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Fig. 1. Time Course of Induction
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Isoniazid was added to the culture media at the points

of arrows to give the final concentration of 100 7 per
ml.

Hydrazidase activity was expressed as # moles of hy-
drazine formed per hour per gm. of dry weight of cells.
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Fig. 2. Effect of Inducer-Concentration

Hydrazidase activity
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Isoniazid was added to the five days culture to give
the final concentration indicated and cuiltivation was
continued for another 24 hours.

Hydrazidase activity was expressed as in Fig. 1.

Table 1. Effect of Anti-Tuberculous Drugs

Enzyme activity
Addiition
Without isoniazid ! With isoniazid
None " 1.07 ‘ 54.73
SM 10 7/ml 0.24 0.77
PAS 500 7/ml | 4.35 ‘ 87.81
PZA 250 7/ml 0.91 ‘ 53.72
SI1 100 7/mi 2.32 ‘ 33. 24

Isoniazid was added to three days culture to the final
concentration of 100 7 per m! with or without other anti-
tuberculous drugs as indicated. Cultivation was continu-
ed for another 72 hrs.

Table 2. Effect of Streptomycin

Enzyme activity
Conc. of SM  r/ml -

Exp. 1 Exp. 2
0 51.26 65.76
0.01 76.76 —
0.1 2.33 60. 88
0.5 — 42.16
1 2.30 25.17
5 — 20.97
10 2.68 15.04
50 — 9.20
100 1.78 —
0, INH (-) 2.14 —_

Isoniazid was added to the final concentration of 100 y
per ml with or without streptomycin as indicated to
three days culture (Exp. 1) or to five days cullture
(Exp. 2), and further cultivation was continued for
another 72 hrs. (Exp. 1) or for 12 hrs. (Exp. 2) respect-
ively.

Enzyme activity was expressed as in Fig. 1.
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Table 3. Inducer Specificity

Enzyme activity

Hydrazide R R

] Exp. 1 | Exp. 2

None L1093 4.69
Isonicotinoyl l 57.01 72.81
Nicotinoyl \ 0.99 5.10
Benzoyl \ 1.52 3.68
Pyrazinoyl 1.95 4.92
Glutamoyl | 2.36 5.15
Oxalic acid ~‘ — 5.38

Each of hydrazides was added to the final concentra-
tion of 100 7 per ml to three days culture (Exp. 1) or to
five days culture (Exp. 2), and further cultivation was
continued for another 48 hrs. (Exp. 1) or for 12 hrs.
(Exp. 2) respectively.

Enzyme activity was expressed as in Fig. 1.
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Table 4. Inhibition by Hydrazide (1)

Enzyme activity after
induction for

Addition N
40 hrs ] 50 hrs ! 72 hrs
Isoniazid alone 2.41 i 60. 94 ‘ 70.02
Isoniazid +Benzoyl hyd. 2.36 l 13.34 | 84.41
Isoniazid +Nicotinoyl hyd.| 3.68 | 4.90 \ 77.29
Isoniazid + Pyrazinoyl hyd.| 2.79 | 8.67 i 73.52

Isoniazid + Glutamoyl hyd.| 3.03 | 10.26 | 81.22

Isoniazid was added to three days culture to give the
final concentration of 100 y per m! with or without one
of other hydrazides in the same concentration. Further
cultivation was continued as indicated.

Enzyme activity was expressed as in Fig. 1.
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Table 5. Inhibition by Hydrazide (2)
Addition Enzyme activity

None 13.26
Isoniazid alone 123.49
Isoniazid + Nicotinoyl hyd. 89.11
Isoniazid + Oxalic acid hyd. 124.56
Isoniazid + Salicylic hyd. 117. 44
Isoniazid + Pyrazinoyl hyd. 107.31
Isoniazid + Benzoyl hyd. 136.94
Isoniazid + Glutamoyl hyd. 74.42

Isoniazid was added to five days culture to the final
concentration of 100 y per m! with or without 100 y of
other hydrazide per ml.

Further cultivation was continued for another 19 hrs.

Enzyme activity was expressed as in Fig. 1.
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Table 6. Effect of Amino-acids (1)

Amino-acids mixture
ml per 40 ml of medium

‘ Enzyme activity

81.55

0 |

1 } 74.32
2 | 62.90
4 37.56
0, INH (—) 2.39

Isoniazid was added to five days culture to give the
final concentration of 100 y per ml with or without
amino-acids mixture, which contained 8.0 mg of l-argi-
nine (HCL), 7.8 mg of l-isoleucine, 17.5 mg of I-leucine,
12.3 mg of I-lysine (HCI), 8.7 mg of I-phenylalanine,
9.1 mg of l-threonine, 1.8 mg of I-tryptophane, 6.1 mg
of l-valine, 10.0 mg of glycine, 6.7 mg of Il-methionine
and 4.0 mg of histidine (HCI1-Hz20) per ml.

Enzyme activity was expressed as in Fig. 1.

Table 7. Effect of Amino-acids (2)

Time of induction | Enzyme activity

\
|
(hrs) ’ Medium A

Medium B
8 ! 32.64 17.15
15 97.50 52. 14
24 55.96 53.42

Isoniazid was added to five days culture on medium A
or on medium B to give the final concentration of 100 7
per ml. Further cultivation was continued as indicated.
Medium A had the same composition with ordinary
Sauton synthetic medium and by medium B asparagine
concentration was reduced to 2.0 gm per l.

Enzyme activity was expressed as in Fig. 1.
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Table 8. Inhibition by Fluoride

Sodium fluoride | ‘ Inhlbltlon
Enzyme activity |
r per ml J i %

0 ; 65.76 |

50 1 60. 56 .
| |

100 L5265 19.9

200 ’ 45.02 | 315

|
Isoniazid was, added to five days cuiture to the final
concentration of 100 y per ml with or without sodium
fluoride as indicated, and cultivation was further
continued for another 12 hrs.
Enzyme activity was expressed as in Fig. 1.
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Induced Formation of Hydrazidase.

Isoniazid-sensitive cells of Mycobacterium avium
(strain AVT), which possesed only negligible ac-
tivity of hydrazidase, were cultivated on Sauton
Synthetic media without addition of isoniazid at
37°C for three or five days. Thereafter, isoniazid
was added to the culture-media with caution not
to damage the pericles. After further cultivation
cells were collected, washed, and their hydrazid-
ase activity was assayed by the method reported
in the preceding paper. (2)

When isoniazid was added to the three days
culture, hydrazidase formation started after rath-
er long period of lag phase, but in the case of
five days culture the enzyme was produced with-
out any appreciable lag phase. At 4°C enzyme
induction did not occur. Effects of other anti-
tuberculous drugs added with isoniazid were sum-
marized in Table 1. Streptomycin inhibited the
enzyme formation remarkably, in either case of
three days or five days culture, but the degree
and the mode of inhibition were somewhat differ-
ent between these two cases (Table 2). Hydra-

zidase hydrolysed other acid-hydrazides than iso-
niazid as reported previously (2, 3), but no acid-
hydrazides listed in Table 3 could take the place
of isoniazid in the hydrazidase induction (Table
3). Not only that, acid-hydrazides other than
isoniazid prolonged the lag phase of induction
when added with isoniazid to three days culture
(Table 4). The correlation between inducer con-
centration and the degree of induction was shown
in Fig. 2. At the higher concentration enzyme-
formation was reduced. Amino acids mixture,
when added with isoniazid, inhibited the enzyme
formation as shown in Table 6. But, at the same
time, cells grown on amino acid poor medium
could produce less amount of hydrazidase than
cells from ordinary medium (Table 7). Hydra-
zidase activity was inhibited by fluoride as report-
ed previously (2, 3). As shown in Table 8, the
induced formation of this enzyme was also inhib-
ited by fluoride.

These experimental results were discussed as
phenotypical adaptation.



