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FURTHER STUDIES ON THE MODE OF ACTION OF ETHAMBUTOL*

Michio TSUKAMURA and Shoji MIZUNO

(Received for publication February 20, 1971)

Gale & McLain (J. Bact., 86:749, 1963) observed that nuclear zone of M. smegmatis
disappeared electron-microscopically under the presence of ethambutol, and Forbes et al. (J.
Bact., 89:1299, 1965) reported that the incorporations of phosphate-3?P into nucleic acids and
of sulfate-35S into proteins of M. smegmatis were suppressed by ethambutol. These findings
suggested that ethambutol may affect nucleic acid synthesis. Recently, Tsukamura & Mizuno
(Kekkaku, 42 :437, 1967) observed that the incorporations of glycine-1-1C into nucleic acids
and of several radioactive amino acids into proteins of M. smegmatis were inhibited by etham-
butol. It was also suggested that the formation of glutamic acid from acetate-1-1#C- was not
inhibited but the incorporation of radioactive glutamic acid into proteins was inhibited by
ethambutol. Furthermore, it was shown that the incorporation of methionine-3S into lipids
was inhibited by ethambutol. This last finding suggested that ethambutol may affect not only
nucleic acid gynthesis but also lipid synthesis. The present study has been designed to
observe changes appearing primarily under the presence of ethambutol.

The strain used was Mpycobacterium smegmatis strain Jucho. The methods used were
described previously (Tsukamura & Mizuno: Kekkaku, 42:437, 1967). Fractionation was
made according to Schneider (J. Biol. Chem., 161 :293, 1945).

The results obtained are shown in figures 1 to 4, and are summarized in Table.

It was confirmed that the lipid metabolism in M. smegmatis is disturbed by ethambutol.
The effect was observed as early as 3 hours after contact with the drug, and the incorporation
of acetate-1-1C into lipid fraction was increased significantly. After this change, decrease
of incorporation of glycine-1-%4C and acetate-1-"C into nucleic acid fraction and decrease in
incorporation of glycine-1-14C, acetate-1-"C, leucine-1-1C and methionine-%S into protein
fraction were observed. The effect of ethambutol on lipid metabolism was observed also as
decrease in incorporation of methionine-3%S into lipids.

In conclusion : Ethambutol inhibited lipid, nucleic acid and protein metabolisms in M.
smegmatis. Among these effects, disturbance in lipid metabolism appeared at first, which
was observed as an increase in incorporation of acetate-1-1*C into lipids. Inhibition of
incorporation of methionine-%S into lipids also was confirmed. It is noteworthy that etham-

butol inhibits lipid metabolism in M. smegmalis.

* From the National Sanatorium, Chubu Chest Hospital, Obu, Aichi-ken 474 Japan.
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Fig. 1. Radioactivity from Sodium Acetate-1-14C
in Lipid, Nucleic Acid and Protein Fractions of
M. smegmatis under the Presence or
Absence of Ethambutol
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Two hundreds and sixty milligrams (wet weight) of cells
were suspended in 4.0m! of 0.033 M. phosphate buffer (pH
7.1) containing 2.5 pc/ml sodium acetate-1-14C and 0.625pg/
ml sodium acetate with or without 20 zg/m! ethambutol.
After incubation, the cells were washed once with 0.1%
sodium acetate solution and then three times with distilled
water and fractionated according to the procedure of
Schneider. The figure indicates radioactivity from 52mg
dry weight of cells. Open : Control (without ethambutol).
Closed : Ethambutol.
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Fig. 2. Radioactivity from Glycine-1-#C in Nucleic
Acid and Protein Fractions of M. smegmatis
under the Presence or Absence
of Ethambutol
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Three hundreds milligrams (wet weight) of washed cells
were suspended in 4.0ml/ of 0.033 M. phosphate buffer (pH
7.1) containing 2.5 #c/ml glycine-1-14C and 0.625 #g/ml gly-
cine with or without 20 #g/m! ethambutol. After incuba-
tion, the cells were washed once with 0.1% glycine and
then three times with distilled water and fractionated
according to the procedure of Schneider. The figure in-
dicates radioactivity from 60 mg dry weight of cells. Open:
Control (without ethambutol). Closed : Ethambutol.

Table. Time Course of Change in Incorporations of Various Radioactive Compounds
Increase (+) or decrease (=) in uptake under the
presence of ethambutol
3 hours 6 hours 9 hours 24 hours
Livid Uptake of acetate-1-4C into lipids + + + +
ipids ..
P Uptake of methionine-35S into lipids no no — —
Nucleic Uptake of glycine-1-“C into nucleic acids no — — -
acids Uptake of acetate-1-C into nucleic acids no — — —
Uptake of glycine-1-C into proteins no — — —
. Uptake of acetate-1-14C into proteins no — — —
Proteins . . .
Uptake of leucine-1-C into proteins no no — -
Uptake of methionine-%S into proteins no no — —

+: Increase in uptake —: Decrease in uptake

no: No significant change in uptake
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Fig. 3. Radioactivity from L-leucine-1-1C in
Protein Fraction of M. smegmatis under the
Presence or Absence of Ethambutol
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The cells of 340 milligrams (wet weight) were suspended
in 4.0 m! of 0.033 M. phosphate buffer (pH 7.1) containing
2.5 pc/ml L-leucine-1-14C and 0. 625 £g/m! L-leucine with or
without 20 #g/ml ethambutol. After incubation, the cells
were washed once with 0.1% L-leucine solution and then
three times with distilled water and fractionated accord-
ing to the procedure of Schneider. The figure indicates
radioactivity from 68 mg dry weight of cells. Open:
Control (without ethambutol). Closed : Ethambutol.
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Sodium acetate-1-1C (specific activity 630 uc/mg) ;

Glycine-1-“C (specific activity 552 uc/mg);

L-Leucine-1-1#C (specific activity 374 uc/mg);

L-Methionine-3%S (specific activity 956 uc/mg).
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Fig. 4. Radioactivity from L-methionine-3S in
Lipid and Protein Fractions of M. smegmatis
under the Presence or Absence
of Ethambutol
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Three hundreds and twenty milligrams (wet weight) of
cells were suspended in 4.0 m! of 0.033 M. phosphate buffer
(pH 7.1) containing 2.5#c/ml L-methionine-35S and 0.625
#g/ml L-methionine with or without 20 #g/m! ethambutol.
After incubation, the cells were washed once with 0.19%
L-methionine and then three times with distilled water
and fractionated according to the procedure of Schneider.
The figure indicates radioactivity from 64 mg dry weight
of cells. Open: Control (without ethambutol). Closed :
Ethambutol.

3 1 % The Radiochemical Centre, Amersham,
England #1% i\ 7o,

R L7c EB BEX 20 ug/ml T, & O WEEIIRE
B Cikie\ -, ZrEicis Schneider y:5 % i\ 7z,

£ B R

Acetate-1-1C DJFH, ¥, BEKES~DEL D
Z, glycine-1-4C Dt X OBEHBEF~D L D =%,
L-leucine-1-“C 0FEH@E S ~NDE D & &, 3 L L-
methionine-¥S DR E s L ORABH~ND L b = K i
W35 EB ORR%Ey, ThTh® 1, 2, 3, 4 IRL
RKie—F{E LI,

EB OFAAETOEL Y Zh%, EB 7t L OIR & il
B, BLFMICED b D12, acetate-1-4C pJjg
HADL D ZRMINT, 3RRHC T TR S h ik (K
1BIVEL), ZDOIEE~ D acetate-1-1“C p Ly =
HIEINE 24 BEREHE T FIICHIZE S h, EB OFETIE
BRHOEEVRI D EBEL DR, RENRBOR
Tk, BIEC B LA Z & £, methionine-¥S oDffg
BADL Y ZHRETE LTHBESI R, OB ik
acetate-1-1C Dt h ZAJLHEL D LB L%,



40

WICHBL LoDk, glycine-1-4C 35 X 0% acetate-1-
UC POERFEF~DE D T H DT, 6 HEKCED D
Nico Flo glycine-1-MC B I ® acetate-1-14C DZEH
BEANDL Y ZBRETS LROBRB~DE h ZAREE
FRICERD i, Methionine-%S s L O leucine-1-
UC DEAMES~DE D &AL 9 RO b
o

% =3

EB@#%%W&LTu,&mﬁ%@%ﬁﬁaéhf
WHAD, FEDbhbh OFER T IEERHILE b
Do ENGhokY, SEOERTE, BERRGHE
£ LB RIEEO WThARBE 5% B L 2
2, T UAIRENBIEEDIZ 5 R BN E D
nice

EB oisBERSEx, 7 acetate-1-14C D JJg'E~
DE Y HRDREEIHL LTHRDLR, KT methio-
nine-$S PIFE~D & H T AETFAEEI NI,

Ll B G2 S, EB @ primary effect 23 J§H
PHEECH B & BB RERT5 2 Likb bAARHIME
choHh, EB OFERITAHIEM L L CURANMEELE
HXhTIw:Bbhb, EB 2 FIRERBRRELE
S L, ChiciCEBAEIIREN RS 5 R DB
XhTIv,

PR HIHY LS EOEREL TS L, BT 6k
%L 24 BREOBEELMFR2 T WOT, JREN

E O BATE F2F

SRS L KB AHRYE L A RACHEIh T2, T
Hi#c1%, methionine-3S D JEE~DE b Z HIHEL
leucine-1-4C DEE~D & h 2 AHED 6 PR C #8122
TRTVHA, AHTIEIBHBCHEI R, ART
R ORI LRENERE LT, —BIeERER
EoEse, SEFEHLCEENITHROMIHETHD T
ERBIRL TV AL L,

& E

Ethambutol (EB) 2%, Mycobacterium smegmatis D
TR, HRAH, EARBEIEET S L EES
Nice COT, L LARERBOREL, KERH#O
BRI IREIBIS X 5CBbh.

ISERBORM L LTiE, ¥7 acetate-1-1C DJFH
ADL D ZHDOREEMNRD B, W T methio-
nine-%S PIRE~D L D & AETHFRD b

pa ik

1) Forbes, M., Kuck, N.A. and Peets, E. A. : J.
Bacteriol., 84 :1099, 1962.

2) Gale, G.R. and McLain, H.H. : J. Bacteriol.,
86 : 749, 1963.

3) Forbes, M., Kuck, N. A. and Peets, E. A. : J.
Bacteriol., 89 : 1299, 1965.

4)  RFTEHE - KEPIRE] ¢ % 420437, B 42

5) Schneider, W.C. : J. Biol. Chem., 161 : 293,
1945.



