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Mycolic acids analysis by thin-layer chromatography (TLC) has been employed by several
laboratories worldwide as a method for fast identification of mycobacteria. This method was introduced in Brazil by our laboratory in 1992 as a routine identification technique. Up to the present,
861 strains isolated were identified by mycolic acids TLC and by standard biochemical tests; 61%
out of these strains came as clinical samples, 4% isolated from frogs and 35% as environmental
samples. Mycobacterium tuberculosis strains identified by classical methods were confirmed by
their mycolic acids contents (I, III and IV). The method allowed earlier differentiation of M. avium
complex - MAC (mycolic acids I, IV and VI) from M. simiae (acids I, II and IV), both with similar
biochemical properties. The method also permitted to distinguish M. fortuitum (acids I and V)
from M. chelonae (acids I and II) , and to detect mixed mycobacterial infections cases as M.
tuberculosis with MAC and M. fortuitum with MAC. Concluding, four years experience shows that
mycolic acids TLC is an easy, reliable, fast and inexpensive method, an important tool to put
together conventional mycobacteria identification methods.
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After years of declining case rates, tuberculosis is again a major public health problem in Brazil and in other developing countries (Hijjar 1992).
The emergency of AIDS augmented the incidence
of infections with other mycobacteria that live in
the environment and are resistant to antituberculosis drugs (Kritske et al. 1995). However the identification of Mycobacterium species through morphological, cultural and biochemical tests, requires
several weeks or even months of fastidious work
(Wayne et al. 1991). DNA probe analysis is a fast
and trusty method, but needs a specific probe for
each species, resulting expensive. The utilization
of different chemical methods has greatly improved
the classification and identification of mycobacteria (Luquin et al. 1991, Hines & Fraziers 1993,
Leite et al. 1995). Chemical analysis of cellular
fatty acids, especially of those with high molecu-

This work was supported by Fapesp (Brazil) grant no.
89/3474-2.
+ Corresponding author. Fax: +55-16-232-1576 or
222.0073. E-mail: leite@iq.unesp.br
Received 11 March 1998
Accepted 30 July 1998

lar-weight a-branched b-hydroxylated chain, the
mycolic acids, has been used as a rapid test for
mycobacterial systematics (Lévy-Frébault et al.
1986, Butler & Kilburn 1990).
Mycolic acid methyl ester analysis by thin layer
chromatography (TLC) has been employed by several laboratories worldwide as a fast method for
identification of clinical (Lévy-Frébault et al. 1987)
and environmental (Falcão et al. 1993) isolated
mycobacteria. Mycolic acids can be resolved into
several classes according to the presence of different functional groups in their molecules. Partial
congruence is found between the distribution of
mycolic acids types and the finer taxonomic relationships among the mycobacteria as shown in 16S
rRNA studies (Goodfellow & Magee 1998). In
spite of its advantages, the method was introduced
in Brazil as a routine identification technique only
in 1992 by our laboratory (Leite et al. 1995). The
purpose of this study is to present our four years
experience of using TLC associated to conventional
biochemical identification methods in a Brazilian
mycobacteriology laboratory.
MATERIALS AND METHODS

Reagents and culture media - Diazomethane
was prepared by reaction of nitrosomethylurea
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(synthesized in our laboratory) with potassium
hydroxide. All the reagents and solvents utilized
were of analytical grade. The silica gel plates for
TLC chromatography were from Merck and Sigma.
Lowenstein-Jensen culture medium was prepared
at our laboratory.
Bacterial strains and growing conditions - A
total of 861 strains were tested: 532 human isolates came from Sanatory Hospital, 56 frog isolates (frog raising) and 273 environmental isolates
(swimming pools, rivers, aquarium and drinking
waters). The type strains M. avium CIPT 14031001,
M. chelonae CIPT 14042003, M. fortuitum CIPT
14041001 and M. tuberculosis CIPT 14001002
were obtained from Institut Pasteur collection and
were used for the preparation of mycolic acid standards. Mycobacteria were maintained on
Lowenstein-Jensen medium slants at 4°C. For extraction of mycolic acids, the strains were grown
on Lowenstein-Jensen medium at 35-37°C. Incubation temperature for M. marinum, M. gordonae and M. chelonae was 30°C. The incubation
period ranged from 7 to 10 days for rapidly growing species and from 25 to 32 days for slowly growing species.
Identification of mycobacteria by conventional
methods - All mycobacteria strains were identified
by their rate of growth, colonial morphology, pigmentation and biochemical properties (David et al.
1989).
Mycolic acid extraction and methylation procedures - The mycolic acid analysis was carried
out according to the method proposed by Daffé et
al. (1983), with some modifications. About 25-50
mg of mycobacteria, derived from LowensteinJensen medium, were dispersed into a 5% (w/v)
potassium hydroxide solution in 2-methoxyethanol.
The mixture was maintained at 110°C for 2 hr,
cooled and acidified with 1 ml of sulfuric acid solution (20% w/w). Mycolic acids were then extracted by shaking the mixture twice with diethyl
ether (5 ml). The ether phase was decanted and
washed three times with 2 ml of water. Ether was
removed on a water bath, and the mycolic acids
were methylated by addition of 1 ml of diazomethane ether solution.
Analytical methods and identification of mycolic acids - For TLC of mycolic acid, their methyl esters were spotted onto silica gel G (20 x 20
cm x 0.25 mm plates). Mycolic acids of the reference strains spotted together served as landmarks
for the identification of mycolic acids extracted
from the studied strains. One dimensional analysis
was carried out by using two different elution systems: diethyl ether/petroleum ether (12:88 v/v),
with three developments of the chromatogram, and

dichlorometane with a single development (Daffé
et al. 1983). The presence of the separated components was revealed by spraying the chromatograms
with 0, 01% (w/v) rhodamine in phosphate buffer
(Daffé et al. 1983).
RESULTS

The sources and identification of 861 strains
analyzed by conventional biochemical method are
presented in Table I. Ninety percent of human’s
strains were M. tuberculosis (480 strains). Several other species of mycobacteria were identified
from human infection. Mycobacterium avium complex (MAC) was the second in incidence, corresponding to 4.5% (24 strains). The major strain
isolated from frogs was M. marinum (89.3%) and
from the environment was M. fortuitum (38.5%)
and other fast growing mycobacteria (FGM)
(19.4%).
TABLE I
Sources and species of 861 mycobacteria
identified by conventional biochemical method
Humans
a

Frogs

Water

MAC
M. chelonae
M. fortuitum
FGM b
M. gordonae
M. kansasii
M. marinum
M. scrofulaceum
M. simiae
M. smegmatis
M. terrae complex
M. tuberculosis complex
Unidentified mycobacteria

24
5
7
7
1
2
2
1
480
3

2
3
1
50
-

5
7
105
53
49
2
2
1
22
27
-

Total

532

56

273

a: Mycobacterium avium complex; b: fast growing
mycobacteria; M: Mycobacterium.

The mycolic acid composition of 861 strains is
reported in Table II. The mycolic acids are designed
by Roman numerals as follows: type I (long nonoxygenated mycolates), type II (short non-oxygenated mycolates), type III (methoxymycolates), type
IV (ketomycolates), type V (epoxymycolates) and
type VI (dicarboxylic mycolates) (Daffé et al. 1983).
For differentiation between mycolates types II and
III, two developing systems were used. Mycolates
II and III show similar Rf values in diethyl etherpetroleum ether solvent, and both migrate just be-
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TABLE II
Mycolic acids profiles of 861 strains identified by classical procedures
Mycobacterium/
(No. of strains)

Mycolic acids of
types strains

Mycolic acids of
strains analyzed

% of
positivities

I. IV. VI
I. II
I. V

I. IV. VI
I. II
I. V
I. (II). V
I.IV.V.VI
I. VI
I. II. VI
I. IV. VI
I. III. IV
I. III. IV. VI
I. IV. VI
I. III. IV
I. III. IV
I. IV. VI
I. II. IV
I. V
I. (II). V
I. VI
I. III. IV
I. IV d
I.III.IV.VI

100
100
93
7

MAC a (29)
M. chelonae (14)
M. fortuitum (112)
MAC + M. fortuitum b (01)
FGM c (56)
M. gordonae (57)

I. III. IV

M. kansasii (03)
M. marinum (54)
M. scrofulaceum (03)
M. simiae (01)
M. smegmatis (22)

I. III. IV
I. III. IV
I. IV. VI
I. II. IV
I. V

M. terrae complex (27)
M. tuberculosis complex (480)

I. VI
I. III. IV

MAC + M. tuberculosis b (02)

80
13
7
90
8
2
100
100
100
78
22
100
99
1

a: Mycobacterium avium-intracellulare complex; b: mixed infection; c: fast growing non-pathogenic mycobacteria
d: BCG.

low the mycolate type I. However, in dichloromethane, mycolate III migrates below the mycolate II
and here its Rf value is similar to that of mycolate
IV. Typical thin-layer chromatograms of the mycolic
acids methyl-esters are shown in Figs 1 and 2.

1

2

3

4

5

6

7

8

9

Fig. 1: chromatogram of mycolic acid methyl esters. Solvent:
dichloromethane. Lines 1 to 4: reference strains. Lines 5 to 9:
strains analyzed. 1: Mycobacterium chelonae CIPT 14042003;
2: M. tuberculosis CIPT 14001002; 3: M. avium CIPT
14031001; 4: M. fortuitum CIPT 14041001; 5: M. tuberculosis; 6: M. smegmatis; 7: M. scrofulaceum, 8: M. chelonae; 9:
M. fortuitum.

MAC, M. chelonae, M. kansasii, M. marinum,
M. scrofulaceum, M. terrae complex and M. simiae
identified, presented mycolic acids profiles in accordance with the type strains. In 99% of M. tuberculosis, 93% of M. fortuitum and 90% of M.
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Fig. 2: chromatogram of mycolic acid methyl esters. Solvent:
diethyl ether-petroleum ether. Lines 1 to 4 references strains.
Lines 5 to 9-strains analyzed. 1: Mycobacterium chelonae CIPT
14042003; 2: M. tuberculosis CIPT 14001002; 3: M. avium
CIPT 14031001; 4: M. fortuitum CIPT 14041001; 5: M. tuberculosis; 6: M. smegmatis; 7: M. scrofulaceum; 8: M. chelonae;
9: M. fortuitum.
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gordonae the mycolic acid profiles were in agreement with corresponding species (Minnikin et al.
1984). One percent of M. tuberculosis gave
mycolates I and IV that are characteristic of BCG
(Calmet-Guérin bacillus) (David et al. 1989). In
this group, by additional biochemical tests, we
confirmed identification of BCG.
M. gordonae strains have mycolic acids I.III.IV,
but in 2% of them we found mycolic acid profile
I.IV.VI that is common in M. scrofulaceum and
MAC (David et al. 1989). After repeating the biochemical tests, we confirmed those strains as M.
scrofulaceum. In 8% of M. gordonae we found
mycolates I.III.IV.VI and this group was differentiated from the type strains (acids I, III and IV)
only by their mycolic acids profiles, since both
exhibit identical physiological and biochemical
properties. Excluding M. chelonae, M. fortuitum
and M. smegmatis, all of other fast growing mycobacteria (FGM) had mycolic acids I and VI, with
or without types II or IV too.
The conventional method was not able to identify 0.6% of the human isolated strains (Table I),
which were characterized by mycolate TLC as involved with mixed infections, as associations of
M. tuberculosis and MAC or MAC and M.
fortuitum.
DISCUSSION

M. tuberculosis is the most common agent of
human tuberculosis in Brazil (Kritski et al. 1995)
and for this species the identification by the conventional method agrees in 98% with the mycolates
TLC. Tuberculosis caused by other members of
M. tuberculosis complex is clinically indistinguishable of the one caused by M. tuberculosis, and their
prevalence is unknown in most developing countries because of their limited laboratory facilities
(Covisi et al. 1998). In this sense, the TLC analysis makes easy the distinction between M. tuberculosis and M. bovis variety BCG, that was first
identified by its mycolate profile (Table II) and then
confirmed by classical biochemical tests.
MAC infection is the second most important
mycobacteriosis in Brazil, frequently associated to
AIDS (Saad et al. 1997). In this study the members of this complex were easily identified by their
mycolic acids I, IV and VI.
Mycolic acids analysis by TLC is becoming a
good tool to detect mixed infections, as it may be
concluded from this work: two cases of mixed infection by M. tuberculosis and MAC and one case
by MAC and M. fortuitum. Lévy-Frébault et al.
(1987) reported that they could distinguish M.
simiae from M. avium by mycolates TLC in a mixed
infection. This method also allowed the correct
identification of potentially pathogenic M.

scrofulaceum, misidentified as the saprophytic M.
gordonae, and to detect M. simiae, a rare species,
sometimes misidentified as M. tuberculosis or M.
avium by biochemical tests (Wayne et al. 1991).
Lévy-Frébault et al. (1986) performing mycolic
acids TLC analyses of 133 strains of MAC, found
that about 10% of those were in fact M. simiae.
Among the FGM species only M. fortuitum and
M. chelonae are commonly found as human pathogens (Hijjar 1992). The identification of these
mycobacteria is very hard when using the conventional method (David et al. 1989). M. fortuitum with
mycolic acids I and V and M. chelonae with I and
II were easily identified among our samples by
TLC. The usefulness of mycolic acid analysis for
FGM was described by Butler and Kilburn (1990),
which utilized another chromatographic technique
for mycolic acids identification, namely the high
efficiency liquid chromatography (HPLC).
The conventional biochemical methods were
unable to discriminate 8% of our frog and environmental isolated mycobacteria, which were differentiated from the type strains of M. gordonae
only by their mycolic acids profiles. This result is
interesting because Butler et al. (1996) also describe the occurrence of two different mycolic acids chromatotypes for M. gordonae analyzed by
HPLC method. For Leite et al. (1989) the mycolic
acids determination is of particular interest for environmental mycobacteria identification, mainly
those not frequently isolated from humans.
In our four years experience we concluded that,
mycolic acids analysis by TLC joined with conventional biochemical method, is a valuable tool
for mycobacteria identification. This proceeding
has allowed us to detect and identify all strains frequently isolated from human, environment and
frog. Mycolic acids determination by TLC is a very
simple technique and useful for the first step screening in mycobacteria identification. Joined with
conventional methods it detects rare or new species, as well as mixed infections, undetectable by
the classical tests alone.
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