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Twenty-nineMycobacterium reference strains representing 10 species and 60 mycobacterial cultures isolated
from sputum specimens were studied. These cultures were grown in Bactec 7H12B medium (Becton Dickinson
and Co., Paramus, N.J.) supplemented with oleic acid-albumin-dextrose-catalase enrichment broth (Becton
Dickinson and Co., Cockeysville, Md.). The cultures were analyzed by gas-liquid chromatography for their fatty
acids, secondary alcohols, and mycolic acid cleavage products. All of the clinical isolates could be identified by
comparing their gas-liquid chromatography profiles with those of the reference strains. The data indicate that
this method significantly shortens the turnaround time and could be used for the early detection and identi-
fication of mycobacterial species.

Identification and differentiation of mycobacterial species
isolated from clinical specimens have traditionally been based
on biochemical reactions. The time required to grow the or-
ganism and to perform the biochemical tests is usually exten-
sive; therefore, the rapid and reliable identification of myco-
bacterial species continues to be an important and challenging
task for the clinical mycobacteriology laboratory.
Gas-liquid chromatographic (GLC) analysis of cellular fatty

acids, secondary alcohols, and mycolic acid cleavage products
(MACP) has been used for the identification of mycobacte-
rium isolates (4, 6–11, 13, 14). However, mycobacteria grow
very slowly on conventional media and several weeks are re-
quired to obtain sufficient growth for identification. The use of
Bactec medium (Becton Dickinson and Co., Paramus, N.J.) sup-
plemented with oleic acid-albumin-dextrose-catalase (OADC)
enrichment broth (Becton Dickinson and Co., Cockeysville,
Md.) has been shown to enhance the growth and biomass of
mycobacterial species in cultures (12). The aim of this study
was to use GLC for the early identification of mycobacterial
species grown in Bactec medium supplemented with OADC.
The fatty acid, alcohol, and MACP profiles of reference my-
cobacterial strains as well as those isolated from clinical spec-
imens of patients with respiratory tract infections were studied.
(This study was presented in part at the 95th General Meet-

ing of the American Society for Microbiology, 1995, Washing-
ton, D.C.)
Twenty-nine American Type Culture Collection reference

strains representing 10 different mycobacterial species (Myco-
bacterium tuberculosis, five strains; M. simiae, three strains;
M. xenopi, two strains; M. malmoense, two strains; M. avium-M
intracellulare complex (MAIC), three strains; M. flavescens,
three strains; M. gordonae, three strains; M. szulgai, three
strains;M. kansasii, three strains; andM. marinum, two strains)
were inoculated into Bactec medium supplemented with 0.5 ml
of OADC enrichment broth and incubated at 378C for 6 days.
Isolation of 60 mycobacterial strains (M. tuberculosis, 21

strains;M. simiae, 3 strains;M. xenopi, 2 strains;M. malmoense,
4 strains; MAIC, 25 strains; M. gordonae, 4 strains; and M.

szulgai, 1 strain) from lower respiratory tract specimens of
patients suspected of having tuberculosis was done as de-
scribed by Cage (2). In summary, 0.5 ml of homogenized and
NaOH-treated concentrate was inoculated into Bactec 7H12B
medium and incubated at 378C until the growth index reached
.100, at which time 0.2 ml of culture was transferred to fresh
Bactec 7H12B medium supplemented with 0.5 ml of OADC
enrichment broth and reincubated at 378C for 6 days.
After 6 days of incubation, all the contents of the Bactec vial

were finally transferred to screw-cap centrifuge tubes (12 by
100 mm) and centrifuged at 3,900 3 g for 40 min. The pellet
was washed twice with phosphate buffer and centrifuged as
previously described.
The derivatization of mycobacterial cellular fatty acids, al-

cohols, and MACP was performed as described by Luquin et
al. (9). In brief, the washed bacterial pellet was transferred to
a Teflon-lined screw-cap tube and mixed with 1 ml of a mixture
of methanol, toluene, and H2SO4. After vortexing, the mixture
was heated at 808C for 16 h and extracted twice with 2 ml of
hexane. The hexane extracts were mixed with an equal amount
of pH 11 phosphate buffer. The hexane layer was transferred to
a V-vial and evaporated to 0.1 ml under a gentle stream of
nitrogen gas. The final sample was analyzed by GLC or stored
at 2208C.
The fatty acids, alcohols, and MACP were analyzed with a

model 3700 gas-liquid chromatograph (Varian, Sunnyvale,
Calif.) equipped with a flame ionization detector. The identi-
fication of the eluted substances was accomplished by compar-
ing the retention time with those of known standards on both
a nonpolar capillary DB-5 column and a polar capillary DB-
225 column (3) (J & W Scientific Inc., Folsom, Calif.). The
columns were 30 m long with an inner diameter of 0.25 mm
and a film thickness of 0.25 mm. The trifluoroacetylation
method was used to identify the secondary alcohols and unsat-
urated fatty acids. For sample analysis, the temperature for
both the injector and the detector was maintained at 3008C.
Helium was used as the carrier gas. The initial column tem-
perature was 1008C and was increased to 3008C at the rate of
128C/min. The chromatograms were integrated by a Varian
4400 integrator for identification and quantitation of each
eluted substance. The fatty acid and alcohol standards were
supplied by Supelco Inc. (Bellefonte, Pa.), Applied Science
Laboratory (Rockwood, Ontario, Canada), Regis Chemical
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Co. (Morton Grove, Ill.), and Sigma Chemical Co. (St. Louis,
Mo.). The standards for branched-chain fatty acids 2-M-14:0
(2-methyltetradecanoic acid), 2,4-DM-14:0 (2,4-dimethyltetra-
decanoic acid), 2,4-DM-16:0 (2,4-dimethylhexadecanoic acid)
2-M-20:0 (2-methyleicosenoic acid), 2,4,6-TM-22:0 (2,4,6-trim-
ethyldocosanoic acid), and 2,4,6-TM-24:0 (2,4,6-trimethyltetra-
cosanoic acid) were not available. Their identities were deter-
mined by comparison of their retention times with the profiles
of previously analyzed known mycobacterial extracts (6, 9, 11)
and the profiles of our reference strains.
The study showed that the chromatographic profiles of the

mycobacterial species from the clinical specimens were iden-
tical to those of their reference type strains. In general, the
major cellular fatty acids in all studied mycobacterial species
were 16:0 (hexadecanoic acid), 18:1 (octadecenoic acid), tu-
berculostearic acid or 10-methyloctadecanoic acid (TBSA) and
16:1 (hexadecenoic acid). This is generally in agreement with
those reported by Luquin et al. (9), Tisdall et al. (13), and
Valers-Guillén et al. (14). Table 1 shows the percentages of dis-
tinguishing components in the examined species. These distin-
guishing components included MACP 24:0 (tetracosanoic
acid) and 26:0 (hexacosanoic acid) and secondary alcohols 2-
OH-18:0 (2-octadecanol), 2-OH-20:0 (2-eicosanol), and 2-OH-
22:0 (2-docosanol), as well as branched-chain fatty acids 2-M-
14:0, 2,4-DM-14:0, 2,4-DM-16:0, 2-M-20:0, 2,4,6-TM-22:0, and
2,4,6-TM-24:0).
The ratio of the percentage of 24:0 to that of 26:0 was used

to separate all the studied mycobacterial species into two
groups. For the species in the first group, which included M.

FIG. 1. Gas chromatograms ofMycobacterium species in group 1. See text for
fatty acid and alcohol designations.
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tuberculosis,M. simiae,M. xenopi, andM. malmoense, this ratio
was ,1. M. simiae contained a relatively high content of C14:0
(3 to 5%) (Fig. 1). This could be used to differentiateM. simiae
from M. tuberculosis. M. xenopi contained 6 to 7% 2-OH-22:0,

and M. malmoense contained 2.5 to 3.5% 2-M-20:0 and 2,4,6-
TM-24:0 as specific markers. The mycobacterial species
MAIC, M. gordonae, M. szulgai, M. flavescens, M. kansasii, and
M. marinum were placed in the second group (Fig. 2), on the

FIG. 3. Dichotomic tree for identification of mycobacteria on the basis of GLC profile. See text for fatty acid and alcohol designations.

FIG. 2. Gas chromatograms of Mycobacterium species in group 2. See text for fatty acid and alcohol designations.
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basis of the ratio of the percentage of 24:0 to that of 26:0,
which for these species is.1.M. gordonae was the only species
in this group that contained ,2% TBSA, and thus it could be
easily differentiated from other species, as reported earlier (6,
10, 13). Although 4% 2-M-14:0 was detected fromM. gordonae
cultures, minor amounts, 1.6 and 0.8%, were also detected
from M. szulgai and M. kansasii, respectively. Therefore, this
acid could not be used as a discriminating factor in our culture
conditions. The presence of branched-chain fatty acids 2,4-
DM-14:0, 2,4-DM-16:0, and 2,4,6-TM-22:0 could be used to
identify M. kansasii, M. marinum, and M. szulgai, respectively.
MAIC was characterized by the presence of a significant
amount of 2-OH-20:0 (9 to 13%) and a trace amount of 2-OH-
18:0 (0.5 to 1.5%). M. flavescens contained 3% nonadecenoic
acid (19:1) and could be easily differentiated from other spe-
cies in this group. The retention time of 19:1 overlapped with
that of 2-OH-20:0 but was not modified after trifluoroacetyla-
tion as reported earlier (11). Fig. 3 represents the data in a
dichotomic-tree format.
Since the differentiation of mycobacterial species is based on

the contents of the specific cellular constituents, the purity of
the culture plays a critical role. The occurrence of contamina-
tion of a Bactec culture is often indicated by turbidity or a
sudden increase in growth index values. Contamination can be
further confirmed by a stained smear or by subculture onto a
blood agar plate. A reliable chromatogram from a pure myco-
bacterial culture would be characterized by a relatively high
(.5%) TBSA content, except for M. gordonae, and by the
presence of 26:0 and 24:0 fatty acids with no unexpected peaks
in high percentages. In mycobacterium-negative or contami-
nated cultures, the TBSA content would be variable, with un-
noticeable 26:0 and 24:0 fatty acids. This also occurs when the
culture is not supplemented with OADC.
In order to prevent contamination, the initial decontamina-

tion procedure as well as the addition of the antimicrobial
agent PANTA to each subculture is essential. In the present
study, mycobacterial species achieved a growth index of 100 or
greater in approximately 12 days in initial Bactec medium
followed by an additional 6 days in OADC-supplemented
medium before identification by GLC. These isolates required
an average of 18 days from the time of initial speci-
men processing to the time of GLC identification, compared
with 43 days by conventional methods (5). Bactec cultures
supplemented with OADC enrichment broth have been used
to identify mycobacterial species by high-performance liquid
chromatography (2). In this study, we used capillary GLC in
conjunction with flame ionization detection, which provided

greater resolution and sensitivity in detecting fatty acids, sec-
ondary alcohols, and MACP.
In summary, this report describes a rapid, sensitive, and

inexpensive method for the isolation and identification of my-
cobacterial species from clinical sputa.
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9. Luquin, M., V. Ausina, F. López Calahorra, F. Belda, M. Garcı́a Barceló, C.
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