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The inhibition of succinate dehydrogenase by oxaloacetate 

It  is generally believed that the inhibition of succinate dehydrogenase (EC 
i .3.99. i) by oxaloacetate z is competitive in nature ~. In this laboratory DERVARTANIAN 
AND VEEGER 3 found that this is the case with the purified enzyme 4 and reported an 
inhibition constant of 1.5 #M. WOJTCZAK and co-workersS, 6, however, have reported 
that a non-competitive inhibition is obtained if the initial reaction rate is measured, 
and a typically competitive inhibition only if the steady-state rate of oxidation is 
taken. Furthermore, they state that neither the inhibition by oxaloacetate nor its 
partial reversal by succinate is instantaneous. A K, of 0.2 ffM was reported for the 
constant rate of oxidation. 

We have re-examined the problem with the purified enzyme isolated by a 
modification 3 of the method of WANG, Tsou AND WANG 4. Fig. 1 shows that, in dis- 
agreement with WOJTCZAK et al.S, 6, the inhibition is instantaneous. However, in agree- 
ment with WOJTCZAK et al., after a steady rate of oxidation for about 1. 5 rain, the 
degree of inhibition increased, to reach a new level after about 30 sec to (as in the 
experiment illustrated in Fig. I) several minutes. The increased inhibition is not due 
to the formation of fumarate. The addition of I mM fumarate had no appreciable 
effect on the activity of the enzyme in the absence of oxaloacetate, or on the degree 
of inhibition by oxaloacetate, either that directly measured or after the secondary 
inhibitory state is reached. 

In disagreement with WOJTCZAK et al.5, 8, the inhibition found immediately on 
the addition of oxaloacetate was competitive. Fig. 2 shows a typical experiment from 
which values of K, of 4. 5 and 4.3 ffM may be calculated. Similar results were obtained 
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Fig. I. Inh ib i t ion  of  succ ina te  dehydrogenase  by  oxaloaceta te .  P h o s p h a t e  buffer  (pH 7.8), ioo mM;  
K3Fe(CN)e, 5 mY[; succinate ,  io mM;  bovine  s e r u m  a lbumin ,  i mg /m] ;  enzyme,  0.06 mg/ml .  At  
t he  arrow, oxa loace ta te  was added  to a concen t ra t ion  of  6. 3 ffM. 

Fig. 2. Double-reciprocal  plot  of  p r i m a r y  inhibi t ion of  succ ina te  dehydrogenase  by  oxa loace ta te .  
P h o s p h a t e  buffer  (pH 7.8), ioo mM;  K3Fe(CN)8, 6 mM ;  bovine s e r u m  a lbumin ,  I m g / m l ;  E D T A ,  
I mM;  e n z y m e  (240 un i t s* /mg protein),  0.08 m g  pro te in  per  ml. The  veloci ty  is in a rb i t r a ry  
uni ts .  0 - - 0 ,  no oxaloace ta te ;  A - - A ,  5.4 ffM oxa loace ta te ;  O - - O ,  lO.8 #M oxaloaceta te .  The  
oxa loace ta te  concen t ra t ions  were de t e rmined  wi th  ma l a t e  dehydrogenase  and  N A D H .  The  oxalo-  
ace ta te  used  conta ined  io % p y r u v a t e  (as de t e rmined  wi th  lac ta te  dehydrogenase  and  N A D H ) .  

Biochim. Biophys. Acta, 132 (1967) 21o-212 



PRELIMINARY NOTES 211 

over a large range  of oxa loace ta te  concent ra t ions  (o.6-135 #M) and  succinate  concen- 
t r a t ions  (o.2-1oo mM). The K i  va r ied  be tween 1. 7 and  6.3 #M in 14 measurements  in 
this  range. In  the  exper imen t  shown in Fig. 2, the  react ion was s t a r t e d  b y  adding  
enzyme to an otherwise comple te  reac t ion  mixture .  Inh ib i t ion  was also ins tan taneous  
and  compe t i t i ve  (Kt = 2.6-3.1 #M) when the  order  of  add i t ion  was the  same as 
in Fig. i .  

The  secondary  inhibi t ion  was also found to be pure ly  compet i t ive ,  wi th  a K i  

of 0.6-0.7 ffM. 
When  the  enzyme was p re - incuba ted  for IO rain wi th  a high concent ra t ion  of 

oxa loace ta te  and  then  d i lu ted  to the  concent ra t ions  usual  in the  assay  of  enzyme  
a c t i v i t y  before adding  the  succinate  or K3Fe(CN)6, the  grea ter  inhibi t ion  was found  
immedia te ly .  In  this  case, however,  the  inhibi t ion  was p a r t l y  non-compet i t ive  and  
p a r t l y  compet i t ive .  The K ,  of the  compet i t ive  component  was 0. 7 #M, and t h a t  of t he  
non-compet i t ive  componen t  0.6 ffM. 

0.07 

0.06 

Q05 

Q04 

0 Q03 
o 
~: 0.02 
<~ 

0.01 

? 
% -  26 4~ 6'0 4 ,  290 

Oxaloacetate concn. (IJM) 

Fig. 3. Titration of the succinate dehydrogenase with oxaloacetate, followed spectrophotome- 
trically at 5"/0 raft. To 1.8 ml of enzyme (24o units4/mg protein; 3 mg protein per ml) in a I-cm 
cell was added from a Hamilton microsyringe various amounts of i mM oxaloacetate. Finally an 
excess oxaloacetate was added in the form of a I o mM solution. The total volume added was o.3 ml. 
The absorbances were corrected for dilution. The initial absorbance was 0.20o. 

The reac t ion  be tween the  enzyme and  oxa loace ta te ,  as measured  b y  the  increase  
in absorbance  a t  570 m #  on adding  the  inh ib i to r  to the  enzyme~, 7, has also been fur ther  
s tudied.  E x p e r i m e n t s  wi th  the  s topped-f low a p p a r a t u s  showed tha t  the  reac t ion  was 
a lways  comple te  in 4 sec. I n  close agreement  wi th  the  value  prev ious ly  reported~, 7, a 
dissociat ion cons tan t  of  3 #M m a y  be ca lcu la ted  from the d a t a  given in Fig. 3. (In this  
t i t r a t ion ,  the  concent ra t ions  of  enzyme and oxa loace ta te  are of the  same order  of 
magn i tude ,  and  in ca lcula t ing  the  K o  a correct ion for the  amoun t  of inh ib i tor  b o u n d  
to the  enzyme was made.) 

The rap id  reac t ion  be tween  enzyme and  oxa loace ta te ,  as followed spect ro-  
pho tomet r i ca l ly ,  and  the  agreement  be tween  the  K i  ob ta ined  for the  p r i m a r y  in- 
h ib i t ion  and  the  KD from the  t i t r a t ion  suppor t s  the  conclusion3, 7 t h a t  the  spect ro-  
scopical ly  ident i f ied compound  is the  E I  complex of  the  p r imar i ly  inh ib i ted  enzyme.  

The na tu re  of  the  secondary  inhibi t ion  is under  s tudy.  
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~-D-Xylosidase in pig kidney 

I t  has recently been reported a that  rat liver possesses fl-xylosidase activity. 
Little is known of the distribution of this enzyme in other mammalian tissues, al- 
though highly active preparations have been demonstrated in bacteria, plants and 
fungi 2,s. I t  is possible that  the enzyme occurs in a number of organs where the cleavage 
of the link between xylose and serine in chondroitin sulphate-protein complexes may 
be an important step in the catabolism of the mucoid residues, but lack of a suitably 
sensitive method of assay has so far hampered investigation of this enzyme. 

By using the fluorigenic substrate, 4-methylumbelliferyl fl-I)-xylosidO, we have 
been able to detect and examihe a fl-xylosidase in pig kidney. The substrate (i ml of 
I mM solution) in 0.2 M phosphate-citrate buffer is incubated with I ml of a 0.040//0 
(w/v) homogenate of the tissue in water for 30 rain before adding 3 ml ofo.5 M glycine- 
NaOH buffer (pH io.4) to stop the reaction and develop the fluorescence of the liber- 
ated aglycone. Fluorescence was measured on a Locarte LF.5 fluorimeter at 44 ° m#, 
(activation at 340-380 m/z). 

Under these conditions the enzyme had a broad pH optimum of 5-6 (Fig. I), 
the rapid loss of activity in more acid conditions being caused by irreversible denatu- 
ration. The working substrate concentration used does not allow complete saturation 
of the enzyme (Fig. 2), but higher concentrations are precluded by its low solubility. 

I t  has been shown that  the rat liver enzyme is sedimented in isotonic sucrose 
homogenates along with the acid phosphatase-rich particles, and the fl-xylosidase 
activity is latent until released by detergent or hypotonic conditions 1. I f  thus appears 
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