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Serology ( 23), biochemical tests ( 17), and
chemical analysis of lipids present in the
mycobacterial cell wall ( 5 ) have proved to
be powerful tools for the classification and
identification of mycobacteria. These tests
have also been applied for the taxonomic
identification of ycobacterium leprae
( 9̀ . 1('. 29 ). But most of these tests are generally
based on the biochemical properties of cul-
tures growing in vitro ( 17 ). Therefore, iden-
tification of M. leprae is still a formidable
problem, more than 100 years after its dis-
covery by Armauer Hansen, because 11.
leprae cannot as yet be cultivated in any
artificial media. Different identification tests
for Al. leprae have been described from time
to time depending on its immunological and
biochemical characteristics in in vivo con-
ditions ( 26). But none ofthese tests are solely
reliable for its taxonomic identification since
differences may exist in immunological and
biochemical characteristics between in vivo-
and in vitro-grown mycobacteria ( ").
However, the mycolic acids' pattern seems
to be a stable character, as has been found
in the case of Al. microti ( 6 ). The thin-layer
chromatographic (TLC) pattern of .11. mi-
croti-derived methyl mycolates does not
show any difference between its in vivo and
in vitro growth. Therefore, detailed analysis
of M. leprae-derived methyl mycolates of-
fers promise as a useful taxonomic marker.

The object of this study is to evaluate the
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thin-layer chromatographic technique using
methyl mycolates for the differential iden-
tification of AI. leprae. Classes of mycolic
acids obtained from Al. leprae isolated from
infected tissues have been compared with
those from several strains cultivated in vitro
from leprosy biopsies ( 3 ' 22 ' 27 ). Comparisons
have also been made with the other cultiva-
ble mycobacteria described as related to Al.
leprae (13. 19, 2 I ).

MATERIALS AND METHODS
Mycobacterial strains. The cultivable

strains studied are listed in Table 1. All of
these strains are kept in our Mycobacterial
Typing Center and are maintained on Low-
enstein-Jensen (LJ) medium.

Skin biopsy material from live, highly ba-
cillary-positive lepromatous leprosy pa-
tients was studied. Normal skin tissue was
also collected as a control.

The bacterial masses of cultivable myco-
bacteria were collected in the mid-logarith-
mic phase of their growth in L,I media. They
were washed with distilled water and freeze
dried.

Skin biopsy materials were chopped into
small pieces, homogenized by grinding in
normal saline, washed with saline, and then
processed for lipid extraction.

Lipid extraction. Mycobacterial cells were
extracted with chloroform-methanol (2:1)
for 24 hr at room temperature using Folch's
method ( 15). Tissue samples were extracted
using Bligh and Dyer's monophasic system
( 4 ). The residue was then extracted with
chloroform-methanol (2:1) at room tem-
perature for 48 hr. These extracts were
pooled, evaporated to dryness under N 2 , and
kept at —20°C for further use.

The material remaining after chloroform-
methanol extraction from both the cells and
the tissue materials was saponified by 0.5%
(w/v) KOH in methanol for 4 days at 37°C
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TABLE 1. Alycobacterial strains used in thi,s' study."

Species
Lab.
no.

Strain
no.

Source
Year
iso-
kited

Place Collected from

Al. vacvae" J2 R-877R Dr. J. Stanford,
J13 426 U.K.
J28 R-859

ICRC strain .111 1203 Skin lesion.
patient

1961 Bombay, India Dr. J. Stanford,
11. K.

"Mycobacterium J14 1300R Sputum, 1978 Madras, India Prof. G. P. Talwar,
J16 13005 patient India

Skinsnes' strains N29 MO-75 Skin biopsy, 1975 Hawaii, U.S.A. Dr. 0. K. Skinsnes,
N30 HI-75 patient U.S.A.

"M. N34 464 Soil 1980 Lake "Lulu,"
Central

Dr. F. Portaels,
Belgium

Africa

Strains were characterized using standard biochemical tests (' 7  '1.
I) Type strain.

( 1 "). The pellets were washed twice with
methanol and then extracted with ether.
These ether-soluble lipids, known as bound
lipids, contain methyl mycolates. Methyl
mycolates of M. leprae (isolated from ar-
madillo-infected tissue) were obtained from
Dr. P. Draper of the Medical Research
Council, U.K., who also supplied methyl
mycolates of AI. tuberculosis kindly pre-
pared by Dr. N. Polgar.

Thin-layer chromatography (TLC). Pre-
coated, high-performance TLC plates (5 x
5 cm) of silica gel 60F, 54 (E. Merck, Ger-
many) were used. Samples were applied, and
the plates were developed first with petro-
leum ether (b.p. 60-80°C)-diethyl ether (9:
1, v/v) five times and then once with meth-
anol ( 13 ).

For two-dimensional TLC, the system
followed was that of Minnikin, et al. ('s).
The plates were developed three times with
petroleum ether (b. p. 60-80°C)-acetone (95:
5) in one direction, and then once with tol-
uene-acetone (97:3) in the second direction.
Spots were visualized either by charring the
chromatograms at 120°C for 8-10 min after
spraying with 0.5% K,Cr 20, in 10% H,SO4

(6) or by charring the chromatograms at
120°C for 20-30 min after spraying with a
1% ethanolic solution of molybdophos-
phonic acid.

RESULTS
The results showed that the TLC pattern

of the methyl mycolates extracted from in-

fected human tissue material is the same as
that of M. /eprac-derived methyl mycolates
(armadillo origin) kindly sent by Dr. P.
Draper (Fig. IA). The normal tissue extract,
however, did not show any presence of
methyl mycolates. Chromatogram IA shows
the appearance of two spots of methyl my-
colates derived from leprosy-infected tis-
sue. By comparison with the standard meth-
yl mycolates from Al. leprae of armadillo
origin as well as from Al. tuberculosis, these
spots were characterized as a- and keto-de-
rivatives of methyl mycolates. Thus the
present results corroborate earlier findings
(5, 10, 14, 28, 3:1 , .) A spot "F" appeared in the
case of the leprosy-infected tissues which
was not found in normal tissue. This ap-
peared to be a higher fatty acid methyl ester
and has not been reported earlier.

Two-dimensional TLC of M. leprae-de-
rived methyl mycolates also showed two
distinct spots for a- and keto-derivatives
(Fig. 2). Some additional spots of unknown
structure, however, appeared in the case of
infected tissue-derived materials.

"Al. 110," Skinsnes' strains, and "My-
cobacterium w" showed the same TLC pat-
terns (unidimensional) containing keto- and
dicarboxy derivatives of methyl mycolates
(Fig. I B). M. vacate showed one extra spot
which co-chromatographed with the meth-
oxy derivative of M. tuberculosis-derived
methyl mycolates. The strain ICRC also
showed a relatively faint spot which co-
chromatographed with the methoxy deriv-
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FIG. 1. Thin-layer chromatography of methyl mycolates run 5 times in petroleum ether (b.p. 60-80°C)-ether
(9:1) and once in methanol. Plates were sprayed with 0.5% K,Cr 20, in 10% F150 4 and then charred at 120°C
for 8-10 min. In chromatogram A, the samples were from al. vaccae (v), leprosy-infected human tissue (HL),
ti. leprac (armadillo origin, AL), normal skin tissue (N), and M. tuberculosis (T). In chromatogram B. the
samples were from . ,1/. vacate (1), "Mycobacterium w," 1300 R (2) and 1300 S (3), ICRC strains (4), .1/. leprac
(armadillo origin, 5), Skinsnes' strain MO-75 (6)„1/. tuberculosis (7), and "M. lulu" (8). F = non-hydroxylated
fatty acid methyl ester.

ative. The two-dimensional system,
however, clearly distinguished between Al.
t'accac and the ICRC strain (Fig. 3). "M.
hr/ii" and the ICRC strain showed a similar
pattern when the two-dimensional TLC sys-
tem was followed.

DISCUSSION
One of the most characteristic features of

mycobacteria is the presence of mycolic
acids in their cell wall structure. These my-
colic acids show a specific TLC pattern for
individual species, and this can be used for
the taxonomical identification of various
cultivable mycobacteria ( 15). The presence
of a- and keto-derivatives of methyl my-
colates in AI. leprac, therefore, appears to
serve as a useful taxonomical marker for it.

The presence of a- and keto-methyl my-
colates in M. leprac was previously shown
by other workers using material derived
from both human sources ( 8 • 14 . 33 ) and from

‘.infected armadillos (10
• 28, 32) Previously,

Draper, et al. (") reported two-dimensional
TLC patterns of methyl mycolates from
leprac (armadillo origin). The present study
is the first report showing the same from
human sources.

In this study, it was found that leprosy
patients' tissue-derived M. leprac contained
a- and keto-mycolates in the proportion of
about 70:30. Asselineau, et al. ( 2), however,
found evidence of the presence of methoxy

mycolates in armadillo-derived Al. leprae
along with the a- and keto-mycolates by
mass spectrometry. We, however, could not
detect methoxy mycolate in Al. leprac using
high-performance TLC plates. This might
be due to their presence in very small
amounts and could also be due to the fact
that the reagents used might not be sensitive
enough to detect such a small quantity of
methoxy mycolates.

Several reports have appeared about al-
leged in vitro cultures of Al. leprac ( 7 ).
Therefore, it was of interest to analyze the
mycolates of mycobacteria which have been
cultured from leprosy-infected tissue biop-
sies. The Skinsnes' strains MO-75 and HI-
75 ( 27) and the ICRC bacillus ( 3) were iso-
lated from leprosy-infected biopsy mate-
rials. "Mycobacterium w" was collected from
sputum ( 22). In the present study, all of these
isolates showed patterns identical to those
of the Al. avium-intracellulare-scrolnla-
CC11111 (MAIS) group. Young ( 32) also carried
out somewhat similar studies with other
isolates from leprosy lesions (three FMR
isolates, ICRC strain C44, and Kato's strain
A5) and showed their TLC patterns to be
identical to those of the MAIS group ( 32) but
different from that of Al. leprac obtained
from human tissues ( 33). Among the my-
cobacterial species included in the present
study, "Al. 101" has been found to bear a
close similarity to Al. leprac in some re-
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FIG. 2. Two-dimensional thin-layer chromatography of methyl mycolates run 3 times in petroleum ether
(b.p. 60-80°C)-acetone (95:5) in the first direction and then once in toluene-acetone (97:3) in the second direction.
Plates were sprayed with a I% ethanolic solution of molybdophosphoric acid and then charred at 120°C for 20-
30 min. In the chromatograms, samples from human infected tissue and the standard (31. leprae, armadillo
origin) sent by Dr. P. Draper were used. F = non-hydroxylated fatty acid methyl esters; A = a-mycolate; 13 =
keto-mycolate; C = unknown long-chain polar components; ? = unidentified minor components.

spects ( 25). Al. yucca(' has also been shown
to have some biochemical and antigenic
characteristics similar to those of M. leprae
(12. 13. 15. 20, 25. 31 , .) But none of the organisms
showed a TLC pattern comparable to that
of M. leprae (Table 2). Thus, it could be
possible that the TLC pattern of methyl my-
colates could serve as a marker for taxo-

nomical identification. However, a detailed
analysis should be done using all of the
available mycobacterial species before con-
sidering this pattern as Al. leprae specific.

Studies on methyl mycolates have been
reported by other workers. In the present
study, high-performance TLC plates have
been used because of their very high effi-
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FIG. 3. Two-dimensional thin-layer chromatography of methyl mycolates run 3 times in petroleum ether
(b.p. 60-80°C)-acetone (95:5) in the first direction and then once in toluene-acetone (97:3) in the second direction.
Plates were sprayed with a I% ethanolic solution of molybdophosphoric acid and then charred at 120°C for 20-
30 min. In the chromatograms, samples were from At raccae J2. ICRC strain J I I, and "M. /fr/ii" N34. F =
non-hydroxylated fatty acid methyl ester; A = o-mycolate; 13 = keto-mycolate; C = methoxy mycolate; D =
dicarboxy mycolate.
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TABLE 2. Thin-layer chromatographic
pattern of methyl mycolates: types of my-
colates present in the different related spec-
imens."

Derivatives of methyl
mycolates

me-^dicar-a-^keto-thoxy^boxy

Al. leprae
Human tissue

derived
Armadillo tissue

derived

M. tuberculosis
vaccae (3 strains)

"Mycobacterium w"
(2 strains)

Skinsnes' strains (2)
IC'RC strain^-1-
'.11. tofu"

" See Table I for strains tested.
A very faint spot appeared.

ciency in separating lipids. Also, this plate
requires a very minute quantity of material
in comparison to conventional laboratory-
prepared TLC plates. Even nanogram quan-
tities of methyl mycolates from tissues with
a bacillary load of about 10' bacilli would
be sufficient for these high-performance TLC
plates, while for conventional laboratory-
prepared TLC plates 100 to 1000 times this
quantity would be required. This is an ob-
vious advantage in dealing with tissue-de-
rived lipids. Another advantage of high-per-
formance TLC plates is the reduced
operational time; while conventional labo-
ratory-prepared TLC plates require more
than three hours, high-performance TLC
plates need only 40 minutes. Further, the
spots which appeared in the chromatogram
were compact and, therefore, easily identi-
fiable. Finally, these plates are also easy to
handle, especially when multiple chroma-
tography is to be performed.

It was shown earlier that the pyridine ex-
tractable acid-fastness test is a good iden-
tification marker for noncultivable AI. lep-
rae from infected tissues (n). It is therefore
possible that the thin-layer chromato-
graphic pattern of methyl mycolates along
with the pyridine extractable acid-fastness
test may serve as good taxonomical criteria
for the identification of AI. leprae.

SUMMARY
The thin-layer chromatographic (TLC)

pattern of methyl mycolates of ycobac-
Teuton leprae has been compared with the
lipids extracted from Al. leprae-in fected tis-
sue material and also with those of other
cultivable mycobacterial species. It has been
found that Al. leprae-derived methyl my-
colates give two spots, namely, a- and keto-
derivatives, after charring the TLC plates
with K,Cr,0 7 /H,SO, spray. Lipids extract-
ed from infected tissue material also show
spots with the same Rf values when com-
pared with those of armadillo-derived Al.
leprae. Normal skin tissue extracts, how-
ever, do not show any presence of myco-
lates. This TLC pattern of Al. leprae-de-
rived methyl mycolates is characteristic and
is not shown by any other mycobacterial
species isolated from leprosy lesions. The
strain and species which have been earlier
found to resemble Al. leprae antigenically
or biochemically could readily be distin-
guished with the help of the TLC pattern of
their methyl mycolates.

RESUMEN
Usando Ia cromatografia en capa Tina se compar6 el

patrOn de los metil micolatos del Mycobacterium lep-
rae con el de los lipidos extraidos de tejido infectado
con el M. leprae, y con el de los lipidos de especies
micobzicterianas cultivables. Se encontrO que los metil
micolatos derivados del M. leprae dan 2 manchas,
principalinente de alfa- y ceto-derivados, despues de
rociar las placas con K,Cr20 7/H,S0.,. Los lipidos ex-
traidos del tejido infectado con M. leprae y los lipidos
extraidos del .1/. leprae derivado de armadillos, ori-
ginan manchas con los mismos valores de Rf. Los ex-
tractos de piel normal no muestran Ia presencia de
micolatos. El patrOn cromatografico de los metil mi-
colatos derivados del Al. leprae es caracteristico de este
microorganismo y no se encuentra en ninguna otra
especie micobacteriana aislada de las lesiones de Ia
lepra. La cepa y especies que antes se han considerado
como semejantes al .11. leprae por criterion antigenicos
o bioquimicos, pueden ser flicilmente diferenciztbles en
base al patrOn cromzitografico de sus metil micolatos.

RESUME
On a compare les profils chromatographiqucs en

couches minces (TLC) des methyl-mycolates de My-
cobacterium leprae, avec ceux des lipidos extraits de
tissu infect& par AI. leprae, de meme qu'avec ceux pro-
venant d'espece mycobacterienne cultivables. On a ob-
serve qu'apres avoir et& soumis f.1 l'action de K 2Cr,0 7/
1-1,50„ les methyl-mycolates derives de .11. leprae pre-

Mycobacterial
specimens
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sentaicnt deux traces, correspondent a des derives al-
pha-et keto-. Les lipides extraits de tissu infect& pre-
sentaient des traces ayant les meme valeurs RI, lorqu'on
les comparait avec ceux obtenus avec des bacilles de
la lepre recoltes chez le tatou. Par contre, des extraits
de tissu cutane normal Wont pas revel& la presence de
mycolates. Ce protil chromatographique particulier des
methyl-mycolates de Al. leprae est caracteristique; au-
cune autre espece mycobacterienne isolee dans des le-
sions de lepre ne le presente. Les souches et les especes
qui avaient paru jusqu'a present ressembler a Al. lep-
rae, tant du point de vue antigenique que sur le plan
biochimique, peuvent des lors etre facilement distin-
guees, grace au profil chromatographique des methyl-
mycolates.
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