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The atypical mycobacteria are classified into four groups; usually most of these 
bacteria are consisted as harmless saprophytes. Group IV is composed of the rapid 
growers among which two species should now be considered as emerging patho- 
gens, M-ycobucterium fort&urn and A4. chelonei, just like the bacteria of the No- 
car&a genus. 

The use of corticosteroids and other immunosuppressive therapy is associated 
with an increase of unusual infections due to these bacteria; they are recognized 
with increasing frequency in patients with AIDS [ 1,2]. 

The Mycobucterium and Nocardia genera belong to the Actinomycetales fam- 
ily; their cell-wall lipids and long-chain mycolic acids are closely related. Mor- 
phological differentiation between Nocardiu and rapid-growing mycobacteria 
species is sometimes difficult because the cells of these mycobacteria may be less 
than 10% acid-fast and those of nocardiae are also only slightly acid-fast. Their 
identification is based on morphological, cultural and biochemical criteria [ 31. 
The distinguishing feature of Nocardiu genus is the rudimentary to extensively 
branched vegetative hyphae. However, growth medium composition and culture 
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conditions can affect this morphological feature. Differential identification of 
Nocardia species is based upon cultural and biochemical characteristics, but these 
do not give highly reproducible results, M. chelonei differs from M. fort&urn in 
its inability to reduce nitrate and to utilize fructose, and in a few other less used 
tests [ 4-6 1. 

During recent years, a number of studies have shown that it is possible to dis- 
tinguish between bacteria species on the basis of their long-chain cellular fatty 
acids. After extraction and methylation, the cellular fatty acids can be identified 
by gas chromatography (GC) [ 7-91. This present investigation examines the 
long-chain fatty acids (C,, and longer) and cleavage products of mycolic acids of 
Nocardia and Mycobacterium species by GC and mass spectrometry (MS). The 
specific markers are identified. 

EXPERIMENTAL 

Microorganisms 
The cultures examined in this study included the following strains: 
M. fort&urn: one reference strain, ATCC 6843; two strains obtained from the 

Laboratory of the Piti SalpBtriBre Hospital (Paris, France) (courtesy of Profes- 
sor J. Grosset); six strains isolated from clinical specimens at the Centre Hos- 
pitalier Regional (CHR) (Bordeaux, France). 

M. chelonei: four reference strains, M. chelonei subsp. chelonei, ATCC 19236, 
NCTC 946 and M. chelonei subsp. obcessus, ATCC 19977, ATCC 14472; two strains 
from Professor J. Grosset; five strains from the CHR (Bordeaux, France). 

N, asteroides: one reference strain, IP 320, from Pasteur Institute (Paris, 
France); one strain from Pasteur Institute (Lyon, France); seven strains from 
clinical specimens (Bordeaux, France ) . 

N. cauiae: one reference strain, IP 776, from Pasteur Institute (Paris, France). 
N. bra&en&s: one reference strain, IP 337, from Pasteur Institute (Paris, 

France ). 
The strains isolated from biological samples were identified according to stan- 

dard criteria. 

Extraction 
Bacteria were cultivated on Lijwenstein-Jensen media until growth was suffi- 

cient for analysis (generally five days ) . 
Approximately 100 mg of bacteria were collected by a platinum wire and heated 

at 105’ C for 90 min in 5 ml of a 7.5 M solution of sodium hydroxide in methanol- 
water (6:4, v/v). After cooling, 6 ml of distilled water were added and the mixture 
was acidified (pH 2) by the addition of a 20% (v/v) sulphuric acid aqueous so- 
lution. The liberated fatty acids were then extracted once with 6 ml of diethyl 
ether. The ether extracts were washed with distilled water to obtain a neutral 
aqueous phase and dried over anhydrous sodium sulphate. The ether extracts 
were then evaporated. Methyl esters were formed by adding 2 ml of a boron tri- 
fluoride-methanol solution (20%, v/v) for 10 min at 100°C; they were extracted 



144 

A 
TSA 

16:O 16:l 

I I TSA 

16.0 

rs* 

! - L 
5 10 15 

Retention time (tin) 

Fig. 1. Gas chromatograms of the fatty acid methyl esters of Mycobactenum fortwtum ATCC 6843 
(A), Mycobacterium chelonez subsp abcessus ATCC 14472 (B) and Nocardia asteroldes IP 320 (C 1. 
* = specific markers. 

using 2 ml of chloroform-rz-hexane (1:4, v/v). The organic phase was evaporated 
under nitrogen and the extracts were stored at - 4°C. 

Gas chromatography-mass spectrometry 
The extracts were analysed on a Packard 427 gas chromatograph equipped with 

a flame ionization detector. Analyses were performed on a SPBl fused-silica cap- 
illary column (15 mx 0.53 mm I.D., d,= 1.5 pm; Supelco, Bellefonte, PA, U.S.A. 1. 
The temperatures of the injector and the detector were 280 and 320°C respec- 
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tively. The oven temperature was programmed from 140 to 230’ C at a rate of 
4’ C/min. The extracts were dissolved in 0.1 ml of n-hexane, and 2 ~1 were injected. 

The fatty acid methyl esters were identified by comparing their retention times 
with those of standard products: these standards were a bacterial acid methyl 
ester mixture (4-5436; Supelco). Identification of peaks not corresponding to 
standards was made by MS on a Spectra-magnetic VG-Micromass 16 F (LTD, 
Winsford, U.K. ). 

RESULTS 

Fig. 1 shows the chromatograms for M. fortuitum (A), M. chelonel (B) and N. 
asteroides (C). All the strains contained the most common fatty acids (palmitic, 
palmitoleic, stearic, oleic, linoleic) and tuberculostearic acid (TSA or lo-methyl- 
octadecanoic acid). The presence of other peaks seems very important because 
there are more specific. 

(a) The M. fortuitum species contained a compound that eluted after TSA and 
before eicosanoic acid. This compound was found in all the tested strains (ref- 
erence and clinical specimen strains) but neither in M. chelonei nor in Nocardiu. 

(b ) The N. usteroides strains gave a peak just before eicosanoic acid; this was 
not observed in N. caviae or in N. brusiliensis, and was absent in M. chelonei and 
M. fortuitum. This compound was found in every chromatogram of N. usteroides, 
but in various amounts according to the strain examined. 

These two specific peaks were identified by MS, and the corresponding spectra 
are shown in Fig. 2. According to the different major fragment ions observed and 
to the literature [lo], the fatty acid detected in M. fortuitum was tentatively 
identified to 2-methyl-2-octadecenoic acid (as methyl ester, Fig. 2A). The spe- 
cific compound in N. asteroides is an eicosenoic acid methyl ester (Fig. 2B ) . 

CH,- (CH,),;CH=F-COO-CH, 

60 
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60 

Fig. 2. Mass spectra of the specific fatty acids (as methyl esters) of Mycobacterium forturtum (A) 
and Nocardza asteroides (B ) . 
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DISCUSSION 

Differentiation between A4. fort&urn and M. chelonei using biochemical tests 
is not easy, so that several authors studied the cellular fatty acid composition. 
Tisdall and co-workers [ 11,121 were unable to differentiate A4. fort&urn from 
M. chelonei species, but Daffe et al. [ 131 pointed out that the mycolic acids of 
these two species are different. Larsson et al. [ 141 and Lambert et al. [ 151 noted 
but did not identify a specific peak eluted before eicosanoic acid in M. fort&urn 
chromatograms. Recently, Valero-Guillen et al. [ 161 have reported and identified 
this compound in M. fort&urn, but neither in M. chelonei nor in M. phlei. We 
agree with them that this Z-methyl-Z-octadecenoic acid may serve as a chemical 
marker for M. fortuitum identification. 

Data on Nocardiu cellular fatty acids are rare: Tisdall et al. [ 111 and Leche- 
vallier et al. [ 171 have observed that members of Nocardia genus do not contain 
C24 and C& fatty acids. 

The specific eicosenoic acid we have identified in all the N. asteroides strains 
may be a marker that differentiates this pathogenic Nocardiu from other species 
and from the rapid-growing non-chromogenic mycobacteria. All these mycobac- 
teria we have studied contain a myristic acid peak, which has not been found in 
Nocurdiu species; this makes it possible to differentiate M. chelonei from N. cauiue 
and N. brusiliensis, bacteria that have no specific markers. 

This study suggests that lipid analysis is a very suitable method for identifying 
the most commonly encountered Nocurdiu strains and two species of rapid-grow- 
ing mycobacteria, M. fort&urn and M. chelonei. It would be interesting to use 
this method for the diagnosis of other atypical mycobacteria and for the detection 
of these bacterial markers directly in body fluids and specimens. 

REFERENCES 

2 

3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 

17 M.P. Lechevallier, AX Horan and H. Lechevallier, J. Bacterial., 105 (1971) 313. 

T.N. Sharma, A.K. Mehrotra, P.R. Cuptat, S D. Purohit, H.N. Mangal and H. Sing, J. Assoc. 
Phys. India, 32 (1984) 855. 
A. Noseda, E. Serruys and G. Depre, Presse Med., 14 (1985) 2179. 
J. Grosset, H. Bolsvert, P. Lagrange and G. Baranton, in L. Le Minor and M. V&on (Editors), 
Bacteriologic Medicale, Flammarion Mkdecine Sciences, Paris, 1982, p. 657. 
L. Levy-Frebault, M. Daffe, K. Seng Goh, M.A. LanBelle, C. Asselineau and H.L. David, J. Clin. 
Microbial., 17 (1983) 744. 
H.L. David, I. Traore and A. Feuillet, J. Clin Microbial., 13 (1981) 6. 
M.J. Casal and F.C. Rodriguez, J. Clin. Microbial., 13 (1981) 989. 
E. Reiner, R.E. Beam and G.P. Kubica, Am. Rev. Respir. Dis., 99 (1969) 750. 
M. Chomarat, J.P. Flandrois and J. Vialher, Zbl. Bakt. Hyg., Abt. Orig., C2, (1981) 21. 
B C. Mayall, Pathology, 17 (1985) 24. 
F.W. McLafferty, Mass Spectrometry of Orgamc Ions, Academic Press, New York, 1963, p. 426. 
P.A. Tisdall, G.D. Roberts and J.P. Anhalt, J. Clin. Microbial., 10 (1979) 506. 
P.A. Tisdall, D R. DeYoung, G.D. Roberts and J.P. Anhalt, J Clin. Mlcrobiol., 16 (1982) 400. 
M. Daffe, M.A. LanPelle, C. Asselineau, V. Levy-Frebault and H. David, Ann. Microbial. (Inst. 
Pasteur), 134B (1983) 241. 
L. Larsson, E. Jar&en and J. Johnsson, Eur. J Clin. Mlcrobiol., 4 (1985) 483. 
M.A. Lambert, C.W. Moss, V.A. Silcox and R.C. Good, J. Clin. Microbial., 23 (1986) 731. 
P L. Valero-Guillen, F Martin Luengo, L. Larsson and J. Jimenez, FEMS Microblol Lett ,44 

(1987) 303. 


