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Utilization of carbon compounds for growth of mycobacteria was studied by many inves-
tigators already in early days of study on mycobacteria '), A number of investigations on
this subject were carried out recently with the aim of identifying various species of
mycobacterial® 2%, Most of the studies, however, related to the differentiation of rapid-
growing mycobacteria, and only a few papers?-#) have dealt with the differentiation of
slow-growing mycobacteria. It was desired to detect some methods to differentiate slow-
growing mycobacteria. In the course of studies on nutritional requirements of mycobacteria
conducted in this laboratory, utilization of n-butanol and iso-butanol for growth was found to
be useful for differentiation of M. avium and M. intracellulare, which was considered to be
important and was studied by many workers?)26),

Methods

Utilization of butanols for growth as the sole source of carbon was tested in the following
basic medium : (NH,),SO,, 2.64g ; KH,PO,, 0. 5g; MgS0,-7H,0, 0.5g ; purified agar, 20.0g ;
distilled water, 1,000 ml. The medium was adjusted to pH 7.0 by addition of 10% KOH
solution and was poured in 8 m! quantities into tubes, 17 by 170 mm, and sterilized by heating
at 100°C for 15 minutes for two days. This medium was used as control medium. n-Butanol
and iso-butanol were added to the above medium at a final concentration of 0.1 M (7.4 ml/liter),
respectively. A set of three medium, control medium, n-butanol medium and iso-butanol
medium, were inoculated with one loopful of test organism and incubated at 37°C for 4 weeks.
Growth was read in comparison with growth on the control medium, which showed usually

no growth. The strains used are listed in Table 1.

* From the National Sanatorium, Chubu Chest Hospital, Obu, Aichi-ken 474 Japan.
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Results

1. Differentiation of M. avium and M. intracellulare

Differentiation of these two organisms, which are closely related to each other, was
The results obtained in this
study seems to contribute to the differentiation of these two organisms (Table 1).

studied by many investigators (refer to references 24 and 26).

The majority of M. avium are able to grow at 45°C but able to utilize neither n-butanol
nor iso-butanol (Table 1). On the other hand, about one half of M. intracellulare are able
to grow at 45°C but this type of M. intracellulare are able to utilize both n-butanol and iso-
butanol (Table 1).

Strains capable of utilizing either or both of n-butanol and iso-butanol are found at a rate
of 6.9, in M. avium, while those are found at a rate of 48. 0% in M. intracellulare (Table 2).
This great difference between the rates of these two organisms indicates that M. avium and
M. intracellulare are different organisms. This character is considered to be useful, together
with other characters reported until now, for differentiation of these organisms, especially
for those growing at 45°C.

2. Correlation of utilizatiou of butanols with growth temparature in M. intracellulare

The strains of this organism, which are able to grow at 37°C but unable to grow at 45°C,
do not utilize usually n-butanol and iso-butanol (Table 1). On the other hand, the strains
of this organism, which are able to grow at 45°C, usually are able to utilize both n-butanol
and iso-butanol (Table 1). Therefore, the utilization of butanols is, to some extent, correlated
with growth temperature.

3. Comparison of Japan isolates and U. S. A. isolates of M. intracellulare

Previously, the present authors?”?) did not find any significant difference between Japan
isolates and U. S. A. However, it was found that these are

different with respect to the utilization of butanols. Ca. 519% of the Japan isolates could grow

isolates of M. intracellulare.

at 45°C and utilize both butanols, while only 5% of the U. S. A. isolates could do the same
(Table 3).

79.5% of the U.S. A. isolates could grow at 37°C and utilize neither n-butanol nor iso-
butanol, whereas 50.9% of the Japan isolates could grow at 45°C and did utilize both butanols
(Table 3).
both of n-butanol and iso-butanol, while only 10.29% of the U.S. A. isolated could do the same
(Table 4). This finding suggests that the Japan isolates and the U.S. A. isolates are slightly

Furthermore, it was shown that 71.5% of the Japan isolates utilized either or

different from each other, though it is sure that both belongs to the same species.
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Table 1.
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Number of strains showing positive feature (%)
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n-Butanol 35 L Uf iso-butanol O C ¥ & LTD M A
2, BEMoOKEMZ LD, Thebt, KB E L
T, KROEEDOIE M7z, (NH),S0, 2.64¢g;
KH,PO,, 0.5g ; MgSO,-7 H;0, 0.5g ; §{M«F, 20.0
g &KFK, 1,000ml, —h# 10% KOH = pH 7.0 i
$5IEL, 170x17mm O} & HiC 8ml o4 L,
100°C 15 44> 2 HMME L7z, n-butanol it &
¥ iso-butanol 3Ziiz, LI BEKEMIC, n-butanol

Growth Temperature and Utilization of Butanols as Sole Carbon Source
for Growth by Mycobacterium Avium and Mycobacterium Intracellulare

Growth I . I o
Species Utilization of butanol (B) as sole carbon source
temperature® n-B (=) | n-B (+) B 'Wn:é 2—)77 ' n-B a—) o
iso-B (-) ) iso-B (=) B iso-B (+) | iso-B (+)
V. avium 37°C 7 '87.5%) 0 (0.0%) 0 (0.0%) 1 (12.5%)
o 45°C 20 (95.2%;) 0 (0.0%) 0 (0.0%) 1 (4.87%,
37°C 45 (80.3 3.62; L (1.8%) | 8 (14.39
M. intracellulare . ( i 2 (3.6% 1(1.8%) 8 (14.3%)
45C I 8 (17.4 | 4(8.7%) 0 (0.0%) 34 73.9%)

* Growth temperature was tested at 28T, 37C, 45C and 52C.

M. atium
(A Growth at 37C but not at 45T.
(1) YNeither n-butanol nor iso-butanol utilized.

ATCC 15976, ATCC 17938, ATCC 19)74, Av-39A479, SA-16, W-297 and W-300.

{2 Both n-butanol and iso-butanol utilized.
ATCC 17940.
(B, Growth at 45C.
(1) Neither n-butanol nor iso-butanol utilized.

ATCC 15759, ATCC 15773, ATCC 15977, ATCC 17941,

ATCC 17942, ATCC 1794, ATCC 19075, A-71, 3717,

24110, 24121, $11755, Kirchberg, Flamingo, Nagoya-39, Nagoya-389, Jueki, Sheard, G and MLG

(2) Both n-butanol and iso-butanol utilized.
ATCC 17939.
M. intracellulare
(A} Growth at 37C but not at 45T.
(1) Neither n-butanol nor iso-butanol utilized.

ATCC 15985 (P-44), ATCC 13982, ATCC 15983 (P-36), ATCC 15984, ATCC 15986 (P-51), ATCC 19076, ATCC
12137, ATCC 19138, ATCC 19159. ATCC 19175, ATCC 19177, ATCC 19178, ATCC 19179, P-40, P-4l, P-42, P-43,
P-51, N 11616, N 121326, CDC-194, CDC-19, CDC-355, CDC-372, CDC-373, P-34, CDC-380, CDC-384. CDC-386.

CDC-391, NJ-9 7Lijima), NJ-18 (Saito .

mori, Sasaki, Hitomi and Sasakawa.
(2) Only n-butanol utilized.

NJ-12 ‘Chikaoka) and NJ-13 (Hashimoto).
(3) Only iso-butanol utilized.

Tanaka-S.
{4, Both n-butanol and iso-butanol utilized.

NJ-21 (Okayama), NJ-22 (Kurosawa), NJ-24 (Saito)., Uchida, Kawa-

NJ-7 (Hatsuno), Yoshida. Mochizuki, Hakamada, Ashizawa, Shibahara. Ishida and ATCC 19176.

(B, Growth at 45C.
(1, Neither n-butanol nor iso-butanol utilized.

ATCC 19777, ATCC 19174, P-7, P-23, NJ-2 (Tagami). Terai. Tanaka-Y and Gamoh.

(2; Only n-butanol utilized.

P-25. Kanayubi, Kita and Matsuoka.
(3, Only iso-butanol utilized.

None.
(i Both m-butanol and iso-butanol utilized.

ATCC 19078, CDC-377. NJ-6 (Suhara). NJ-3 (Minamisawa), NJ-10 (Onari), NJ-14 /Mitsui), NJ-15 (Shimamoto),

XJ-16 (Saito). NJ-17 (Sakatani), NJ-19 (Yamaki),

NJ-20 (Matsubara), Wakamatsu, Chikira, Kekkai,

Shirokashi, Ichihara, Suzuki, Hasegawa, Niikura, Iwai, Kamise, Kawashima, Waseda, Murai, Miyatake,
Takagi. Ishida %439), Yauchi, Wachi, Minobe, Takao, Matsui, Saito .7 {435, and Oka.
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¥ 7o iso-butanol ¥ Fh#h 0.1 M (7.4 ml/liter) o
HACIEMULI b DTH S,

LIR3EFoKME 1MlE LT, Zhic 1% /MHgbic
RE LIRS (4858 211900 >Rk M
L, =a@®iL, 37°C ic 4 #iEH#H%, n-butanol #%
Hids X UF iso-butanol BEdb D FEH A ACMEKTH & L LT
I Lico ZMEHIICIIREXBD BRIV,

A, M —HBRE3NEEL, 2@ER30E
() Fax (=) LHEIhEBE, ThEh (+) ¥
ok (=) ERE Lfco TBIME (3lalE & [A— B L
BB %) 3, M. avium T 100%, M.
cellulare ¢ 91% THolo

A Lk 1 it Lrcn, ATCC gD
1%, American Type Culture Collection, Rockville,
Maryland, U.S.A. hZoHAEZH LI-b o, CDC ®E
D { M2, Communicable Disease Center, Atlanta,
Georgea, U.S.A. o Dr.G.P. Kubica (Bl#£ Trudeau
Institute) O kT, KB KEFBEHL,IOZHL
2o N] #HB DL 0, BERTHENTMEE:L: LTE
KINCEFOEKTHAEBRKFINKEERTIT LT
EHOENILDTHB, ¥ 7z, ATCC fikLIAAD M.
avium ¥, AMKFE REM_HE, RILK¥ESTFEE
+, REHEHRFTBREAA L1653 M. BES
DATHR Lic M. intracellulare 0Ky, EHirik
EENIMENAHE 2B CEEVRAELI-LDTDH
60

intra-

RBERGIUER

1. M. avium r M. intracellulare DX 3

M. avium O KI5y, (21/29)=72.5%, 12 45°C It 3¢
HTho TLT2HDBINEBRCTUTL AL LT, (27/
29)=93.0%. »* n-butanol ¥s X ¥ iso-butanol » ¥l
L7tV 45°CIRBEH THHDITOWTAHTH, (20/21)
=05.2% 1 n-butanol 3s ) U* iso-butanol % & 3 iZF
ALlfsv, (B1)

% WM w HE6H

Table 2. Comparison between Mycobacterium
Avium and Mycobacterium Intracellulare
in Respect of Utilization of Butanols
TTTT 7 Number of strainsNumber of strains

utilizing neither |utilizing cither or

Species n-butanol nor 'both of n-butanol
o iso-butanol ., and {so-butanol

M. avium | 27 | 2

M. intracellulare | 53 | 49

Ratlo of strains utilizing either or both ¢f n-butanol and
iso-butanol is 6.9% (2/29) in M. avium and is 48.0% (49/102)
in M. infracellulare. A significant difference is found
between them (X}=14.4, P is less than 0.1%).

chiex LT, M. intracellulare Tik, £ 45.0%
(46/102) 7* 45°C IZRH L, 45C RHEHKO LTS,
(34/46) =73.9%, »: n-butanol 3 X UF iso-butanol %
FIR+%, (%1)

¥/, M avium 3 XU M. intracellulare 4 {kic >
WTHBLTATY, M. avium T n-butanol Xt
iso-butanol ¥ FIfl+ 5L Dix ¥ hT, —%, M intya-
cellulare TIXFIBTL L DA%, (£2)

DEDKRNORDZ EDV25,

(1) M avium OREHL 45°C K RET2. —H.
M. intracellulare Cit 45°C KR ET5% - 37C
RETLE 5C RIBHFLLV) 222 E¥HTo
THbo LIMDT, 37°C LrRHFLAVEZ M. in-
tracellulare TH 5 WM H\o L L, 37C REEH
1%, M. avium 3, M. intracellulare % n-butanol 3s
XU iso-butanol ¥ HA LA V-$HE2HL0OT, hic
IOTHEXR T LAY TH S,

(2) 45°C BHETOWTX, M. avium 23EA
& 2H n-butanol ¥ X 1¥ iso-butanol %k 3 i2F A
L7s\WDix LT, M. intracellulare |3 &% n-butanol
35 X UF iso-butanol OEH Efit—F¥FIA T3, Lic
A>T, n-butanol ¥ X T¥ iso-butanol DF|HOEEIZ
IOTHERXXATE %,

2. M. intracellulare 0 2 HR

% 3iC, M. intracellulare o B A 532 & X B 5%

Table 3. Comparison between Japan Isolates and the United States
Isolates of Mycobacterium Intracellulare
} Number of strains showing positive feature (%)
Growth R
i Utilization of butanols (B) as sole carbon source
‘ temperature* ”77—‘34 (=) - ;-B (+) n-B‘(—) ) 17ﬁ_:ﬁt)
e iso-B (-) iso-B (=) iso-B (+) : iso-B (+)
T 14 (22.29 2 (329 | 1(16% 7 (L19
Japan isolates | . ( 0/"> (3.2%) (1.6%) 7 (11.1%)
| 45°C 4 (6.3%) 3(4.7%) 0 (0.0%) 32 (50.9%)
[ — ——
37°C 31 (79.54 0 ( 0.0 0 .04 9
U.S. A. isolates ! . ( o/") (0.0%) (0.0%) , 1 (26%)
1 45°C 4 (10.2%) 1 (2.6%) ‘ 0 (0.0%) 2 (51%)

* The highest temperature at which the organism can grow. Tested at 28C, 37C, 45C and 52C.
Remark. Total number of strains: Japan isolates, 63; U.S.A. isolates, 39.
It is noted that 50.9% of the Japan isolates are able to utilize both n-butanol and iso-butanol, but only 5.1% of the

U.S.A. isolates can utilize both butanols.
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¥ C. B F 8 L n-butanol ¥ X ¥ iso-butanol
HAELYT L. XK I UCXEBYAL T IC R
H iz n-butanol 3s X 1% iso-butanol #F A L\ b
ohEL, =K, SCRA[2EALFHTI O
Vo ZOMRIX, REBEKE n-butanol 3 X ¥ iso-
butanol FIAME L 2'h %> REEHMMFLH 2 - & ¥Rk
T530DT, M intracellulare \o ¥ 2 >OHERI B2
DTRITVEBRINS, LiL. BAKORRKTH
FEXEZZERVARRVCORLLAHAT, Gk ZOME
EDOVLTERINDZ EATE Ly,

3. M intracellulare DA XGRER : - 1GEKED

H#

B EE L 2TB 2 M intracellulare DH X538
CKEFERYHEL T, HECEYRH LI
PRELY, SEORRTETEN S - EEHE
.

£3ZABIzK, BESEHTZ ITC RER2
38.1%; 2463, 45°C RFHIT 61.97; '3963) T, 45
CREEDTIZ S0 bz, XEGERT2 37
CRE2.82.1% (32397, 45C BHFH2117.9% 739
T, 3TC LrRELLIVEAEL S, (#£3)

IORFEEEIBAL TS F b, HEBT
1250.9% # 45C KRF L, L% n-butanol 218
iso-butanol ¥ #HF 33, —F, kEHTIZ. 2D X 5%
Ei2hH32:5.1% Lot T2 Z0OHIZ10:1
T

¥, REEERICE&ERL.
butanol DFAEER SOV TAXTL, tOFEE-Z—F
TARTAEGOKE:2, BEETLIT1.5% 7550
KHLT, XE&TI210.2% o+ F5\v (F4), T
O, IDFZH T ZBEOESNSL.

DEDRmBIX, BEDER:KEZEHEOMZ, 53
BE, BYVOESSB - %R LT 5,

Table 4. Comparison between the Japan

Isolates and the United States Isolates
Mycobacterium Intracellulare

Japan U.S.A.
isolates isolates

n-butanol 25 X ¢ iso-

Number of strains utilizing

neither n-butanol nor 18 3
__ iso-butanol
Number of strains utilizing -
either or both of n-butanol 45 4
and iso-butanol
Total 63 39

Ratio of strains utilizing either or both of n-butanol and
iso-butanol is 71.5% (45/63) in the Japan isolates, and is
10.2% 439, in the U. S. A. isolates. This difference is
highly significant (2}=35.5, P is less than 0.1%).

>3 )
1. M. avium [T KBFH H5C RBEEL, 8E n-
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butanol 35 X t¥ iso-butanol #C¥: LTHAL . »

—%., M. intracellulare = 45C = RHTE L DI,

T DK n-butanol 35 X ¥ iso-butanol # §) B+
Bo Tz, 45C I RAAMED M. avium £ M.
intracellulare ¢ .2, n-butanol #; X t¥ iso-butanol o
FIREDEI > TRA =23,

2. M. intracellulare iz 35:+ % n-butanol 3 X ¥
iso-butanol OFMME: RABEE L2, »2 BEMEF
MNHBISIZBEbRD, 37 C It LR LWL n-
butanol 35 & I¥ iso-butanol #FH L= 2% <,
5C CRAELEOKE ) FHEXTIH =X %,

3. M intracellulare D B A ;%M Ti2, 45C iR
HTzrL02 %<, [8iZ n-butanol 3 k T iso-
butanol ¥F{ H+2 L DA% . —F, KETEHT
2. 3TC LA EHLLIVWLDONKE ST, 20 n-
butanoi 35 X 1¢ iso-butanol ZE[H L2\ DB\,
Thobb, Btk XESFERDEIRIETOHK
DENSZ -
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