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THE GROWTH OF TUBERCLE BACILLI ON NUTRIENT AGAR AND
THE BIOLOGICAL PROPERTIES OF THE STRAINS
SUBCULTURED ON THE MEDIUM*
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(Received for publication April 20, 1970)

Three hundred and eight strains of Mycobacterium tuberculosis isolated from patients with

pulmonary tuberculosis were inoculated on nutrient agar.

The proportion of positive cultures ranged from 13.6 to 30.19%.

The tests were performed four times.

The development of colonies

on the medium was not consistent even in materials successively obtained from the same

patient ; sometimes it was observed and sometimes not.

The thirteen strains grown on the nutrient agar were subcultured on the same medium

every thirty days, and four of them were subcultured up to the 30th generation.

The biological

properties of these four strains were compared with those of the original ones.

No significant differences were observed on niacin production, nitrate reduction, peroxidase

activity, neutral-red reaction, methyleneblue reduction, acid-fastness in boiling water, catalase

activity and acid-formation from carbohydrates and organic acids.
nutrient agar was not promoted during subcultures.

formation of agar-subcultured strains was lost.

The degree of growth on
It is notable that the ability of cord

The pathogenicity of three of the four strains to mouse showed marked decrease after

agar-subcultures.
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a) BeIEEKE: B 41 4£3 8, ME4LA, AESA
¥ LUFE 9 BcE MR RTIC AR O Ififs 1% 8%
DEFHh LM E e P RREKED, ThEh 84 Bk
66 Bk, 79 BRis LU0 79 B A Lo

b) 3 RO KERIEM X HikiciE>TH
ML e BRRFE S B Lo

c) Hik: LEBEKROVITR S 1% /M 4 8MH
BEELELOMG, FRIECL D a4_VYAT10mg/
ml ORFHKBBERLANL, ThbHpo 0.1ml
o¥thFh ERO%BREREcBML, 37°C, 8 &
SR LRBORGEREL,.

EL R

a) Bt ERIICR\WTHRM 41 £3 ASKD
W 84 Bk OB 13 Bk (15.5%) M S ERKEMIC
RE LA, 20 13 #% 30 HZLICASH THB%E
K L BRERALIRER, TDS5HD 48KH 30 R
HMRTE LTz 4#%, ThThiEE A.P. &,
M AP ¥, =& AP BREIUKAR AP KREF
L, ¥721% /MBS #REHE LI h b D REkiLE
hEREREE, EHFEK =EFR&s IUKRREKE
Y, WTh L RBRICBRA L

b) EMFEHEROKLE : FA T VvF AL, A
Rit, WMERTHE, 2FVv v A—BTEE, S—*F

W K5k HTH

CF - AER R LVT $ F— AGEOR & 12 b 12T
13, REHMM R —IG 1% /DI B L, 37°C,
30 HMsEe L= b Dic o\ THER & DB R T DT,
WAEDIME, RUEE, RYBER »x V- R, 68C.
30 FMH X U— R, =— FHRE FHER AXS
t, MK EORH, HKERECHT IBZELLY
iz LUHMRMD S MIEDO BRI hcoTid, TR
MR BT b BRI 37°C, 30 AMER
LicbOnbBEEHBELTRECL, i, £hb
DRI TR 1% Mgz 37°C, 30 AMERL
Tob DR L

EHOEE : © BHEOMM. %5 1% NI
I, BREMGRKIENERFBERRERICVTH
37°C, 30 AR LickEh Thi@B CHEL, &8
Biae 10mg/ml ORBEHKKITHEB L AR L 1o @
BRhww 2, (hE 20~25g 0 dd-K =R ¥ &
L, 3EFo% 1L L8RYALEL, vk, L2
DEBEHZ LIt b O BB GHHD 0.1ml (LHHAr
10% order) #o%, FhEN IED <Y RDREMIRAIZ
EHL, 4 BRCERHKRL, AROBRBMRER LU
A, DO ERBTIEEAR L LERE LI,
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ERI (1, k28R
HICTTIOC 3 AT SN I-EKTIZ 84 kD
5% 13 ¥k (15.5%) % 4 B3 nl-d DTt 66
BKoS5H 9Kk (13.6%) » 5 BicEhicb D Tix
79 kD 5L 18 ¥k (22.8%) %, ¥1-9 R MXni:
79 kD 5 b it 24 B (30.3%) M EFENFNHEERE
BEc, BoCHRMCRS 28£E %R LI, Th
LRHBERRD 5 bicit, A—BELL IS hi-EK

Table 1. Growth on Nutrient Agar of Tubercle Bacilli Isolated from Sputum of the Patients
with Pulmonary Tuberculosis
Isolated (month) March April May September Total
Number of strains tested 84 66 79 79 308
Number of positive cultures 13 (15.5%) 9 (13.6%) | 18 (22.8%) | 24 (30.3%) | 64 (20.8%)

Table 2.

The Frequency of Positive Growth on Nutrient Agar of the Strains Successively

Isolated from the Same Patient

Number of strains
Number of times tested

Number of times of positive growth

oW -
[l e |

13 14 8
4 3 2
Number of strains of positive cultures
(53.8%) 8 (57.1%) 6 (75%)
(30.8%) 6 (42.9%) 2 (25%)
(7-7%) 0

(7.7%)
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HTHONLL DXL (7.7%). 3ERE » Bt Cho
THDLR UL 1HRICT &, 2 ERBHEIIBYETH S
b4k (30.7%), ¥7-1EDOARBEMNBYE © Ho
b DT H (53.8%) Thoto 3 ERAELA 14 B
DE5LTIRIMEE P RFEMVBETHONL DIEETH
b, 2BIRELBGE THOLLDOA 68 (42.9%). 1@
DLHREFBEDO S DIX 8B (57.1%) THoto ¥1-2
EREL-SHKDOS L 2EL L RENVBETHDOLD
228 (25%) THY, 1EDXARHERYE T HotbD
6 (75%) ThHotH
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A) £%HFHEROKE (K3, £48R)

1) 1% M EoRE : A L4 EHKEL LR
CORKERIISHMNARKLIZL DI, 1% Mt
37°C DERTIIRBTHD, 2~3 BRETRHE L, 20°C
F IV 40°C CirREFH Licdr 20

Table 3.
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2) FATCVFRF (4BY) Ry ySe—a
VT vETLEKBMY:,

3) (PRSI (Dubos®) : £ BERRERH:,

4) RGBT GRIKD) : £BekEE,

5) AF VY7L —R5T (Bloch®) : £ upkbaM:,

6) 68°C+30 Mk & L— R : 1% /|| MR
3MMEREY, HBRE D ¥ 68°C DIFERM+ I 30
SHBR LIt Wayne® D HETHRHE Lict b, £
ﬁ&mﬁi?&‘tof:o

7) PIRSME: £EEkE b 30 e hichD
fCo

8) i XUHBMO S MRIE (Gordon H19) : R 41T
AT X557 13 MEOERS LIV IMBEOEMRMY AL
ehi, KL IMOERRMIILL FMeT, 138D
BOSBLTIETANZ F—X DAY TR LT,

DEDRTI4EKE L ENDDREKKE, RS
Rk L DRElICE L ZixAb i hDol,

9) & V- AEK (Wayne?) : 1% /NI B EEHIC
£ HEkY 37°C, 3 AMIER Licd Dic o TREIRED
TREOBIYRF LI-L 5, HMFREkLER A.P.

Comparison of the Biological Properties of Strains of Tubercle Bacilli Subcultured

on Nutrient Agar and Their Original Strains

N Fujioka | Fujioka Mita Mita Sanga Sanga | Kimura | Kimura
Characters Orig. A.P. Orig. A.P. Orig. A.P. Orig. A.P.
S|, gpoc| Colonial morph. R R | R R R R R R
5% AIC| Growth rate (week) 2 | 2 3 3 2 2 2 | 2
s at 20°C z - 1 = _ -] - - - -
) at 40°C - | = I = - | = - - -
(&) |
Niacin test # # # # H# H# # #
Neutral-red reaction + + H# H# H + + +
Nitrate reduction # # H# H + + H+ H
Methylenblue reduction - - - - - - - -
Semiquantative catalase (mm) 12 12 3 6 0 4 18 18
68°C, 30 miin. heat stable catalase - - - - - - - -
Boiling water fastness (minute) >30 >30 >30 >30 >30 >30 >30 >30
Peroxidase - # # + + + + +H +
Cord formation _ - H# - H H H -
Average length of bacilli («) 3.0 1.8 2.8 3.6 4.0 2.7 5.2 3.9
o Nutrient agar + + + + + + + +
<3| 4% glycerol agar H+ H +H + + + + H
EE 0.05% potassium tellurite Ogawa H + H + H + + +
§ w| 0.19 potassium tellurite Ogawa + - + - -+ - - -
-‘EE Sauton broth + + + + + + + +
© S| Bouillon - - - — - - - -
© | Fluid thioglycolate + + + + + - + +

Note : Orig.: Original strain subcultured on Ogawa medium.
A.P.: Strain subcultured up to the 30th generation on nutrient agar.

morph.: Morphorogy.

+,+, 4 : Show the degree of the reaction or growth.
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Bk & DMI7c & U R IRBk & AR AL P Bk & Ol L
Thi L ERALRIEI D, L DIc%E kL%
HAP RLoMELURSHRKE =M A.P. jkeoD
MR EREhSP LI #ENH DT, %H AP P &
U=H A.P. (kniz 528, WTFrhbEhoDREKL Db
T2l bHMBCHoN,

10) S—FFvF—REE (KE™) : £FK & Th
b DK EHRE K L ORlic T h b Zidle ot

11) a—FBR (HBEY): R34 FALF.T7 8
T 10 BEERE OV TRN LIz 25, LWIhoBK
CEWTh, REkiZZ L 2L IBETHEDOWS I Y
IRLTchH, SEREUMRERIZEDZ L 2L v T
HOWS M&#AWLNBEYRLI,

12) PHEE :200 a0k - T O FEEILT
1%, ¥M0 AP BXEARK L HORMEL TV Ioh,
o BB TIIVTh b R DI 5 H, ThE
hORKX D HEMLTVWBDLARLNT,

13) FEEMICRT HRE : HWkO 10mg/m! EK
D 0.1ml F*o%, RIKFRT7THOEM ICBHEL,
37°C, 30 AHIEREREORE LV LEE ¥ KEL
Too WERREMIS LV 4% 7Y v Y vEXEIZ fs(T

B was e MTH

HREE, WThOBEKICK\ThFKkEThoOXRX
BB L DI, &IV 5 iR EDETIXIEVA,
Ebbh L B IIEKIM DR 5 1R b DK
IOV SARWARRGL S5 THDMe ChIEKRL,
0.05% # XU 0.1% FANLEH Y IIESBIC 364} %
REL, WThoWkick\ToKEDIRINERLD
RIS L D, W EARHHIEOTVHLOT
ot Sauton HEEICIZLWMELREHBETH Y, 71
28 ViCRABRARETSH D, ChbDATINKE
FRODOREREMAE & DMICEIZAD MichDl,
FALY 2 V- MERZIZLEKE VRN XD R
A, %H AP (ks XU=H A.P. kTl Thbth
LDk L h REDORBEL VW SAEDTV IS,

14) HiERCHT 5BEHE 1% Mt RICKR
T8 M OHEEEYVFHh 0.1, 1, 5, 10, 50, 100
XUt 1,000meg/ml I2is B X 5 c&h¢ Ladloigiblc
LUK EH LV HRE L SR L TR LI L
=5, INH,KM, TH X 0¢ CS i #1 52Hiz\T
hOBEKTY, Rk ThdbORKISH#KkLOMIc
A bhichotedt, SM cH L THEBREEKL H#
M A.P. ki JU=SHME/RE V=8 A.P. KO 51

Table 4. Comparison of the Biological Properties of Strains of Tubercle Bacilli Subcultured
on Nutrient Agar and Their Original Strains
Tests Strains Fujioka | Fujioka Mita Mita Sanga Sanga | Kimura | Kimura
A Orig. A.P, Orig. A.P. Orig. A.P. Orig. A.
gents
SM <1| =0.1 <1 <1| <100 | <100 <100| <100
Ssua PAS 01| <0.1| <1| 10| =l0| <0.1| <1| =1
Fg2& INH <0.1| 01| <5| <5| =<5| <5| <5| <5
- g’é’ KM <10 <10 <10 <10 <10 <10| <100 | <100
sg
:‘é?z: VM <100 | <100 | <100 <10 | <100 <10 <10| <100
E tg’-ﬁ ) TH <10| <10| <50| <50| =<50| <50| <50| <50
e &
3885 EB <1 <1| <10 <1| <10 <1| <10 <1
(o <10 <10 | <1,000 | <1,000 | <1,000 | <1000 | <1000 | <1,
Urea H H# - — - + -
Q . . .
§ Nicotinamide + + - — H + + +
‘g Pyrazinamide + + — — + + + +
< Formamide, Acetamide
Benzamide, Succnamide - - - - - - - -
g Fructose # # # # # H# # #
e Arabinose, Xylose
-y Rhamnose, Glucose
g ﬁ'g Mannose, Sucrose
W, Maltose, Inositol
g2 | Sorbitol, Dulcitol
525 Mannitol, Lactose - - - - - - - -
wex Pyruvate, Citrate
== Propyonate, Acetate
<L° Benzoate, Succinate
Tartrate, Oxalate

Note : Orig.: Original strain subcultured on Ogawa medium.
A.P.: Strain subcultured up to the 30th generation on nutrient agar.

+, .4 : Show the degree of the reaction.
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DORZUIFEOT I, PASKEH L CIXEHEEHILE
HAP BIVBRIEHBI=SHEKI=E AP bt
DEFELRE DN, VM T L TIZEHAEKIZREF AP
KLy, ¥ILSERER=EE AP KXV Th 8BS
B2RE Y, BICAKRERKIIARR AP X O ¥EEHE
DTV EB o L TRREMRHK, =HMEREkH LUK
HEKREThEnEB A.P. &, =@ A.P. s IUK
H AP BIDVBRIUEIEOTV I,

15) 7 $ 5— XiEt& (Bonicke®) : 4 i12xT 7 D
74 FiZ2oWTENLLE DA, EBE&EEM AP,
Bilzv=z—2R, =235+ i F—REIVEFSH+:F
~AHThIBETHY, EARKLEH A P. ki
:a*a<ﬁ§&v59 ARBE&S LUKH AP, &
R=aFFrIF—RABIVESICFIF-XHB®TTH
9.mroﬁﬁuhfhsﬁﬁt%h&o%f%mﬁﬁ
BEOREILT $ F— REENRZL R T D, LOBK
Z8RETII=2 v =— B THOIIhd bbb, =
HAP Fizav—RBHEPRL,

B) v~V RIZRTIENOKE (E588)

1) &% : BEAEK =@8FE&s XUKRREKE TS
TUYABTCIRVTAL 1 EFONER Lo L BICHE
BAP & =8AP KHIUOKH AP B85 EH~
AR TIXETEMZ Dt = HEBRRKEKS XUERB
AP BEFHYABETRWTNL BERELI-L DL
b/ 3o ) e

2) FSGEOEN : XBRESIUEH AP K%
EH~ Y AETIZ, WTabGEOEMAARL nIA,

N
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RXE AP BKEM~Y RO S EOMMH EHT
5Hoteo EDMOEKENL LIz~ 7 R CIZTRTE
BHEEIKRYD AL RN, F02uvuh b FkES
TURRDORS N, MEEIUMAEHKIEMN Y AR D
GHOMAYHE LMot

3) ARIC BT 3ARMKRE : R BT 3 BIRAKR
ERHOMAILSCICRBR L MOEALE TH D1
M, ESITRTISKE, EWEEKNL=KEA.P. HL
DOEIZIXB LA EN AL RS ThE b EDfD
WEKTIZ, WIhbREEH~Y RABCEWT, £hbd
DREIEWHRKEHR Y AR L O LFREOBEI T/
RIELL, EXRBERKEN~Y ARTIZ3TE I
EHEWTERLIEAS IOREHHERLI RS L hdd
HF, ¥ AP BREH~Y ABTIZIE L b iHicRE
MRDOALNId Didishorz,

4) ERRTEREK: £AK 10mg 7 5 ORTR
HEEROEBE X, ZHREKEH~Y AR L=H A.P.
BEH~ Y AR LOMICRB LAY ZR Dt hE
bEMREKEH~Y AR TS U260, EAK
BEH~y ABECll B BHIUR260, ¥k
HEGEH~ Y AR TR, FIUELL088TR
FEEBOBER, ThThoBREU#REES~Y
AFEETI2ThH LD b ThIBEOTV T,

BiESIUER

FELMWTNIEIC L PR EYERE
KEBICBHEL, 113 5%kD5H 24 B (21.2%) RE

Table 5. Comparison of Virulence of Strains of Tubercle Bacilli Subcultured on
\utnent Agar and Their Original Strains
Strains F8¥l(;ka Ft}:\pok‘a o (h)ri;‘t: X'}E’a Soarr:ga ia.xi’ga i K(i)r;xl\;ra ‘ KiAm;ra
No. of animals 1‘123123‘123123\123‘123123'123
Survival time in days | 28 28 22 | 28 28 28 |28 28 28 | 28 28 28 | 19 28 28 | 28 28 28 24 28 28 ' 28 28 28
(fate) (k) (ke- M- ) (he- Y. Yk )‘(k (k. (k. )(k k. )(k.) (d.)(k. )(k.) (k. )(k.)(k.) (d.)(k.)(k.) (k.)(k.)(k.)
Change in average | l _ _ _
body weight (g) —5.8 -0 . | -3.5 3.2 4.8 ! 0.3
_ ",,., | — e _—
B %%.memmlm%ﬁ e el aeeleyn
Lungs T AR Tl e AR s
BEH CHT EHBICCCS I RER BRHRIRRFR|CFS
. el B+ H EHE o H M+ +
g| e 227 2o\ 222 ZZZIZZZ|ZZ2Z|2Z2Z2|22<2
<
g By B H R R R e
Kidneys PP P A ///’/// PP AP P P AP AP S P
l_—__"_—_""_"‘_____"____g'"_—
o Vo L TR ! .
Spleen Iﬁﬁ')tjﬁ ﬁﬂj\t;ﬁ ﬁﬂ/{-ﬁ ﬂﬂ-}/ﬁ ﬁﬁﬁ -}/-ﬁ-ﬁ
l+_+}+ _+_+i___+++ -+ -+ ++ |+ - -
_Note : Ox:;g O;gx;;l str;m su;cxﬁ;ured on Ogawa med;l:n o T
A.P.: Strain subcultured up to the 30th generation on nutrient agar.
(k.): killed. (d.): dead.

Numerator shows number of viable bacilli, and +,#f denotes the degree of proliferation.
Denominator shows the macroscopic findings, and +,# denotes the degree of tubercle formation or

swelling.
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ERH TV 2, bhvbhid/NIEic M Lice b I
By, 1 RN Licob 10mg/ml o K
TRAML, £ 0.1ml Fod W BERK BB LR
BORBRLYBRLAL A, 13.6% 7o\ L 30.3% oK
HORENALhI, LA LIDXIWDORWOH MR
RELML, M—BEIL ML EKRT4IEREL
13 KROS5 b 4EE L RENBETHORLDIXT B
(8%)ThH, ¥ 3EAREH B TH2OMb D 1 HiT
TEY, 1EOAREHBETHOMRLDIXT Fk (53.8
%) Tihoto TORBTOBARKIZOWTRIG 1, §
I E LRI DR BLRADBZ DI L B DTI
e e#Ex, ¥ Tarshis bV BRI ERDOS
PRIBLDLELTWEY S THEN, SEORVRT
BEORAYASLMICTHE LIX TR DT,

b M EEEO ¥ ERKEMNRICH o TIY, Bl
HEOSVPBECREFIIRL hoRIFTHDM, Bl
BRI’ HETHLIIVWCRREELRR LD, DL ik
RE LDt TNDX5RLT 13 DS HIH
HiZRPCRE L b, 4EkkoHp 30 RFHR
KIEH MR L 270 LALEHLZDEWEFLWHR
W3 XS IRy RRA I ONTRENEL e h RER
B Lig B vwoteZ LiZALRILhDT,

Y EEREM AR GO EWENERDORECH DT
3, TO—MIEBERREW L RE LcEEH»HEE
SHELTREIRHE LI, TOIVWEREBL HhOED
NENRHETH DD, R TIATY VTR,
FHALRIC, WRERT, 2FVvISL-BRE, S—-%
FUF—RAKIVT I F— RAOREIIV O ARKER
X O/NIECEYBHELEE LS 2 TThiIEonwT
ﬁﬁ?bﬁﬁ Lo

EMFORERO B TR S B%kH 5 L1, EREH
HMREETIXEDZ L Z e a2~ FREAIVBETHOK-
DErhbbT, ThOoDORKTIIZ L Z L HBHT
ot L Thbo FATOVF AN, hBUERIE, B
MEET, AFVVYTA—BT, 2—FFCF—2R, #§
e, » 2 V-2 LUER LUERRO FRET
3, EREBHERELThOORKLOMICIRLALE
BOEIXAZ LRI DT,

BEL AT ERERCHR Lice RGBT
EHRBFHOEMEED, FHLY (2 ARKEMIC 3R
MR LIce VEEEED S br4 7> v R MAKREII
a2l bDDHBZ EEXBEL, TR EER
EMIERE LD dic\vicote PV REREO TR E
DRFRICHREROEMRE, HBEORESE, r+rvvoa
—BTEDHAR IVRRCRTHIENDOETEXREL
T3, bhibhNERCHE L FERE LB
LRI TIZ, VTR FA 7oV T R NS
#Thh, HEHREL 30 FTHEIRT, ThEfho

s B4k KT

Bk & DT &2 2 i hotce L LIEFKIEMEA
WD 4 B0 5 L3 ETLNTRLDBKL h FHEE
o SR RN R b N, ¥ BRI LT RS
SEW LR KBS 25\ T, WIh L Eh D O
IhLBPLb X hRIFOL S Tikbhoteh, LXK
WoOXRNH D LIXBbhichDor,e

~ % 2t BHED TIERRIC 351 SAIRINRE 36 X
VRS 5 D ERRTHERBLE,NLHES 5L, XX
HRACRETIZ ED 4 BED 5 L3R E TL AL AZEN
DEFLTWAEZ LnBHLAT,

] - ]

1) WRSHEEDOBRNS TRl P UEKED
S bicit, WEESIEHCRALY ZLDHNSY, X0
BT 13.6~30.3% Thotso LD LETDOREHICIZA
R A—WsETL R RET 5 LR G eh D,

2) WREFKEHY 30 KM LIce F KB E 4K
TiX, FA47ovF R, FHREORE. BMERTE,
AFUVTA-RTE, A—FFo7F— REHE. HER
M, HEUV—-REERLOVICEES IUCERBMOIRET
12, FRERDORKLOMICEREDERAL hic h D
too L BicHekd 5 LitFE&KZVTFh 2~ FEXK
DBETSHBDIhrbLY, ThbORTIEHMNAK
XAk b TRT 2 - FERENRELL T i

3) HEAEKEHWEOREIX, EXEMWH#REKIZL
TEFhODFEKRICHRSVELRIFTHLHI5CLRE
BFohtp, LAARDOELRLBERBb Rk, D
oo

4) <VARCHTIEHIRKEMHR 4BHDO S B,
SEHRETLAHELMCETL TV

BAYRbACHEL, REZEBES 258 L Z8MY
Bhol-BM L BB IR 5MELERLET,

¥ ZOWRROWTH4 ZHR T ORI KR
EHUICHERMCEH L T,

2 £ XK
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