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Since Long reported that a few rapid-growing mycobacteria decomposed amino acids utiliz-
ing as both nitrogen and carbon sources, ammoniacal nitrogen compounds were used as nitro-
gen source for the studies on the utilization of carbohydrates by mycobacteria. Such studies
on the carbohydrate utilization contributed to only a limited extent to the differentiation of
slow-growing mycobacteria. It seems now to be required that such studies are made using
nitrogen compounds other than ammoniacal ones as nitrogen source. The present paper reports

on the utilization of carbohydrates in presence of acetamide as nitrogen source.

Methods

The following medium was used as a basic medium : Acetamide, 2.0g; KH,PO,, 0.5g;
MgSO0,-H,0, 0.5g; purified agar, 20.0g ; distilled water, 1,000m!. To this medium, each
of the following carbohydrates was added at a concentration shown in parentheses (g/l): Glucose
(10.0g), fructose (10.0g), sucrose (10.0g), acetate (2.7 g), citrate(5.6g), succinate (5.4g),
malate (3.8 g), pyruvate (2.2g), malonate (2.5g), and fumarate (3.0g) (the concentration of
sodium salt of organic acids was ca. 0.02M). The medium was adjusted to pH 7.0 by addition of
10 25 KOH, poured in 8 m/ amounts into tubes, and sterilized by autoclaving at 115°C for 30
minutes (Sugar media were sterilized by heating at 100°C for 15 minutes 2 days). After
slanting, the medium was inoculated with a loop (outside diameter : 3.5 mm ; inside diameter :
2.0mm) with each of the stock cultures of 330 strains. The medium was stoppered with
rubber cap and incubated at 37°C. The growth of slow-growing mycobacteria was read,
comparing with the growth on control medium without carbohydrate, after 4 weeks incubation,
the growth of M. thermoresistibile after 3 weeks incubation, and the growth of rapid-growing

mycobacteria after 2 weeks incubation.

* From the National Sanatorium, Chubu Chest Hospital, Obu, Chita-gun, Aichi-ken, Japan
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Results
Grouping of Mpycobacteria by the Utilization of Acetamide

The test mycobacteria were grouped into three groups according to their pattern of
utilization of acetamide (Tables1 and 2). Group I: M. tuberculosis, M. bovis and M. marinum

(a new species recently found by us, M. novum, and one strain of M. microti also entered

this group). This group cannot utilize acetamide even in the presence of carbohydrates includ-
ing glycerol; Group II : M. kansasii, M. terrae, M. avium, scotochromogens (Runyon’s group
),

JSortuitum. This group utilizes acetamide in the presence of carbohydrates (some strains utilize

nonphotochromogens (Runyon’s group III), M. thermoresistibile, and a portion of M.
it only in the presence of glycerol), although they cannot utilize it in the absence of carbohy-
drates ; Group III : A major part of M. fortuitum, M. phlei and M. smegmatis. This group does
utilize acetamide even in the absence of carbohydrate (acetamide is utilized as both nitrogen
and carbon sources).

In other words, group I cannot utilize carbohydrates in the presence of acetamide as sole
nitrogen source, and groups II and III utilize carbohydrates in the presence of acetamide as
sole nitrogen source.

Patterns of Utilization of Carbohydrates ty M. kansasii, M.terrae, M.avium, Scotochromogens
and Nonphotochromogens in Presence of Acetamide as sole Nitrogen Source.

Within the group II, patterns of the utilization of carbohydrates by M. kansasii, M.terrae,
M. avium, the scotochromogens and the nonphotochromogens resembled each other and were
differentiated from those of other mycobacteria, suggesting that the above five mycobacteria
be closely related to each other so far observed from the phase of the utilization of carbohy-
drates in the presence of acetamide (Tables 3 to 7).

Pattern of the Utilization of Carbohydrates by M. fortuitum in the Presence of Acetamide as
Sole Nitrogen Source.

One hundred strains of M. fortuitum were divided into three subgroups by the pattern of

the utilization of carbohydrates in the presence of acetamide as sole nitrogen source. The a
group grew utilizing acetamide as both nitrogen aud carbon sources (utilized acetamide without
carbohydrate). The b group utilized acetamide only in the presence of carbohydrates. The ¢

group did not utilize acetamide even in the presence of carbohydrates other than glycerol
(Table 8).
The subgroup a belonged to group III and the subgroups b and ¢ belonged to group II

MEEHEIZ X 5 KA FADOHRLE 2 5% OBF
TBT LD TT oz, Lh L Merrill® LIfED
BFZEE N & LT NH,-N JF# 5 f LT{T /e, Ber-
gey’s Manual® ;z §, ammoniacal nitrogen D#E#ETF ¢
LEREINT VD, ZOHML2, 307 3 /A rapid-
growing mycobacteria GHEREH ML) 12 X > TH R
EALNRE LTRSS, CRE LTHFAIh B L
\» 5 Long) o i #-S5\Tv 5%, Las LNH,-N g
ETTORK DRI EFEE EHRRE O XK I &L
2T, slow-growing mycobacteria GRFE M HIALEE)
DRI S E D TAL 1T D ™, Licai o GEREE
HEBE DX R DR B R &Ll 512, NH,

EEMLUNDILEHENTF L LTHER LRI L TR DD
E2dbsr5, 20BN Thhbhit 3 glutamate # N
R LISHADEREHEHEED RAHF e onT
TWERL, DI “Mycobacterium avium-group” D
AP HR IR L RBDID, bbb kiZER L
D3 acetamide T %, Bonicke® Doz 1 % & ace-
tamidase (34 { DEREFHEHREE XD Hi 2 25,

ERFHIEECIED 51T, X key point &
B BEHD—DLEL LRI BTHD, —FHbhb
hDFBC XX acetamide (X glycerol #£7:F ¢k
SOERERTRMECI OTINE L LTHAIR LD
T, TOWHLEADRKEHDEARITONTHES



196745 A4

B0 MifEHS & & Bbhic (glycerol ¥ A DN1L
EHOEARTOVWTUIINERT S )0

X B FH &
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Rv-PAS fitth, iU B-SM fittk, #il B-INH fif4,
() B-PAS ittt ; M. bovis (5%k), Ravenel, D-4,
BCG, =#s, {=WF; M.marinum (6 #k), Ross, B916,
B913, PL, v, L-17; M. kansasii (10 k), P-1,
P-16, P-18, P-21, P-24, Forbes-84, Bostrom-D-35,
k3, PnEE, kI M.terrae® (29 fk), 1711-
1730, 301, 315, 317, 318, 329, 338, 348, 361, 362 ;
M. avium (14 #), A71, 3717, 4110, 4121, 11755,
Kirchberg, Flamingo, Nagoya-59, ki, Sheard,
Av-59 A 479, SA-16, W-297, W-300; Scotochromo-
gens (Runyon’s group II) (22 k), P-5, P-6, &3,
&5, AGRH, FIl, kAR, BHRE KE &6 L,
E, PR BE, MR, Bfil, TR B8 RS 6
K(E), 74, Bz ; Nonphotochromogens (Runyon’s
group III) (47 k), N 100616, N 121326, P-40, P-41,
P-42, P-48, P-51, P-54, wiE, A& (NJ-24), 5,
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BR, B, IBX, F# B8, HBHRGE), & &6
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110, 5, Wa 40, Wa 60, Wa 366, Wa 289, Trudeau,
SP-11, CDC, sk, {&WF; M. fortuitum subsp. run-
yonii (5#k), 380, 481, 518, [I|&, {Ljk (380, 481,
518 0 3HRDFERLIL M. runyonii ; GFLEEOEHIL
A 2R) ; M. fortuitum (100 £k), 302, 306, 308,
313, 330, 334, 335, 1701~1710, 1301~1310, NCTC
1542, R520, R720, R963, ATCC 11440, ATCC
14467, R 395, R 478, R 490, R596, R681, R820, R
965, R967, R1028, R1202, R1208, NCTC946, R
12, R13, R48, R448, R 449, R640, R644, R 645,
R646, R723, R945 R 962, R1025 R 1206, R 1277,
1261~1300 ; M. smegmatis (24 #k), SN 1~SN 10, Wa
63, Wa290, Wa236, Wa237, Wa402, R-1102, R-
1103, CDC, SP-9, Trudeau, 7R, B, =Wk ko

BT 1% DIt L, slow-growing myco-
bacteria (ERBEHNEE) 113~ 4BEKEDO D%,
rapid-growing mycobacteria GERF I AE) 12 2 8
RO L OB/ B\ o BEECIAE 3.5mm,

155
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Table 1. Utilization of Carbohydrates by Mycobacteria in
Presence of Acetamide as Sole Nitrogen Source

Number | Number of strains showing positive

of growth on 2 medium containing
Strains | G F S A C Si M P MoFaS
M. tuberculosis 10 000O0O0OOOOTUOOWO
M. bovis 000O0OOOOOO OO
M. marinum 000O0O0OO0OOOOODO
M. kansasii 10 10 7 0 8 0 4 010 0 0 O
M. terrae 29 0 0 017 0 0 013 0 0 O
M. avium 14 32090308000
Scotochromogens 22 14 6 016 012 018 010 O
Nonphotochromogens 47 3428 047 035 047 0 0 O
M. thermoresistibile i‘ 39 7 0036 0 0 0 0 0 0O
M. runyonii § 5 55150335010
M. fortuitum 100 84 84 69 84 68 84 83 84 68 74 68
M. phlei 19 19 19 19 19 19 19 19 19 19 19 19
M. smegmatis 24 24 24 24 24 24 24 24 24 24 24 24

Abbreviation : G=glucose, F=fructose, S=sucrose, A=acetate, C=citrate,
Si=succinate, M=malate, P=pyruvate, Mo=malonate,

Fa=fumarate.

# This seems at present to be named as M. fortuitum subsp. runyonii.
* Control medium without carbohydrate.
The growth of slow-growing mycobacteria(the upper part) was read

after 4 weeks incubation,
incubation,
after 2 weeks incubation,

Table 2.

that of M. thermoresistibile after 3 weeks
and that of rapid-growing mycobacteria (the low part)

Grouping of Mycobacteria by Utilization

of Acetamide as Nitrogen Source

| Number of “

Number of strains

Group Species strains | midase | Acetamidase-
tested | positive negative
M. tuberculosis 10 0 10
I M. bovis 5 0 5
M. marinum 6 0 6
M. kansasii 10 0 10
M. terrae 29 0 29
M. avium 14 0 14
Scotochromogens 22 0 22
I | Nonphotochromogens 47 0 47
M. thermoresistibile 39 0 39
| M. runyonii(see table 1) 5 1 4
‘? M. fortuitum 32 18 14
M. fortuitum 68 68 0
il M. phlei 19 6 13
M. smegmatis 24 24 0

including glycerol.

Group II does not utilize acetamide in the absence of carbohydrate but
does utilize it in the presence of carbohydrates (10 of 29 of M. terrae utilized

acetamide only in the presence of glycerol,

and 16 of M. fortuitum and a

few strains of other species also behaved similarily).
Group 1lII can utilize acetamide in the absence of carbohydrate and grows
utilizing acetamide as simultaneous nitrogen and carbon source,
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Table 5. Utilization of Carbohydrates by 7.
avium in the Presence of Acetamide
as Sole Nitrogen Source

Type{ Number of E_Growth on a medium cEnEz;iniEg_
strains G F S A C Si M P Mo Fa
a | 1 e e
b 1 i e
c 1 I e
d | 1 -—— =+t -+ -+ - =
e 4 —— == =+ = =
fi 1 - -t - — - - -
g | 5 - === =

Type a: Flamingo ; Type b : Kirchberg ; Type ¢ : Sheard
; Type d: Av59 A 479 ; Type e : 4110, 4121, 11755, Jueki;
Type £:3717; Type g: A7l, Nagoya-59, SA-16, W-297,
‘W-300.

Table 6. Utilization of Carbohydrates by
Scotochromogens in the Presence of
Acetamide as Sole Nitrogen Source

~ ) o . T l Number of | Growth on a medium containing
£33 LKR T DB S M. kansasii, M. terrae, TPE L trains G F S ACSi M P MoFa
M. avium, scotochromogens 3¥s t (X nonphotochromo-
; — a 5 ++ -+ -+ -+ -+
gens (XMPIEAEICHE LT B X TRUT AL R b s n N N . +
L, ZOMOEFIEARROHEC X DTS & L3 . X o a
HThHbDo Tich b acetamide % N JHr LB HDRK d 9 T
Table 3. Utilization of Carbohydrates by M. € 1 - — =+t =+ =+ =+
kansasii in the Presence of Acetamide f 2 + -4+ - ==+ - -
as Sole Nitrogen Source g 1 R o T —
T Number of | Growth on a medium containing h 3 |- === = - + — =
ype .
strains GF S A CSi M P MoFa i 3 - === - -
_ _ _ _ Type a: Nagashima, Kubota, Okubo, Matsumoto, To-
a 1 T+ + + + + minaga ; Type b:P-5 P-6 Aruga, Aoki; Type c: Naka-
b 3 ++-+-—+-+ - — gawa ; Type d: Ishii, Goto; Type e: Morishima ; Type
c 2 + + -+ - - — 4+ - = f : Takahashi, Komatsu ; Type g: Ezaki; Type h; Wa-
tanabe, Suzuki-S, Aratani ; Type i : Ito, Waseda,
d 1 tt-—-=--- + - - Fukaya.
e 2 e
f 1 b — - - - — + — — Table 7. Utilization of Carbohydrates by

Type a: Bostrom-D-35; Type b : Forbes-84, P-16, P-18;
Type c: P-21, P-24; Type d: Nagai (PJ-1) ; Type e:
Nagai-H (NJ-11), Kato; Type f: P-1.

Table 4. Utilization of Carbohydrates by M.
terrae in the Presence of Acetamide
as Sole Nitrogen Source

Number of Growth on a medium containing

Type strains GF S AC Si M P Mo Fa
a 11 —_— — 4 = — — 4+ — =
b 6 _— - - = - = = =
c 2 | = = — — = = = + - —
d 10 | —— — — = — — — — —

Type a: NCTC 10424, ATCC 19531, ATCC 19532,1713,1718,
1719, 1722, 1725, 1726, 1730, 329 ; Type b : 1715,1723,1728, 301,
315, 338; Type c: 1714, 1724 ; Type d:1712,1726, 1717, 1720,
1727, 1729, 318, 348, 361,362.

Nonphotochromogens in the Presence
of Acetamide as Sole Nitrogen Source

Type Number of |Growth on a medium containing

strains | G F S A C Si M P MoFa
a 28 ++ -+ -—+-+ - -
b 2 - =+ -+ -+ - —
c 4 -+ - ==+ - -
d 5 — -+ =+ =+ = =
e | 8 -t ==+ - =

|

Type a: Ichihara, Ueda, Hasegawa, Niikura, Iwai, Sa-
ito (NJ-18), Yamaki, Saito (NJ-16), Hatsuno, Minami-
sawa, Hashimoto, Shimamoto, Terai, Shirokashi, Ta-
naka-Y, Kekkai, Kanayubi, Onari, Matsubara, Suhara,
Sakatani, Toyama, Chikaoka, Uchida, N 121326, Chikira
No. 174, Wakamatsu No.1, Tomida ; Type b : Tanaka-S,
N 100616 ; Type c : Tagami, Kurosawa, P-40, P-42; Type
d : Suzuki-Y, Okayama, Mitsui (NJ-14), P-48, P-51;
Type e : Saito (NJ-24), Iijima, Gamoh, Munaishi, P-41,
P-54, Ohno (SJ-4), Fukushima (S]J-11).
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Table 8. Utilization of Carbohydrates by M. fortuitum in the
Presence of Acetamide as Sole Nitrogen Source
j Growth on a medium containing Number of strains
Type | Number of strains showing positive
I G F S A C Si M P Mo Fa acetamidase
a 68 + + 4+ + + + 4+ + 4+ o+ 68
16 + + -+ -+ + o+ = % 11
c 16 — - - - - - - = - - 7

Type a (utilizes acetamide without carbohydrate) :
R 520, R 720, R 963; Type b (utilizes acetamide in the presence of carbohydrates) : 306*, 308, 1261, ATCC
11440*, ATCC 14467*, R 395, R 478, R 490*, R 596, R 681, R 820, R 965, R 967, R 1028, R 1202*, R 1208 ; Type
c (does not utilize acetamide even in the presence of carbohydrates except for glycerol) : NCTC 946, R 12*,
R 13*, R 48*, R 448, R 449*, R 640*, R 644*, R 645, R 646*, R 723*, R 945%, R 962, R 1025, R 1206, R 1277.

* lacked acetamidase.

AACHDFIR % v a3 Hirs HERAUE, EELS5HIZE
WCIZHPERR WL D, FID 2 Y b AR
W, M. kansasii, M. avium,
MY T FsHB0D,
tochromogens (I A RO IcE L » b 5 (B
3~7 )o

RH, BA? 380 glutamate » NJEE LicZw0D
RAKALHFIH -2 % v »s 5, nonphotochromogens % A,
B, CO 3By, OB ABT/RLI-a~eD
BHrB#EE2RH2 22 S Bbhic, THbbARDL
Dizitc, defHH D, BERSIOCHEHDLDIZK
Woha®E R LI,

M. fortuitum 3. 100 iz D\~ THist L7-»%, acetam-
ide # Nz LTORKLHDOFIA & /123 BcHE
T&7 (k8)o T7abb (a) acetamide # K (k4y
M LUTHBLFIATESLDT, 68 Bz & L,
%47} acetamidase [ TH D, (b) RA(LAE LT
{2 acetamide »F|H T&7s\ %, glucose, fructose,
acetate, succinate, malate, pyruvate (3} X 7% fuma-
rate) O\WFRHDFLETHIE, acetamide ZNjEL L
TFIRTES DT, b 100 Bk 16 B2z Aic)d L
7:o acetamidase [Z[GHED LD LEHED LD L Al B,
ZFim L T7e\ A subspecies runyonii (L= DR iz A %
(F18RB), (¢) LR 10D RKIEGDFHATEN
LT3 acetamide # Nl LTFIATE/R\W 3 DT,
s 100 Heh 16 Rt s OB E Lo 7-7% L glycerol
AHELT UL acetamide ZNJFHE: LTHA TE %, =
D RO M. tuberculosis, M. bovis, M.marinum,
M. novum, M.microti Y 5it%, $%D 53#!% glycerol
7% >Th acetamide % Niix LCRIBTE L\,

scotochromogens D XX v
M. terrae » nonpho-

]

&

HEEEE 330 FRizo\u T acetamide # N & L7-ifis
o 10 fERAK{LY (glucose, fructose, sucrose, aceta-
te, citrate, succinate, malate, pyruvate, malonate,

fumarate) ODFEF~OFIBEHMEL, KROMHHEL,

302, 313, 330, 334, 335, 1262-1310, 1701-1710, NCTC 1542,

1) acetamide ZNyHx L7 & & 10 fERK/LHD
FIFicX D, MBEY 3T RITEL, F I, M
tuberculosis, M.bovis, M.marinum (32 10 @D Rk
13 X O° glycerol D WFhxFpnL T3 acetamide
ZFIBTE /) SELEE : M. kansasii, M.terrae, M.
avium, M.
thermoresistibile, M. fortuitum D—I (RAK{L4ic L
Tt acetamide® FIF T& e\ 2%, L2 10 o RKL
HONTFRHDFRINT X O acetamide ¥ F|FHTX 3);
HFIEE : M. fortuitum O KE45, M. phlei, M. smeg-
matis (JRAK(LHEIFEM L7R < Th acetamide ¥ 3AE L,
ChERABCNERS LOCHEE LTHATES),

2) acetamide ZNJE L L7k D 10 HRK{LYD
FIF - 2 vTiL, M. kansasii, M.terrae,
scotochromogens, nonphotochromogens it H\ 2 ¥
HrE L, MONBELENINI, 2D xVickb
LR SFEDM AT Z LXEHETH D,

3) M. fortuitum JZDRxvic X h3BMIRSX
i

scotochromogens, nonphotochromogens,

M. avium,

X Ak
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