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MODE OF ACTION OF ETHAMBUTOL*

Effect of Ethambutol on the Incorporations of Several Isotopic
Compounds into Lipids, Nucleic Acids and Protein
by Mpycobacterium Smegmatis

Michio TSUKAMURA and Shoji MIZUNO
(Received for publication May 18, 1967)

Forbes et al.D observed that ethambutol labelled with 4C was adsorbed by Mycobacterium
smegmatis, and the phenomenon was observed also in M. fuberculosis?. Gale & McLain® stated
that no nuclear zone was evident electron-microscopically in the cells of M.smegmalis treated by
ethambutol. Forbes et al.¥ stated, furthermore, that the incorporations of phosphate-32P into
the DNA and RNA and of sulfate-%S into the protein by M. smegmatis were inhibited by etha-
mbutol. Thus, it was suggested that ethambutol acts on the RNA metabolism and inhibits
the protein synthesis. The present authors have observed in this study on the effects of etha-
mbutol on the incorporations of two organic acids, acetate-1-"C and alpha-ketoglutarate-5-14C,
and of four amino acids, glycine-1-1C, glutamic acid-1-14C, leucine-1-"*C and methionine-%S,
into lipids, nucleic acids and protein of M.smegmatis. The results revealed that ethambutol in-
hibits the nucleic acid synthesis and the protein synthesis of this organism, and supported the
hypothesis of Forbes et al.9.

Methods

Mpycobacterium smegmatis, strain Jucho, was used throughout. Five-day-old cultures grow-
ing in the Sauton medium were collected by centrifugation and washed three times in saline.
The washed cells were incubated in 0.033 M phosphate buffer (pH 7.1) containing a radioactive
compound without or with 20 ug/ml/ ethambutol. Immediately after preparing the reaction
mixtures and after incubation at 37°C for 6 hours and for 24 hours, the cells were centrifuged
down keeping the temperature at 4 to 5°C, washed five times and fractionated according to
the procedure of Schneider®.

The radioactivity of trichloroacetic acid (TCA)-soluble, lipid, nucleic acid and protein
fractions were measured by a gas flow counter.

The TCA-soluble fraction was extracted with ether to remove the TCA and concentrated to
the amount of 1/10 under reduced pressure, and the protein fraction was hydrolyzed in 6 N HCI
by heating at 100°C for 24 hours and the concentrated to the amount of 1/10 by heating at 100

°C. The concentrates were developed by paper chromatography (Ascending system ; solvent

* From the National Sanatorium, Chubu Chest Hospital, Obu, Chita-gun, Aichi-ken, Japan.
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I=tertiary butanol+formic acid+water (75+15+15) and solvent II=n-butanol+-acetic acid (4
+1) ; Toyo filter paper, No.50). The paper chromatograms were measured for their radio-
activity by a Nihon-Musen’s automatic paper chromatogram scanner, and the location of amino
acids was made visible by the ninhydrin reagent.

Results

The results obtained are shown in Tables 1 to 6.

It was demonstrated by paper chromatographic studies that acetate-1-1C was converted to
glutamic acid, which was found in the TCA-soluble fraction,and incorporated into the protein
as glutamic acid. Alpha-ketoglutarate-5-4C was also converted to glutamic acid, which was
found in the TCA-soluble fraction,

glutamic acid. Glycine-1-1*C was converted to serine,

and then incorporated into the protein as radioactive
which was demonstrated in the TCA-
soluble fraction, and incorporated into the protein. Glutamic acid-1-1C and leucine-1-1*C were
incorporated into the protein as glutamic acid and leucine themselves, respectively. Methionine
-%S was found in the TCA-soluble fraction as methionine sulfone and in the protein fraction
as cystine and methionine sulfone.

Conclusion

(1) The incorporation of glycine-1-C into nucleic acids of Mycobacterium smegmatis was
inhibited in the presence of ethambutol.

(2) The incorporations of acetate-1-14C, alpha-ketoglutarate-5-14C, glycine-1-1C, glutamic
acid-1-1C, leucine-1-“C and methionine-%S into the protein were inhibited in the presence of
ethambutol. ‘

(3) Among the six radicactive compounds tested, the radioactivity of acetate-1-“C and
methionine-%S were found' in lipids significantly. The incorporation of acetate-1-#C was not
inhibited in the presence of ethambutol, but the incorporation of methionine-3%S into lipids
was inhibited. ‘

(4) Under a similar condition, the viability of the cells was not lost significantly after

exposfxre to the same concentration of ethambutol for 24 hours.

Ethambutol [D-2,2’-(ethylenediimino)-di-1-butanol]
(EB) of I oW TRBRE, RO LhmbhT
\+5, Forbes et al.V X Mpycobacterium smegmatis
(No.607 #k) 2%, ethambutol-“C BT 5 Z L *
1, AP EB 2% glycerol FET CORMERIN LM
#H¥sZenb, EBBREFACLIVALRT, 5%
metabolite DAY AT 5D TH B &k~ 7-, EB-4C
NERBEEINBZ Li, Kucketal? iz X h M. tuber-
culosis (HgzRv) THEE XN, TD#% Gale & Mc-
Lain® (3B THEMBIC L 2 WEREOKR, EB off A
CIDTHHRYEVHEETHIZ L 2R Do DT
Forbes et al.¥ 3, EB 0T, M. smegmatis |2 X
% phosphate-32P ¢ DNA sk 1f RNA ~ADt h o &
PMETT5Z &8 XU sulfate-3S o protein ~D kb
CHMPEEIN BT LEED, & Hic RNA/protein @
BEMMETTAZ 6, EB IBERARH L {ic RNA
RBFIAETHEDOTHAS LHRE LT,

LI E® Forbes 35 XD AR E O|END,

EB o AR i BARMEE - LE AAREEN
BIRLTWB L BBEIN 50T, BHEERRE IOT
3 7% tracer ¥ LT, B, ZBASKXT5 EB
DIEREBET Az L & L,

XBRMEGSLUHE

i FBE#RIL. Mycobacterium smegmatis BLFgkk T, 200
m! Erlenmeyer flask i2\ 7z 50 ml % Sauton &
1 (asparagine DL h iz sodium glutamate {##f) &
37°C5 BREHE LIcl%, FIAEAIARVTRELT
B—{tLicD, 0.85% NaCl C3EEK LD,
0.85% NaCl oL, Zh ligHEmEx S 0.067
M phosphate buffer (pH 7.1) 0Z&B L ¥ B&SLTHE
J L7 (phosphate buffer Df&JEEEL 0.033 M),

HEEONE L, FEH D dilution plating method =
I, BEHFREZ Lics5 KD plates ZFEHL T2
oo & plate ~OEMEILX 0.1 ml T, #EHiT Sauton
agar % i\ ioo % BT 37°C, 5 AMERCHE X oo &£
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R 3 H/RAE ACTHE LICFHEEL LTRLT,

ROBSEWE » A\ 7o W d The Radioche-
mical Centre, Amersham, England oOSFT, ( )
= specific radioactivity #/R L7120

(1) Sodium acetate-1-4C (0.148 mc/mg)

(2) Sodium 2-ketoglutarate-5-14C (0.0161 mc/mg)

(3) Glycine-1-1#C (0.105 mc/mg)

(4) DL-Glutamic acid-1-%#C (0.103 mc/mg)

(5) DL-Leucine-1-1#C (0.055 mc/mg)

(6) L-Methionine-3S (1.20 mc/mg)

Z R 5o isotopic compounds DR DI D%, FiitD
phosphate buffer =fnx, EB 7cUL % 7-(2 EB &k
B 20 ug/ml D %4C 37°C [ EL3% L1c, isotopic com-
pound DFINEH, 6 Rtk XU 24 BRIk, RUG
BIK (4.0ml) #icEbicgRe LT, g 4~5°C o
ETED, kx4 08K Ui, EROBERIIERIC
LT, VEMREEOBEAIL Schneider (THE L1z, 1§
b TCA W¥ssy, IRES, M5, BEH 0 4HE
b, 0.2ml @ samples % L 2T, HHhEY 27 gas
flow counter (A BERH, KM HE >X automatic
sample changer) THIE L7z, 8 Hii- counts/minute
(cpm) T, {HESORR (m)x5} ¥FELT, KBS
D total counts/minute ¥ FHH L, Zhs b time0 o
samples TR LI IfEX I U TRICR LI,

U EDRIECHER LB D D TCA @ik, ether T
S5EME LT TCA k&, BERBLTH 1/10 &
Lico ¥EAEDE, 6N HCl T 100°C 24 fERAmE
Licobh, 100°C THARMELTH 1/10 B L, &
NODBRMEEEY HIEJEH No. 50 o paper strips &
BT, RO2BOHHEY AT, LHE T paper chro-
matography #7727,

(#5148t 1 ) = (tertiary butanol+formic acid+water)

=(75+15+15)

(% I ) = (n-butanol+4-acetic acid) =(4+1)

18 5N 7- paper chromatograms D StAEIX, HAE
#3834 automatic paper chromatogram scanner (slit 3
mm ; recording size 1/4; recording 300 mm/hour ;
range 1,000 counts/5 seconds) TE&H Lo FDHK,
paper chromatograms & ninhydrin %% % LT,
amino acid spots # £ X4, & D K EHE peak D
scanning 7 58 bt Rf ¥ %fk U #-cauthentic amino
acids {3% ® % ¥ paper chromatography =/ i3,
RE % JI%E Lo

£ B B R

1. Acetate-1-4C o bz hicxt+ % EB ogg
Acetate-1-¥C DJgE~D L b Z&ix, EB ic X oT
FREXNhBZ L7, a2 T#HNli, —HEE X
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CEANDE D L, EB Hmic ko THEXR, 24
Rzt B 100% 352, EBiimEEo L b =
AL TENTEN 68% B LU 64% ritote (FE1)

Table 1. Effect of Ethambutol on the Incorporation
of Acetate-1-C by Mycobacterium

smegmatis (strain Jucho)

Radioactivity in fraction
Reaction Time of (c.p.m.)
ixt . . bati Fraction
mixture incubation |- - - -
S(fl(l:xél;\ Lipid |N:21i§’c¥ Protein
Control ‘ 6 hours 17,64016,250 3,580 8,800
Ethambutol | 6 hours |14, 82022,146 2,840 | 7,480
Control 24 hours 27,79029,095' 5,300 | 35,600
Ethambutol | 24 hours 515, 720:44, 632 3,600 | 22,830

* One hundred milligrams (wet weight) of washed cells
were suspended in 4.0m/. of 0.033 M phosphate buffer
(pH 7.1) containing 2.5pgc./ml. sodium acetate-1-4C
and 1.25p4g./ml. sodium acetate without or with 20 ug./
m/. ethambutol. After incubation, the cells were cen-
trifuged down and washed four times with 0.1% sodium
acetate solution.

2. Alpha-ketoglutarate-5-4C 0D h Z Z x5
EB o%hg

Alpha-ketoglutarate-5-4C DJ8EHE~D & h = Lt #E
PThHDOle ZOLH ARG EB rX>THREIN:
Vo LA LEBEIVEA~NDL Y ZHRZ EBIRLDT
EEEh, &hZaEIT 24 BHBRICHBO 54% IV
40% Thot, (£2)
Table 2. Effect of Ethambutol on the Incorporation

of Alpha-ketoglutarate-5-14C by Mpycobacterium
smegmatis (strain Jucho)

Radioactivity in fraction
Reaction Time of (c.p.m.)
i . bat Fraction
mixture* incubation -
STOEJ?JIE} Lipid |N:331C| Protein
Control 6 hours 59,000 2,117 3,940 | 4,440
Ethambutol 6 hours 51,580 2,255 3,540 | 3,680

Control 24 hours
Ethambutol | 24 hours

72,660 4,372(12,520 | 52,970
59, 540, 3,987 6,800 | 21, 500

|
* One hundred milligrams (wet weight) of washed cells
were suspended in 4.0ml. of 0.033M phosphate buffer
(pH 7.1) containing 2.5 gc./ml. sodium 2-ketoglutarate-5
-14C without or with 20 ug./ml. ethambutol.
After incubation, the cells were washed with distilled
water four times.

3. Glycine-1-#C 0 h Z&Zicw$+5 EB %R

Glycine-1-4C D~ D & b Z &%, EB r O#Efh
6 BE R ICIIBEE X Lie hvode A, 24 BRI E I
BEEXh, WRO 35% Kb, BANDE H LY,
FER—EA LD, 24 BRHBCHBO 51% &igo
7o (%3)

4. Glutamate-1-4C D & b ZHiZHT % EB DR
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Table 3. Effect of Ethambutol on the Incorporation Table 5. Effect of Ethambutol on the Incorporation
of Glycine-1-14C by Mpycobacterium of DL-leucine-1-14C by Mpycobacterium
smegmatis (strain Jucho) smegmatis (strain Jucho)
Radioactivity in fraction Radioactivity in fraction
Reaction Time of (c.p.m.) Reaction Time of
mixt * i bati Fraction ixture* incubati Fraction
1Xture incupation T T mixtu mcu on T
sElCu?)I—el Lipid EN:g%Ew Protein s’l;lcuéie| Lipid ‘N:zlke;c’ Protein
Control 6 hours | 4,060 578 3,460 | 6,650 Control 6 hours 780/ 1,209, 660 9,210
Ethambutol| 6hours | 6,080 770 5,340 | 8,960 Ethambutol| 6hours | 1,100, 632 660 7,330
Control 24 hours | 4, 060? 1,127‘27, 700 | 57,230 Control 24 hours | 1,312| 2, 319| 3,780 | 50,090
Ethambutol| 24 hours | 1, 780, 950‘ 9,320 | 29, 390 Ethambutol | 24 hours 980| 2,892 1,900 | 30, 430

* Ninty milligrams (wet weight) of washed cells were
suspended in 4.0m/. of 0.033M phosphate buffer (pH
7.1) containing 2.5 gc./ml. glycine-1-14C and 1.25 pg./ml.
glycine without or with 20 yg./m/. ethambutol.

After incubation, the cells were washed with 0.1%

glycine four times.

Glutamic acid-1-#C 133 LCEBARE D ZEND
A, TOXhZHTEB o 6rREHEIZLE DA
EFEIhiewh, 24 BB ERCBEEIR A, 24 BF
flthD EB FET CTOEA~NDO L H Z4H BT, HRO 71
% THotzo (E4)

Table 6.

* Ninty milligrams (wet weight) of washed cells were
suspended in 4.0ml/. of 0.033M phosphate buffer (pH
7.1) containing 2.5 gzc./ml. DL-leucine-1-14C and 1.25 pg.
/ml. L-leucine without or with 20 zg./ml. ethambutol.
After incubation, the cells were washed four times
with 0.1% L-leucine.

DL H AR, BERIVEATKSORSONBD 7%
B LUV 30% Licotc, (F6)

Effect of Ethambutol on the Incorporation
of Methionine-%S by Mycobacterium
smegmatis (strain Jucho)

Radioactivity in fraction
Table 4. Effect of Ethambutol on the Incorporation Reaction Time of I(;_:::;z
of Glutamic Acid-1-#C by Mycobacterium mixture* |incubation -
. . o LibTel Lipia [Nucieic| protein
smegmatis (strain Jucho) soluble! ~'P acid
Radioactévity in)fraction Control 6 hours 23, 600/ 9,900 3, 400 | 10, 990
. . Cc.p.m.
Reaction | Time of Fraction Ethambutol | 6 hours (21, 440| 1,352 1,600 | 7,910
mixture* incubation TCAC ——Nucleic -
soluble] LiPid ["5¢iq | Protein Control 24 hours |59, 84025, 520| 8,000 | 81,910
Control 6 hours 17,540/ 1,265 1,160 | 5,070 Ethambutol | 24 hours 133, 960|- 1,705/ 1,580 | 25,000
Ethambutol| 6 hours (19,640, 632 740| 4,360 * One hundred milligrams (wet weight) of washed cells
were suspended in 4.0m/. of 0.033 M phosphate buffer
Control 24 hours |13, 640| 2, 642| 2,540 | 18, 580 (pH 7.1) containing 2.5pzc./ml. L-methionine-96S and
Ethambutol | 24 hours {12,020 1,705 1, 360 | 13, 210 1.25 pg./ml. L-methionine without or with 20pg./m/.
ethambutol.

* One hundred milligrams (wet weight) of washed cells
were suspended in 4.0ml. of 0.033M phosphate buffer
(pH 7.1) containing 2.5 gc./ml. DL-glutamic acid-1-2¢C
and 1.25 pg./ml. sodium DL-glutamate without or with
20 pg./ml. ethambutol.

After incubation, the cells were washed four times
with 0.1% sodium DL-glutamate.

5. Leucine-1-“C Dt b ZAicxf3% EB o%pR

Leucine-1-#C D ¥ h Z A% EB D%k, i
o glutamic acid-1-“C D4 & L ATV %, Leucine
-1-4C DEAND L H ZARHT HIEE D 24 BRRI#IZ
LD, L HIZABIRBD 61% Thol, Hik
AL HbEDZER, Thi EBic X oTREY
FiFice (%&5)

6. Methionine-¥S D} h Z AicT % EB 0P
Methionine-%S 1313+ LT TCA W45, IKHS,
RSO IESITE D Z ENic, AR IUEAND L
b ZesT AL, T 6 BERIEICEIT, 24 B
BBz X HIRFEB L oot EB r DHfh 24 Bl

After incubation, the cells were washed four times
with 0.1% L-methionine,

Table 7. Viability of Nonproliferating Cells of
Mpycobacterium smegmatis (strain Jucho)
Exposed to Ethambutol

- Ti £ Number of viabl
Medium* \ inclunl’;eat‘i)on L:.xmnit?;ot.)l r:llaﬁ ©
Control 0 hours ( 95.5+ 9.4) X108
Ethambutol 0 hours ( 94.0+ 8.5)x10°
Control 24 hours (131. 0+ 44. 4) X 10°
Ethambutol 24 hours ( 86.8+15.1)X10°

* Ninty milligrams (wet weight) of washed cells were
suspended in 4.0m/. of 0.033M phosphate buffer (pH
7.1) containing 5.0 ug./ml/. sodium DL-glutamate with
or without added ethambutol (final concentration : 20
pg./ml.) and incubated at 37C.

# Based on triplicate plate counts (Medium used for count-
ing was Sauton agar medium).

7. BORHREDCHTS EB OR)RE
FROL Y AERLBERULHT, ARED EB
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wEMIRIHA, EB RNEORFEIE S XY
B pRARDICDIE, KT ORBREITION, EB Hfik 24
BRI 0.85% NaCl T 1 Epkfk LT EBEEA Y JITE
LTaBE (RBLECEE), RTERTIEL, 24
BR%CLEIREENLRZFEL, HBLORKEREE
D bILEh ot LIcHi DT EROEHTIE, Bk
HERBENZFEFLTED, Pl L IRFRENCHE
THEMED, X ERTHNILRECSHS L\ x5, L
Fepi0T, FROEBRTHE W« DRSEHED
LHZHBERIEOERIC L 5D TIXIs e\ % B,

8. Paper chromatographic studies

(1) Acetate-1-#C » h =&

TCA A[E5TH, BAST T, WHHEDEE peak (3
—>T, RE %I T 0.48~0.50, B I T 0.09T,
glutamic acid iw—F L1z, L7=At D T acetate-1-14C
% alpha-ketoglutarate % #tC glutamic acid %
bh, BAKRLHZEh3b0LBbhb,

(2) Alpha-ketoglutarate-5-4C ¥ h Z &

TCA AIBESFTHEAS THHSHED EE peak (31—
T, RE % T T0.50~0.52, I T0.09~0.11
¢, glutamic acid = —3%f L 7, alpha-ketoglutarate
i1 glutamic acid Wiz BT, BAK L HZEhD
LBbhs, (K1)

Fig. 1. Radioactivity in Paper Chromatograms of

the Trichloro-acetic Acid-soluble Fraction of
the Cells Incubated with Sodium Alpha
-ketoglutarate-5-14C fox_" 6 Hours
n-butanol+-acetic acid (4+i)

4
w -
S 8

Counts/5 seconds
[y~]
S

2

tertiary butanol4formic acid+water (75+154-15)
300F

[
=3
=1

—
(=4
(=3

Counts/5seconds

(3) Glycine-1-#C r hzZ &
TCA AIBA B LOEAT L DT HHEDOEE peak
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1x—>T, Rf XBH I T 0.35~0.36, %LU T 0.08
T serine [&—% ¥ %, glycine (¥ serine &5 % Hi
T, HARLHZEhBLDLBEbh 3,

(4) Glutamic acid-1-#C » h = &

TCA MIBHHE XIVOEBS L VI HEEDEE peak
(X—2>T, REI¥PE I T 0.48~0.50, HFE I T, 0.10
T, glutamic acid Z—% L7, glutamic acid (2K
DTOEFOHRTEACLYZEND L BN 5,

(5) Leucine-1-#C r h =&

TCA TIBEAB LVEBS L bIC S G DEE peak
13—2TC, RE XTI T 0.82~0.84, BT T 0.24
T, leucine {z—3 L1, leucine (X% ¥ ¥ DY TE
ArEbhZEhseBbhs,

(6) Methionine-%S ¥ b = &

TCA AHEHDEXE peak 3—oT, Rf RBEHIT
0.35~0.36, AT 0.05, @ peak (¥ methionine
sulfone =—%%%%, BASDEE peak {3 20T, Rf
BHEE I TERLTh 0.095~0.10 3 X T 0.35~0. 36,
BT TIXFEEA LT one peak ¥ ¢ b L &H» & RE
0.05 DABED KWL & 7eDtce TD2OD M HEED
peaks (Mt I) 2 # N Fh cystine ¥ X {¥ methionine
sulfone X —%3 %, methionine (X cystine F LY
methionine ¥ LTEAR L VI BLBbhb,

% ®

AR TORBEEEIL, 6B5RIL 24 BT, —RME
DEREFE L BT 5 L BV, BKRE D generation
time 3 ZEFHRMHT 3.0~3.5 BHETH 205, KKRE;
B Fi 2 35 X 1 8 generation time M4 L, &
CREVWEIRVL LIV, & I 24 B EB X B Lic
DHLTH, Hidicds viability #FEHFELTWB0THS
Db, BEINCHESEHED L Y ZHEEL, EOE
Bic X AEOLAMBIEE L L 53D ThWT LiXH
Bi)"f’x)bo

Forbes et al.9 |3fijic M.smegmatis % T, EB
A% ortho-phosphate-2P ¢ RNA 3 X8 DNA @73~
DL hERBETHI L, L0 sulfate-¥S DER
BEAHNDE ) ZHuAETH L 2BEL, »D EB
ffic X b RNA/protein EIAHAT 5T & & BdTc,
S LT R2 5 EB 1 RNA % HE T4
LERAB LI, bhbhOSEDOER T, glycine-1
-UWC oEBES~NDE Y Z&H EB it ko T AE SR
BT ENFRINCDOT, KBARARCAEORI AL
LMD, ¥ glutamic acid-1-%C, leucin-1
-4C, methionine-¥S /it X D7 I JBOEAND AT
23 EBi X o T REEIN S Z LAURENTI, Thbb
EB HOEME L OEAABBELXEET S LR
Ihtc,
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¥ 72 M.smegmatis |3 acetate-1-C 3s X ¥ methi-
onine-%S % X IR A BT h s, LA L alpha-
ketoglutarate (2 ¥ h L h Z Fhicv, TDZ &I,
HBRbNOFIO B EERY »—%T 5%, acetate-1-14C
DIFEND & h Z RITAE Shfg\ 23, methionine-%S
DEHHRIAEINS,

735 acetate-1-14C % 7-{% alpha-ketoglutarate-5-14C
ML X, TCA BB R Xh 5Bk
DFE peak (L glutamate TH B Z LITEBRMBEICK
Lict B ) ThHb, T LTEBEFDEE B4 peak
3, glutamate T3 %5 5 (paper chromatography o
SEER), acetate-1-14C ¥ 7-{¥ alpha-ketoglutarate-5-14C
1%, 7 glutamate-“C & bokcdh s THEHEDKC
EHZENDLDEEbhS, LI >TEBAIRD
DR EDERAND L h ZARHET HRE LT
KD 3 ODFHERDE 2 bivd, Ticbhh (1) acetate
—glutamic acid #F7#:{¥ alpha-ketoglutarate—gluta-
mic acid 088, (2) glutamic acid DFEE~D L D
ZHDER, it (3) TOmADMAR, bhbho
paper chromatography DSERRIIEEICEBRNTIT ISP
nicd OTiEcuAs, control ¥ EB ¥ KD sam-
ples DEFEHATTRBMALCks X 52 LT, E&ED
sample §#% paper chromatograms {37z, DK
BB o5hi TCA R[5 @ glutamic acid D44 peak
%, 6B, EBOFETTHHALZED LK, Cont-
rol ¥ KEMNILHDTc, —HEEAES D glutamic acid
peak (¥, 6RFMIBITFEHE & bic/h X, 24 F%ic
1% EB OFETERREND, ZOBRIERLIBIV
2ILRINTCEENEROER L —HT 5 OTHD
oo LDEDFTREB M T 5L, acetate-1-MC ol
alpha-ketoglutarate-5-4C DZEE~D & h = RPAEL,
#% 5 < glutamic acid BROBE TR % b D Tikis

KK S22 F11F

¢, glutamic acid RBEIC L H Z TN HBRTEZS
D B3, glutamic acid-1-“C HEXHWBE
B3, glutamic acid-1-1*C DEE~ND L H THMNR
EXINHDT, ZORKRLEBRDEL L —FT 2,

Glycine-1-“C @ ¥ h Z Xz O\ T, glycine-1-4C
b b serine-“C NDOE BB IIFAE I T, serine-1C
DEAND L Y ZHZHEFIND O LEH IS,

- E

Ethambutol ¥, Mpycobacterium smegmatis (BRFi#k)
X % glycine-1-4C OBEE~D L h Z HHAE L1,

Ethambutol 3 glutamic acid-1-1#C, leucine-1-4C,
methionine-%S, glycine-1-14C, acetate-1-#C 3 X1t
alpha-ketoglutarate-5-4C OZEEAD L h & XA #AE
L

Ethambutol {3 methionine-%S DJFEHE~D L H T &4
2IEE LA, acetate-1-4C DIFE~D L b Z A%
ELiehoT,

FEor bz RAER, ERRBRNIE Kb VERE
THEINR, ’

X ak
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