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Wa BT, # 5 AEL Al DUBOS sEiic#:fE,
1 e HEER IR Lig# L, RN 1 mg/ml B
WA, HEEFEK No.2 TF@EL, FiK 0.1ml 2%
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Btk MT 17 ©oWT o 813 Table 1 R34+ %
DTHbB, # 7 AED DUBOS Fiuc R I hicHA,
BERE UTHET SRR SRR 48.7% TH
otce BRZIFBTAZ LIc X - THEUT 1/3~1/6 i@
WATHH, REERCY > THEI WS BEFEOST
13 76.1% Lith, ILREFBERDO BERIC X5 T
85.3% & FDHEEI LR Lo BEIhBERCN
THREBEROEAT, PR - R L UBERCLD
14.3%, 31.1% B LUV 57.7% %R Lico BESMHOR
BENAEBEHRBAI E LTHETERVWETY, F5 A
EH LIOFRFECE - THEEIBEECBOhSBC
EHVHIBE UTeo € T D HEERIC 35135 DUBOS Hig%
Cirh 5 AR L TREEEXTR -7

2. KM ORAELELE L VUTELTHIEDRIT

26 %% AWT KM i3y 3 2t EDO S a2 &t Lic,
FOfERIL Fig 1l wRTEkh, 104 H/ml OEEEE
Ti% 0.4 ug/ml 3 X0° 100 pg/ml iz v — 7 HiR3 2 B
L 1,600 ug/ml L EOTREELRT H3 O/ -T2
Sirbhic. L2 L EMEEE 10E/ml <Tix 0.1~0.4
pg/ml, 6.25 ug/ml 3s X% 1,600 ug/ml D 32D 71
—7Liebh, 100 ug/ml O — 7% 6.25 ug/ml BB
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Table 1 Isolation of single bacterial cells in M. tuberculosis by filtration

Distribution of beacterial cell aggregates (%) No. of single
? No. of cell |¢e]15 in total
Treatment No. of single No. of bacterial cells in an aggregate® aggregat;s ?;'Iir;‘;ezetl)lfsgac-
cells 2~3 4~5 6~10 >10 observe %
Before filtration | 458(48.7)| 234(24.9) | 90(9.6) | 98(10.4) | 60(6.4) 940 ‘gg/ g,)zoo
After filtration 340(76.1)| 44( 9.8) | 18(4.0) | 22( 4.9) | 23(5.1) 447 %‘3“1)/ 5095
Reincubation 1,126(85.3)| 126( 9.5) | 40(3.0) | 20( 1.5) 8(0.6) 1,320 | b gg/;,)gsz

Incubation : DUBOS liquid medium containing glass beads.

in a day. Cultures were filtered by a filter paper

The culture was gently shaken 5 to 6 times
(Toyo Roshi No. 2).

a) Number of bacterial cells in an aggregate was determined microscopically after staining.
b) Total number of bacterial cells was computed as the sum of each product of the number of aggre-
gates and the number of bacterial cells in each aggregate.

Fig. 1 Distribution of the level of KM-resistance

Incubation time : 4 weeks
Medium : KIRCHNER’s soft agar
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BRECE OBRFEZMDELETAZ ER2FRELT W3,

BB, PSEMMR X OTRELEMEE HEILS
5 BRI OVWTORERERELY Table 2 iR Lio

KM izt LCEBETEETH D, Lid5eemit: s ¥
EIh 5 EHEDO MT4 3 X 08 MT 20 1%, KM 1,600
ug/ml % &3y KIRCHNER $FBIFERIZMATH, KA
EELOCHBEBATY, BEEECBGRT < ARE
CRE Lo EHZE T W BE b % 2 DB,
3ar=—TO%RRL, BO KM M#EY JIE L
2, 2L FA—0REIELh, E4108irhEhzs
CEV KM fitEERH LT B8Rk i BERTh 2 =
LML MR T,

THERE DR b TeLmitt L HEEhs MT2,
MT21 & X08 MT 12 CiREEEET X % MEEO%
BIELCZ EHBH L, COERLEIEEEED
METIER S, THEEORLS 7 v — vOKRTHSB

Table 2 Type of KM-resistance in M. tuberculosis

Degree of bacterial growth®
Type of Inoculum size
Strain Concentration of KM (ug/ml)
KM-resistance (cells/5 ml) Control
6.25 25 100 400 1, 600
10* o i H#t H# Hi #
MT4 | 1o + + |+ + + +
Complete n :
MT 20 10 H Hr - i - H
10! +21 +18 +22 +22 +22 +219
10* H# 1 1 +H + Ht
MT?2 10! +32 +18 - — — +32
104 - 1 H# ¥ - i
Incomplete MT 21 10t ‘ +14 +15 ’ o o - +11
10% +30 +30 +30 +3 +10 H
MT 12 o | s Rl - — +10
a) Time of incubation ; 4 weeks in KIRCHNER's soft agar.
b) Degree of bacterial growth ; i : heavy, 4 : medium, -+ :slight, — : -no growth.

¢) Number indicates the countable number of colonies.
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Table 3 Level of KM-resistance in each clone {Eiz KM fitflE & RE
Type of ] Clones . BEb L ixThEDfE
KNf';sistance Strain from Level of KM-resistance (MAC : ug/ml) i LTloteo LVDMGR
MT2 | control [100~25% 100~25, 100~100, 100~100, 100~100 #fE: KM WiEE o E
KM 400 {400~400, 400~400, 400~400, 400~400 BB ERTL
I lete | MT 21| control [100~25, 100~25, 25~6.25, 25~6.25 7odt, MR T OE
ncomplete KM 100 [400~100, 400~100, 100~100, 100~100 \HE <, MIC3, 20042g/ml
MT 12| control [0.4~0.4, 0.4~0.4, 1.6~0.4, 1.6~1.6, 1.6~1.6 kD KM % R34
KM 100 [400~400, 400~400, 400~-400, 400~400, 400~400 #eh 3 #12 LVDM 25 g/
Each colony was incubated in DUBOS medium for 2 weeks. ml, 1 # % 100 ug/ml

The level of KM-resistance was determined in KIRCHNER's soft agar.

* (a-b) indicates the level of KM-resistance.

The inoculum size ; a : 10% cells/5ml, b: : 10! cells/5 ml.

LEEIRD, £ C MT2. MT21 Xot MT12
Bo% 2% B, KM g X8 KM 2 & En0sy
MR ST Lic2 v = —% $RIX L, DUBOS KT
iR # L ar = — oW T KM iEE © FREYR
Zt- (Table 3),

MT 12 &oWTEZEThiE, KM 100 ug/ml D5
B2 e = — OMEE (MAC) XEEEEBIfR
& 400 ug/ml T, SELMMERRLTWBH, FEHEE
F xR 5B 5 2 e = —D KM iiEfE 0.4
ug/ml % X0t 1.6 ug/ml © MAC fECHotco MT2
F IO MT 21 & R AR & HE S h 5 Bk
MEEO RS 2 B it th b kD7 v — v OEMT
BB EWVIFERIVRI I,

KM fiftk & DKB 3 08 LVDM itk & D BIfR% 9 #
oW THE LiciE Ry Table 4 iR L7co KM it
& DKB fifth & 13Xt xRT & & bic, DKB itk

Table 4 Cross resistance relationship among
KM, DKB and LVDM resistance in M.

tuberculosis
Level of drug sensitivity
Strain MIC, ng/ml)
KM DKB LVDM

MT 4 >3,200 >3, 200 25
14 >3, 200 >3, 200 25
1 >3, 200 >3, 200 25
20 >3, 200 >3, 200 100
23 400 >1, 600 25
25 400 400 25
3 6.25 25 1.6
5 1.6 25 1.6
120 6.25 50 1.6

Inoculum size : 10! cells/5 ml in KIRCHNER’s soft
agar medium.
Incubation time : 4 weeks

D MIC fiTh -1

3. RFP ¢ @ Rl
LR E LUV ALt
DR

RFP 10 ug/ml RRZ#E (10%) 9#k, 10 ug/ml 524
fiftE (10) (4, incomplete) 1#, 50' 7 #k, 50 pg/ml
szt (50°) (c, complete) 5#, 1001 2 #, 100¢
5 ¥DE 29 #x AT RFP AL RIE Lic,

501~100° D E X h 3 19 Hic oW T O MHRIE
DRIz Fig.2a wRT L%, FHn KIRCHNER ¥
WBYFER A OB R & v RFP MMEO i
LEEH A SN, 1045 ml oFEEEE TO MAC i1 100
ug/ml Z;RTE#ED, 10/5ml O Tit 6. 25 ug/ml
EELWETRAARLRA, ¥/ MAC & MIC fic }
BIERRTIERELNTHD, ZhbIERELAHE
LHBXNAEKRICERTH -7, 10° L0010 0 10
W oW oA fi% Fig.2b iRk Lic, BiER &%
BT AW BEERC X » THOMMES LB
B bR,

RFPSESTE s X U RELitE & HIE & h - Bk MT
8 L0 MT5 i oWwT KM fitEs B Cei Liz
FHECEL R TINL 7o SELTMEE HESh B MT

Fig. 2 Distribution of the level of RFP-resistance

Incubation time : 4 weeks
Medium : KIRCHNER's soft agar

Inoculum size (cells/5ml) ; — : 104, ---:10!
a : Result of 19 strains of RFP 50!~10¢ resistant
strains

b : Result of 10 strains of RFP 10! resistant and
108 strains
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Table 5 Type of RFP-resistance in M. tuberculosis
Degree of bacterial growth
Inoculum size
R ’I‘ype. of Strain Concentration of RFP (ug/ml)
FP-resistance (cells/5 ml) Control
1.6 6.25 25 ’ 100 ‘ 400
Complete MT 8 ig: ﬂ_{' ﬂ_'l- ﬁ{: -}ﬁ — 'Iﬁ
1 —
Incomplete MT5 }g: 12 18 13 +_0 _ ++s+30
See Table 2.
Table 6 Level of RFP-resistance in each clone Bohsdz i, TTRHELESY, 7 FoRESr

Type of

. | Clones | Level of RFP-resistance
RFP- Strain .
resistance from (MAC : pg/ml)
Incom- MT5 Control |0. 025~0. 025, 0.025~0. 025
plete RFP25 | 100~100 100~100
See Table 3.

8 T oWTiY, 105 ml M LKL S F o WR
BB iciar =—2AVEREL T £ A
BEER LI, 0% ) EEEE L BR < A—OmtEE
R Lico MT5 inbBicar = —COBREDKRIT
MAC 100 ug/ml #5737 » — v & 0.025 ug/ml %773
20D 7w —VvORIHTHDHZ LEHFEHI I,
MT5 p5685htc RFP D 7 v — v & BREHO
7 v — v NABRCESAHLY, BORT & R mEE
PEZTTIR> &, MT5 OFEHBIR LI X 5 cBEEHE
DER X HMEECKEVWEBLRT, Wb BITRES
WEDOHE & 510
it E

BAMEOEKAMURELTTR>BE, Filck-T
EEERC X > TAT AMMEECERRERIEDL
ha2, EEEZHER LEREOEAIMFER~NOERY
105/ml DEPSEXEETIZ LI Lo T, —EDMHEN

BOTHRAUBRELEBT 5, ¥ -MEERHED B
b, B4z MIC X h & LAEH LS R L/
BECEREORDLNIcEAORBBEY TER TS
MAC 2R LT E %, ChitEBEOMERERE
DERBE LTHVWO NS LMY T340 LB
hdo

REHEERE > BE, BANELER v EEDOa—F
FRiC X b BMSEAC b H— LR R 185 2 Lt ons
L, REEMFITHS Tween 80 wisibric L
e E VT h, YR O EITEESEAC I BB OB
FDELTHEELTVAZ LIRMOERTH S, 4
P13 DUBOS Hihsstirhic v 5 AEw Ah, B4iRd
I THETD L b, FEFAH% FERTC
LI X o THRESEMC b BEE I ESHEBEBOh5Z &
T RER Lico BEFMEIT 1 EoMao R RO
BYIMNETH - T, Wi ik LTSBAREREORE
FHRBH AT 2 2BECI - 7cd D L Bbh b,
ChETHLRTED LID, BEEOELM I
SELmE, TELTHEEORBIMBEA IR T,

KM 3 X0t RFP w3 2 B O EREc g L
BEEREYEX B LR LD, Bt : st
RERRICHRELCEREL, KM 3 X0 RFP R5ELf

Table 7 Reconstruction of incomplete type of RFP-resistance in M. tuberculosis

by mixing RFPT and RFP® clones

Ratio of [Inoculum | Degree of bacterial growth

mixing size Concentration of RFP (ug/ml)
. " Control
ris  (eells/Sml) g 06 ‘ 0.25 | 0.1 | 0.4 | 1.6 i 6. 25 ’ 25 100 | 400

1:10 10¢ # o + + 4 # 1 1 + H
' 101 +80 | +80 | +60 +6 +5 +6 +5 +4 — +80
: 104 # ol 4 # + = + + -

1:100 100 | 460 | +60 | +40 | — - - - - - %o

RFP-resistant (r) or RFP-sensitive (s) clone was isolated from MT 5 strain.
Each clone was incubated in DUBOS medium and the bacterial suspension was adjusted to 1 mg/ml. After
mixing the RFPT and RFP® clones, the level of RFP-resistance was determined in KIRCHNER's soft agar.
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DRUG RESISTANCE OF MYCOBACTERIUM TUBERCULOSIS. 1

Genetic Analysis of the Incomplete Resistance to Kanamycin and Rifampicin

Toxkumitsu Tanaka and Mitsuko Tsunoba

Department of Microbiology, School of Medicine, Gunma University

Mpycobacterium tuberculosis was cultured in DUBOS liquid medium containing glass beads to obtain a
bacterial suspension containing single cell at a high percentage for genetic studies of the microorganism.
The culture was gently and manually shaken 5 to 6 times a day, resulting in the increase of single

cell in the population.

By repeated cultures in the same medium after filtration of the culture through

filter paper (Toyo Roshi No.2), about 85 percent of the population exhibited to consist of single cell

by microscopic observation.

Complete or incomplete resistance to kanamycin (KM) and rifampicin (RFP) was investigated by chan-
ging the inoculum size of bacterial cell suspension containing single cell at a high percentage. The
complete resistance was found to reflect the pure population of cell with the same resistance to the

drugs.

By contrast, the microorganisms showing incomplete resistance were found to consist of two

(or more) clones with different resistance levels of the drugs.



