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COMPETITIVE  INHIBITION OF SUCCINATE DEHYDROGENASE BY 

MALONATE 

 

 

   The activity of enzymes can be influenced (activated or inhibited) in many 

ways. The aspecific inhibition (changing the temperature, heat denaturing the 

enzyme) does not give us too much information about the mechanism of 

enzyme action. Much more knowledge can be gained by using specific 

enzyme inhibitors. The enzyme kinetic analysis of the results can shed light 

on the mechanism of enzyme activity. 

   In the case of competitive inhibition the inhibitor has a similar structure to 

the substrate. It can bind to the active site of the enzyme competing with the 

substrate, resulting in a decreased enzyme activity. This inhibition can be 

overpowered by a sufficiently high concentration of substrate. The rate of 

enzyme-substrate complex formation is decreased because a certain part of 

the enzyme forms an enzyme-inhibitor complex. The dissociation of the 

enzyme substrate complex into free enzyme and substrate, as well as the 

rate of product formation, is not influenced by the inhibitor.  

   The result is that in the presence of the inhibitor, the KM value 

characteristic for the substrate is increased while at the same time the vmax 

is unchanged. In some cases inhibitors, which do not bind to the active site of 

the enzyme, but allosterically can cause inhibition, which cannot be 

distinguished kinetically in the enzyme from the typical competitve inhibition. 

   The succinate dehydrogenase (E.C.1.3.99.1.) is a mitochondrial matrix-

bound enzyme, participating in the citric acid cycle. It contains a covalently-

bound FAD coenzyme which serves as hydrogen acceptor in the following 

reaction: 
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The enzyme is able to transfer the H atoms to artificial acceptors (especially 

tetrazolium salts), also. Iodonitro-tetrazolium chloride, a redox dye, can serve 
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as an H acceptor, yielding the red coloured reduced iodonitroformazan as an 

endproduct.  Its formation can be followed photometrically. The reaction is 

shown below: 
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Iodonitrotetrazolium chloride Iodonitrotetrazolium formazane  

 

 

 

Solutions: 

1.) mitochondrial membrane l0 mg/ml protein in KCl-TRIS  buffer pH 7.4 

2.) 0.5 M phosphate buffer pH 7.6 

3.) 2.5; 10; 100 mM succinate 

4.) 1mM malonate 

5.) 0.5 % iodonitrotetrazolium chloride (INT) 

6.) formiate-triton-formaldehyde solution (FTF)  

 

Set up the experiment according to the table on the next page. 
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In numbered test tubes measure the following components: 
 
 K 1 2 3 4 5 6 7 8 9 10 
 
0,5 M phosphate buffer l 280 360 340 360 330 280 340 320 340 310 260 
5 mM succinate   l - 20 40 - - - 20 40 - - - 
20 mM succinate   l - - - 20 50 - - - 20 50 - 
100 mM succinate  l 100 - - - - 100 - - - - 100 
5 mM malonate  l - - - - - - 20 20 20 20 20 
0,5 % INT   l 100 100 100 100 100 100 100 100 100 100 100 
FTF  ml 3 - - - - - - - - - - 
mitochondrial membrane   l 20 20 20 20 20 20 20 20 20 20 20 
 
   10 min 37oC incubation 
FTF   ml - 3 3 3 3 3 3 3 3 3 3 
 
    Mix well, and measure the absorbtion at 490 nm.  Use a K-tube as a blank. 
    The formiate-triton-formaldehyde solution (FTF) stops the reaction, solubilizes the mitochondrial membrane and dissolves 
the hydrofobic iodonitrotetrazolium formazan, therefore the filtration or centrifugation of the reaction mixture is not 
necessary, the optical activity can be measured directly. 
   Calculate the reaction velocities, using 1.84 x 104 M-1 x cm-1 as the molar absorbance coefficient for formazan.  
 
  1 2 3 4 5 6 7 8 9 10 
 
S=succinate mM 
 
l/S  mM-1 
 
extinction 490 nm 
 
formazan mol 
 
v  mol/min 
 
l/v min/mol 

Plot the results according to Lineweaver-Burk.  


