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ACID-PHOSPHATASE ACTIVITY OF MYCOBACTERIA
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Acid-phosphatase activity of various types of mycobacteria was examined using p-nitro-
phenyl phosphate as substrate, particularly with respect to intensity, optimal pH, and stability
to heating.

Test strains of mycobacteria were 8 strains of M. fuberculosis, 2 of M. bovis, 9 of M. kan-
sasii including M. balnei, 4 of Schotochromogen, 5 of Nonphotochromogen, 5 of M. avium, 2 of
M. fortuitum, 1 of M. phlei, and 1 of M. smegmatis. The reaction was conducted in the mix-
ture of 4ml of 0.1 M of acetate buffer, 0.1ml of 0.59% p-nitrophenyl phosphate solution, and
0.5ml of bacillary suspension. After incubation at 40°C for 1 hour, the reaction was stopped
by adding 0.5ml 1N NaOH and the color of liberated p-nitrophenol was developed simultaneous-
ly. The optical density of the supernatant of this reaction mixture was measured by Coleman
spectrophotometer set at 420 mu with the control tube added with 1N NaOH at 0 time. From
the standard curve, the absolute amount (mcg) of liberated p-nitrophenol was calculated. For
the heat-inactivation test, the tube of bacillary suspension was immersed into water bath
maintained at designed temperature. After 10, 20 and 30 minutes, a portion of the suspension
was pipetted out and its 0.1ml was put into the tubes where other constituents for the reaction
had already been arranged in the optimal pH. Bacillary suspension was prepared mostly from
the growth on the slants of Ogawa glycerol egg medium. The amount of bacilli needed for
the reaction must be more than 10 mg in semi-dried weight.

For the examination of optimal pH, the reactions with the same amount of bacilli were
conducted in 11 different pH ranging from 3.5 to 6.5 (10 acetate buffer solutions and 1 maleic
acid buffer solution). Regarding the amount of liberated p-nitrophenol in the tube of the
highest reaction intensity as 100, a pH curve of the activity was pictured by dotting % activity
in each pH for each type of mycobacteria. They are shown in Fig. 1. Concerning heat-inacti-
vation test the amount of p-nitrophenol liberated by pre-heating bacilli was regarded as 100,
and an inactivation curve was pictured by %; activity in 10, 20 and 30 minutes for each temper-
ature (Fig. 2 and 3). Basing upon these results, a simplified type-classification table for
mycobacteria was presented as a tentative plan as Table 2.

M. tuberculosis and M. bovis can be easily separated from other types of mycobacteria by
their high activity at pH 6.0 to 6.5, and slight activity at pH 5.0, and no activity at pH 3.5.
M. kansasii is also easily differentiated from other types by its high activity at any pH and
also by its remarkable heat-stability at 70°C and 80°C.  Other three types of ‘‘atypical myco-
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bacteria’ (Nonphotochromogen, M. avium, and Schotochromogen) are distinct from others in
that they have optimal pH in the range from 3.5 to 4.0. However, the classification among
these three types is not so easy, and we must take account of the activating phenomenon at
60°C for 10 minutes in M. avium and the inactivation at 70°C in M. avium and nonphotochro-
mogen. M. fortuitum has a particular pH curve which appears like a combination of tendency

of M. phlei and that of nonphotochromogen, and the activity is perfectly inactivated at 70°C for
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10 minutes.

M. phlei has a high activity in a relatively narrow range of pH level centering

on pH 5.0, but it is rather stable against heating at 70°C.

This table should be further made precise and modified by examination of more strains,

but it will be of some help to the work of type-classification of mycobacteria in combination

with other test methods.

As the collateral findings of this work, the following two facts were made clear ; the

enzymatic activity of this kind can not express the difference in virulence between H 37 Rv and

H 37 Ra, and this enzyme of H37 Ra is a ‘‘particulate enzyme’’.

BFIIT, SRR S BT - GO phos-
phatase JE{E B oWTHAELY, ThITMENR Mg
DEGHT BRIGEBEDO—>TH % L3k Uico —7,
COEREFHELT, S PYHKETOMRAEEE L LD
v, ¥ DR ) LEkE phosphatase JiE{E & D B fRiz
DWT LB R TR0t & LR & W5 i H T
Bicit, H37Rv #: & H37Ra ¥k & dfE, % %\ 1 Rave-
nel #k& BCG #h & DMIOEIZED, 0 X5 RERE
Mz Lo TENI NS D7, BERRD D EHF 2T
LaL, TOFBDRBIINIIL I LILB 2007,

ZIT, FEFHEIPERER PR E O AT TG
OME, Fi pH, it oWTLERL, Il
A B DAY RS~ Wt wfel e at,
ZOFERIPIBE N FEO—INcish 524D EEZLR
oo TOM, FEROFEITLHLD, FHM TR I
THITichh, PEESHEOMTFR & LTI Cicid
I Nfco FRERBEENERC IR TR U TR0,
acid phosphomonoesterase JEM:E D Hifiie &5 p T 4k
HTH Do bIbNDIA S & i L CHBeo 8
DBEEP LU T,

EERMHE & FE

HEERET ¢ fBIH & L ik H37Rv, H37Ra, H37Rv IN-
HR, H2, H2 SM-R, H2 SM-D (streptomycin {K#FH#
18b), H2 INH-R, H2 CM-R (chloramphenicol [
#); 48U & U Ravenel #, BCG #; M. kansasii
(photochromogen) r 1L -C P1, P4, P8, P18, P24,
P26, skH:#k, B 71#:, M. balnei; Schotochromo-
gen r1C P6, P19, P34, HH#k; Nonphotochro-
mogen »1C P39, P41, P47, P55, 121326; M.
avium r L C Kirchberg, 4121, 4 #& 59, Flamingo,
MC; M. fortuitum &1 335 & 226; *hic M.

phlei 35 X% M. smegmatis i\ foo 70k, FEE D
—ffic, H37Ra BRA:ES & 0 BT o iE® U oMb
gy, TRy, TRRS %S AT,

TEMEREIIE: © MR & L C 0. 1 BI%E DEEE buffer,
FE L L 0.5 9% p-nitrophenyl phosphate (Na i),
FASRIR & U CRZRBIKIFRI 2 W CRIG 21T 7o Do
40°C T 1 MK tRIc, 1 8@ NaOH & TRJE
#fEie L, HEHEL 7= p-nitrophenol %% i L &
oo SOOI B % 420 mu 1z set L7 Coleman Yt
wHEOFtCHAERL, B DR v BmE L
o TDERO0ERT NaOH % jnx 7oilBAE 26 IF &
Lico FIEFRIL, #EEHK 4.0ml, L 0.1ml, K
0.5ml, ZULCKEEILDIHo 1N NaOH 1 0.5 ml
IR TH o708, FERCIE U TEDEBME hiclia
Ld b & LITHEEES AV A X, BER 0.8
ml, JESIENER 0.1ml, FE 0.1ml ZJHy, 0.1N
NaOH 4 mi % CRIEEEF e LT,

TR © © DI, ISR T A Ak
el BRI AER S hickKiBie Ak, —ERHEZ &
CZD—ifiZ €~y P TRIEL, I THESh TS
BEFRA I Feo

BT « BEaR o p T E R NI S IR B s (R
1 %1z KHPO, % 5%5) IR FFS T 53 D TH
D, EEWAICHEEY LEEL T, Zobo X hERIT
TR K B i 2 B U C Bk L #co Schotochro-
mogen, Nonphotochromogen, M. avium [Z/&3 5
BRI, RER LCREK e TRET 20
BT X GHEEDDL B, ThicTE HIgREL D,
fBDOBEFRDOB L, KERAD a2 v 2HCLF
IRECTHIKE Lo thiboZ 24, ABUEE, 42V,
photochromogen, M. phlei A TIHEMEEEIIL D B
DT, KIGICHIERE R 10~50 mg TH 305,
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—J7, p-nitrophenol WEYLEE OREEHE AR DO ERH 1L
JEAE E 0T, FMIRIEDOME 1G5 Dt 2 fE
DLEOEHEHR D Z D E ZLETH O, T,

BRI T 5 Wiy,  Sauton A Bo
FB IR TR U7ORAECEHE L TH Vo

£ B K #&

1) Z=# pH e oW CoRG : WE oy B a BE RSN
TITe 5 856y, BACIRUETIT/R S X0 b, BEI/RET
FEHNTHEINBEHTHY, TREBENTLEH D, D
FURT, [AfE: phosphatase JEPRIC I 2% pH A
B LR D DOENE E TR Lice PH 3.5 X
h pPH6.22 im\v7e B A7 < & b 10fED 0.1 M Rk
buffer 1z, Xbic pH6.5 D 0.1 M = 1 1 Vit buffer
X T, % pH ekl 2L chZhm—mEx i
W HIE Utco TEMEDRT & CHAERICAEY TH o
TG EEIE, TORBREOLEELI D L THREL,
La%DbR—EEC X 2 RISHECRTL 7o REmRIE
fii, T7cb%, WHEX hic p-nitrophenol © mecg D
EfE% 100 L Lca o, o pH ki) 2 %iEnE
% b D CIEMEIEA 220, Fig. 1 imiRLi,

OO E L CE I DOR D HTRE & D 2
bhbe 1L, Zhboihfiic X o TEEEE O KIE
DI FHEST 5 LIXTE .

LIRS 0% 2 EE B M. bovis, M. avi-
um %, BlfEd M. tuberculosis (ABUfEREE) & Hols
L Fig. 1-a* 1z78 L T B 52, M. tuberculosis
M. bovis 1@ 10 i3 R CE— <% — v %R, pH
6.0 I EMEIEH D, pH 6.5 12k T HHWRIG
wARTH, PHL.0 i/ iuiiEHk &b Ty,
VIEE N B D7 e b D TH Do ZhIZXL,

Fig. 1.
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BRI s ke bEM pH &2 3.5 om0 e & b,
PH 5.0 @&\ OISR E D THEITH D, pHE.S
B WTCIEL ERIETH 5o ZOBMED 2 — /1%
Fig. 1—'b, Fig. 1-¢ z/rX T~ % Nonphotochromo-
gen, Schotochromogen *[#HD & DTH>T, 7> T
MEEO—o LEL LRI ORI, L5 “atypi-
cal mycobacteria” DHICABLRETH S &\ 5 BLAE
Do EEYR, EROFRESI R L T %,
chromogen D i, AR WTEDHEED Rt %
LDONADTWHEND BN, Bl ik P47 & P4l
e LT, pH3.5 X pH6.5 1Chld CREIE
MWD DA% — v O X ¥ v 72, Schotochro-
mogen ¥ M. avium % Nonphotochromogen o HrfH]
IR B8 — v THBHH, TDXD T2 —vDOERBI
a5, M. avium, Nonphotochromogen, Schoto-
chromogen ZMENTE 503d 5 &, WERKE O 43
WidHy, SHCHELSO LT BT LHRAT 28
B Bo T kic, WEENOLINIERR &£ 2= T D
FEERERITIE U S 5L O TRIFIUERD 7o v hs B,
M. tuberculosis * M. bovis % pH 6.0~6.5 THi\»
KIEndH v, M. avium, Nonphotochromogen, Schoto-
chromogen X2 Z TG/, —Jf, pH3.5~4.0 1=
BWTX L DU FRDOKILT % A DHEHRTNET
HH5. LinLuwituce X, ZhbIFERPmE 3
WAL, 2hboFE# pH ik T b RIGEE DT
§5<, M. tuberculosis % M. bovis ®» pH 6.0~6.5
BT 2 RIG L BHARD L bigve RicIEE BB
DD 15T H % M. kansasii (photochromogen) =
DTk, Fig. 1-d 1@ M. balnei %&b 7-uit 9 Hho
AR Lo & OWEIIL D BSOS OTH D,
ZHOTHEPDE LN D < & — v Lofe, M. kan-

Nonphoto-

Optimal pH for Acid-Phosphatase Activity of Mycobacteria

M. avium M. tuberculosis
% M. bovis

100

- P S —

=3
S
T

601
401
201

Activity

Nonphotochromogen

Schotochromogen

| n I

% Photochromogen
100
801
60
401

201 I

Activity

M. fortuitum

¥ EBELXD 1-a, 1-b, 1-c, THELY 1-d, l-e, 1-f.

10 5.0 6.0 10 5.0
pH pH




152

sasii & M. balnei t Dfic b ARER & — v OFHE
A BRENDT, ZOWEOENNIFETICET HIRE
G X BRETH Ao Fioiiic\ - ziE, M. balnei
DARBHNZIL M. kansasii BT 52 EAFEB X huic
DI TH Do ¥l Z OWENNEEE ZD b 02 IEHICHE
, BEBELEATH S, Lo, T pH &ilich
7z pPH 3.5~4.0, 6.0~6.5 1=k \ T i ) DRIED
AR, FEGHE & IR E OW Oz b o T\
AHEWz X5, Fig.1-e X M. phlei THH, x—v
=3B\ ~C M. kansasii 2l C v % 33, pH 3.5~4.0,
6.0~6.5 IR WTIEMERIZEA ERSIMWETR R T
&b Ed PH5.0 @i B KIGEMIe D v, Fig.
1-f R L% M. fortuitum 1k, h b ME% R
T 5L DODWHTH BEND HHY, No. 335 L No. 226
D2¥EWFF LI LTS, MRl & & 0Th
3Ho>TH, &2 —vELTUXA—THY, Rapid gro-
wer & LT M. phlei wftl7z pH5.0 #[EHET 5 E
FF DA & — v HRL DD, PH4.0 TR WT
BRIEETRL, F O & E 13 Nonphotochromogen,
Schotochromogen Pt L 5 5 DT, FEEH B E
OWBEEPRTND LW XD ZOREEOHE LR
BIBELUCRET 5 E1H 5. M. smegmatis 2B L
TREZORBR L b b3, HEHRE VW% pH
RWTHIEEEZRI Iedsolc,

2) TEWECEIT AP « PSS OfR: phosphatase
TRBHEDO L DORH B &%, TTRUNLY I X>T

W BB HLS5F

MEINTLDER, FRIIWERHBHOSE S IR
ETFT ATWIEhST R ROFTRTH HDT, ZZ2dh
B TR 2T 0tce IEGTOZ# pH 1okiF 5%
PR, T b bERB D44 T o #E#E p-nitrophenol &
%100 L L, i@ty x boThiihiie 2 & Fig.
2, Fig. 3 wRLTco WMIRE R 60°C, 70°C, 80°C T
H %o

HELY LD L o, MEHEDO LD L BRI

Fig. 3. Temperature Activation and Inacti-
vation of Acid-Phosphatase
Activity of M. Avium
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Fig. 2. Temperature Inactivation of Acid Phosphatase Activity of Mycobacteria
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M. kansasii (photochromogen) T3>, 70°C, 30 4
OIMEEBIEMIR 70% 3 EFE> T\ b, 80°C 10 437k
b 30~40% DEMELRL, ZOBEHOKXEETH
B0 Eiz, 70°C 30y LoTh, H4%h L
B % D%, M. tuberculosis, M. bovis, M. phlei,
Schotochromogen T#H b,
mogen ¥ X% M. fortuitum 1352410 &G L7, Non-
photochromogen DL 60°C DnEc X o T h5e4
CRIET DL OB o, THIREL IS bichik
BEHE S U TR 5 2 &%, Z OEFEORE—s
DHRTHETHY, BRI D Do SHWIERTARE
1%, M. avium DY 5 #o 5 H MC ZFR L ofil 4 #25,
60°C 10 o Lo TEEDO ERA LEETH Y,
DML LIEERE LT, T& 5 hui Nonphoto-
chromogen % L & COA L MET 2 UNENHH D o F
7z, 60°C LIF, 7ok %1% 50°C ofluc X oTZ DXk 3
T LR GRS B0%, OB >WTiTRs &
LAFEHEIBDS S0

3) L oBR, HI7Rv k& H37Ra # L DL :

M. avium, Nonphotochro-

Fig. 4. Acid-Phosphatase Activity of Two
Strains of Tubercle Bacilli Different in
Virulence (H37Rv and H37Ra Grown
on Sauton’s Liquid Medium)
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Table 1. Distribution of Acid Phosphatase
Activity in the Cellular Components
of the Tubercle Bacillus (H37Ra)

Acid phosphatase
Cellular fraction activity
(lyophilized 10 mg) <p~mtrophenol)
mcg/hr
Particulate material
Not washed 310
Washed with distilled water 240
Washed with Tween 80 solution 230
Soluble fraction 40
Cell Wall fraction 46

ZWpH b b, s bATh, T OREEE
Yo H37Rv & H37Ra L®EHIT AT & TE R
DT, BEGMFEZHECHEL UEEOMINLERD
BHDHDEPERG Lo Sauton GREH i HdT
UL CERRE 2T %2 Th ZhAEL, X002
BRBLIDVEOZ L EEMCHEBZRE L TRIGE.
fTLIA, Fig. 4 wiRrdZ i, WEOFEHTIEEA
ERITTHY, CORLHOLENEYERT L L3E
HCHoTo

4) H37Ra BfRES OIEMEE : H37Ra BRAE X » i
PRA 2y U 7= ki £y, MR BERE 2y, PIVA RS DTRFEHE.
B rh i 10mg VW CRIGEHE{T L7z Table 1
DRTZEL TR FE 1L “particulate enzyme”’ TH
5T ENFEM S Rulco RIS, HHBRBEES D b DFF
TEMEEY, JERES DRADICD LR BRETH S5,

3 =

BUEPIEE D AL BRI R R 0SS % 1T,

WS ORDFFE XA ELEIEEBEINT Zhig EE

o b7 Tootco 3 2V E ¢ phosphatase 3%
P2l CARIHBEOW L, T T EEIRT

Table 2. A Tentative Plan for Type-Classification of Mycobacteria
by Acid-Phosphatase Activity

| melaive geiviey o | Restance to henting
Mycobacteria Op;foInal below-indicated pH indicated temperature
3.5 5.0 6.5 60°C 70°C
M. tuberculosis (Residual activity %)
M. bovis 6.0 - + H 80~100 40~50
Atypical
Photochromogen 5.3 H Ht H# 90~100 70~80
Scotochromogen 4.0 + - - 80~100 40~50
Nonphotochromogen 3.5~4.0 +H + - 0~100 0
M. avium 3.5 + + - Stimulated 0
M. fortuitum 4.4, 5.0, + H - 70~80 0
M. phlei 5.0 + i + 70~80 30~40
M. smegmatis e - - - —_ —_—




154

WABRREEMT BHERIT VA, e E X TS DFE
FIEHIC L ST T hE CONBKRROZL LML REX
NieZ LiiehH o £ZTRAR, DEOEE KR O
“key point” %R I T, MHARNBEENLEFRL
THhLHE Table 2 D=L b,
M. bovis ©ZBJL T, Zobop pHE.5 ik Th
TGRSR TRTC S X o TARS I SENS R,
2 CIREBERGT O L7 THH o
¥ pH 3.5, 5.0, 6.5 D\ RIS T H i iEE AR
L, 7 & ENTEARCE G EM Lot hd
ARG TH B Schotochromogen, Nonphotochromo-
.gen, M. avium (% pH 3.5 @R 1F B3\ EENILET
B, ThboOMOEINIMEAELEE LTRETHSD
A, E Bz 60°C 10 B X 2EMEBEN A B huh
i M. avium BT 5, LA L ZDHGNADL L
T, M. avium ZHET 5T ST b TH A

5, R &<, Thb 3EIBIL T kA LT
B2 E T ALERH S 5 o M. fortuitum & M. phlei
LIRS D X DR TIHBIEN NN 3 2 L <,
PH iR Lt e OB AL TH B0
TR 1 S TH BN, THCBET ANE ) AR
LCLIEEIREL Abhishotee ThMEZHL T
IHILHRHA LI WEZATH D,

LB 1% 85°C 1L Ielik t: phosphatase JF i %
&% L LT phenolphtalein diphosphate % JfJ\ i@
L, Zh% M. kansasii [\ CORGEH L1, 5
5% pH 6.4 T B-glycerophosphate % I\ ~CHERL,
OB FIREH— IOV THRFF L T 528, Thboif
BTl Lk, RICHEZ &b TR ET

M. tuberculosis *

photochromogen

M. smegmatis

W EE K5

T LTHD B~24HH)e ThIIELAThZh D
W BT AEM pH HFHWTwianwZ &, FiEi
ST BRENTF N2 LI X 00 Lhis\, TEEDR
S X HOAOHBEINL, WE, WORELESTY
WXL VOT, B pH, fifEE, REOEES Y
IR C, BEeEENDIT05 OAEE L LTl
A5 e

& Bl

p-nitrophenol phosphate »#VE & LT, HELE DS
P phosphatase JEM:& fciad L, Za# pH, MW,
TEHEOMR X2 B T B A B OB A TR L o T DR
%, T OBMBRIEEDIBEEN O—INcth 55T L
RBETHHDTH %o i, fstkE H3TRa fhicouT
DFERL, T OfEEHN “particulate enzyme’ TH B
T EEAFB L T,

BIGTRR OMBBY, 755 ORI HIIA B = Ol
& %0

X Ak

) &JFsse s RGE B
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