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Aichi Prefecture, Japan) : Mode of Action of Isoniazid Viewed from Isotope Incorporation Stuy-

dies--Kekkaku, 37 (1) : 29~35, 1962,
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Fig. 1. Effect of INH on the Incorpora- Fig. 2. Effect of INH on the Incorpora-
tion of P32-Phosphate into Cellular Frac- tion of P32-Phosphate into Cellular Frac-
tions of Mpycobacterium “Jucho” tions of Mycobacterium “Jucho”
(See Table 1) (See Table 1)
;;' 100 ‘o_.onuclcic acid' fr. (INH 0 pg/ml) ; 100,
;f - " (INTL 10 peg/ml) ';C
z g—oprotein [r. (INH O peg/ml) :
= - (NI 10 g/ mD) 5 A
E sof g 50
© !ﬁ: A acid-soluble v (INH O wg /ml)
7 o 4 " (INHL 10 pege/ml)
= Z w7 lipid fro (INH 0 pg/mi)
5 i v n (INH 10 geg/ml)
0 0 - L - %
Time in howrs Time in hours
Table 1. Effect of Isoniazid (INH) on the Incorporation of P32-Orthophosphate
into Cellular Fractions of Mycobacterium “Jucho”
_ . — _—
. Radioactivity as cpm per mg (dry weight) of cells
Time
Reaction system * i B R T - - l 7 —
in hrs. | Acid-soluble fr.l Lipid fr. \ Nuclelc acid fr.| i Protein fr. i Total (cpm/mg)
- - S [ S N A
| 3 96.9(73.5%) 7 4 (5.6‘%) ]\ 24, 1 18 2%) (2.7%) | 132.0(100%)
| 8 68.0(61.2%) 9.6 (8.6%) ‘ 30.0(27.1%) 3.4 (3.1%) | 111.0(100%)
INH 0 pg/ml \ ~ .
16 | 60.0(50.7%) 9.8 (8.3%) | 40,0(33.8%) (7.3%) | 118.4(100%)
|24 } 77.9(39.8%) | 13.1 (6.7%) 97 3 49 7%) 7.5 (3.8%) | 195.8(100%)
_ _ e e S . — N I
| 3 ‘i96.0(76.0%) 7.3 (5.8%) 21 0( %) 2.0 (1.6%) 126.3(100%)
8 | 63. .8%) . .8% . .59 9 . 9
INH 10 pg) ml l 8 ‘ 63.9(69.8%) 6.2 (6.8%) | 19.7(21.5%) 9 (2.1%) 91.7(100%)
\ 16 ‘ 51.3(66.8%) 7.3 (9.5%) | 16.0(20.8%) 3 (3.0%) 76.9(100%)
24 i56.1(61 0%) ‘ 6.2 (6.7 %) | 217. 6(30 0%) } 0 (2.2%) “ 91.9(100%)

+ Reaction mixture consisting of cells (3-day-old culture), 160 mg/ml; P32—orthophosphate 2 /w/ml and INH, 0 or 10pg/ml’

in Sauton medium (6.0mD).

D

Percentage distribution of radioactivity in cellular fraction.
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Table 2. Effect of Isoniazid (INH) on the Incorporation of P32-Orthophosphate

into Cellular Fractions of Mycobacterium “Jucho”

Radioactivity as cpm per mg (dry weight) of cells

Time
Reaction system ——— — S
in hrs. | Acid-soluble fr. Lipid fr. Nucleic acid fr. Protein fr. Total
N |
3 | 551.(25.6%) | 121. (5.6%) | 1420. (66.0%) | 61. (2.8%) | 2153, (100%)
INH 0 pg/mi
22 1330. (14.1%) | 581. (6.2%) 17100. (75.0%) ’ 445, (4.7%) | 9456. (100%)
3 496. (28.8%) | 90. (5.2%) |1090. (63.0%) | 50. (2.9%) | 1726. (100%)
INH 10 pg/mi .
22 1090. (19.4%) | 338. (6.0%) [4000. (71.5%) | 177. (3.1%) | 5605. (100%)

* Reaction mixture consisting of cells (5-day-old culture), 33 mg/ml; P32-orthophosphate, 1 rc/ml, and INH, 0 or 10pg/ml,
in P-deficient medium (8.0mD).

(3) S¥-HiERE h T AHCxd 5 INH O < active transport DJixE) 2RET 3 & 5 icBbh

e P2 DPAE B, SH-HEEOL D A i3 Bo 121U 22 WIS INH BINFITE b T aH8
INH OFETEESE #MNTs (£ 3), cDk> BT 50, CHBBEORELDTDICTIICE b C
2—MRINZ E D C ARININIREEEEDTTE 82D HBWHUIZbDEMRIN B,

Table 3. Effect of Isoniazid (INH) on the Incorporation of S35-Sulfate
into Cellular fractions of Mycobacterium “Jucho”
Time Radioactivity as cpm per mg (dry weight) of cells
Reaction system * X - r T = 1
in hours | Acid-soluble fr. Lipid fr. i Nucleic acid fr.| Protein fr. ! Total (cpm/mg)
R | - U R
INH 0 pg/ml 3 229, 7.6 | 30.8 | 59.5 358.9
22 492, 195. | 148, 970. 1805.0
INH 10 pg/ml 3 258. ! 35.8 | 44.7 63.5 402.0
22 447, ‘ 118. 86.5 ‘ 599, o 1250.5
INH 0 pg/mi 3 | 967. 108. 293. 245, 1613.
INH 10 pg/ml 3 1050. | 119. 353. | 334. 1856.
INH 0 pg/mi s 9. | 10s. 293, | 945, 1612.
INH 10 pg/ml | 3 t0so. a9 35, 334, 1855,

* Reaction mixture consisting of cells (5day-old cultures), 37.5mg/ml (the first experiment), 19.0mg/ml (the second) or
20mg/ml (the third); Sss-sulfate, 5uxc/ml: and INH, 0 or 10 pg/mi, in M/30 phosphate buffer, pH 7.0 (6.0ml).

(4) Fe™-4f 2 Hibghe b 2z dT23 INH O CNT BB 12, Fe & h o aft® 18 Wl

INH OHBE/EMAL hemin iz & b3 h 3 HED
& INH MR catalase 7EH22 35 L % per-
oxidase yEM:23 RIFDMEH» 5, INH WSgESESRIC
A LIPOHERRITTAREE2ELT Fe® Lha

BRICHET L INH OFETHEEES, BHES
EHRBAUTO DY, WEINOFHHIINEEZED
LIS, LIz DTZCitabns Fe® L b afHE
(X EHRED —HIRIE LD B TIRINIC & 1o FTRREEASZ L
LEbh B,
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Table 4. Effect of Isoniazid (INH) on the Incorporation of F5-Ferric Chloride
into Cellular Fractions of Mycobacterium ‘“Jucho”
Time Radioactivity as cpm per mg protein s
Reaction system * . e i e —
in hours Acid-soluble fr. Protein fr. Total (cpm/mg protein)
INH 0 pg/ml 18 5503. (57.2%) 4122, (42.8%) 9625. (100%)
INH 10 pg/ml 18 4711, (56.5%) 3621, (43.5%) 8332. (100%)

+* Reaction mixture consisting of cells (5-day-old culture), 1.10 mg protein/ml (control) or 1.14mg protein/mi (INH
10pg/mil); Fs® -ferric chloride, 1.3zc¢/ml; INH, 0 or 10 pg/ml, in Sauton medium (without ferric ammonium citrate)

15 ml).

*+ Protein fraction, obtained by the Schneider procedure, was hydrolyzed by addition of 1N KOH and determined for

its protein amount by the Folin’s phenol reagent.

(5) BEEN~ND P2 e INH OFE

P32 b S% L hCaicnds INH OBENREID,
S% L hCad INH OFFETHINT AC &ixdHEE
B s S REOE /L e RB Uz, Z2CTH 2D
B UY P2 RTHEETAICEICEIDER P2 T~
MUTEENE 4 EODL, P¥-free OBBIKHFICE LT
WEEL, FEUT PR SHOBH % H N1z, Pifree
OREERE AP CHAA P32 X RBIER < X b BT
XN THEAN P2 B3 T 5, COIVEEES

D P32 ZRETH AR, HERES o X o BEtE S
D P2 BREWICETd %, INH OFETEDLE
LEEINDOREBEDSTHOT, BBEESD P2
S E ICEPTH B, (£ 5)

P32 & b AMBEEBES T, DEEL VDD,
TN R ATRDOREEE—ETA DU Td
bo Tixhb, BEESH 5D P2 ¥EHN INH OF
L D EEIN A DT, INH OEAGKERRSEE
BART A C ERRU T Do

Table 5. Leakage of P3 from P32-labeled Cells Exposed to P3-free Phosphate Solution
after Treatment for 2 Hours in P32~ Containing Medium
Time of exposure to Radioactivity as cpm per mg (dry weight) of cells
Ps2-free phosphate 7
solution Acid-soluble fr. Lipid fr. Nucleic acid fr. Protein fr. | Total(cpm/mg)
&
Before exposure 429, 24.7 671. 10.3 i 1135.
3 hrs. INH 0 * 198, 25,4 353, 6.3 i 582.7
|
3 hrs. INH 10 ** 215. 22.4 312. 6.7 | 556. 1

Labeling: Cells of a 4-day-old culture (34 mg/ml) were incubated in P-deficient medium cotaining 1 z#c P32/ml for
2 hours. The Ps2-labeled cells were washed in saline four times. Then, the cells were exposed to radioisotope-free
phosphate buffer solution (M/15, pH 7.1) containing glucose (M/20) and INH (0 or 10 pg/ml).

* After 3 hour-exposure to P82-free phosphate solution without INH.

sx After 3 hour-exposure to Ps2-free phosphate solution with 10 pg INH/ml.

(6) BHEMN~D S ks INH DR

S35 10 pe/ml ST BRIKHPCHE % 3 BREEELT
5 XU, 4 EIBEHES, M/20 glucose 35 & ¢F M/20
MgSOs Wiz 3 KEfEis3 LT S® DL % A1,
S% EEkE INH OFFICEET KERRIZPON,
T b5, BEMEESD SB BiX mg M) 540 cpm
5 400 cpm (T, EHESD S® Kid 120 cpm p
5 94 cpm TR Uz, (FEER)

(7) o viability (292 INH OBEHHE
fT INH BB OEO viability 2 ~2& £ 6

DEBHTHDI,

(8) BWOR#EMICKIZT INH O

picric acid % KFRBEGL & T % HEW TEHORHE
MRHESTAE, 16 FRIO INH Otk >THH
DO IFIEEZ W UREBHEM I A 2 B2 Y 2 D1,
ATz ZE i glucose, glycerol, lactate, pyruvate,
malate, acetate, succinate Th D7z, 723 Sauton
Bz 0.1 % ic picric acid %fiz, F4® INH
VTR 2 KA 5 & subinhibitory Z2¥BIERL T 2 A
DTBTTTUENHC D 2RI, ’
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Table 6.
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Viability of Cells Exposed to Isoniazid under

the Experimental Conditions

Duration of exposure to isoniazid

Condition of exposure

Sauton medium without INH
Phosphate buffer containing 10 p#g INH/ il
P-deficient med. containing 10 g INH/ nl

Sauton medium containing 10 pg INH/ mil i

3 hours ] 24 hours

o |

1.56X106/mg  (100%) | 1.78X106/mg (100%)
|

6.99X 105/mg  ( 45%) j 3.24X105/mg  ( 18%)

4.05X105/mg  ( 26%) | 2.24X105/mg ( 13%)
i

8.57X105/mg ( 559) ; 1.60%x105/mg ( 9%)
|

Cells (a 4-day-old culture) exposed to isoniazid solution were washed in saline three times and their viability was count-
ed by a usual plate counting method. Cells were supplemented to the isoniazid solutions to give a final concentration

of 33 mg (wet weight)/ml.

% %®

LROBRZELTE, (1) BERREDI X OB
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Mode of Action of Isoniazid Viewed from
Isotope Incorporation Studies.

There are many studies dealing with the mech-
anism of action of isoniazid; (1) pyridoxal
coenzyme inhibition; (2) TCA cycle inhibition;
(3) dehydrogenase inhibition; (4) inhibition of
porphyrin metabolism; (5) inhibition due to
peroxide production. However, there is no de-
cisive elucidation to account for different obser-
vations presented. This study has been designed
to present some}find‘ings through radioisotope

incorporation studies.

‘Mycobacterium “Jucho” growing in Sauton .

medium was washed in saline and used for ex-

periments, Fractionation was conducted accord-

ing to the procedure of Schneider, Concentra-
tion of isoniazid used was 10 pg/ml throughout
the experiments.

1) Incorporation of P32-orthophosphate into
nucleic acid and protein fractions, especially
into the former, were inhibited significantly in
the presence of isoniazid. This inhibition in-
creased after 3 hours of incubation (figures 1
and 2 and tables 1 and 2). Since, as shown
later, incorporation of S35-sulfate was not in-
hibited and, in addition, the inhibition of the P32
incorporation was most significant not. in all
fractions but in the nucleic acid fraction, the
inhibition of the p32 incorporation observed does

not appear to be derived from an unspecific



196281 H

inhibition due to the general cease of cell func-
tion. It seems likely that the inhibition of
nucleic acid synthesis and protein synthesis
may be a secondary effect due to an inhibition
of transaminase activity. Since a direct inhibi-
tion of transaminase by the drug requires too
much amount of isoniazid to account for the
antibacterial action of this drug, it appears
rather possible that disfunction of transaminase
is derived from a substitution of pyridoxal
phosphate or pyridoxamine by isoniazid. This
possibility remains to be studied in the future.

2) When P%-labeled cells were exposed to
a P%¥-free phosphate solution, a considerable
amount of P32 was released from cells. Decline
of P22 compounds in the presence of isoniazid
occurred most significantly in the nucleic acid
fraction (table 5). This finding shows that
phosphorus compounds incorporated into the
nucleic acid fraction are not stabilized in the
presence of isoniazid.

3) Incorporation of S3-sulfate into different
cellular fractions were increased in the presence
of isoniazid. This suggests that an increase of
permeability in cell membrane may be present

(table 3). However, incorporation of S% was

35

reduced in the presence of isoniazid after 22
hours of incubation. The delayed decrease of
incorporation may be due to a general inactiva-
tion of cell functions.

4) Incorporation of Fe’Cl; was inhibited
by the presence of isoniazid. However, the
ratio of distribution of Fe® in cellular fractions
remained unchanged (table 4). Therefore, it is
likely that the inhibition remains unspecific and
is derived from a general inactivation of cell
activity.

In summary: Incorporation of P32-phosphate
into the nucleic acid fraction and the protein
fraction, especially into the former, were in-
hibited by the presence of isoniazid (10 pug/ml).
Accordingly, it is conceivable that inhibition of
nucleic acid synthesis and protein synthesis
take place in the presence of isoniazid. This
inhibition does not appear to be an unspecific
phenomenon derived from a general inactivation
of cells. Incorporation of S35-sulfate is increas-
ed by the presence of isoniazid, suggesting the
presence of a change in permeability (change
of permeability seems to be some selective one,
because incorporation of S% is increased and

that of P32 is not increased).



