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Biochemical and morphological characters of M. phlei were studied on twenty strains that
were recognized as a cluster by numerical taxonomy. The results are shown in Tables 1 and
2. Morphology : Usually rough, thin, spreading colonies on Sauton agar and on egg media.
The colonies become yellow and thick after 7 days. Growth at 3 days on egg media and 3 to
4 days on Sauton agar. Nonphotochromogenic. About 20% of the test strains showed smooth
<olonies. Acid-fast rods or short rods. No mycelium formed. Non-motile.

Growth at 28°C, 37°C, 45°C and 52°C. About 209 of the test strains failed to grow at 52°C.

Three-day-arylsulfatase : Negative. Two-week-arylsulfatase : Positive. PAS degradation :
Negative. Salicylate degradation : Negative. Peroxidase : Negative. Catalase : Positive.

Nitrate reduced to nitrite.

Growth on 0.1% and 0.2% picric acid in Sauton agar : Positive. Growth on 0.2% Na-p-
aminosalicylate in Ogawa egg medium : Positive. Growth on 0.1% Na-salicylate in Ogawa egg
medium : Positive. Growth on 0.5mg./ml. NH,0H-HCl in Ogawa egg medium : Negative.
‘Growth on 10 ug./ml. thiophen-2-carbonic acid hydrazide in Ogawa egg medium : Positive.
Niacin : Negative. Amidases. Urease, nicotinamidase and pyrazinamidase : Positive. Acetamidase -
«occasionally positive. Benzamidase, isonicotinamidase, salicylamidase, allantoinase, succinam-
idase and malonamidase : Negative.

Acid formation. Only occasionally, acid formed from glucose, mannose, mannitol and
sorbitol. Usually no acid formed from galactose, arabinose, xylose, rhamnose, trehalose,
raffinose, and inositol.

Utilization of carbohydrates as sole carbon source for growth. Glucose; mannitol and
sorbitol utilized ; mannose, arabinose, trehalose and fructose usually utilized ; galactose, xylose
and sucrose occasionally utilized ; rhamnose, raffinose and inositol not utilized. Ethanol and
propanol utilized ; 1,3-and 2, 3-butylene glycols utilized by many strains; propylene glycol
utilized by some strains ; 1, 4-butylene glycol not utilized.

Utilization of organic acids as sole carbon source for growth. Acetate, succinate, malate,
pyruvate, malonate and fumarate utilized ; citrate utilized occasionally ; benzoate not utilized.
Wtilization of nitrogen compounds as sole nitrogen source for growth. L-Glutamate, acetamide,

¥ From National Sanatorium, Chubu Central Hospital, Obu, Aichi-ken, Japan.



588

‘i gaE B125

urea, pyrazinamide, nicotinamide and nitrate utilized ; nitrite utilized usually ; L-serine and
L-methionine utilized by about one half of strains ; benzamide, isonicotinamide and succinamide
not utilized. Utilization of nitrogen compounds as sole, simultaneous nitrogen and carbon
source. L-Glutamate, acetamide and trimethylene diamine utilized ; glucosamine utilized only
occasionally ; L-serine, benzamide and monoethanolamine not utilized.

Differentiation of M. phlei from other mycobacteria (identification) is done as shown in
Table 3.

Identification of M. phlei.

At present, only two mycobacterial species that can grow at 52°C are M. phlei and M.
thermoresistibile. Accordingly, M. phlei is usually identified by the following three features:
(1) growth at 52°C ; (2) utilization of acetamide as simultaneous nitrogen and carbon source ;
(3) utilization of trimethylene diamine as simultaneous nitrogen and carbon source.

As shown in this paper, there are some strains of M. phlei thet can grow at 45°C but are
unable to grow at 52°C. To differentiate this type of M. phlei from other mycobacteria capable
of growing at 45°C, M. smegmatis, M. fortuitum (a variety), M. avium and nonphotochromogens,
not only the above second and third conditions but also the following features are to be shown;

(4) growth at 45°C ; (5) negative utilization of monoethanolamine and benzamide as simultane-

ous nitrogen and carbon source ; (6) utilization of malonate as sole carbon source.
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Table 1. Physiological Characters of Mycobacterium phlei
R No. of strains ‘ No. of strains
Property showing positive | Property showing positive
feature feature

Colonial morphology Rough (16/20) | Acetamidase F (6/20)
Colonial pigmentation + (20/20) | Benzamidase - (0/20)
Photochromogenity — (0/20) | Urease +  (20/20)
Growth rate* Rapid (20/20) | Isonicotinamidase — (0/20)
Growth at 28°C + (20/20) | Nicotinamidase +  (20/20)
Growth at 37°C + (20/20) | Pyrazinamidase +  (20/20)
Growth at 45°C +  (20/20) | Salicylamidase — (0/20)
Growth at 52°C + (16/20) | Allanoinase — (0/20)
3-day-arylsulfatase — (0/20) | Succinamidase — (0/20)
2-week-arylsulfatase + (20/20) | Malonamidase — (0/20)

Nitrate reduction + (20/20) | Acid from :
Salicylate degradation — (0/20) Glucose — (2/20y
PAS degradation — (0/20) Mannose — (2/20y
Tolerance to 0.19 icric acid Galactose — 0/20)
(Sauton agar) % ® +  (20/20) Arabinose B on 20;
T Satton agary 2 Pene 2+ @0/20) | Xylose )
Growth on 0.29% Na-PAS** + (20/20) | Rhamnose - (020
Growth on 0.19 salicylate** +  (20/20) Trehalose - (0/20)
Growth on 0.5 mg/ml NH,OH** —  (0/20) Raffinose - (0/20)
Growth on 10 ug/ml thiophen-2- Inositol - (0/20)
carbonic acid hydrazide** +  (20/20) Mannitol — (2/20)
Niacin — (0/20) Sorbitol — (2/20)

* Growth at 3 days on egg media, and growth at 3 to 4 days on Sauton agar.

*+ Tested in Ogawa egg medium.

2, PPOBEKRLSETHS, A#| D 20 KK T3
(15%) MNSEHERLI
(2) 238 arylsulfatase'® |3 £#RE#: (20/20),
(8) 0.2% picric acid-Sauton agar'? iz 4k (20/
20) RET %,
(4) X#am (16/20) 1% 52°C i £F 54, P&
(4/20) 13 45°C WEHT B 52°C IITRE L\
(52°C B EERRX, Wa60, Wa40, SP-11, CDC),
(5) Gordon & Mihm? s X vt Bergey’'s Manual'®
LY, M. phlei i glucose, mannitol ¥s X X sor-
bitol 7 HEEFHRT 5 L Ih T34, bhbh DK
BTRBERE T T ORPBEHORTH Dl
(6) Bonicke® iz Xt M. phlei i 10 fd> ami-
dase m AT, urease, nicotinamidase, pyrazinamidase
DIFINBHTHALINTWS2, UED3EDEIZL
iz acetamidase [R#ED¥EM 6 £k (6/20=30%) Hot,
(7) EF® 23 M. phlei o 7EN{L&HD NC FEF|
AR L LTH4% L 7o ©i, L-glutamate, acetamide,
trimethylene diamine (TMD) @ 3 #Th 52, AT
&7 20 #kep 4 BEAS, LA EDE AT glucosamine % Ff
L, 1#i% L-serine XA L7, &5 Lcfftizdh s
7%, M. phlei OFl i3 L-glutamate, acetamide, TMD

D3EDFIATHD L\ 2 50

(8) M. phlei DK%¥ (18/20=90%) A% malonate
#C¥E & LTHA LI, malonate ¥ CJF & LTHAT
HERHBECII BN T T, M. phlei Di3hicM.
smegmatis DKEFK L M.thermoresistibile D—ifs X
O M. parafortuitum & X O TFIBINBDLTH 5o
M. fortuitum ZZh#FIALLVDOT, RHED—>
LB, (i)

ABICHEALL 20 B, WL EERL LTRE
EINTWbDTHBN, bhbhhiiRiE:EH b5 8
L7z M. phlei r RIERX 5% 27\ E#kiL malonate
XFALSE Ve L L ZROHGEERDORE I 2\ T
3, eRBE RS

(9) BELAYXLZOS, kR&mbh? glucose,
trehalose, mannitol s Y ¢ sorbitol 3 Az, ethanol,
propanol 1,3-3s X ¢ 2, 3-butylene glycols ¥ CE & L
THIA L7, glycols D CIEEL LTDFIF X, M. phlei
DIFME M. smegmatis 3s X8 M. fortuitum {Z R &
ha0T, ZThIBERLERD—DL VX 5,

Mpycobacterium phlei DREE:

M. phler 3D KRBEMN 52°C w BE L, &&Krd
b 45°C KRETHOT, AEBEIHLENESTH
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Table 2. Physiological Characters of Mycobacterium phlei

No. of strains No. of strains
Property Shov?:a% l})roesitive Property showfi"l:agt l1;3:')§itive
Utilization as sole C source for Benzoate - (0/20)
growth : Fumarate +  (18/20)
Glucose +  (20/20) Malonate +  (18/20)
Mannose +  (17/20) Utilization as N source for growth:
Galactose +  (13/20) L-Glutamate +  (20/20)
Arabinose +  (16/20) L-Serine +  (10/20)
Xylose (19/20) | 1 Methionine +  (12/20)
Rhamnose — (1/20) Acetamide +  (20/20)
Trehalose +  (16/20) Benzamide _ (0/20)
Raffinose — (0/20) Urea +  (20/20)
Inositol - (0/20) Pyrazinamide +  (20/20)
Mannitol +  (20/20) Nicotinamide +  (20/20)
Sorbitol +  (20/20) Isonicotinamide - (1/20)
Fructose +  (18/20) Succinamide — (1/20)
Sucrose +  (10/20) Nitrate +  (20/20)
Ethanol + (@020 | Nitrite +  (17/20)
Propanol +  (20/20) | ytilization as simulteneous N and
Propylene glycol F (8/20) C source for growth :
1, 3-butylene glycol +  (16/20) L-Glutamate +  (20/20)
1, 4-butylene glycol — (1/20) L-Serine — (0/20)
2, 3-butylene glycol +  (16/20) Glucosamine-HCl F (4/20)
Acetate +  (20/20) Acetamide +  (20/20)
Citrate T (4/20) Benzamide —  (0/20)
Succinate +  (20/20) Monoethanolamine — (0/20)
Malate +  (20/20) Trimethylene diamine +  (20/20)
Pyruvate +  (20/20)
Table 3. Differentiation of Mpycobacterium phlei from Other Mycobacteria
(Identification of Mpycobacterium phlei)
No. of strains showing positive feature
No. of
strains ‘ Character
tosea | Grogth | ASYE neianine Growmn ["selaine Pramite| maonete
source source source source
M. phlei 20 16 20 20 20 0 0 18
M. thermoresistibile 44 39 0 0 44 0 0 13
M. smegmatis 24 0 24 24 24 23 23 22
M. fortuitum* 63 0 61 63 63 63 0 0
M. avium 14 0 0 0 10 0 0 0
Nonphotochromogens 48 0 0 0 22 0 0 0

* Only M. fortuitum strains that can grow at 45C are shown in this table.

5o MIMET 45°C LRETHHEMEIREIN BN 5T KD M. phlei 13 52°C  RE T 5D T, M. phlei

B %o ORI LR 3 EROEH TER+HTH 5o LIt
BiEREEN 52°C I HEF T, 52°C REEIL M. phlei DT M. phlei FED 3 KERE LTO¥D 3 HxdbiS

& M. thermoresistibile D 2D AR TH BN D, O 5 %o (1) 52°C &%, (2) acetamide % NC JFEx L

LHEHFIUL L o M. phlei 1% acetamide ¢ TMD T+ 5, (3) TMD % NC %2 LTHEF 5,

% NC Fx UTFIET 5M, M. thermoresistibile (35| AR LIcZ L M. phlei DLIMA 52°C wRE

FALRWDT, WEDRINIBES THS, ((3) TorbFTitel, FRik 45°C TLAREF L b
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bbo TOXSIHKERAET HRIXILTETOREY
BT AUNENSE B, £ 3k 45°C Ll LI RBFAEED
PR —E Ll 3 R T Z &< M. phlei, M
thermoresistibile DiZHC, M. smegmatis, M. fortu-
tum O—3R, M. avium, nonphotochromogens (Run-
yon's group M) DO—¥ Y 45°C RET %, Thb
M. phlei %[X 33 %512i%, monoethanolamine (MEA)
+ bénzamide o NC g+ LTOF|fA% X ¢ malonate
OCEELLTOFAEHTIIIL V. RIRTIEL
M. smegmatis 3 X 08 M. fortuitum |3 MEA % NC
FrLTHAT S, ZDEMNIC M. smegmatis (L benz-
amide #FIAT 5mT M. phlei [ XHZh, M. fortu-
“um 1% malonate % CyE & LTHIE L e\ A CRKAIX
NDe ZDEM M. fortuitum [ZIIBEHTRXBITE B4
BRitERMNH 5®, M. avium ¥ X O nonphotochromo-
gens [IXEBHE L, acetamide sk r TMD » NC
FrLTHFIBALAWL, *7- malonate 3 CiE& L THI
BALAEVWOTEIIESHICTE %,

Bonicke® ¢ amidase pattern (IHFEEE © [ EICHK
LEREHED—2>ThH BN, M. phlei DFIE CIX L
FLABRTREERY 5 278\ o M. phlei 1% urease,
nicotinamidase 33 X ¢\ pyrzinamidase [E{4:Th %53,
M. thermoresistibile, M. smegmatis 35X 08 M. fortu-
itum PEURIEH G2 %o 2L b M. smegmatis (%
Z D% » 1= benzamidase, isonicotinamidase ¥ X 8
succinamidase {HEELD TEHICEFTE 5, LrL
M. fortuitum ¥ ORXFNILT LIBH TV —HIC
M. fortuitum ¥ acetamidase ) allantoinase 3 [5Gt
ThHMN, M. phlei T3 acetamidase BE¥ED 4 DAL
h(Wa40, Wa289, Trudeau, SP-11, CDC, {=#fD 6
®), M. fortuitum T3 allantoinase % /K< b O 24
6T hBHe Lichi>T, amidase pattern 72Tl
WEYXFTEIEE Db Do M. phlei & M. ther-
moresistibile ) |3[i— amidase pattern T3 DX 7|
LTEi\,

e 7THEDON{LEHO NC Fr LToFIAORT,
REEOEVHBEOR S B LVCRAECE LD TEHATSH
%o ZDHERDWTULHIT LA, BT ETIR
RhHBDTABFTEM LI BEHEEZSPEDI £
Th 2,

HpEesy KH,PO, 0.5g; MgSO,-7H,0 0.5g;
WRER (R Eixsm), 20.0g; &Pk 1,000
ml, ZhIZD>EDNLEHD 1 D% o Sodium L-
glutamate 3.4 g/l (k¥ &LmEMTIE 4.0g/)) 5 L-
serine 2.1g/l; glucosamine-HCl 2.5g/l; acetami-
de, 1.2g/l; benzamide 2.4 g/l ; monoethanolamine
(MEA) 6.1g/l; trimethylene diamine (TMD) 7.4
gll, Thebbii O5H ik 0.02M, o2 0.1M
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DEIEGTH Do HD 2HIKETSH 3 7 b BFEHTH
Do LD 7 OB, N{L A% Fn L7g\ control
N T8 MDA —M LT 5, 10% KOH %#hnx <
g pH % 7.0 L LT, 8ml FohABREICHEL
T, 115°C 30 4#ESWET %o 7272 L glucosamine »
AT BEREY T 5 LA EE il {td
oc, 100°C 15 42 Ao MREE LT 5. BWEXKD
B fmct b 5, ULo 81 o, I
e RE LY 1 BB T oL T 37°C i
%15, B&H X /ME 3.5mm, BE 2.0mm DL D
WD, BROIVWIERYFHEICLLIENRLS
CHEET D, 28#IC control L L THOLMCHEE
RTHLORFIABEL TS (BE O BB TR 48
BIZHIET B), control EUC IFEBEXITLA LRDT
REOBEDOHEIPARCIT N 5, FEE D 1~2
B oWwT—ET A LTEL LHBRESHTH %o

# @

Numerical classification & X > CTHEINA 20 kk
@ Mycobacterium phlei DMK % IFTHE L7z,

M. phlei oE%Ex (1) 52°C %%, (2) acetamide
» NC FHr L To FIA,
DONCFEEL LTOFAD 3R X W 1T\ 5 %o LD
L M. phlei orpicit 52°C @ RKF TEX /T, 45°C 12
LORETERVS DS B, DX 5 IE% M. phlei
rRAET AR, ko (2), (3) piErk, (4)
monoethanolamine 33 ) {¢ benzamide % NC & LT
FIA LAz 2k, (5) malonate % CiRE & LTFIAT
B ERTERTIUTIV 2L, (5)DHRITLAT
(B Q74T

(3) trimethylene diamine

.
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