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CROSS RESISTANCE IN MYCOBACTERIA
——DBiochemical and Genetic Aspects——
Yasuo MIZUGUCHI* and Takeshi YAMADA

(Received for publication October 22, 1977)

It has been known that cross resistance relationships among aminoglycoside and peptide
antibiotics in mycobacteria are very much complicated depending on the different authors and
mutants used in the investigations. In this review, discussions were made on the possible nature
of the complexity of mycobacterial cross resistance.

From biochemical point of view, mechanisms of drug resistance can be classified into two
categories. One is governed by R plasmid, and the resistance to the antibiotics were due to
inactivation of the drugs by enzymes. In this case, cross resistances were determined by substrate
specificity of the enzymes. For instance, drug resistance pattern of a cell having an enzyme amino-
glycoside-3'-phosphotransferase I is different from that having aminoglycoside~3’~phosphotrans-
ferase II. There have been no reports on the presence of R plasmid in mycobacteria. Recently,
however, a strain of M.ztuberculosis having kanamycin acetylating enzyme has been isolated.
Possibly, at least some of the drug resistant clinical isolates have R plasmids in their cytoplasm.

Most of the resistant mycobacteria isolated in the laboratory and perhaps some of the
clinical isolates also, have altered ribosomes. Mutants with altered ribosomal components often
show cross resistance of various phenotypes. For instance, mutation in vicA gene which determines
a component of 50S ribosomal subunits, confers resistance to viomycin and capreomycin but does
not show cross resistance to kanamycin. On the contrary, mutation in vicB gene which is a
structural gene for 30 S ribosomal subunits, confers resistance to viomycin, capreomycin and
show weak cross resistance to kanamyecin.

There are evidences of functional co-operation between different ribosomal components. For
instance, the levels of resistance to viomycin due to a change in 50S ribosomal component
greatly increased when streptomycin resistant mutation was introduced into the strain. Such a

functional co-operation also makes cross resistance complicated.

* From the Department of Microbiology, Kyushu University, School of Medicine, 3-1-1, Maidashi,
Higashiku, Fukuoka 812 Japan.
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Table 1. Aminoglycoside Antibiotics-Inactivating Enzymes

Antibiotics affected

Antibiotics not affected

Enzyme
Aminoglycoside-3'~-phosphotransferase 1 KM(A, B,C),RM,NM, PM, LVM DKB, TM, BUT, AMK
Aminoglycoside-3'-phosphotransferase 11 KM(A, B,C),RM,NM, PM, BUT, LVM, DKB, TM
AMK
Aminoglycoside-3"-phosphotransferase SM, DHSM 7
Aminoglycoéi?ié?’—nucleotidyltransferase KM(A,B,C), DKB,“TM, GM AMK, BUT -
Aminoglycoside-3"-adenyltransferase SM, SPC » 7
Aminoglycoside-6'-acetyltransferase KM(A, B), DKB, TM, GM, RM, KM(C),PM -
NM
Aminoglycoside-3-acetyltransferase GM
Aminoglycoside-2'-acetyltransferase I GM, TM, LVM KM(A, B, Cj ,DKB

Aminoglycoside-2'-acetyltransferase II

GM, DKB, TM, BUT, KM (B, C),
LVM, NM

KM(A), AMK

KM : kanamycin, RM : ribostamycin, NM : neomycin, PM : paromomycin, LVM : lividomycin, BUT : butirosin,
TM : tobramycin, GM : gentamycin, SM : streptomycin, DHSM : dihydro-streptomycin, SPC : spectinomycin, AMK : amikacin.
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VA S

10. $H Y (T

Pk, E&LTBHMES M. smegmatis TESh T
HE b Lz, BEECKT 28 UMD BHEC o T



19784 4R

HEL U, THEFSHEEE O L % R B Ensdk e
Teuntodd, 5 LTLoW T bhicy — 21 X 5K
LB EENTIL DT, SHIRACTILH A0 L
LSS 81T A XL B B I TL 2
LorBEbhs, BFEHLIhETLERLTELZ L
MR DN D D BHREDTINETHREIR T2 X
SRR T —~ 2% b LTWBEDTHAL S, Lbdbh
=0 %5 IR R 5 F 2 CHEHIm A SRR T
LB 2 DD THIT b A Z E xR LICV,
FO 1AL B RNCEN L ONSLEER OF %
ZF e TAHRLTH 0, MM A R RS
WX THED EVHRKTH D, BIEFLFE, BIE
TEE DR OMES LM E O THRETHLDOTH LN b,

bhbhii i bOSEIC biaz MW EEL S 2 &
MUETH B EEL BRI D,

X ik

1) HRAEHE - 5%, 5217, 1977.

2) HREHE : f58%, 5247, 1977.

3) HAVEME KSR, 52171, 1977.

4) [UHE - SEEERK ¢ K58, 51: 399, 1977

5) Yamada, T., Masuda, K., Shoji, K. and Hori,
M.: J.Bacteriol., 112 :1, 1972,

6) Yamada, T., Kawaguchi, K., Masuda, K., Shoji,
K. and Hori,M.: Am.Rev.Resp.Dis., 106 : 769,
1972.

7) Yamada, T., Masuda, K., Shoji,K. and Hori,
M.: Antimicrob. Ag. Chemother., 6 : 46, 1974.

8) Yamada, T.: Biken J.,19 : 129, 1976.

9) Masuda, K. and Yamada, T.: Biochim. Biophys.

Acta, 435 : 333,1976.

Yamada, T., Masuda, K., Mizuguchi, Y.and Suga,

K.: Antimicrob. Ag.Chemother., 9 : 817, 1976.

Yamada, T., Mizuguchi, Y. and Suga, K.: J.

Antibiot., 29 : 1124, 1976.

Novick, R.P., Clowes, R.C., Cohen, S.N., Curtiss

III, R., Datta, N. and Falkow, S.: Bacteriol.

Rev., 40 : 168, 1976.

Yamada, T., Tipper,D. and Davies,J.: Nature,

219 : 288, 1968.

Umezawa, H., Takasawa, S., Okanishi, M. and

Utahara, R.: J. Antibiot., 21 : 81, 1968.

Yamada, T., Kvitek, and Davies, J.: Progress

in Antimicrobial and Anticancer Chemotherapy,

Vol.2, Univ.Park Press, Batimore, p.562, 1970.

Ozaki, M., Mizushima, S. and Nomura, M.:

Nature, 222 : 333, 1969.

Maness, M.]J., Foster, G.C. and Sparling,P.F.:

J. Bacteriol., 120 : 1293, 1974.

Elwell, L.P., Roberts, M., Mayer, L.W. and

Falkow, S.: Antimicrob. Ag. Chemother., 11:

528, 1977.

Mitsuhashi, S., Tanaka, T., Kawabe, H. and

Umezawa, H.: Microbiol. Immunol., 21 : 325,

1977.

10)
11)

12)

13)
14)

15)

16)
17)

18)

19)

20)
21)
22)

23)
24)

25)
26)

27)

28)

29)
30)

31)

32)
33)
34)
35)
36)
37)

38)
39)

40)

41)
42)
43)
44)
45)

46)

47)

48)

49)

249

TR - TRIRADE - A58, 49157, 1974,
FIHEMEF - FRIEEDE - f58%, 490 91, 1974,
Davies, J., Gilbert, W.and Gorini, L.: Proc. Natl.
Acad.Sci., 51 : 883, 1964.

Turnock, G.: Biochem.J., 118 : 659, 1970.
Anand,N. and Davis, B. D.: Nature, 185: 22,
1960.

Funatsu,G. and Wittmann, H. G.: J. Mol. Biol.,
68 : 547, 1972.

Funatsu, G., Nierhaus, K. H.and Wittmann, H.G.:
Biochim. Biophys. Acta, 287 : 282, 1972.

Shaila, M.S., Gopinathan, K. P. and Ramakri-
shnan, T.: Antimicrob. Ag. Chemother. 4 : 205,
1973.

Davies,J. and Davis, B.D.: J. Biol. Chem., 243 :
3312, 1968.

AHFEE : K5K%, 521104, 1977

Brown, M.E. and Apirion, D.: Mol.Gen.Genet.,
133 : 317, 1974.

Yamaguchi, M., Eda, J.,, Kobayashi,F. and
Mitsuhashi, S.: Antimicrob. Ag. Chemother., 4 :
380, 1973.

Liou, Y. and Tanaka,N.: Biochem. Biophys. Res.
Comm., 71 : 477, 1976.

Apirion,D. and Schlessinger, D.: J. Bacteriol.,
96 : 768, 1968.

Apirion, D.and Schlessinger, D.: J.Bacteriol., 96:
1431, 1968.

Suga, K. and Mizuguchi, Y.: Jap. J. Microbiol.,
18 : 139, 1974.

Mizuguchi, Y., Suga, K., Masuda, K. and
Yamada, T.: Jap. J. Microbiol., 18 : 457, 1974.
Steenken, W, Jr., Montalbine, V. and Thurston,
J.R.: Am.Rev. Tuberc.,79 : 66, 1959.
Tsukamura, M.: Chemotherapy, 22 : 1115, 1974.
Osawa, S., Takata,R., Tanaka, K. and Tamaki,
M.: Mol.Gen.Genet., 127 : 163, 1973.
Wittmann, H.G., Stoffler,G., Apirion, D., Rosen,
L., Tanaka, K., Tamaki, M., Takata,R., Dekio,
S., Otaka,E. and Osawa,S.: Mol. Gen. Genet.,
127 : 175, 1973.

Stoffler, G., Deusser, E., Wittmann, H. G. and
Apirion, D.: Mol.Gen.Genet., 111 : 334, 1971.
Bollen, A. and Herzog, A.: FEBS Letters, 6 : 69,
1970.

Nashimoto, H., Held, W., Kaltschmidt, E. and
Nomura, M.: J.Mol. Biol., 62 : 121, 1971.
Osawa, S., Takata,R. and Dekio,S.: Mol. Gen.
Genet., 107 : 32, 1970.

Birge, E. A. and Kurland, G.G.: Science, 166 :
1282, 1969.

Hasenbank, R., Guthrie, C., Stoffler, G., Wittmann,
H.G., Rosen, L. and Apirion,D.: Mol. Gen.
Genet., 127 : 1, 1973.

Funatsu, G., Duls, W., Schiltz, E., Reinbolt, J. and
Wittmann, H. G.: Mol. Gen. Genet., 115: 131,
1972.

Itoh, T. and Wittmann, H.G.: Mol. Gen. Genet.,
127 : 19, 1973.

Saltzman, L., Brown, M. and Apirion, D.: Mol.



250 M BESE B4F

Gen.Genet., 133 : 201, 1974. 55) Shaw, W. V. and Hopwood, D. A.: J. Gen.
50) Saltzman, L. and Apirion, D.: Mol.Gen.Genet., Microbiol., 94 : 159, 1976.
143 : 301, 1976. 56) Yamaguchi, M., Koshi, T., Kobayashi, F. and
51) Dekio,S., Takata,R. and Osawa,S.: Mol. Gen. Mitsuhashi, S.: Antimicrob. Ag. Chemother., 2 :
Genet., 109 : 131, 1970. 142, 1972,
52) Okanishi, M., Ohta, T. and Umezawa, H.: J. 57) Yamaguchi, M., Kobayashi, F. and Mitsuhashi,
Antibiot., 23 : 45, 1970. S.: Antimicrob. Ag. Chemother., 1:139, 1972.
53) Akagawa, H., Okanishi, M. and Umezawa, H.: 58) Benveniste, R. and Davies, J.: J. Biochem., 10 :
J. Gen. Microbiol., 90 : 336, 1975. 1787,1971.

54) Benveniste, R. and Davies, J.: Proc. Natl. Acad. 59) HAEY - AEXET: Chemotherapy, 24 : 1272,
Sci., 70 : 2276, 1973. 1976.



