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Mpycobacterium nonchromogenicum Tsukamura (1965)0, M. terrae Wayne (1966)2, M. novum Tsuka-
mura (1966)%, and M. triviale Kubica et al. (1970)4 are slowly growing, nonphotochromogenic myco-
bacteria belonging to Runyon’s Group III and are isolated from sputum specimens. These are closely
related to each other®:6). M. novum is considered as a synonym of M. terrae™. It was reported that M.
nonchromogenicum and M. terrae are differentiable from each other by nicotinamidase and pyrazinamidase
activities and some other properties®~11, but it is also certain that these are very closely related®’. The
purpose of the present study is to search useful characters which are able to differentiate between these
two organisms. The results of the present study have shown that the following characters are useful:
nicotinamidase, pyrazinamidase, nitrate reduction, heat-stable acid phosphatase, growth at 42°C, and
thin-layer chromatography after uptake of 35S-methionine.

M. nonchromogenicum usually grows at 42°C, shows positive heat-stable acid phosphatase activity,
and shows a radioactive spot at Rf value 0.94 to 0.98 in thin-layer chromatography. In contrast to the
above, M. terrae does not grow at 42°C, does not show heat-stable acid phosphatase activity, and does
not show any spot at the Rf value 0.94 to 0.98 in thin-layer chromatography. Usefulness of the heat-
stable acid phosphatase activity for differentiating these two organisms was shown by Saito et al.1®
This was confirmed by the present study. The other two useful characters, the growth at 42°C and the
presence or absence of the radioactive spot at the Rf value 0.94 to 0.98, were added in the present study.
The substance which shows the spot at the Rf value 0.94 to 0.98 is extracted from bacterial cells by
diethyl ether-ethanol (1:1) mixture, and it is soluble in petroleum ether. It is considered to be a
sulfolipid. This substance is found in M. nonchromogenicum, but it is not found in M. terrae.

1) Tsukamura, M.: Med. & Biol. (Tokyo), 71: 110, 1965.

2) Wayne, L.G.: Am. Rev. Respir. Dis., 93: 919, 1966.

3) Tsukamura, M.: Med. & Biol. (Tokyo), 73: 244, 1966; Japan. J. Microbiol., 11: 163, 1967.

4) Kubica, G.P. ¢t al.: Int. J. Syst. Bacteriol., 20: 161, 1970.

Mpycobacterium terrae  Wayne (1966)2, Mycobacterium
" novum Tsukamura (1966)3 3s X O° Mycobacterium triviale
Mycobacterium nonchromogenicum Tsukamura (1965)1, Kubica et al. (1970)% %, »3°+h % Group III nonpho-

* From the National Chubu Hospital, Obu, Aichi 474 Japan.
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Table 1. Biological and Biochemical Characters Useful for Differentiating Species Mpycobacterium
nonchromogenicum, M. terrae, M. novum, and M. triviale

No. of strains showing positive reaction (%)
Character M. nonchro- M. terrae M. novum M. triviale
mogenicum
n =36 n=15 n =27 n=21
Growth at 28°Ca 36 (100%) 15 (100%) 27 (100%) 21 (100%)
Growth at 37°Ca 36 (100%) 15 (100%) 27 (100%) 21 (100%)
Growth at 42°Ca 31 ( 86%) 4 (27%) 4 (15%) 14 ( 67%)
Growth at 45°Ca 3 ( 8%) 0( 0%) 0( 0%) 0 ( 0%)
Nicotinamidaseb 25 ( 69%) 4 (21%) 5 ( 19%) 6 (29%)
Pyrazinamidaseb 29 ( 81%) 4 (27%) 6 ( 22%) 6 (29%)
Nitrate reduction (24H)¢ 16 ( 44%) 1 ( 7%) 14 ( 52%) 0 ( 0%)
B-Galactosidased 30 ( 83%) 12 ( 80%) 27 (100%) 7 (33%)
Acid phosphatasee 36 (100%) 15 (100%) 16 ( 62%) 18 ( 86%)
Heat-stable acid phosphatasef 26 ( 72%) 1( 7%) 1 ( 4%) 7 (33%)
G‘g’avlvft};j‘;go;;% NaNO,- 33 ( 92%) 13 ( 87%) 26 ( 96%) 19 ( 90%)
n-Propanol as C sourceb 3 ( 8%) 1 (7% 0( 0%) 0( 0%)
Glucose as C sourceh 1 ( 3% 0( 0%) 0( 0%) 0( 0%)
n-Butanol as C sourcei 4 (11%) 0( 0%) 0( 0%) 0( 0%)
iso-Butanol as C sourcei 3 ( 8%) 0( 0%) 0( 0% 0( 0%)

‘n’ is total number of strains tested.
a Growth was observed on Ogawa egg medium after incubation for 3 weeks.
b Tested according to the method of Bénicke (Bull. Un. Int. Tuberc., 32:13, 1962) extending the incubation time to 24

hours and using twice the amide concentration.
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Tsukamura, M. : Identification of mycobacteria, Publ. National Chubu Hospital, Obu, Aichi, 1975.
Tsukamura, M. : J. Gen. Microbiol., 80 :553, 1974.
Tsukamura, M. et al. : Iryo, 28 :275, 1974.

Tested after incubation of bacterial suspension at 70°C for 30 minutes.
Tsukamura, M. and Tsukamura,S. : Am. Rev. Respir. Dis., 98:505, 1968.
Tsukamura, M. : Tubercle, 48 :311, 1967.
Tsukamura, M. and Mizuno, S. :Kekkaku, 46:197, 1971.

Table 2. Differentiation between Mycobacterium nonchromogenicum and M. terrae by Thin-Layer
Chromatography after Uptake of 35S-Methionine

Radioactive spots in thin-layer chromatogram

Extract Species Rf value
Spot a Spot b Spot ¢ Spot e
0.00~0.01 | 0.14~0.16 | 0.32~0.35 | 0.94~0.98
Diethyl ether-ethanol-soluble | M. nonchromogenicum? + + 4+ ++ + ++
fraction
M. terrae® + +++ ++ -
Petroleum ether-soluble M. nonchromogenicuma — — - + 4+

fraction of the concentrate
of the above extract

M. terraeb

As to the method of thin-layer chromatography, refer to Tsukamura, M. and Mizuno, S. :Int. J.Syst. Bacteriol., 25:271,

1975,

Solvent : #-propanol-»#-butanol-water-ammonia (57 :20:20:3, in volume).

Unidimensional ascending run. Recorded by an

automatic thin-layer chromatogram scanner. Silica Gel H (20 by 20 cm; 0.25 mm thick). Symbols + to + ++ show small to
large radioactive spots. Symbol—-shows that no spot is detectable.
a  Strains tested : 09003 (ATCC 19530; NCTC 10424; type); 09013 (ATCC 19531); 09033 (ATCC 19533; NCTC 10479); 09112

(ATCC 19689); 09113 (ATCC 19690).
b Strains tested : 38001 (W-167); 38002 (W-168A); 38013 (W-45; ATCC 15755; type).
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Fig. 1. T and II, Radioactive spots in thin-layer chroma-
tograms of diethyl ether-ethanol-soluble fraction of A,
nonchromogenicum strain 09033 and M. terrae strain 38013,
respectively, and III and IV, those of petroleum ether-
extract of Silica Gel of spot e of M. nonchromogenicum
strain 09033 and A. terrae strain 38013, respectively.

The reaction mixture used for obtaining I and II consisted
of 4m! of a M/15 phosphate buffer solution (pH 7.1) contain-
ing 25 mg (wet weight)/m/ bacteria, 5¢Ci/m! **S-L-methionine,
and 10¢#g/m! sodium acetate. The reaction mixture was incu-
bated at 37°C for 24 hours. The bacteria were harvested by cen~
trifugation, and washed three times in 2 m/ of distilled water,
and then fractionated as follows. The bacteria were extracted
twice with 2ml of a 10% trichloroacetic acid (TCA) solution
for 10 minutes, and extracted twice with 3 m/ of a mixture of
diethyl ether-ethanol (1 :1) at 37°C for 10 minutes. The diethyl
ether-ethanol extracts were combined and concentrated untila 0.1
m! volume by allowing to stand at 37°C. The concentrate
was subjected to thin-layer chromatography using Silica Gel H
(20%20 cam; 0.25 mm thick) and #-propanol +x-butanol + water
+ammonia water (57+20+20+3 in volume). The chromatogram
was recorded for their radioactivity using automatic [thin-layer
chromatogram scanner, Nihon-Musen Co., Tokyo (slit, 30x3
mm; time constant, 1,000 counts per minute/10 seconds; runn-
ing speed, 300 mm/hour; recording speed, 150 mm/hour). The
figures I and II show the results of this scanning. After this
scanning, spot e was cut off and extracted with 5 m/ of petro-
leum ether. The extract was evaporated under reduced pressure
until 0.1 m/ and subjected to thin-layer chromatography in
similar manner. The figures III and IV show the results of the
second scanning.

H Ll

Sauton FEXREZMIZ KT 5 0.1% NaNO, 1317,
0.1% NaNO, &7 Sauton FEXREHUT, #key 18
SHEML, 37C, SEHMHE L GBE 2:BHUET
HBHHIND, ZZTIE3BEHEE L),

Glucose 35 J U n—propanol!®, %5 I 0% n-butanol s
U~ iso-butanol'® o CiE & L TOFIMH (NHs-N J7) 13 B
DHEZ LY BE LI,

%S-methionine & h ZZHEOEB I/ r< b 25 7 4 —
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