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Tuberculostearic acid t(R)-lo-methyloctadecanoic-acid] is regarded a char- 
acteristic constituent of microorganis~~~ of the order Actimmycefales. By 
using selected ion monitoring (NM), the acid has been demonstrated to be 
present In sevqal mycobacterial and nocardid species [l-3], and in sputum 
specimens from patients with pulmonary tuberculosis f2. 31. The latter 
observation implies a possible way of using SIB for the diagnosis of such 
infections. 

When using electron ion&ration (EI) mass spectrometry (MS), SB9 allows 
the methyl ester of tuberc~.~Iostearic acid to be determined quantitatively down 
to approximately 20 pg, monitoring at m/z 312 (= M) [l]. In earlier studies 
131 it was sometimes found that sputum specimens from patients v&b pul- 
monary tuberculosis contained tubercuiostearie acid in amounts cLose to the 
detection limit of the instrument When such small amounts of the acid are 
p=nt izx clinical specimens, there is no proof of identity other than the 
chromatographic retention time. Therefore it is important that the gas cbroma- 
tographic (GC) system used should possess optimal separation qualities. 

ti the present inv&5gatio~ we assssed the gain in sensitivity in the detec- 
tion of tuberculostearic acid by using EI-SIM analysis of the tert.-butyl- 
climethylsilyl (t-BDMS) ester [4], as compared with the corresponding methyl 
ester [l-33. The former derivative yields spectra having ions of a very high 
intensity at m/z (M - 5’1)’ upon electron impact [4]. Furkhermore, we investi- 
gated the chemical ionization (CI) mass spectra of methyl tuberculostearate, 
using methane and isobutane as reactant gases, and compared the sensitivity 
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for its detection with that of EL The GC system developed ties glass capillary 
cohmms to opthnize the separation of various methyLbranched CIg positional 
isomers possibly present in cJ.inical specimens. 

tiberculos& H37Rv, was tested. 

Sputum specimens (24 ml) were collected from eight patients with pul- 
monary tuberculosis. AU sputa contained acid-fast rods defectable by micro- 
scopie studies of Ziehl-Nelseen stained smears. For comparison, sputum sam- 
ples tirn six patients with non-tuberculous pneumonia were also used. 

Start&rds und reagents 
The solvents and reagents used were analytical grade. Three per cent metha- 

nohc hydrochloric acid was prepared by adding 5 ml of acetyl chloride to 100 
ml of dry methanol. 2- and IO-methyloctadecanoic acids were synthesized ]3], 
while 16% and 17-methyloctadecanoic acids were purchased from Larodan 
Lipids (MahnS, Sweden). hnidazole, N,N-dimethyRonnamide and t-BDMS 
chloride were obtained from Merck (Darn&ad& G.F.R.), Mahinckrodt (-St. 
Louis, MO, U.S.A_) and Fluka (Buch~, Switzerland), respectively. 

Frepamtion of organisms and sp~tium specimens ' 

The strain of M. tuberculosis studied was cultured on Proskauer-Beck 
medium, auto&wed, washed and lyopbilized as previously deribed [5] _ 

The sputum specimens were digested with 5 ml of aqueous sodium hydrox- 
ide (4% v/v) at 37°C for 15 mm with occasional shaking. The pH was then 
adjusted to 7.0 with diluted hydrochloric acid and the preparations autoclaved 
and Iyophihzed. 

Extruction and derivatiztztion procedures 
The reference acids were esterified using 3% methanolic hydrochloric acid 

at 80°C for 20 h. Also, lo-methyloctadecanoic acid (tuberculostearic acid) was 
derivatized to its t-BDMS ester as previously reported ]4] _ 

The lyophilized sputum specimens and mycobacterial cells were extra&d 
using 2 ml of chloroform-methanol (2:1, v/v) at room temperature overnight. 
The organic soIutions were then evaporated to dryness and the residues esteri- 
fied using 2 ml of methanolic hydrochloric acid as described above. The 
methanohc phases were evaporated to dryness, 100 ~1 of n-hexane were added 
and the solution used for GC-mess spectrometric (MS) analysis. 

In some studies, 4 yg of lyophilized cells of&Z. tubercub& were added to 
each of tprro sputum specimens from patients with non-tuberculous pneumonia 
before being lyophilized and derivatized. 

Gas ckromatogmpky-nmss spectromehy 
A Varian MAT Model 112 GC-MS combination, equipped with a glass capil- 
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lary column (25 m X 0.25 mm I.D.) coated with QV-17, was used in all EI 
studies. The analyses were performed using both split (split ratio X:20) and 
splitless injections. The nitrogen carrier gas flow-rate was 2 ml/min through 
the column. The- cohmn tenqedures were 210 and 240% for the analysis 
of methyl and t-BDMS esters, respectively. The electron energy was 70 eV and 
the ion source temperature 250°C 

Studies using GE were carried out on a Finnigan -Model 4021 GC-MS system, 
equipped with a 20-m glass capillary column coated with SE-30. Injections. 
were performed at a split ratio of I:25 and the temperature of the column was 
programmed from 80 to 230°C using a temperature increase of 2O”/min. The 
carrier gas flow-rate (nitrogen) was 2 ml/min and the electron energy 150 eV at 
0.3 torr of reactent gas. The ion source temperature was 250°C. 

The SIM analyses were carried out using single ion detection monitoring at 
m/z 312 (EI) and m/z 313 (CI) when studying the methyl esters, and at m/z 
355 (EI) for the t-BDMS ester. 

RESULTS AND DISCUSSION 

Mass spectre 
Mass spectra of de&at&d tuberculostearic acid, using CI and EP, are shown 

in Fig. 1. In the high mass range, the spectra of the methyl ester obtained by 
CI are dominated by the intense ion of m/z 313 (M + 1)’ (Fig. la, b). Their 
relative abundance is considerably larger than at m/z 312 (M)‘, using EI (Fig. 
lc). Variations of the reactant gas in the CI experiments caused only minor 
changes in the corresponding spectra (Fig. la, b). The spectrum representing 
the t-BDMS ester exhibited an intense ion at nt/z 355 (Fig. Id). 

Estimation of defection limit 
when the ET-SIM technique was employed, the detection limit of the 

methyl ester of tuberculostearic acid (monitored at m/z 312) was 5 to 10 times 
higher than that of the t-BDMS ester (monitored at m/z 355). Roughly the 
same increase in sensitivi~ was gained when focusing at m/z 313 (M f I)*, 
employing isobutane as reactant gas in the CI-SIM mode. The signal-to-noise 
ratio when using isobutane was approximately twice that found when employ- 
ing methane. The detection limit was estimated to approximately 1 pg both for 
the methyl ester as detected by CI-SM (isobutane) and for the t-BDMS ester, 
using EL 

41f the isomeric CIs acids present in bacterial cells, the 2-, l6-, and 17- 
methyl-substituted C1s acids, and the straight~hain CIs acid, can be expected 
to be by far the most common. Fig. 2 shows a fragmentogram obtained by 
single ion detection, monitored at m/z 312 (EI) of the corresponding methyl 
esters, inchdhg methyl tuberculostearate. The analysis was carried out using 
a wall-coated glass eapikry cohnnn with split Lrrjection, employing OV-17 as 
stationary phase, No difficulties were encountered in establishing the identity 
of methyl tubemulostearate by the GC retention time. 



406 . 

Fig. 2 EI mass hgmentagram of a mixture of equal amcunts of the met&y1 esters of 2-. lO-, 
16, end 17-methyloctadecanoic acid and n-nonadecanoic acid monitored at mlz 312. A 
25-m @ass capillary column with OV-T7 as stationary phase was used at an iso*ermal 
cdumn temperature of 210°C. Each peak represents about 300 pg of methyl ester. 

Analysis of sputum sj3ecimens 
Mass hgmentograms representing sputa from p&ients witi tuberculosis 

(Fig. 3a) and with pneumonia with no evidence of tiberculosis (Fig. 3~). em- 
ploying El-SIM of methyhted samples, monitoring at m/z 312, are shown. For 
comparison, a mass fmgmentugram of one of the latter specimens to which 



Fig. 3. EX mass fmgmentagrams of sputum specimens from a patient with tuberculous (a) 
and non-tuberculous pneumonia suppleszzented (b) and not supplemented (c) with 50 pg of 
authentic tuberculostearic acid, using splitless injections. Tire sputum specimens had been 
digestid and derivatized as described in the text. The fragmentugrmns were recorded on a 
25-m glass capilhy column coated with OV-17 using single ion detection, monitoring at 
m/z 312. 

50 pg of authentic tuberculostearic acid had been added is also shown (Fig. 
3b). The fmgmentograms obtained in CI-SIM analyses, focusing at m/z 313 
(M -C I)‘, were shuilar, although the use of CI gave a far better sensitivity than 
EL All analyses were carried out with spli&ss injection to avoid loss of mate- 
rial. Tuberculastearic acid was demonstrated in sputum samples from eight 
patients with pulmonary tuberculosis but not in sputa f?om six patients with 
non-krberculous pneumonia, 

The analytk procedure used seems well fitted for quzmtitative determination 
of tuberculostearic acid present in such a complex biological material as a 
sputum specimen. Thus it was found that the mass fragmentogmphic peak of 
methyl tuberculostearate in analyses of sputa from non-tukrculous patients 



to which a given amount (4 pg) of mycobacteria (M. &&erculos&) had been 
added, was in size equal to that folmd when analysing the same’ 8mou~~t of 
isolatea bacteria of this species, The sign3iqnce of the ciemons&ation of 
tuberculostearic acid in clinic& specimens for the rapiddkgnosis of t&erculosis 
and other mycobackial infections, is at preset* under evaluation. 

mep resent inve&gation indicates that a glass capiUary column system with 
OV-17 as stationary phase can be used to advantage for the determination of 
tx&rculostearic acid in biological specimens. Furthermore, the detection sen- 
sitivity of the system can be enhanced by a factor of 5 to 10 by using EI of 
the t_BDMS ester or CI of the methyl ester, compared with analyses employing 
EI of the latter derivatives in SIM analyses. However, preparation of the 
t-BDMS ester is more laborious than methylation, and also seems to give lower 
yields. The almost exclusive formation of quasimoiecula.r ions in the Cl mode 
&veCfragmentogwns not complicated by additional fragments from cleavage 
of other ionized large molecules present in the sample. 
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