprosy
Untreatedb
Treated il 3 (27)

TT/BT leprosy
Untreated 15 7 (47)
Treated 20 8 (40)

Pulmonary tuberculosis
Treated 20 18 (90)

Healthy 20 0 (0)

aThe disease was still active in all of the treated patients.
b Only one patient was untreated.

169



J. CLIN. MICROBIOL.

FIG. 1. Double diffusion (Ouchterlony) test. Wells 1, 3, and 5,
SDS-treated CICs from LL sera; wells 2, 4, and 6, M. leprae sonic
extracts; central well, pooled LL serum.

moieties were proteinaceous) by the method described pre-

viously (7).
Only the SDS-treated CICs showed precipitin reactions

with R-AMLAB and PLLS by double diffusion. The sera,

untreated CICs, or supernatants obtained after CIC precip-
itation did not react with antibodies. In the CIC test, 73% of
untreated BL/LL patients and 48% of treated BL/LL pa-

tients showed antigen in the CICs, whereas in the TT/BT
group, 47% of the untreated cases and 40% of the treated
cases showed antigen (Table 1). Only 3 out of 11 cases in the
BB group (one patient was untreated) showed antibody
reactivity. Mycobacterial antigens could also be detected in
the SDS-treated CICs in 90% of the sera from tuberculosis
patients by use of rabbit anti-M. tuberculosis antibodies.
None of the 20 healthy volunteers showed any precipitin
reaction. The double diffusion results are represented in Fig.
1. Some of the antigens in SDS-treated CICs from leprosy
and tuberculosis patients were found to be shared by other
mycobacterial species also, as shown by reactions of identity
in double diffusion tests using sonic extracts of M. iaccae

and M. bovis BCG and corresponding rabbit antibodies.
By immunoelectrophoresis, it was noted that the antigens

in most of the samples had a mobility between the (x and P
regions, whereas in a few others the mobility was in the y

region (Fig. 2 and 3). Even after boiling of the CIC prepara-
tions for 5 min, the antigenic components were detectable by
immunodiffusion. However, after digestion with pepsin, the
activity of antigens was completely lost, and no precipitin
lines could be seen.

The present study has shown that the antigens can be
released from the CICs by SDS treatment. This detergent,
which seems to have antimicrobial activity, has the property

FIG. 2. Immunoelectrophoresis. Well 1, SDS-treated CIC of LL
serum; well 2, SDS-treated CIC of normal serum; central trough,
rabbit anti-M. leprae antibody.

FIG. 3. Immunoelectrophoresis. Well 1, SDS-treated CIC of LL
serum; well 2, SDS-treated CIC of normal serum; central trough,
pooled LL serum.

of breaking down proteins into their constituent polypeptide
chains (13). The affinity column-purified immunoglobulin G
fraction, when electrophoresed by SDS-polyacryl-
amide gel electrophoresis, is known to dissociate into heavy
and light chains. The present study has shown that this
chemical also has the capacity to dissociate the antigen-
antibody complex in such a way that after the dissociation
the antigen and antibody cannot combine to form the com-
plex again. On the other hand, the epitopes of certain
antigens may not be affected by this treatment. This study
also indicates that there may be an antibody-excess situation
in leprosy sera, since the serum as such or the supernatant
obtained after the precipitation of CICs did not react with
either R-AMLAB or PLLS. Recently, three protein compo-
nents of M. leprae origin have been described in the CICs of
sera from patients with leprosy. These antigens were not M.
leprae specific, as they reacted with anti-BCG antibody but
not with anti-M. leprae antibody which was either raised in
rabbits or found in LL serum (1). However, in our system,
we observed precipitin reactions between the antigens of
CICs and R-AMLAB and PLLS.

In an attempt to further simplify the method of SDS-
mediated antigen release, we discovered that prior precipi-
tation of CICs with polyethylene glycol is not necessary. The
direct addition of a 0.25 volume of 10% SDS to serum can
release the antigens.
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