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A Serological Test for Leprosy with a Glycolipid

Specific for Mycobacterium leprae

Abstract. A phenolic glycolipid from Mycobacterium leprae was purified and used
as antigen in an enzyme-linked immunosorbent assay. Antibodies directed against
the lipid were seen in serums from leprosy patients but not in serums from uninfected
controls or patients infected with other mycobacteria, including Mycobacterium
tuberculosis. The antibody response distinguished between the Mycobacterium
leprae lipid and the structurally related phenolic glycolipid from Mycobacterium
kansasii. This assay has considerable potential as a specific serodiagnostic test for

leprosy infection.

Resistance to leprosy is primarily de-
pendent on the cell-mediated immune
system, but infection with Mycobacte-
rium leprae also stimulates an apparently
nonprotective humoral immune response
(I-4). Antibody levels in leprosy patients
have been reported to reflect different
clinical forms of the disease (2, 4) and to
change with alterations in antigen load
during chemotherapy (4, 5). Mycobacte-
rium leprae has not yet been cultivated
in vitro, and although preliminary evi-
dence of M. leprae—specific antigens has
been reported (6-8), it has not been
possible to obtain these components in a
form suitable for use in routine serologi-
cal tests. Previous studies of humoral
immunity in leprosy have therefore made
use of mixtures of specific and nonspe-
cific antigens (4), homogeneous cross-
reactive antigens from other mycobacte-
ria (9, 10), or leprosy serums absorbed
with other mycobacteria to remove
cross-reactive antibodies (7).

A phenolic glycolipid with a structure
related to that of mycoside A of Myco-
bacterium kansasii (11) was found in M.
leprae preparations by Draper (12), and

its structure was elucidated by Hunter
and Brennan (13). The unique trisaccha-
ride component of the glycolipid (2,3-di-
O-methyl rhamnose, 3-O-methyl rham-
nose, and 3,6-di-O-methyl glucose) sug-
gested to these authors that it may con-
stitute a species-specific antigen, but
they were unable to demonstrate sero-
logical activity using the purified lipid
(13). Payne et al. (14), however, showed
that the lipid is active in immunodiffu-
sion experiments when it is incorporated
into liposomes, and other workers indi-
cated the possible use of the native phe-
nolic glycolipid in an enzyme-linked im-
munosorbent assay (ELISA) system (15,
16).

We now report the development of an
ELISA in which the deacylated form of
the phenolic glycolipid is used. The fact
that the lipid is found in large amounts in
skin lesions of leprosy patients (/7) and
in tissues of experimentally infected
nine-banded armadillos (/3) suggests
that it may play an important role during
leprosy infection and also that it will be
available in sufficient quantities for use
in large-scale serological screening.

The M. leprae phenolic glycolipid was
purified from supernatant material de-
rived from homogenization of infected
armadillo liver (13). Extraction by the
Bligh-Dyer monophasic method (/8) was
followed by elution from a silica gel—
Celite column with methanol (2 percent,
by volume) in chloroform (/3) and pre-
parative  thin-layer chromatography
(TLC) on silica gel G plates developed
with a mixture of chloroform and metha-
nol (15:1, by volume). The phenolic gly-
colipid from M. kansasii was purified in
the same way from bacteria grown on
Middlebrook’s 7H11 medium. The iden-
tities of the glycolipids were established
by combined gas-liquid chromatography
and mass spectroscopy of the alditol
acetate derivatives generated by trifluo-
roacetic acid hydrolysis, followed by
borohydride reduction and acetylation
with acetic anhydride (1/9). Comparison
of mass spectrograms of derivatives
from the two glycolipids with those of
standard partially methylated alditol ace-
tates confirmed the carbohydrate com-
position of the M. leprae lipid as 2,3-di-
O-methyl rhamnose, 3-O-methyl rham-
nose, and 3,6-di-O-methyl glucose and
that of the M. kansasii lipid as 2,4-di-O-
methyl rhamnose, 2-O-methyl rham-
nose, and 2-O-methyl fucose.

The phenolic glycolipid is a strongly
hydrophobic compound and therefore
difficult to use in routine immunological
tests, which are generally carried out
under aqueous conditions. To facilitate
its use in such tests, we removed the
major part of the lipid portion of the
molecule by hydrolysis of the two long-
chain fatty acids from the phthiocerol
core in methanolic NaOH (10 percent,
weight to volume) at 100°C for 16 hours.
The deacylated phenolic glycolipid was
recovered by preparative TLC. The
more polar deacylated forms of the phe-
nolic glycolipids from M. leprae and M.
kansasii migrated more slowly than the
native molecule in the organic solvent
used for TLC and as a single spot, indi-
cating complete deacylation.

The concentrations of deacylated and
native phenolic glycolipid solutions were
determined by assaying the carbohy-
drate moiety, with rhamnose used as
standard (20). The deacylated phenolic
glycolipid was prepared in aqueous sus-
pensions by vortex-mixing the lipid (50
prg) with distilled water (1 ml) and incu-
bating at 55°C for 15 minutes. Lipid
preparations were stable for at least 1
week when stored at 0° to 4°C. For the
ELISA, deacylated phenolic glycolipid
was diluted with water (1:10) and added
to 96-well polystyrene microtiter plates
(Linbro) at 0.1 ml per well. Half of the
wells on each plate were coated with the



Table 1. Results of serological testing with the phenolic glycolipid ELISA. All serums were
tested at a dilution of 1:20, as described in the text. Values of AA 4o, are given as means + stan-

dard deviation.

Number of

Number with

Group serums A5 AAyor = 0.1
Normal 10 0 =0.02 0
Vaccinated with BCG 10 0 *0.05 0
Tuberculosis 10 0.01 = 0.04 0
Other mycobacteria 10 0 =*=0.03 0
Leprosy*

TT 12 0.12 = 0.12 S
BT 12 0.32 + 0.39 7
BB 12 0.67 = 0.46 9
BL 12 0.73 = 0.36 11
LL 12 0.82 = 0.34 12

*Classification by Ridley-Jopling criteria (21).

lipid antigen; the rest contained distilled
water only. After overnight incubation at
37°C, plates were washed four times with
phosphate-buffered saline (PBS) and
then incubated for 2 hours at 37°C with
bovine serum albumin (5 percent, weight
to volume) in PBS (0.1 ml per well). The
bovine serum albumin was then replaced
with serum samples (0.1 ml) diluted in
PBS containing fetal calf serum (5 per-
cent, by volume), and plates were incu-
bated for two more hours at 37°C. The
plates were washed four times with PBS,
and peroxidase-linked goat antiserum to
human immunoglobulin G + M + A
(Cappel Laboratories, West Chester,
Pennsylvania) was added at a dilution of
1:1000 in PBS containing fetal calf serum
(1 percent, by volume). After a further 1-
hour incubation at 37°C, the plates were
washed four times with PBS, and o-
phenylenediamine was added at a con-
centration of 0.1 mg/ml in PBS contain-
ing 0.05 percent Tween 20 and 0.003
percent H,O, (0.1 ml per well). Reac-
tions were stopped by adding 8N H,SO,
(25 pl per well) after 20 minutes incuba-
tion at room temperature, and absorb-
ances were read at 492 nm with a spec-
trophotometer (Titertek Multiscan). The
antibody reactivity to phenolic glycolipid
for each serum sample was calculated by
subtracting the mean absorbance of du-
plicate samples in uncoated wells from
the mean of duplicates in antigen-coated
wells (AA49). Each plate contained a
negative control (pooled normal human
serums) and a positive control (pooled
serums from leprosy patients). The
AA,g; for normal human serum was in
the range —0.05 to 0.05.

The advantage of using the deacylated
glycolipid was seen by comparing its
performance to that of the native lipid in
the ELISA test. At a concentration of 4
pg/ml, the AA g, observed with leproma-
tous leprosy serum was 1.2 with the
deacylated glycolipid and 0.06 with the
native glycolipid. Even at coating con-
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centrations as high as 32 pg/ml, the
AAyg, readings did not exceed 0.24 with
the native glycolipid. In contrast, the
deacylated molecule at a coating concen-
tration of only 1 pg/ml produced a AA,g,
of 0.34. The poor performance charac-
teristics of purified phenolic glycolipid in
the ELISA may result from antigenic
trisaccharide moieties being masked by
excess lipid. Even with procedures rec-
ommended by other workers [coating in
hexane (15) or in the presence of sodium
deoxycholate (16)], we have found that
only serums from patients strongly posi-
tive for lepromatous leprosy had anti-
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Fig. 1. Effect of variation of (A) coating

antigen concentration and (B) serum dilution
on the phenolic glycolipid ELISA. Glycolip-
ids from M. leprae (closed circles) and M.
kansasii (open circles) were used. (A) Deacy-
lated glycolipids at different concentrations
were used to coat polystyrene microtiter
plates as described in the text. Serum from a
lepromatous leprosy patient was used in the
assay at a dilution of 1:200. (B) Serum from a
lepromatous leprosy patient was assayed at
different dilutions using plates coated with
deacylated glycolipids at 5 pwg/ml.

body levels detectable by ELISA when
the native glycolipid was used as anti-
gen. This is in marked contrast to the
results with the deacylated molecule as
antigen.

Figure 1A shows the activity observed
with serum from a patient with leproma-
tous leprosy when ELISA plates were
coated with the deacylated glycolipids of
M. leprae and M. kansasii at concentra-
tions of 1 to 10 pg/ml. The optimal
coating concentration for the M. leprae
lipid was 5 pg/ml; the M. kansasii lipid
showed no activity at any of the concen-
trations used. When high serum concen-
trations were used, a small amount of
activity against the M. kansasii lipid was
seen with lepromatous leprosy serums
(Fig. 1B), while pooled normal human
serum had no activity with either lipid at
a dilution of 1:20. Incubation of serums
with the deacylated glycolipids (1 pg/ml)
in aqueous suspension for 1 hour at 37°C
before they were added to ELISA plates
resulted in inhibition of 70 percent in the
phenolic glycolipid titer with the M. le-
prae lipid and an inhibition of only 10
percent with the M. kansasii lipid.

The specificity of the ELISA was fur-
ther tested with serums from groups hav-
ing different exposure to mycobacteria
(Table 1). These were (i) normal individ-
uals from the Seattle area having no
known mycobacterial infections; (ii) vol-
unteers who had recently been vaccinat-
ed with bacillus Calmette-Guérin (BCG);
(iii) patients from Mexico with highly
advanced tuberculosis infection, all of
whom had high levels of antibodies
against M. tuberculosis antigens as
judged by counterimmunoelectrophore-
sis; (iv) patients with mycobacterial in-
fections other than leprosy and tubercu-
losis (including infection with M. kan-
sasii, M. chelonei, M. avium-intracellu-
lare, and M. fortuitum), all of whom had
elevated titers of antimycobacterial anti-
bodies as judged by an ELISA technique
with mycobacterial arabinomannan as
antigen (10); and (v) leprosy patients,
from Seattle and Sri Lanka, who were
clinically and histologically character-
ized according to the Ridley-Jopling cri-
teria (21). The results of the phenolic
glycolipid ELISA were uniformly nega-
tive for the control groups (AAd4e, < 0.1),
whereas the results in 73 percent of the
serums from 60 leprosy patients were
positive. Also, the mean antibody levels
were directly correlated with the bacteri-
al load in the leprosy patients, with the
highest AA,g, observed in lepromatous
patients and the lowest levels in patients
with tuberculoid disease.

Our results suggest that the ELISA
using deacylated phenolic glycolipid is
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potentially a highly specific assay for
detection of a humoral response to lepro-
sy infection and, for the first time, repre-
sents a direct method for studying such a
response without complications due to
previous exposure to environmental my-
cobacteria or BCG vaccination. It will be
of particular interest to apply such a test
to detection of the very early stages of
leprosy infection. Early detection and
treatment of leprosy has the potential
benefits of reducing the incidence of
deformities due to the disease and also of
reducing the transmission of leprosy in
the community.
DoucLAs B. YouNG

Immunology Research Laboratory,
Seattle Public Health Hospital, and
Department of Pathobiology, University
of Washington, Seattle 98114

THOMAS M. BUCHANAN
Immunology Research Laboratory,
Seattle Public Health Hospital,
Departments of Pathobiology and
Medicine, University of Washington,
and Member, National Hansen Disease
Center, Carlville, Louisiana 70721

References and Notes

1. M. Abe, Int. J. Lepr. 41, 549 (1973).

2. B. Myrvang, C. M. Feek, T. Godal, Acta
Pathol. Microbiol. Scand. Sect. B 82, 701
(1974).

3. M. H. Kaplan and M. W. Chase, J. Infect. Dis.
142, 835 (1980). .

4. J. Tuow, E. M. J. Langendijk, G. L. Stoner, A.
Belehu, Infect. Immun. 36, 885 (1982).

5. R.J. W. Rees, K. R. Chatterjee, J. Pepys, R. D.
Tee, Am. Rev. Respir. Dis. 92, 139 (1965).

6. M. Harboe, O. Closs, G. Bjune, G. Kronvall, N.
H. Axelsen, Scand. J. Immunol. 7, 111 (1978).

7. H. D. Caldwell, W. F. Kirchheimer, T. M.
Buchanan, Int. J. Lepr. 47, 477 (1979).

8. P. J. Brennan and W. W, Barrow, ibid. 48, 382
(1980).

9. R. Melsom, B. Naafs, M. Harboe, O. Closs,

Lepr. Rev. 49, 17 (1978).

10. R. A. Miller, S. Dissanayake, T. M. Buchanan,
Am. J. Trop. Med. Hyg. 32, 555 (1983).

11. M. B. Goren, Bacteriol. Rev. 36, 33 (1972).

12. P. Draper, in Leprosy (Proceedings of the 11th
International Leprosy Congress), F. Latapi et
al., Eds. (Excerpta Medica, Amsterdam, 1980),
p. 97.

13. S. W. Hunter and P. J. Brennan, J. Bacteriol.
147, 728 (1981).

14. S. N. Payne, P. Draper, R. J. W. Rees, Int. J.
Lepr. 50, 220 (1982).

15. S. W. Hunter, T. Fujiwara, P. J. Brennan, J.
Biol. Chem. 257, 15072 (1982).

16. S. J. Brett, P. Draper, S. N. Payne, R. J. W.
Rees, Clin. Exp. Immunol. 52, 271 (1983).

17. D. B. Young, Int. J. Lepr. 49, 198 (1981).

18. E. G. Bligh and W. J. Dyer, Can. J. Biochem.
Physiol. 37, 911 (1959).

19. P. Albersheim, D. Neirns, P. D. English, A.
Karr, Carbohydr. Res. 5, 340 (1967).

20. M. Dubois, K. A. Gilles, J. K. Hamilton, P. A.
Reber, F. Smith, Anal. Chem. 28, 350 (1956).

21. D. S. Ridley and W. H. Jopling, Int. J. Lepr. 34,
255 (1966).

22. We thank S. Levery for the gas-liquid chroma-
tography and mass spectroscopy, and J. P.
Harnish, R. A. Miller, S. Estrada-Parra, S.
Dissanayake, F. Quesada-Pascual, and E. Gar-
cia-Ortigoza for assistance with the collection of
serums and clinical characterization of the pa-
tients. Supported in part by the Immunology of
Leprosy component of the UNDP/World Bank/
WHO Special Programme for Research and
Training in Tropical Diseases and by the Rocke-
feller Foundation Program for Research on
Great Neglected Diseases. Armadillo tissue in-
fected with M. leprae was obtained through the
National Institutes of Health.

28 December 1982; revised 10 June 1983

9 SEPTEMBER 1983

Substance P and Somatostatin Regulate Sympathetic

Noradrenergic Function

Abstract. Peptidergic-noradrenergic interactions were examined in explants of rat
sympathetic superior cervical ganglia and in cultures of dissociated cells. The
putative peptide transmitters substance P and somatostatin each increased the
activity of the catecholamine-synthesizing enzyme tyrosine hydroxylase after 1 week
of exposure in culture. Maximal increases occurred at 10”7 molar for each peptide,
and either increasing or decreasing the concentration reduced the effects. Similar
increases in tyrosine hydroxylase were produced by a metabolically stable agonist of
substance P, while a substance P antagonist prevented the effects of the agonist. The
data suggest that the increased tyrosine hydroxylase activity was mediated by
peptide interaction with specific substance P receptors and that peptides may
modulate sympathetic catecholaminergic function.

The demonstration of putative peptide
neurotransmitters in sympathetic ganglia
(1, 2) suggests that the biochemical orga-
nization of the autonomic nervous sys-
tem is considerably more compljcated
than previously thought. For example,
the peptide neurotransmitters substance
P (SP) and somatostatin (SS) are present
in mammalian autonomic ganglia (/, 2),
and electrophysiologic evidence sug-
gests that they subserve a physiologic
role in the sympathetic system (3, 4).
Repetitive stimulation of presynaptic
nerves to sympathetic ganglia elicits not
only a burst of action potentials, but also
slow depolarization which is insensitive
to cholinergic antagonists (5). Iontopho-
retic application of SP to sympathetic
neurons mimics this noncholinergic,
slow excitatory postsynaptic potential
(EPSP) (3, 4). Moreover, the slow EPSP
elicited by repetitive stimulation is
blocked by antagonists of SP (4). Finally,
SP is released from sympathetic ganglia
by a high potassium stimulus in a calci-
um-dependent manner (3). These obser-
vations suggest that SP release elicits the
slow EPSP in sympathetic neurons. Al-
though the function of peptide transmit-
ters in autonomic ganglia is unclear, the
prolonged nature of this electrophysio-
logic response suggests that they may
subserve modulatory functions.

We studied the influence of SP and SS
on catecholaminergic function in auto-
nomic ganglia and found that both pep-
tides regulate noradrenergic phenotypic
characters in sympathetic neurons in cul-
ture.

To examine peptidergic influences on
sympathetic, noradrenergic function, we
studied the effects of SP and SS on the
catecholamine-synthesizing enzyme ty-
rosine hydroxylase (TOH) in the rat
sympathetic superior cervical ganglion
(SCG) in vitro. TOH, the rate-limiting
enzyme in catecholamine synthesis (6),
is localized in the principal neurons of
sympathetic ganglia, and is a convenient
index of noradrenergic function. Two

separate tissue culture techniques were
used, SCG organ transplants and dissoci-
ated cell cultures of the SCG.

First we found that cultures rapidly
metabolized exogenous peptide intro-
duced into the medium. However, addi-
tion of a mixture of bacitracin and capto-
pril, potent peptidase inhibitors, reduced
this loss tp less than 10 percent of added
SP and 35 percent of added SS after 24
hours. Consequently, peptidase inhibi-
tors were routinely added to the culture
medium. The medium was also changed
every other day to maintain the original
peptide concentrations.

Addition of bacitracin and captopril to
the medium significantly increased TOH
activity both in ganglion explants (33
percent increase) and in dissociated cell
cultures after 1 week (29 percent in-
crease) (Fig. 1A). Moreover, addition of
SP led to further significant 40 percent
and 34 percent increases in explant and
cell cultures, respectively; addition of SS
led to 41 and 30 percent increases, re-
spectively (Fig. 1). By contrast, the pep-
tides had no effect on TOH activity in
ganglion homogenates, excluding a di-
rect effect on the TOH enzyme or radio-
chemical catalytic assay (data not
shown). Consequently, SP and SS appar-
ently increased TOH activity through
processes that transpired in culture and
not through direct interaction with the
apo- or holoenzyme.

Dose-response relationships were ex-
amined by culturing explants in the pres-
ence of different peptide concentrations
(Fig. 1B). Both SP and SS exerted maxi-
mal effects at 107’M. Diminishing con-
centrations below 107’M reduced the
stimulatory action on TOH activity, with
no effect at 107°M. Similarly, increasing
concentrations above 10™’M reduced the
effect on TOH, with loss of action at
107“M. Submaximal responses at con-
centrations above 1077M may reflect a
variety of effects, including receptor de-
sensitization or down regulation, as de-
fined for other transmitters (7). Although
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