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CROSS—RESISTANCE RELATIONSHIP BETWEEN STREPTOMYCIN AND KANAMY CIN
RESISTANCES IN MYCOBACTERIUM SMEGMATIS (STRAIN JUCHO)

— Comparison of the Development Patterns of Resistances to Streptomycin and
Kanamycin among Mycobacterium tuberculosis, Mycobacterium
avium Complex, and Mycobacterium smegmatis —

Michio TSUKAMURA *
(Received for publication April 24, 1990)

The resistance development pattern of Mycobacterium smegmatis strain 17023 (Jucho)
to streptomycin and kanamycin was studied. The medium used was Ogawa egg medium,
and the level of resistance was determined for each clone derived from single colony by the
‘actual count’ method. Hence, the resistance level was estimated as the highest concentra-
tion of drugs, in which small inocula consisting of 20 to 100 colony—forming units could
grow after seven days incubation. Only one type of resistance mutants resistant to more
than 1,000 #g/ml streptomycin was isolated and these mutants were also resistant to 8 g/
ml kanamycin. On the other hand, only one type of kanamycin-resistant mutants
resistant to 8 £g/ml kanamycin was isolated and these mutants were also resistant to more
than 1,000 zg/ml streptomycin. Accordingly, there was a complete cross—resistance
relationship between streptomycin and kanamycin resistances. Therefore, there existed
only one phenotype, which is simultaneously resistant to streptomycin and kanamycin. The
mutants occurred at a rate of about 2 X 1078 per viable bacterial population of the parent
strain. Streptomycin—dependent mutants occurred at a rate of about 2 X 107°,

The number of resistant phenotypes to streptomycin and kanamycin was only one in M.
smegmatis, while it was five in M. tuberculosis and 2 or 3 in M. avium complex
(Tsukamura, M. and Mizuno, S.: J. Gen. Microbiol. 88 : 269—274, 1975 ; Tsukamura, M.:
Kekkaku 62 : 445—-458, 1987). The simplicity of the resistance system of M. smegmatis
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suggests that this organism is evolutionally primitive in the world of mycobacteria.
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Wi, A OEEICKRE LLBEESE (RIEEIER
AR - T/NIEMNCREE L, ki &R U A AR
ot TOHEE, bIIPED - AEIERAES
NBLBBEETHRORL I,
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51\, O, AKREERD SHEICHEA LN 5,
SM {3 streptomycin sulfate (BHIERE), KM &
kanamycin sulfate (BESIE) 2V, HEATOR
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% Fig. 1, 28X U Table 1, 2iZ/R9, SM 16
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Fig 1. Pattern of
Mycobacterium smegmatis strain 17023 (Jucho) to

resistance development of

streptomycin.

Open circles show the survival curve of the parent
strain and closed ones that of the resistant strains
isolated on the concentrations higher than 16 zg/m!
streptomycin. Arrows show the concentrations, from
which three isolates were taken for each concentration
and examined for their survival curve. Dotted line
shows that no growing colonies were observed after
incubation for seven days.

8 £/l 16 ug/mi ok L Td, ZThll EfittEoD
HWRESHhLE, -1,

“actual count” IETIHMHE %2R 2 &, KO
B3, SM, KM & b2 2 pg/ml, SM Mtk ot
iF, 1,000u2g/mlBALl, KM itHEtkoZhid 8 ug/mli
Thot, THHDSM kRS & U KM itttk © KM
23 SM icxtd MR EFE~NS &, SM KT
KM 8 ug/mlfittE, KM it #kid SM 1, 000 pg/ml
DEmHETH Y, HiEOMICELERXMHEASR S,
SM it HEE & 72 i3 KM it oo B =R i3, 2~ 3 per
108CFU T& » 72, SM{&EE L, SM iR 10 fEic
%L1 OHRTED SNDT, Biktkdho HEEE I
#2~3 per 10°CFU T& 5 LitBahi,

PDlok iz, Zokko SM ELEENZ SM 1, 000
peg/mliitto 1 BEOATH D, KMitEoRERE S
KM 8 ug/mlitEd 1 @E LI THB, Lrd, SM
R KMt Td o, KM MR SM it Td
35, SM THEIRL 72854 b KM TEIRL 258 b,
Bon AR SM 1,000 ug/mil LI EfE»> KM
8 ug/mlitHED 2 ERHERE 1 BHLFEVS T &Il
3, Z®SM-KM 2 EfiftEE I, SM 723 KM i &
% “one step—selection” TH# 2 X 10O RTHSh
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Fig 2. Pattern of resistance development of
Mycobacterium smegmatis strain 17023 (Jucho) to
kanamycin.

Open circles show the survival curve of the parent
strains and closed ones that of the resistant strains
isolated on the concentrations 8 or 16 ug/m/ The
colonies growing on the concentration 16 ug/m!
were small.

%, b B, E—#IETFD “single gene—mutation”

Ik 2EBRBOE/LH, SM1,000ug/mlPlEB LT

KM 8 pg/ml Atk TH 2 LEZL 5N 5,
bhbhid, fic, M. tuberculosis & M. avium

Table 1.
Streptomycin and Kanamycin between Strains

Comparison of the Susceptibilities to

Isolated on Streptomycin and Those on Kanamycin

Level of resistance determined by
Strain* the actual count method (zg/mi)
Streptomycin Kanamycin

SM 16 R >1,000 8
SM 32 R >1,000 8
SM 62.5 R >1,000 8
SM 125 R >1,000 8
SM 250 R >1,000 8
KM 8 R >1,000 8
KM 16 Ra >1,000 8
KM 16 Rbl >1,000 8

* For example, SM 125 R shows the strain isolated on 125
ug/ml streptomycin, and KM 8R the strain isolated on
8 ug/ml kanamycin.
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Table 2. Isolation of Streptomycin—Dependent Mutants
Experiment | Isolation rate of Isolation rate of Isolation rate of
SM 250 R in streptomycin- streptomycin-
parent  viable | dependent mutants| dependent mutants
population in SM 250 R in parent viable
strain population
1 2.6x1078 (3/23)=0.13 3% 107
2 2.0 x1078 (3/32)=0.10 2 x107°

Table 3.

Comparison of the Resistance System for Streptomycin and
Kanamycin among Mycobacterium tuberculosis,

Mycobacterium avium

Complex and Mycobacterium smegmatis

M. tuberculosis M.avium complex M.smegmais
Phenotype of | SM" SM™ SM! SMh SMm! SMP-KM!
resistance KM! KM* KMt

SM": Highly streptomycin-resistant mutants (resistant to more than 1,000 zg/m).
SM™: Mederately streptomycin-resistant mutants (resistant to 200 #g/m/).

SM!: Lowly streptomycin-resistant mutants (resistant to 3-50 #g/mi).
KM : Highly kanamycin-resistant mutants (resistant to more than 1,000 sg/ml).
KM!:Lowly kanamycin-resistant mutants (resistant to 8—200 yg/ml).

complex ® SM ittt & O KM ittt = 92 L 72,
M. tuberculosis 05001 ¥k (Hs; Rv #&) © SM it &
KM it D i 322 X 1 78 42 - 72, 2 LT SM it
HRARZREICI SEHORHBL S > 1o, TR8bB,
50 ng/ml MPE, 200 wg/mlifidh:, 1,000 pg/mli it D
3MTH B, 1z, KMiticowTid, KM 200 ug/
mlftE L, 1,000 zg/ml I EMREED 2 oD0EBEHDH -
722, LkdS>T, M. tuberculosis ® SM ittt & O
KM fitticBid 2 RERII BT 5 TH 5,

XL, M. avium complex @ SM it &K IREY
W1%2, KMitERERER 1 T »71%, £/, SM
Mtk & KM it o Rfic i3, XMmEREr 7" L
7255 T, M. avium complex (3#k) ® SM ittt
U KM ttEicBEd 2 ZRHBUKIIAH 24233 TH
%, Zhicxt LT, M. smegmatis D T3, A#Fic
RT LI, KEZ1BOATHS (Table 3),
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Mycobacterium smegmatis 17023 ¥k (8RR @
BRI, SM 2 pg/ml £ KM 2 pg/mlicHE
T35, ThYULOBEICEEE LTV, TOk» 545
#an 5 SMHER O RHERIZ SM 1, 000 ug/ml it
DI1ELFTH B, —H, KMHEOXKHEES 8 ng/

mlfgtED 1 BRI TH S, Lrd, SMmHERIIE KM
fittE, KM MR SM it <, SM itk & KM fitfE
DN ST BRXMMEASH 5, Lich-T, TOHkRD
SM i, KM i B3 2 &AL, SM 1, 000 g/
mlfttEcd b, [EIC KM 8 ug/mlifidt:o 1 EEH2
FEWS T LIS B, BITHIZE L 72 M. tuberculosis
D SMB LT KMMEORRKIE ST THY, M.
avium complex DZNIE2~3 TH -7, M. smeg-
matis 3722 1 RIORFER U b 780,
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