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Hife, Runyon 5D kDT HIEMIC—IFRICES
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—Wc B e oI EREFE T2 DG ETIUE,
OEMBHCT AEAFT OEAI DR AR5 ThHA
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WE SNz DTS, 3T Gordon 529 (I
IRIFEEPER IS DO TAROG 2 U, N SRk &
PLEERMRO 1 HEIKE W DT T b. F72, BCG
WOWCARRIG 2Raf UTo#ids & %59, fok, Virta-
nen® (%O HEREMIT DU TREBRIEE I IG % 26
WG UTRER, ARGREME 2R 3 Wi AR T b
ERERUT WD, LWL, ZOWZUICISNT, H AN
(BT 2 RO HITIRIBIED & O & BabEd § OHIRLE L
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We><h, 204 m TORNBIITEDREE L
TR B IC & D7, 25ABRTEIC Shinn HRICHEDT 2
FEREDUIEERE 0.1 md, 0.2 ¢ Sulfanilamide J§ 0.4
ml, 0.1 % N-(1-Naphthyl)-ethylendiamine - dihy-
drochloride J|§ 0.1 md % C OMEFECINA 2o B
HHUC TSN THEEL U T2 Rt %, HALEE I S 53
T4 g — () RN TIB U, K 1icZED
EREAEIRE R UL, T4b5, 106M &b 6 X
106 M FTD NaNO; VAW T, ZDWEIGEDL —HEH#
LiChOTERAGETH S L & 2D T,

Fig. 1. Standard Curve of NaNO,; Solution
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TR CRED B A ETE - PIEBBRE Wk, T
1 % s8Ik Bic BRI U2 ORGSR E R EO1, MR
ik pH 7.0 OBBRIEEMEKZ L > T2 D1z 102 M
ONaNO; & U, EITHE UREFELIZ. HFERdk 60
mg % B IR Y, INRREARRREICE DT
10-2M @ NaNO; & 30 ml D AN, EEICHT
‘UM, KL, BEE, ROFEHBESE S BE
e R TEEOEA I, W 2ED R
ToDIC B AN ISR R D, MRV & ST
WEPICILT S8, 208, 37°C ©7 J Vit
X, 2, 4, 6 BT, —iBT 24 R RRE S
45 ml TODREEEDHL, WK 4 ml TOEE,
F IR MR U C 2 D HIC A 3 hCu B HERS R
PRERUI

BSRZ FOCREERE b ) NEHER & DIHb
i, EMRGICHT2EST2HENE L, I HCERE
DS DI E LTI AT A Bt ¥ b & 25t
JA12HTh5bs
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Fig. 2. Effect of the Culture Age on
Nitrate Reduction Activity
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Table 1. Nitrate Reduction Activity of
Mycobacterium Tuberculosis

ount of NaNO:z (Xx10-¢ M)

Strains 1 o o ‘ h [ .

| 2hrs t 4hrs | 6 hrs
H, 76 35 76
H,Rv 9.6 40 57
H,Ra 20 46 61
H,R-SM 6 | 370 120
H,R-KM 37 | 210 400
H37RVR-SM 68 | 280 580
H37RVR-NM 68 | 240 500
H37RVR-VM 94 ‘ 320 650
H37RVR-KM 28 | 80 540
H37RVR-PAS 5 200 400
H37RVR-INH 26 160 400

AEIE I & 08 2 OB REHGHAMPER I DV TRIORETR
% 11w LIze Hs HoRv, HiRa #& Hp #0 SM
¥ kO KM Ttk Td b H:R-SM #, HaR-KM
, =51z H37Rv #ko 6 #Eliceh etk cd 3,
H37RVR-S M, -R-NM (Neomycin), -R-VM, -R-
KM, -R-PAS, -R-INH O&kEHNI, b
R T X CRBE N T LI D TH %0 C
nb 11 BEEkORTE, SEAImEROE A1 NaNO; #
JUREMS & DR S e A BTz, EEEERIICLTY

Table 2. Nitrate Reduction Activity of
Mycobacterium bovis and BCG

Amount of NaNO:z (Xx10-6 M)

Strains f -
2hrs | 4hrs | 6 hrs | 24 hrs

Ravenel 0 0 0 1
4118 0 0 0 1.6
4228 0 0 0 6.4
BCG(1)

Sweden 2.41 20 42 300

Japan 0 4 10 48

Denmark 1.2 3.6 10 88

Norway 0 2.2 5.4 43

Porland 1 2.2 5 36

Soviet 0 0 4.4 49

India 0 0 3.6 34

France 0 0 2 20
BCG(2)

Sweden 5.8 28 65

Japan 4.2 15 36

France 0 4,71 10
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DIOHIT A EIZTERV. WFNIC LA, AL
AR DOF M0 5 FHCETTEER § 2T 3
CE2EDI,

PR EBEHRD BCG w0 TR ki e 4 2
W UTze 7 # Y BHEND Ravenel, 4118, 4228 D%
BRix, 6 BHIDIAN TRt s £ <mad, 24 R
ITINTH ENEN 106M, 1.6X10°6M, 6.4X10-6M
®D NaNO; »pE:d 5Icd X221z, $72 BCG H
KROH T, BICHEIZ A =~F sy D& iR,
WTFrv—2, BE, £—35 0 F ¥ROBEEZY, v
VIxL—, VEZbM, 4AUF, 77X OEKETIL 6
R U CEsnlfED NaNO; %2l LT,
IHIC, An—F, HA, 75020 3 ¥ic2T,
2 BEOREBZ 7Dl A, 2Ax—F UIRIZIEA
BURICPLHcS 2 EItRER R UICHS, BHA, 735 v 20O
RS F oY RO IETTEE 2 IR LTz,

Table 3. Nitrate Reduction Activity of
Mycobacterium Avium
Amount of NaNO:z (Xx10-¢ M)
Strains [ ‘ B
2 hrs | 4 hrs i 6 hrs | 24 hrs
Kirchberg
4110 ;
4121 |
E 38686 .0 0 0 0
Maren Cecilie ‘
ATl 1
Nagoya 59 /
Flamingo 0 1 1.6 6.6
Den-Cho 26 | 70 | 110 | 640

BB T ORI 2E 3 IR LI 7Y ko
Kirchberg, 4110, 4121 ® 3 #k, F . ~— 27 fkD
E 38686, Maren Cecilie Dyfj#k, EPND KD AT1,
R 59 DI VTN 4 EITiERR S Y, Fla-
mingo kD & HPHFF L EITEE R TR UTIT T K22 D1,
HAD L BB EFFRIN TR EEBKTIE, 08K
MetRds & O R EFEOHENMEOE & T, FIRITTHE L]
ETdh, ZROBMEOUE 2L kDT b, 373
DL, COBMBBIEIRFELEBEE DI 2% A%
Vo

FERIRPEHIER IS DO TR 12 iRl 2 5 4 1Tk U1,
M. smegmatis, M. phlei Tt 2 Ffi#ic 5X10-°M
Rit:, 6 BficiE 1004M @ NaNO, % gt LT
120 M. fortuitum G P Lo 2 Hucibigd 2 &, W0
BEIZ & D EI< 6 IEfdfkic 3X10-5M @ NaNO; % ji’l:
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Table 4.
Saprophytic Acid-fast Bacilli

Nitrate Reduction Activity of

Amount of NaNOz (Xx10-8 M)
Strains BT j

2 hrs ' 4 hrs | 6 hrs ‘., 24 hrs
M. phlei 44 69 140 500
M. smegmatis 70 140 210 650
M. fortuitum 4 14 30
M. ranae 1 1.6 2.8 6
M. balnei 1.6 4.2 6.7 13

T AT E2p DIz, 12 M. ranae OIEICAED 55 <,
M. balnei § BEOFEMZRUIZICTE S0,

WDW B RIFEHERE I DOV T BB 5 R
UTZo

Table 5. Nitrate Reduction Activity of
Unclassified Mycobacteria
Amount of NaNO: (Xx10-8 M)
Strains |
2hrs | 4hrs | 6 hrs |24 hrs
Photochromogen 1
P1 3.8 21 43 150
P1 170 530
P 4 150 690
P g 130 | 380
P 16 150 1730
P 22 190 810
Scotochromogen
Pg 0 0 0 0
Miike 3.6 5 12
Ookubo 4.2 5 11 12/
Watanabe 1.1 2 3.4 29
Ishii 0 1.6 4.6 18
Matsumoto 1 1.8 1.8
Non-photochromogen
P7 0 1 3.5 10
100616 0 0 1 4.2
121326 0 1 1.4 3.1
Ueda 0 0 1.3 5.8
Koofu 3.4 3.0 3.8
Niikura 1.9 1.4 1.4

Photochromogen ffffE®» P1 £k, Scotochromogen
Frl@® P6 #, Non-photochromogen JiffEd P7 #kic
PNC, IR FCIRARIzE T, P B iR
JCREZIRUTZAY, P6 BRTIkREME, P7 Bk b 55
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WIEE U & e 212,

2 CHwTT £ Y #HFKD Photochromogen g
EMTHB P1l, P4, P8 P16, P22 O 5 HRiTDOW
T, HEitEER Al E A 2 BEBRICT T 104 M 2L
- NaNO; %t U T vize  C OB ¢ D FEERTE
S50 U TTIGED § D TdH DT,

%72 Scotochromogen Jiijg & &1 % [N PHERE, -
M, KALE, WL, Fk, MAOHERD Y B, G 2
R REMROS, W S BEQE 2 RTOATD
Stze X biz, 72U #HED Non-photochromogen
FHED 100616, 121326 Ok, s & OTHE P 2 HHRO HI
Bi, HL, WEED 3 Rk, 9T BEOEEZ R
UTZie g E 750

& ¢ A, Rapid grower {CJET & & 5 5 HEFKSH
B2 (53 LT 280D T, COBMROEITRIE F IR
U T2,

P OEERRE G LT, s EBIC L O GE
TEEMOBE2RT EE 6 DL KD, Tabb,

Table 6. Grade of Nitrate Reduction

Activity of Various Mycobacteria

|
|
. Grade of reducing
Species or group

activity

M. tuberculosis HE
M. bovis —
BCG +H, +
M. avium —
Saprophytens W, o, o+
Unclassified :

Photochromogen H

Scotochromogen +, —

Non-photochromogen +, —

YRR TLRED ML T ME,  Photochromogen Jif &
¥k, M. phlei 33k ¢* M. smegmatis Thh, T
WEDEFAIEREE BCG MOEEMTH S, W5
AT O TEE RS A LD ik, M. fortuitum, M.
ranae 73 ¥ &, Scotochromogen jsk ¢f Non-photo-
chromogen FEEMTH DI, FME, JHIEIIIT L
A EFEMRRH IV EHZINT
£ =
Sl (RAED BRI MR D 543 5 R BRI TORE 2 B U
FoRERL,  BEARE M X OURZEPIERE AR T, iR
B, SSIPE, RNk D A DRI & S C
Ehmnis, UihioC, Virtanen Ol &9 2L
DB BT 2705, BREPRITEPIEEBH IS W

Gl W H1E

TENFNHMD B FATRZHD A1

LhAA, BRIGOEBOATEHE, WHREENL
5B EFDDARND, F4 T YT NEEO AR
gt T OMORMESEKCRIGH L TAHTE
W E A BN S, F1z/NIEH T dysgonic 7278
Hrdhizcw, F4T7vrFAbbBEETD, ABKE
LUWE R HNEHD b IEFICRBREN THRE L AL
DIEHTC, ARGEEE 2R UTZ S 00 2 Hrd DT
COL R BIOEE S RE LA OBBERE LD I D
E 9,

i, 7 AU B HRRORIMEHERER 48 HR2 D)8
HycBRE UTo S0, [l C OB InisG %2 17 72 2
Too  AICIABRBIME 2R UTCHREDS 10 Hid b, £ 6 D
WwInk kL h o b % —|i Photochromogen E & e
LT3 0. & bICHstaE R i~z & ¢ A, 10 #f
9 BBt Td o, 1 RosrTcd ol F
Mo Lighpoic 1 kR, & 5AA Non-photo-
chromogenic CiXd % 53, EEVHYH N ULIZ 2T,
Rapid grower D IEHEMEFTREICBE LD 5 NX HD
EEBATND, COBAbREE 1 EMER THERE
RBEEL T, BITRIB 2T L7 < T b AERO
PEIROEBIZHID A2 TH A 5o U UBBEDE
DHRIHRUTY, & 2 EkOREEMR &G U T LR
FOGHERORE R 2 M1 5 C &2, MEHBEOTR 2L
959 AICKIBNCERDHDLETD b,

T CRERLECRRIE, BUREOWERBIC 8 v TA
2@ EHT S DT, L UA BN #1E
VEFRE LT b DEMUTINWTHA I, T2E AW,
10-2M @ NaNO; ¥ 1 ml (e 2T 2 mg D H A
Wtk Eotrlx, NHETLREGEZOTEIOHEL,
BT UTo S & 230 T, T IS W 22 EIuED
WRWHDADTH D, [AEEOHEK (L Virtanen 5D
TBY, FORFBICDOWTIEBH LI TRV, ¥z, &
HCHOWEBITTHEETINCE bHEETH LY, CONR
TGO, BB U Tk s BARHDHB D 0.

wic, Virtanen OEBEERNCET 2 KafEH, —fE
L & —ak b OfSHmHEE X S o BinE, < OBEIK
BudE LW E LTS, HHURCHEE, WEREHcOE Lo
LD D b UMb T Dz &), i)
KEED HHFELU TR EHBELUTIVER I BHRL
g E BCG & DRICAHBEITLAEDZE, 3 BT
BCG #HEMRBICED bNA2E BIEE 2y
BDNhW 5 BTIRERICEY SN 2L CORZWES b
DThb, Txbb, Virtanen OfEHEITIIGHRE
YED BRIE L, AT B IREMRERIIZHEIRD & @
Tk EfEE I N2, F1o BCG 1220 ThH, ¢
IR 2 DR TRED 2E 2 B DD b, I ds I
& RIED FFOTEE S DTS2 U &HE U AR O
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—FHEUTVBD, HFE DI BENOEI & W ) BT
ELONTETCNEENALI
bhvbhOHicLhiE, BCG R=—5 ki,
Sauton IFHHIANCISNT S 4 7 > UL RD X b
<, BCG WKL Db DEZ LT BH,
[FIFF ISR CRBIC I T, & ICiRDEME 2 R L
NCERHARRENCEThH D, cOTEIEFT, Bb
SWHRCDNTIE, FICAEYR R 3 2 BRI
WA & BB 2T 2 BEEDH 5 ¢ & 285

ERLUTWA,
HIRD & 9 I RAFEHEREE D HBILOR, 200 -

DALEDTDIZDIC, FHE L D E  DEBREEEN S
NTOBDE IR TN & FEIE 0. M5, AFERD
THERHRIRITRED ™ & b A Cd, KOEY R B fEh:
ZR@EDIE LD, BEAIOME R & OEH EOWEFT &
BHHIBIEIEDHDTIER.

& T BEIE & Non-photochromogen JifJEE#: &
@ﬁ@%mi %%iéﬁ&éﬁ%@ﬁf@&ﬁ )}

TRTTRBIC IS TC b D RERBRRIC & 2 REE & 1213 —8
ZEADHDION, Tibb, %%ﬁﬁMmbtio
1, TMEEHRICAEITERIC I T b E BRI IE D D35 % 38
HIINEDL, COERERRECIOTIRED S C L
HEETH DIz, CDC EiE, TEHMREICHETHCINT
FWREDIZNCEZRTIDERTNETH A, —
e, EHEC X 285G, A2 FEEICIZ D ORIENS
dY, LIBDTREBOSERICD 2 59 0EEE § Dwikk
T3, YECHREREY, &XCE2DPOIV2ETSC
EWD Do CORBAERFERT S I, & ITEEL
THLADEND %,

BURTIE, —DOHEYMLERI R & D THERE D5
B, @A, REFTETHS LB NAT . HLET
Ch b DEDOEWENFHERE & T, FaDEwiby
R GEDRER 2 MG DY TRAIMCHET N X © &
o TNEL BIT, WIZ D HELSWURIGZOCHE
MET 2 E NI MEHRLWLT 2 C EDETN 2 DU
Thdo TOEWT, MBHIRTRKGIE, PREORT
—HEPMCENREE UT, BEEEO I AR TRnT
JOHBREEEZ T

s
EiS
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FEBRAERIE D PR T 0D 523 2 TUMEHG R TC RIS % M
FHUTo 2O, W, WHRE éﬁ@%ub@i
%@@6 L 2RO WRTRE T, AR
< O HF AL W o L O VR BERE T M. phlfﬂ
M. smegmatis 233 EM: %24 L, M. fortuitum § %
BEOFE®ZHE LTI, CHUTF L, RIE & BRI
EZAEM 2RSS TARIGEE E® 1223, BCG Hilk
TzidBE 2R3 6 D3 dotc,

FIORSEHMRE C 1%, Photochromogen ff EEi#k
3 D& b IRVIRIGAER R L, Scotochromogen 33X
¢¢ Non-photochromogen Fi@E#kiL, #h Fh <
BEOFEMZRT C&ER2RBDIL, )

PLEDRA 5, ARG % K s 5 b
DB, BB O RKIGEOMEE & BIBOBEIRZRTC &
BTET

HEREOEMM S BHT 5o I EEE I
F, NGRR3R D HER - O BN T 3
$%%®§E@,%BGWB$%&ﬁ-£Qé B
THRE U, '
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Nitrate Reduction Activity of Mycobacteria.
Nitrate reduction activity was tested on the
stock cultures of various Mycobacteria. For the
quantitative measurement of nitrite, three re-

agents were used following Shinn’s method : one

to two dilution of HCl, (.2% sulfanilamide solu-
tion and 0.1 %
dihydrochloride solution. As

N-(1-Naphthyl)~ ethylendiamine
NaNO, solution
shows a lineality between the concentrations from
10-6M to 6 X 10-6M, the reaction was read quan-
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titatively by the use of photometer.

All strains tested were subcultured on 1 %
Ogawa’s medium and the growth was used for
the test. One to hundred mole solution of NaNO;
in 1/40 M phosphate buffer (pH7.0) was autoclav-
ed at 120°C for 20 minutes and stored at
room temperature. Thirty ml of NaNO; solution
thus prepared was put into a test tube and 60
mg of bacillary mass of each strains was added
aseptically into it. After every 2, 4, 6 and 24 hours
of incubation at 37°C, the amount of NaNO;
produced was measured quantitatively.

Stock cultures tested were as follows : 11
strains of Mycobacterium tuberculosis including
8 drug resistant strains, 3 strains of M. bovis,
8 substrains of BCG, 8 strains of M. avium, 6
saprophytic and 17 unclassified acid-fast bacilli.
Among these unclassified Mycobacteria, 5 were
Photochromogens, 6 Scotochromogens, 6 Non-
photochromogens according to Runyon’s Classifi-
cation.

In accordance with their type and group, these
Mycobacteria have shown various degrees of ac-
tivity in reducing nitrate.

Both drug sensitive and drug resistant strains
of M. tuberculosis have shown strong activity.

Contrary to this, M. bovis could not show the

activity in reducing nitrate after 6 hours of in-

W OEE BB

cubation, Among 8 BCG strains, however, some
have shown strong and others weak activities in
reducing nitrate.

Among § strains of M. avium, 7 strains could
not reduce nitrate at all even after 24 hours of
incubation, while only one (Flamingo) has shown
weak positive reaction.

Den-Cho strain, which was originally isolated
from chicken and maintained for a long period
of time as an avian strain, has to be identified
as a saprophytic strain not only with its strong
activity in reducing nitrate but also with other
biological properties.

The strong positive reaction was observed in
the strains of M. phlei and M.smegmatis. M.
fortuitum was also able to reduce nitrate rela-
tively strong, but M. ranae was able to do so
only weakly.

Among the unclassified Mycobacteria, Photo-
chromogenic strains alone have shown strong
activity, whereas both Scotochromogenic and Non-
photochromogenic strains very weak activity.

From these results, it is concluded that nitrate
reduction test seems to be available in the daily
laboratory testing as one of the methods in dif-
ferentiating qualitatevely the type or the group

of Mycobacteria to be examined.



