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RAPID DIAGNOSIS OF PULMONARY TUBERCULOSIS BY DETECTION OF
TUBERCULOSTEARIC ACID WITH GAS CHROMATOGRAPHY /
MASS SPECTROMETRY

Hisakazu MURANISHI *, Michio NAKASHIMA, Hideaki TSUNEMATSU,
Nobuaki SHIGEMATSU, and Ryuichi ISOBE

(Received for publication May 28, 1987)

Mass chromatogram of gas chromatography/mass spectrometry (GC/MS) was used to
detect 10—methyloctadecanoic acid (tuberculostearic acid, denoted TSA hereafter) which is
known as characteristic fatty acid of acid—fast bacteria of order Actinomycetales. The
analysis was performed on 5~7—day—old cultures of sputum specimens from 18 patients
with pulmonary tuberculosis (TB) and non TB. Fatty acids extracted from cultures were
converted to methyl ester then purified by thin—layer chromatography prior to subjecting
to the GC/MS analysis. The average turn over time was 10 day, and this is much shorter
than ordinary culture method of 4~8 weeks. TSA was detected in three of four specimens
from TB patients and in all four from atypical mycobacteriosis patients, already diagnosed,
but neither in six from non TB patients nor in four from obsolete pulmonary TB patients.
The relative sensitivity and specificity were 87.5% and 100%, respectively. Since only two of
above TSA positive specimens were culture (8 wks) positive, the high intrinsic sensitivity of
this method is emphasized.
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Sample (sputa, pleural effusion, etc)

Homogenization with the same volume of 4 %

NaOH Inoculation onto slants of Ogawa
medium

Incubation at 37°C for 5~T7 days

Washing out with 0.9% (Wt/Wt) aqueous
NaCl solution

Sterilization with autoclave (120°C, 60 min)

Lyophilization

Extraction of lipids overnight
With 5 ml of chroloform : methanol (2 : 1

Vol/Vol) at room temperature
Centrifugation for 20 min at 4000 rpm

Drying the supernate under a stream of nitrogen
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Methanolysis with 1 m{ of 3% HCl methanol
solution at 80°C for 12 hours

Centrifugation for 20 min at 4000 rpm

Drying the supernate under a stream of

nitrogen

Thin—layer chromatography with a solution
of n—hexane and diethylether (9 : 1 Vol/
Vol)

Scrapping off the band of methylester

Extraction with ethyl acetate

Evaporation

Dissolved with n—hexane
Gas chromatography/mass spectrometry
Tuberculostearic acid

Fig. 1. Procedure of the Present Method
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Table 1. Conditions of GC/MS*

GC Column : glass 1. d. 3mm, length 3m

chromosorb WAW DMCS with 3.7% OV-17

Injection port temperature : 260°C
Column temperature :230°C
Separator temperature :230°C
MS lon current 1300 wA
Ionizing V : 30 eV
Ion S. accelerating V 3 kV

* Instruments : JEOL JMS-DX300 with JMA-3500 DATA SYSTEM

T LT &S, B3 %E#EA 5/ — v 1ml
A, WAHZHEUET I 2B LELZLETHI R
HEBREE L, 80 CIEHEM T AL, EED 2 7
Wz ZFMbEET -t BT THEIR ST 5 2E L%
YIWr U ag s> B (4000 rpm 20 min) L ¢ &% RENE
ICHLD N, 2R THE L7z, EBECE L F o
2 5 VA% n—hexane 200 p L ITIEMREL, YD AF L
WE (A7 @8, 0.25mm B 10x20cm) _EicfRiRic
#77 L n—hexane : diethylether (9 : 1 v/v) 2B

Dihydrosterculic acid

LLT, BEZu~bts 3574 — (TLC) ic & 0 FEHERK
DOEEETT - 120 KBRS E ORI THYERST 2B E D,
FeBt = 5 v CHIH, N, W RFETHUERL, n-
hexane (50ul) ¥ & L 7= & ® % Gas—chromato-
graphy/Mass spectrometry (GC/MS) O#ikE L
7o

AW THRE L GC/MS 12 EAETE DX300 T,
ML Table 112/RL7e TSADAF LT RF
LA G 5 LICIEBDTHFA 4 Y M/z = 312

Ci19H3602
M =296

CH:

CH3— (CH2)7—CH-CH- (CH2)7— COOH
\ .~

H:gas, Tatm, 25°C
PtO2,/ CH; COOH

C19H3s0,

10—Methyloctadecanoic acid (racemic) M=298

CH3— (CH2)7—C|3H— (CHz)s— COOH

CHs 45%
C19H3802
9—Methyloctadecanoic acid (racemic) M=298
CH3;— (CH2)s—CH- (CH3)7,— COOH
[ 45%
CH3
C19H380:
Nonadecanoic acid M=298
| CHs— (CHp)s— (CH2)o— COOH | 0%

Fig. 2. Synthesis of Standard Compound



630

oM OEes 125

100
143
| M
~ 312
.
2|
8
E 50 199 (M43
[
.
k!
& 167
| J 149
0 ]H““ | ml Ul‘ H MI l‘ T 'l||ll|l|[h A IL T
100 200 300 M/z

Fig. 3. Mass Spectrum of Standard Compound (TSA methylester).

Character M and the number 312 in the figure show the mass number of the
molecular ion, and other numbers correspond to those of fragment ions of
synthetic TSA methylester shown in the literature.

Table 2. Results of TSA Detection and Other Tests

Patient Diagnosis* Smear 4 VCVultuére‘:N Cgét}l’l;e TSA
1 TB — - — 5 +
2 AM — — — 5 +
3 TB — — - 7 +
4 TB - — - 7 +
5 AM — — — 6 +
6 AM - H+ + 7 +
7 AM - H H 7 +
8 TB + ++ H 5 —
9 CB - - — 5 -

10 BA — - — 5 -
11 BE — - — 5 _
12 CB — - - 5 -
13 PC - — - 5 -
14 BC — — — 5 —
15 OTB — - - 5 —
16 OTB - - - 5 -
17 OTB — - - 5 -
18 OTB - - — 5 -

* TB : Pulmonary tuberculosis, AM : Atypical mycobacteriosis
CB : Chronic bronchitis, BA : Bronchial asthma,
BE : Bronchiectasis, PC : Pulmonary cryptococcosis,
BC : Bronchogenic carcinoma, OTB:old TB.
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Fig. 4. Mass Chromatogram at M/z=312
A: non—-TB, B: TB, C: standard
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