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T H E  PROGRESSIVE REACTION OF I S O N I C O T I N Y L  H Y D R A Z I D E  

W I T H  TWO BACTERIAL AMINO ACID DECARBOXYLASES 

by 

D. S. H O A R E  

l)cparlme~t o/ Chemical Pathology, University College Hospital Medical School, London (England) 

I-isoNicotinyl hydrazide (isoniazid) inhibits a number of enzyme  systems,  some of 
which are known to require v i tamin Ba as co -enzyme ~,2. The recent studies of 
DAVISON 3 on some vi tamin B 6 enzymes  from mammal ian  tissues have shown that 
isoniazid acts as an inhibitor by combining with the co-enzyme,  the reaction between 
inhibitor and co -enzyme  being slow and progressive. A preliminary invest igation on 
the isoniazid inhibition of two partially purified v i tamin B 6 enzymes  from bacteria 
was carried out with the object of demonstrat ing that a similar progressive inhibition 
took place in these systems.  

E X P E R I M E N T A L  

Substrates. Meso-dialninopimelic acid was prepared from the culture filtrate of the lysine-auxo- 
t rophe Escherichia coli 20-26 according to the procedure of W'ORK AND DENMAN 4 modified by 
HOARE AND WORK 5. 

Isonicotinyl hydrazide and i-isonicotinyl-2-isopropyl hydrazide were kindly provided by 
Dr. A. L. Morrison, Roche Products,  Welwyn Garden City, England. Pyridoxal phospha te  was 
provided by Dr. W. "vV. Umbreit .  

Enzyme preparations. Diaminopimelic acid decarboxylase was prepared and partially purified 
from cell-free extracts  of derobacter aerogenes as described by HOARE AND WORK 5. Lysine de- 
carboxylase was prepared from Escherichia coli strain B (American Collection) by the following 
procedure : 

Tile organism was grown in large bottles containing nutr ient  bro th  with 2 % (w/v} glucose, 
lnoderate aeration being achieved by shaking the bottles on inclined rollers. Growth was continued 
for 12 h at 37  °, The cells were centrifuged off, washed, and acetone-dried. Cell-free extracts  
were obtained under the same conditions as employed for Aerobacter aerogenes (above) except 
tha t  11I/~o potass ium phospha te  buffer p H  6.o was used. The cell-free extract  was dialysed 
overnight  at + 2 ~' against glass-distilled water.  The dialysed extract  was fractionated with 
acetone at - .5 ~, the lysine decarboxylase being carried down between 30 and 4 ° % (v/v) acetone. 

E~zzynze assays. Diaminopimelic acid decarboxylase was assayed inanometrically at p H  6.8 
l)y the nlethod of DEWEY, HOARE AND VC'ORK 6 using nitrogen as the gas phase, and meso-dimiano- 
pimelic acid (lo -2 3i) as substrate.  Lysine decarboxylase was also assayed manometrically,  the 
reaction being carried out at pH 6.o with L-lysine (~ .3" IO-2 3[  final conch.) as substrate .  Pyridoxal  
phosphate  (io 5 ~I final concn.) was present  unless otherwise stated. Isoniazid (5" lO-4 M final 
conch.) ill a solution of the appropria te  buffer was t ipped in from one side-bulb of a ~Varburg 
flask and was pre-incubated with the enzyme prepara t ion for various times prior to the additiol~ 
of the substrate,  dissolved in the appropria te  buffer and added from a second side-bulb. 

RESULTS 

Both the partially purified decarboxylase preparations are largely undissociated from 
the co-enzyme (pyridoxal phosphate). The percentage activation of the enzymes by 

Re/erences p. 143. 



142 D.S. HOARE vor_ 19 (I956) 

pyridoxal phosphate (zo -~ M) was: lysine decarboxylase 66% act ivat ion;  diamino- 
pimelic acid decarboxylase I18% activation. 

The progressive inhibi t ion of lysine and of diaminopimelic acid decarboxylase 
by isoniazid is i l lustrated in Figs. z and 2 respectively. In  both cases, a comparison 
of the curves for the control (i.e. without isoniazid) with those for the enzyme with 
isoniazid added at t ime o, shows that  although the initial rates are approximate ly  
the same, in the presence of inhibi tor  the reaction rate falls off as the subst ra te  is 
used up. 
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Fig. I. Inhibition of lysine decarboxylase by 
isoniazid. Reaction mixture of total volume 
2.5 ml in o.I M phosphate buffer pH 6.0 con- 
taining 2 mg enzyme, pyridoxal phosphate 
(lO -5 M), L-]ysine monohydrochloride (I.3. lO-2 
M), and isoniazid (5.io-4M). Reaction in 
nitrogen at 37 o. O -  O Control (no isoniazid) ; 
O----O Isoniazid at time o ; × - -  X Isoniazid 
pre-incubated IO rain; A - - / X  20 rain pre- 
incubation; ~k---A 4 ° rain pre-incubation. 
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Fig. 2. Inhibition of diaminopimelic acid de- 
carboxylase by isoniazid. Reaction mixt re of 
total volume 2. 5 ml in o.i M phosphate buffer 
pH 6.8 containing 5 mg enzyme, pyridoxal 
phosphate (io -s iV/), meso-diaminopimelic acid 
(lO -2 M), and isoniazid (5"1o-4 M). Reaction 

in nitrogen at 37 °. Key as in Fig. i. 

Similar curves were obta ined for lysine decarboxylase in the absence of pyridoxal  
phosphate. 

No significant inhibi t ion of lysine or of diaminopimelic  acid decarboxylase was 
observed in the presence of I-isonicotinyl-2-isopropyl hydrazide (5" I0-4M)  under  
the same conditions.  

Diaminopimelic  acid decarboxylase was completely inhibi ted by  hydroxylamine  
(10 -4 M), no pre- incubat ion being necessary. 

DISCUSSION 

The inhibi t ion of lysine decarboxylase and  of diaminopimelic acid decarboxylase by 
isoniazid increases with the pre- incubat ion t ime of the enzyme with isoniazid. This 
is similar to the effect observed with some amino acid decarboxylases of m a m m a l i a n  
tissues (DAvlsol~3). YO~EDA et al. 1 had previously observed tha t  the complete in ter-  
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action of isoniazid and pyridoxine in the tryptophanase of Escherichia coli required 
a 3 ° minute period of pre-incubation at 38°. Again in their studies on the inhibition 
of arginine decarboxylase 2 in Escherichia coli by isoniazid, the inhibitor was always 
pre-incubated with the enzyme for 30 minutes. It  may be found that all vitamin B, 
enzymes are progressively inhibited by isoniazid. In contrast, the reaction between 
hydroxylamine and vitamin Be enzymes is very rapid. This has been examined in 
some detail with the glutamic acid decarboxylase of Escherichia coli (ROBERTST). 

S U M M A R Y  

In  the  absence  of subs t r a t e ,  lysine and  d iaminopimel ic  acid deca rboxy lases  are inh ib i ted  pro- 
gress ively  wi th  isoniazid.  This  effect is s imilar  to t h a t  found  wi th  some  m a m m a l i a n  a m i n o  acid 
decarboxylases .  

Rt~SUMt~ 

En  absence  de s u b s t r a t e  les d6carboxylases  de lysine et  d 'ac ide  diaminopim61ique son t  inhib6es  
p rog re s s ivemen t  pa r  l ' isoniazide.  Cet  efiet es t  semblab le  ~ celui qui  ava i t  6t6 t rouv6  pou r  ce r t a ines  
d6carboxylases  d 'ac ides  amin6s  de mammif6 re s .  

Z U S A M M E N F A S S U N G  

In  Abwesenhe i t  eines S u b s t r a t s  werden  die Lys in -  u n d  Diaminop ime l ins i iu re -Deca rboxy la sen  
progressif  du rch  Isoniazid  g e h e m m t .  Dieser Effekt  ist  demjen igen  Ahnlich, welcher  fiir e inige 
S/ iuget ier-Aminos/~,uredecarboxylasen ge funden  wurden .  
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