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KépplerD~® and other several investigators®~® reported that determination of esterases activity
in mycobacteria is useful for differentiation of mycobacteria. KapplerD reported that both
esterases activity were shown in M. tuberculosis, M. bovis and M. phlei, none in M. kansasii,
M. mavinum, M. fortuitum and M. smegmatis, and the alpha-esterase was always shown in
M. avium and the Battey bacilli but the beta-esterase varied from strain to strain in these
organisms. Recently, Kippler?® reported on the esterases activity of various mycobacterial
species proposed recently as new species, using one (or two) representative (s) for each species.
His results suggested that the determination of these enzymes be useful for differentiation of
mycobacteria. Thus, the purpose of the present study is to make a more extensive study
on the usefulness of the determination of esterases activity for the taxonomy of mycobac-

teria.

Methods

The methods used by Kiappler? were applied to the present study, but commercial products
of acetyl-alpha- or beta-naphthylamines (Tokyo Kasei Co., Tokyo) were used as substrates,
though Kappler used those prepared in his laboratory.

The presence of naphthylamines were shown by the Riegler’s reagent, in which p-nitro—

aniline was used as a component.
Results

The results obtained are shown in Tables 2 and 3. The results were in most cases in
agreement with those of Kappler?~®, but some discrepancies were observed. The following

conclusions were obtained.
Conclusion

1) M. tuberculosis and M. bovis show a strong alpha-esterase activity and a weak beta-
esterase activity.

2) M. kansasit and M. marinum show no alpha-esterase but a weak or moderate beta—
esterase activity.

3) Both M. scvofulaceum and M. gordonae (tap water scotochromogens) show strong
alpha- and beta-esterases activity.

4) M. avium and M. intracellulave, which are pathogenic for human and animals, show

* From the National Sanatorium, Chubu Chest Hospital, Obu, Aichi-Prefecture 474 Japan.
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strong alpha- and beta-esterases activity, whereas M. nonchromogenicum, M. novum, M. terrae

and M. triviale, which are nonpathogenic, are heterogeneous in respect to the esterases activity

and show usually a negative reaction in alpha-esterase activity and a weak or moderate beta-

esterase activity.

M. gastri, a nonpathogen, shows no activity of both esterases.

5) Group IV is divided into the following subgroups in respect to the esterases activity.

a) M. phlei, M. thermoresistibile and M. chitae show a weak or moderate activity of both

esterases.

b) M. fortuitum, M. abscessus, M. vaccae, M. parafortuitum and M. aurum usually show

a negative reaction in alpha-esterase activity, but a positive reaction in beta-esterase activity.

c) M. smegmalis,

esterases activity.

M. thamnopheos and M. rhodesize show a negative reaction in both

d) M. borstelense shows a moderately positive reaction in alpha-esterase activity and a

strongly positive reaction in beta-esterase activity.

6) The test of esterases activity seems to be useful for the differentiation of species of

the genus Gordona,

related to the genus Mpycobacterium.

a genus recently proposed as a new genus and taxonomically closely

KapplerD (33 FAE D a-%5 X O° B-acetyl-naphthyla-
mine-esterases ¥E¢: % Jl € L, M. tuberculosis, M.
bovis B LY M. phlei 3L b (+), M. avium ¥
X 0 Group III Battey |3 a-esterase (+) C, P-
esterase [3EIHRIC & RE, Group II |32 7R~ 4%, Group
IV 1% B-esterase ® & (+), M. kansasii, M. smeg-
matis, M. fortuitum I3 X 00 M. marinum (3% & b
(=) ThHBHERE L. TDH, Kappler?® 134 <

DEEBCOWT IR ELZ 2HTHL DT, DL
BOBEHRC ORI e 257 5 T e E LW
LRbhbe AL, ThiANE LTTkbhic

7t % Kappler ® 3 2> 12, Cann & Willox®, Naka-
yama & Takeya® 33 & {8 Nakayama® |} esterase
zymograms 7\ Group IV HiBAE ORIGCHEHTHH =
LEREL T D,

DPELET D esterase JEM: 2 IE LT, esterase JIEMN e S
HRE DR SICAEIChHD LR~ T BA, R R LRI RORTHED T, Sh b OBEEDO K
Table 1. Expression of Esterase Activity
al(p:ggif;;ﬁ?ﬁi;g rggn e! Colouring Description b g:’}ggggit;‘f;n%g e Colouring Deséription
0~2.5 pg/ml No colouring — 0~2.5 pg/ml No colouring —
5 Doubtful — 5 Doubtful —
10 Faintly violet + 10 Faintly pink +
20~30 Violet A 20~30 Pinkish +H
40~50 or more Strongly violet A 40~50 or more Reddish H-

The method used is as follows

1) Mix 0.5m!/ of bacterial suspension (*1), 0.5m! of phosphate buffer (*2) and 0.5m! of substrate solution (*3),
and incubate at 37C for 4 hours (at 28C for M. marinum and M. borstelense).

2) Add 1.0ml of acetate-acetic acid buffer (*4) and 1.0ml of the Riegler reagent (*5), and observe the colour.

For colouring of the standard alpha- or beta-naphthylamine solutions, substitute the standard solution for

the substrate solution.
standard solution.

The concentrations shown in table are not final concentrations but those of the

(*1) Bacterial suspension, 20 mg moist weight/m! saline.

(*2) 0.132M phosphate buffer (pH 6.6).

(*3) A=0.03M acetyl-alpha- or beta-naphthylamine solution in 96% ethanol.

B=1% Tween 80 solution. The

substrate solution is a mixture of 1 volume of A and 3 volumes of B.

(*4) 1M sodium acetate-acetic acid buffer (pH 4.5).

(*5) For preparation of the Riegler reagent, add 1g of p-nitro-aniline in 20 m! of distilled water, add then

3ml of concentrated HCl and dissolve by heating.
20m! of a 2.5% NaNO, solution.

To this, add 160 m/ of warm water.
The reagent is prepared at every experiment.

After cooling, add
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Table 2. Alpha- and Beta-esterases Activity of
Various Species of the Genus Mycobacterium
and the Genus Gordona
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Table 3. Alpha- and Beta-esterases Activity of
Various Species of the Genus Mycobactevium
and the Genus Gordona

No. of strgierfsc esizav%?ngfthe
Species strains | positive reaction*
tested | Alpha- Beta-
_ | esterase | esterase
M. tuberculosis 10 10 10
M. bovis 10 10 10
M. microti 1 1 1
M. kansasii 20 3 20
M. marinum 18 3 16'
M. scvofulaceum 20 20 20
oy 28 | 28| 28
M. avium 15 15 15
M. intracellulare 29 29 29
M. nonchromogenicum 39 10 27
M. novum 20 3 19
M. terrae 15 1 11
M. triviale 22 9 22
M. gastri 8 0
M. flavescens 9 8 9
M. thermoresistidile 10 10 10
M. chitae 4 4 4
M. phlei 15 15 15
M. diernhoferi 1 1 1
M. abscessus 10 0 10
M. borstelense 28 28 28
M. fortuitum 15 1 15
M. rhodesiae 13 0 0
M. parvafortuitum 6 1 6
M. avrum 38 11 36
M. vaccae 7 0 7
M. thamnopheos 2 0 0
M. smegmatis 15 0 2
“M.” vhodochrous 6 0 0
G. bronchialis 25 0 24
G. rubra 10 2 10
G. terrae 10 9 8
G. aurantiaca 4 0 4

* The term “positive” means the presence of 10 zg/ml or
more of alpha- or beta-naphthylamine.

L DREC O TN R L,
a-Acetyl-naphthylamine esterase ()| a-esterase
LR %8 L O B-acetyl-naphthylamine esterase ()
T B-esterase LUEFR) DOUEEIIKRDOHEY THbo
1. EHYE - WikRR 1% /N 1B T 3T°C I Rg R L
(M. borstelense %5 X 08 M. marinum 13 28°C), FH L
T Z AEH T Lo CREEBEARKCEES e, b
P U BiE Uic kil 2 FI L ¢, 1RER 20 mg/ml
DR ENETe BIROEIIC S W LTk, BRFETE

Number of strains
showing reaction*
Species cstirase osterase
[l = |
M. tuberculosis ‘ 10 10
M. bovis 10 10
M. microti 1 1
M. kansasii 17 3 16| 4
M. marinum 15| 3 2 5| 9] 2
M. scrofulaceum 20 711 3'13| 4
M gordonee e waier |55 ) | 18] 7
M. avium 1|14 13| 2
M. intracellulare 128 1 5(23
M. nonchvomogenicum 29| 9| 1 12112(12| 3
M. novum 17 2] 1 1| 8| 5/ 6
M. terrae 14 1 4] 6| 4| 1
M. triviale 13| 5| 4 12| 3| 7
M. gastri 8 71
M. flavescens (ATCC 1 1
14474)

M. flavescens ¥ 8 8
M. theymoresistibile 119 19
M. chitae 3 1 3 1
M. phlei 4111 13| 2
M. diernhoferi 1 1
M. abscessus 10 4
M. borstelense 3111|14 28
M. fortuitum 14| 1 5|10
M. rhodesiae 13 13
M. parafortuitum 5/ 1 1) 3| 2
M. aurum 27| 91 2 21 7/10|19
M. vaccae 7 3 4
M. thamnopheos 2 2
M. smegmatis 15 | 13| 2
“M.” vhodochrous 6
G. bronchialis 25 3121
G. rubra 8 8| 2
G. terrae 1 1] 3, 5| 2 4/ 1] 3
G. aurantiaca 4 | 4

* As to the criteria of the reaction of esterases activity,
refer to Table 1.

# These strains were identified in this laboratory, but
it was found in this study that, unlike the strain ATCC
14474 (type) of M. flavescens, these show a strongly
positive alpha-esterase activity.

Dl HRRBERC 2T VO THE B b L
Wk A, Group IV ¢z 7 H, Group I, II,

I 13 2~3 38, BEEIL 3 HE Lico M. intracellulare
OFCIFEBEOEVCSONHHDT, DL 5EETIE
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BEARY 4B L,

2. BEFERIEETY « Sorensen B R 4% # ¥ (0.132 M)
pH 6.6 Zf#H L7,

3. HEW

(a) a-esterase JHI'EHAEW + N-acetyl-a-naph-
thylamine (M.W. 185.2) % 96% ethanol WEfiEL
T, 0.03M ¥ L35 OREICBRATIE 4 BERTID .
Blc 1% Tween 80 % fEY, RiZ 1 BLEESHY
HFhe TREEKEL T 5,

(b) Pp-esterase JIEFAFE Y : N-acetyl-f-naph-
thylamine (M. W. 185.2) % 969 ethanol I{Efi#L C,
0.03M ¥ &35, ZDW1LAKE 1% Tween 80 I 3 &
T hbECIERE T 50 ‘

4. FEFAREMTHR - 1M EREE Na - BREREE L (pH 4.5)
RV 5,

5. Riegler 243K : 20 m! » FK&Kic 1g O p-nit-
roaniline %%, X5 3ml O HCl 2 inx Tinzk
BT 5o S hic 160 ml OBKE N 5o LILOWE
WHIL 78, 2.5% NaNO, K¥FHK 20 ml Z¥RINd %,
Z ORFEIEEFHRT 5,

6. FE#EW : a-naphthylamine s X {8 f-naphthyla-
mine JKIFWK T, ROEEEDOW A5, 0, 2.5, 5, 10,
20, 30, 40, 50 pg/ml,

EWEHE
BT 0.5 ml
BER R R 0.5 ml
B 0.5 m]

U ExEA LT, 37°C (M. marinum ¥ L% M.
borstelense 3. 28°C) D7 T v BT 4 FEEIR2. WA
i, B ORI LR E AV S,

4B, BBELZ L VELT,

[ E230ip 1.0 m]
Riegler 33K 1.0 m!
%iﬁ%fm';Z)o

a-esterase ¥ 7% P-esterase 23 [ ¥ C H hiT,
acetyl-a- % 7:1% B-naphthylamine 2373 & b C st
D a- ik B-naphthylamine 234: U% D¢, Zhnt
BEFRRREIR DFLED b & C Riegler BIEL KIG L Tk
e LRADEERRT,

FEAEYS D eI L, @~ Ffolk B-naphthylamine ¥
wEEEIR ORI H -, B A AR AR 2 TR
WCHRE LRGBS 5, BRGNS, iEhiefik
50 L LA AMELTHOERIEDL Do

FIEIEHEIIER 1R Lico 1 OB ER O
a- ¥ 713 PB-naphthylamine B4 R34 DT, RD
HERIBETIZe

FlefE bk () ¥k (=) O 2orEST 5B
1%, ROFEEEW LDt

B OHATE H2F

FEAEE DYRIE 0~5 pg/ml W ILHET 5 B OBHE (—)
BAER DYRIE 10 pg/ml Ll B TUHT 5 B OB E
(+)
i U733 « acetyl-a- # %% B-naphthylamine
(LR, ), e~ % o3 B-naphthylamine (N-
1-naphthylacetamide # 7~} N-2-naphthylacetamide)
(rifest, KBR), Tween 80 (Frilfbsr, Ko
7¢ % Képpler? i acetyl-a- & 7o 1% B-naphthyla-
mines % HEHME L THWTWBD, bhubhuk EiLo
X5, HREEOS A A\, ¥ 7 Képplerh Dy
e Riegel 33K L 5 5 DI, Riegler HFEDFR D T

- » b, FikscHd Nitraniline k% 5 D% p-nitro-aniline

‘& % (Kippler #4[2),
ERRERELUEE

AT E 2 BLOESIC—FE L1,

Kappler) o 1965 4E @ #§ 4121k, M. tuberculosis,
M. bovis, M. kansasii, M. marinum, M. avium, M.
phlei, M. fortuitum, M. thamnopheos 33 . O M. smeg-
matis DFUENFLHINTW5HD, bhbh O FE 1k
M. fortuitum Z T3\ o\ Képpler r [{—ThD
Too RWNT Képpler?) 3R 4 DBEFEIC DLW T DR,
BaRRL B, ZOWMETIERHGOEET O
T1IBRICT LOERI N T Wit v O & &
Képpler?® DOpiffia &b & RORE SN A BN D,

(i) Kappler 13 M. scrofulaceum 2 B>\ TH
LT a- BXU B-esterase & H1C (—) & LT 57,
bbb OFEFTTIL 20 Hréthkh a- s XU B-esterase
(H)Thbo

(ii) Kappler 13 M. nonchromogenicum (M. terrae
Tsukamura), M. novum, M. tarrae (Wayne) o 1
HTFori 1L ¢, B2t a- IO B-esterase L 3
@ (=), M. terrae 3. [f-esterase (+) CHEEI b L
LTWwhoe UL, bhbhORFTE, HERERIIL
FRFR 39, 20, 15 #T, 3 EifE L 4, esterase JH{IC
DOWTILE B E B CHBEEN kK L, esterase JEE:TT
NHERTHZ LR TE R EBbhic,

(iii) M. borstelense iz>\~C Kappler |} a-esterase:
(=), B-esterase (+) & LT\ 5%, i O FLHET
TRMEE L (+)TH Dok = DA, Kippler O
L7z ATCC Brizbhibh bR ATCC 7 6 ZHL
T LI DN RIS DT\ B DT, HED acetyl-
a- ¥ 7213 B-naphthylamine 76 (Kéappler 13 H 581,
bR LEE) L 25b 5 %,

(iv) M. parafortuitum >\~ T Kiappler |3 iij &
(=) L LTw3Bd, bhbh O K Tk a-esterase
(=), B-esterase (+) THD%

bhbh DR HILROER 2315 D h, esterases
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DIELHIRE DK G HA 75 70— & Bhbhic,
s El

(1) M. tuberculosis s X 0% M. bovis |3, «-este-
rase (), B-esterase (+) THH & LI M, M. mic-
rvoti (1#RD2) A URIERR Lo

(2) Group I @ M. kansasii ¥ 500 M. marinum
%, a-esterase (—), B-esterase (+)~(H) THo%,

(38) Group II @ M. scrofulaceum %3 X 08 M. gor-

donae (tap water scotochromogens) |}, «-esterase

(H)~P), B-esterase (H)~{i) TliZ L & i< Eik
DR

(4) Group III CREFEM:DEIC X2 TEHAE
DRI Do WRIFEMED M. avium ¥ Y. O M. intracellulare
%, a-esterase (), P-esterase (#t) TH v, HEH &
HITTEMEDTH . Lo LIEKTRIE D M. nonchvomogeni-
cum, M. novum, M. terrae s X 0% M. triviale ;—pg
1T esterase {EM:N EEOFEROL DL DL, Kk
DRI S EHRENK & Wy M. gastri |3 esterase FE:
255, MEL D (=) THAH,

(5) M. flavescens ATCC 14474 13 c-esterase (—),
B-esterase (1) TH %2, bbb IEE i 5 5
BEL CRIE LB, a-esterase 35X (% B-esterase &
I () THor,

(6) Group IV {233 L £ D 3BEHCHIT 5 = &
T& %o ,

(a) M. phlei, M. thermoresistibile, M. chitae 13
a-esterase (+)~(H), B-esterase (+)~(H) T %
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& Bk,
(b) M. fortuitum, M. abscessus, M. vaccae, M.

barafortuitum, M. aurum |} «a-esterase (—), fB-
esterase (+)~({H)o

(c) M. smegmatis, M. thamnopheos, M.rhodesiae
BHFE B (<)o

7od M. borstelense 3. a-esterase (H)~(h), B-
esterase () TH b, esterase {EMIC X v M. abscessus
ERPITE D X 5w Bbhk,

(7) Gordona &% “Mycobacterium” rhodochrous
EWEE B (—), G. bronchialis 33 X 0° G. rubra 3.
a-esterase (—), P-esterase (+)~(H), G. terrvae 1%
WL e ()~ Thote, G. aurantiaca 3 a—
esterase (—), [B-esterase (+) THOlc,

X [N
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