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A REVIEW ON THE TAXONOMY OF THE GENUS MYCOBACTERIUM
1. Definition of the Genus Mycobacierium
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Mycobasterium, Rhod:

moles % . However, total number of carbons of mycolic acids of mycobacteria ranges from 69 to 90, and

s, and Nocardia have Type IV cell wall and similar guanine plus cytosine

is larger than those of rhodococci and nocardiae, 30 to 66. These three genera are differentiated from
each other by a number of biochemical and biological characteristics (Table 4). The principal pig-
ment which occupies the major parts of carotenoids is different between Mycobacterium, and Rhodococcus
and Nocardia. It is B-carotene in mycobacteria, while it is a substance showing similar absorption
maxima with 7-carotene in rhodococci and nocardiae (Table 5). Rhodococcus has a sulfolipid which
metabolizes rapidly and takes sulfur from methionine, while Nocardia has no such lipid (Table 6).

The genus Mycobacterium is defined as follows: have Type IV cell wall; show guanine plus cyto-
sine moles %, 62 to 70; total number of carbons of mycolic acids, 60 to 90; if some species contain pig-
ments, the major part of pigments consists of -carotene; organisms growing on egg media show strong
acid-fastness; occur as rods or coccoids; do not form mycelium; non-motile; aerobic; have no endo-
spore; have Gram-positive granules in the cell, but the cell itself is not stained by the Gram stain (in
early stages of growth, the whole cells may be stained as black); show positive arylsulfatase; do not
utilize sucrose as C source; growth rate is greatly different according to the species (growth after 3 days
to 4 weeks). The genus Mpycobacterium is divided into two subgenera (Table 4). The two subgenera

are differentiated from each other not only by the growth rate but also by other several characteristics.
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FRITRE OSFEOBREBEL L5 EERILT
BETHL0TH B, FEHE, KO 2T TRl
Lo\ 58 LR THIERER © B3], 5 2 [HiRR
HEOHEME] wowTili~Rs,

Bergey’s Manual of Determinative Bacteriology (55
8k (1974)% 1= X k¥, HEEE/BIX, Order Actinomy-
cetales @ Family Mpycobacteriaceae (FEEEEN B3 %,

= OFRNZIL, B—DB 37t genus Mycobacterium (4
BEE) L,

Actinomycetales DT, xbILiEDIEIL Nocardia Tl
B, Tl Mpycobacterium & Nocardia D[S LB 35
B & LT, genus Rhodococcus D 7 75 Tsukamura (3
A1)308D 25 1 % Goodfellow & Alderson (1977)12 jz x
DTRIEIN T\ B, Rhodococcus & Nocardia H3HEEH

* From the National Chubu Hospital, Obu, Aichi 474 Japan.
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Table 1. Comparison of Cell-Wall Type among
Corynebacterium, Mycobacterium, Rhodococcus,
and Nocardia
Genus Cell wall type
Corynebacterium v
Mycobacterium v
Rhodococcus v
Nocardia v

In the Type IV, the cell wall peptidoglycolipid contains
meso-2, 6-diaminopimelic acid, arabinose, galactose, glutamic
acid, glucosamine, and muramic acid. The above data were
shown by Cummins(1962)'"’, Yamaguchi(1965)**’, Lechevalier
& Lechevalier (1965)'™, Becker ef al. (1965)*, and Azuma
et al. (1968)*.

Uchida & Aida (1979)** observed that acyl type of the
glycan part of the wall of Mycobacterium, Nocardia and
Gordona was N-glycolyl type, and the formation of it in
Gordona was suppressed by the presence of glycerol.

DA ETIE, EBRC BB DIk Corynebacterium T
%o Corynebacterium 1. Actinomycetales V21X A B3, Acti-
nomycetes and Related Organisms & X} T\ % (Ber-
gey’s Manual, 1974)6,

AR CTHBEBOBHLWOLMCLL S &THE, £
WIrEEG D BT D Corynebacterium, Rhodococcus F5 X OY
Nocardia & JiRE & HKAIT 5 2 LITIZT B ISV,

1. Cell Wall Type

Corynebacterium, Mpycobacterium (JTEREE), Rhodococcus s
LU Nocardia %, Cell Wall Type IV & Fr3-23L@D
FfEEREE R Lo T D (K 1), ZDRT, MBOBEY
LERITE 2,

2. Guanine plus Cytosine Moles %

FEED AL, G+C Mol % (guanine plus cyto-
sine moles %) T#F XN %5 DNA base composition 33
HELTWAZ ERNMBIT B, Mpycobacterium, Rho-
dococcus 3 X 0% Nocardia o 3 31¥, G+C Mol % 7358
~T2DMNC LT B, —Ff, Corynebacterium % ik 52~
61E 3R, EROSHEIVENEZALHD, ZORT,
Mycobacterium, Rhodococcus %3 Y. 0% Nocardia @ 3 3 1X3T
#%C, Corynebacterium 13 _bFE 3 FH &%, & LiEhic (LB
25Dz ENHnD(EFE2),

3. Mycolic Acids

Corynebacterium, Mpycobacterium, Rhodococcus ¥s X 0% No-
cardia %, B\ IgE%E & D I Ee (chloroform-soluble
fatty acids with long, branched chains) §-7ri>bJAFE
@ mycolic acids #4474 LC\»% (BEFED mycolic acids
3, Mpycobocterium ¢ mycolic acids Zxf LT {EF & R
%), = mycolic acids DRIHLRC L>THR D,
A UBCLEBC L2 TEND D, LD T,
12, Mpycobacterium, Rhodococcus, Nocardia 0 3 FHiZ2\ T
V3, SEENCEELEZLRT, FERCESh T

W OENE F6F

Table 2. Comparison of the DNA Base Composi-
tion among Corynebacterium, Mycobacterium,
Rhodococcus, and Nocardia

Moles 9%, guanine
Genus plus cytosine References
Corynebacterium 52~61 a
Mpycobacterium 62~70 b
Rhodococcus 58~70 c
Nocardia 58~72 d

a. Yamada & Komagata (1970)*"’; Bousfield (1972)*.

b. Bonicke (1967)”; Wayne & Gross (1968)*‘”; Crombach
(1972)*.

c. Tewfik & Bradley (1967)*; Yamada & Komagata
(1970)*"; Bousfield (1972)®; Crombach (1972)!'®;
Mordarski et al. (1977)*>.

d. Bonicke (1967)”; Tarnok et al. (1967)**; Crombach
(1972)'®; McClung (1974)'* ; Mordarski et al. (1977)*%.

Remark. Tarnok et al.’* showed low values than others : 53

to 61.

Table 3. Comparison of Total Number of Carbons
in Mycolic Acids among Mycebacterium,
Rhodococcus, and Nocardia

Total number
Genus of carbons in References
mycolic acids
Mpycobacterium 60~90 Asselineau (1966)3;
Lechevalier ¢t al. (1971)16>
Rhodococcus 34~50 Alshamaony et al.(1976)V;
Azuma ef al. (1974)%;
Lanéelle et al. (1969)!%;
Yano et al. (1978)4
Gordona* 52~66 Alshamaony et al. (1976)2
Nocardia 46~58 Lanéelle et al. (1969)19;
Lechevalier et al. (1971)16;
Alshamaony et al.(1976)V;
Yano et al. (1978)43

* Gordona Tsukamura (1971)°® is now considered as a
synonym of the genus Rhodococcus (Tsukamura (1974)°";
Goodfellow & Alderson (1977)'® ). However, Alshamaony
et al. (1976)* showed that the Gordona bronchialis, G.rubra
and G. terrae have more numbers of carbons than other
rhodococci.

Remark. Kanetsuna & Bartoli (1972)'*’, Mordarska et al.
(1972)*, and Hecht & Causey (1976)'® reported a lipid
characteristic for nocardiae, LCN-A, Lipid Characteristic
for Nocardia species, type A.

B

Mycobacterium 7> mycolic acids @ jR3E$1360~90T,
30~66DMhD 3FH LITEOTBEES), ZHBEL
“C Minnikin & Goodfellow (1976)19 > review 234 %,

Tsukamura (1971)39 (%, WEgk J OV SHEL
ToERHIEAMEE OMIR A LD X T, st Mycobacterium
& Nocardia DRI T 5 BB T b0 EE L, Th
% Gordona LEy% Lic, LLEDHE, T O Rho-
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dococcus thodochrous @ type strain 23&Eh 55 & 2 b,
1B % Rhodococcus k3% T 5 & # % - (Tsukamura,
197430) , Goodfellow & Alderson(1977)12 %, Z o
2uBATD L& L b, $E3k Copnebacterium L2 Hh
TWCHEED T, FEOBEMELEIN L, E3ITRT
X 51z, Rhodococcus > mycolic acids D REHKIT34~66
EENTW 52, Alshamaony et al.(1976)V2 1z X 1,
&3k ‘rhodochrous’ complex & X i T\
acids D RFEH234~50TH », Tsukamura(1971)30
Gordona bronchialis, G. rubra ¥ Y. U% G. terrae D% 31152
~66THDOT, NLVEIRDT D, LEHDT, 0
E B Rhodococcus 2 QT B ELTE B, Tz
mycolic acids #5¢> double bonds » ¥{1%, #iE 0~ 2,
B ~ 4 THDOEDD,

4. EPEwy, E{eFayiEik

MR (Mycobacterium) &\~5 HAFEAURT X 51T,
YD R, 74 B Ziehl-
Neelsen ¥effc4id % & fuchsin TR P 5, T
Dycobacterium DR X /U TH HHY, THIEZT T 3
DOBENOELGTH I EIEEETH D, Tein b, Myco-
2 & REREMT X 0TS 3E < Te

DL, — T Nocardia 38R HiR 2R 32 & YA <
HMENT D535 THbD, Fic Gordona aurantica D % %
FRZ oo T, SRR R R U OBRERNC L Mycobacte-
rium & DR FPRLILTILEREETH 5,

% 7o Nocardia (X4 WiE % (fragmenting mycelium) %~
R ES—Do DR L IR T W BD, Mycobacterium T
LEICERETT LI D S (BIZiX, Bergey’s
Manual (1974)8), ZD X 5ic& % &, —2DMWIRTH
BT EITTITEREETH DT, LWAHLATREER
HRAMCHELT, LD TRBORFINTETH S T
Epsbinh, LasL, EEix, Comnebacterium 122\~ T
IZFEEBRRZ L0 T, U, E & L T Mycobacterium,
Rhodococcus 33 1 T° Nocardia DX BN D\NTiRR5

Mpycobacterium (Z—DDJF (genus) +FE 2 b T\ 5
7%, FERESEENEN DO BN DT kFlTE
%o Flz¥ Runyon (1959)22 1%, REREDE My-
cobacterium % Group IV L LT, KEDENLDOMND
T %, Tsukamura (1966)20 (X, Mpycobacterium
TR IR AT 207N R, Mycobacterium % 2 BT K
TEDHT ERFE L, TiohbbREREDEHE L
VB, TCATHEBRECEND DT TR, FaD
HEEEPERTIEN S D2 X RE L, RWT
Tsukamura (1967)2° %, genus Mpycobacterium %, 2D
@ subgenera Mycobacterium & Mycomycobacterium VZ. 53}
B ERRIB L, BIEL, BB ITHREOBVCHBE
IZAYL, BEIXFEEOERCHIIEEIZ X T 5, Rhodo-
coccus PIRIEZ N HETOBIZIL, £ & LT, Mycobac-

Z=E® mycolic

Mycobacterium | —Hi%

bacterium k2

nul\ th
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terium & Nocardia DX FINEIE L 7c270hy, MEEER
TeDIL, FEDEPIELHE (subgenus Mycomycobacterium)
& Nocardia DRFITH B, Te¥ieh, FHE DR TIEE
BY, TOREEEDRES DD T HENRFINES T
BT DTH D,

AT (1967) % 1%, FFH DOECHEEE & Nocardia DX
BRELLT, ¥THRRYE, WAOFED @ 2T, aryl
sulfatase 2 Y5, trimethylene diamine o N{FHis L8
CIRE LCoRMFIME, MBRTRIEY ST, —#iT,
Mpycobacterium T, ZHBHEME T, Nocardia TIL[&
WThD, £ DH, Tsukamura (1970)2% %, mannose
2D OB OFE LR FImE LGEML, HiT
bacterium & Nocardia OFENC(LE S 5)E (genus) & L
T Gordona (1% Rhodococcus) % 3R BT AR A T,
SR BHEDRIE R B AT L0, Mycobacterium,
Rhodococcus s Y. 0% Nocardia %X B3 5 IR & LT,
Tsukamura (1975)32 2BFclERFE4ITR"T, 2D
EHi, iz, Goodfellow & Alderson(1977)12 23415
TR b B Do

LT, &R4oWRodt, fkEEERDHEIOW
THPAE L TH L,

PUBEIEESAC o TR 2® ., 22T/
BEHl & - 1% Lowenstein-Jensen EZiiod & & X PIEZHIC 2
BLUCHEBLLEELZATA V77 A BREEL,
Ziehl-Neelsen Juta i Lich& & T %, HHELHN
BENY, EEOECE TSI HL B, EEDOEBWH

BE T 7 ~14AL DT 5, DL ) IeffETil,
Mycobacterium VIHIFIZFRD BN HEDIT LA E LR
MBI : 5, J7nbb fuchsin TRV RCYE B,
SIS LT Rhodococcus VIR EREDTFHERMICH % 5
T EMNS -, Nocardia \IFFHERYE ¥ 1 ISRHIRIETH B
2%, IO R E 5, IR E 20,
BE, FEARAO—HARROFBRE LR, BEAPICH
FAMETERI S B 2 & & 2 b, Corynebacterium 1%, Co-
wan and Steel (1965)® ¢ Manual & 3,
(1967)% o> Guide 1z § [FEPTEEME] LFEIR TV 228,
FEHORBR TLHMELETD Z &iliow, FRERE
i iR

Bergey’s Manual (1974)8 % Z % &, Nocardia |}, frag-
—75, Mpycobacterium

Myco-

Skerman

menting mycelium % ;R4 & i,
LERCEAERTESR TS, L LEEDRET
ik, I RER LAY & B IR O, Mycobacterium (X
BEEIREOMEARL, BRAERTI &E,

TREEIZZEC, WA D DO, RGN S D
TRSINE, DS D FEBOADRHNSH D, BIREDOE:

O“zﬁ‘ﬁ&&%%i%T““é%a"pé&wbhéo
BADHEOBZCL, film A (FA+5 2 L8
iLL 73‘, \‘h (i@@fiiﬁi %ﬂ- Do ]TZ_?'E Tsaka-
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Table 5. Comparison of pigments among Mycobacterium, Rhodococcus, and Nocardia
i No. of Color in | Absorption maxima
Genus Species strains o in n-hexane Identification
column
| tested | ; (mp)
Mycobacterium M. kansasii 3 ‘ Yellow | 425, 450, and 475 | [-Carotene
M. scrofulacevm 2 Yellow ‘ 425, 450, and 475
M. aurum 4 | Yellow | 425 450, and 475
M. phlei 1 ! Yellow | 425, 450, and 475 |
Rhodococcus LR lentifragmentus (formerly, 3 | Reddish 435, 460, and 488 A substance
Nocardia rubra) | resembling
N. coeliaca™ 1 | Reddish 435, 460, and 488 7-carotene
Nocardia N. asteroides 3 [ Reddish ' 435, 460, and 488 A substance
N. farcinica | 1 | Reddish L 435, 460, and 488 resembling
N. polychromogeres 2 Reddish , 435, 460, and 488 r-carotene

These data have been cited from Tsukamura, M. & Mizuno, S. : Kekkaku 44 : 207~210,

1969. At that time, six strains were

shown as Nocardia rubra. However, based on the progress obtained after the above paper, four strains were transferred to

the genus Rhodococcus and two strains were reclassified as Nocardia polychromogenes

37> 38)

* This strain is believed to belong to the genus Rhodococcus, but the species name is not yet given.

The pigments shown in this table are the principal pigment which was considered to contribute to the major parts of colony
pigmentation and appeared in column as a large band. Three strains of R.lentifragmentus showed a considerably large second
orange band, which showed absorption maxima at 420, 448, and 478 mp.

Table 6. Differentiation between Rhodococcus and
Nocardia by Thin-Layer Chromatography
after Incubation with 35S-Methionine

Rf values of radioactive spots
in thin-layer chromatogram

Genus ‘
i Rf 0.00 \ Rf 0.18 | Rf 1.00
Rhadococcus + i + +
Nocardia + | — —
Cited from Tsukamura, M.and Mizuno, S.:J. Gen.

Microbiol. 105 :159~160, 1978. Further studies have shown
that the spot showing the Rf value 1.00 is eluted to petroleum
ether and re-chromatography with this elute has shown only
one spot at the Rf value 1.00. This substance is considered
to be a sulfolipid which can rapidly take up sulfur atom
from methionine.

Rhodococeus 35 1 0% Nocardia TiZ, BFEOEER IR
72T\ 5 2 EbhDls,

9) 35S-methionine [y Y ALK OB s/ v~ 2T 7

4 —1Z X % Rhodococcus & Nocardia DX

Tsukamura and Mizuno(1975)3 %, 35S-methionine
LEHERER LR, BEErDb=—T =5/ —LT]
V5 A il LCHE chromatography #4775y, W/EE
OFSHERTH OB % scanning apparatus Tiiék
Lice &5 LB BSEEWEDSAH Mycobacterium
TR O pattern 27332 L& HiF Lic, ZOF
% Rhodococcus . Nocardia 2GR L TH A &, HELC
X % pattern DL Ieh0teh’, JB (genus) FE O pat-
tern PIHHN7 (K 6)%0, RbHF LW, Rhodococcus
Rf {E1.00 (BBAD front) IZRE W EiE spot A3

T

Lt py, Nocardia TR ZhpARIAL Tvic, D
spot A= —F /LT L, HOWE chromatogra-
phy TEBIJ % & Rf ffl 1.00 iCBE—D spot 23{EHh
b, T spot (%, Th A=~ T AR TH DR
B & T sulfolipid D—ETHDEEZBRD, TibDd,
Rhodococcus 1Z1%. 3%S—-methionine ¢ 35S A 3L HL D
sAte sulfolipid 23% 2 DITxf L, Nocardia Tid 2 HVR
MLT 5,

6. Mycobacterium, Rhodococcus 3 & 7U' No-

cardia OHEEFHRF

= O oWk, Tsukamura (1970, 1975)2932 33
T O¢ Tsukamura et al.(1979)38 ¢ computer [T J 5 f#Z
MOERNRE SN T B, FEDOENHIIRE (subge-
nus Mycomycobacterium) & Rhodococcus ¥ X O Nocardia 1%,
FE OB\ PIEAE (subgenus Mycobacterium) 23§ L T
WEEERC 5, FLT, 12 LHD 3FEDOF T, Rhodo-
coccus & Nocardia ® 2 ZpGE\WBRCH b, = D H,
Tsukamura (1971)39 23,  Gordona (D Rhodococcus)
% family Nocardiaceae /= Atz Z X% H/T5EE
bbb,

i Ei

Mycobacterium, Rhodococcus %s . O° Nocardia 0 3 D D&,
%, MWSERBIRC B 0, @O MBS (cel
wall Type IV) # 4%, F7- DNA »#i7 % guanine
plus cytosine moles % H (MU TH 5B, ThHD 3

i3, Wil mycolic acids #E5H T 55, FDRE
FFHuT Mycobacterium 7% 60~90 Th 5 DX L,
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Rhodococcus ¥ Nocardia 3. 30~66 THbDo

HiERME, Bk, B-galactosidase, sucrose » CYE & LT
DFIF, trimethylene diamine D[N, CJEE LTD
FIF, mannose 75 DEETSR, arylsulfatase 72 K%, =
NODBELGT DO ERRER TS S,

E 7o Mycobacterium D35 0 3 FEFK 413 B-carotene
TH BN, Rhodococcus s 1O Nocardia DEIED TR
2% y-carotene W EIBA A RTBFETH D T,
Mpycobacterium DI LT FRIcOT 5,

Rhodococcus ¥, 3S-methionine 2s & 35S 2 Ey h A ¥¢
sulfolipid % 4,023, Nocardia 1213 = SR T s 5,

Mpycobacterium JBITIRD L S ICEEHIN D,

“Type IV” ¢ cell wall &% 3%, G4Cmol %I
62~70, mycolic acids DRFHIL 60~90, FF%E b2
LD TIEBEFEDOEER; L f-carotene T 5, Ziehl-
Neelen HutCif { HigMIC Y% b, TURBLEREH » B
RERELE T4 b 520, BREBRTSC &3k,
FRMET, EBREL R, FhH Ligy, Gram Fuf
Tl% Gram (Bt OB GERIN A DR A, HEEETE
BRRTH Do FE OMIICIIE 242 Gram Gk Je
EDHT END B, arylsulfatase (LR M:, sucrose % F
Alicv, REREIHEC X OTELI R, I
W 3ATHBETHLD0D, 3~4BLETLLOE
THho FH OB CYEAE L BOCHAMEL, FBEEER
FTiel, Mook T ERITE B,
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