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Summary. In cyanide poisoning, metalloproteins and 
carbonyl groups containing proteins are the main target 
molecules of nucleophilic attack by cyanide. To defend 
against this attack, cyanide is metabolized to less toxic 
thiocyanate via transsulfuration. T h i s  reaction i s  
catalyzed by rhodanese and mercaptopyruvate sulfur- 
transferase (MST). Rhodanese is a well characterized 
mitochondrial enzyme. On the other hand, little was 
known about MST because it was unstable and difficult 
to purify. We first purified MST to homogeneity and 
cloned MST cDNA from rat liver to characterize MST. 
We also found that MST was an evolutionarily related 
enzyme of rhodanese. MST and rhodanese are widely 
distributed in rat tissues, and the kidney and liver 
prominently contain these enzymes. Immunohisto- 
chemical study revealed that MST is mainly distributed 
in proximal tubular epithelia1 cel ls  in the  kidney, 
pericentral hepatocytes in the liver, the perinuclear area 
of myocardial cells in the heart, and glial cells in the 
brain,  and immunoelectron microscopical  s tudy  
concluded that MST was distributed in both cytoplasm 
and mitochondria, so that MST first detoxifies cyanide 
in cytoplasm and the cyanide which escapes from 
catalysis due to MST enters mitochondria. MST then 
detoxifies cyanide again in cooperation with rhodanese 
in mitochondria. Tissues other than the liver and kidney 
arc more susceptible to cyanide toxicity because they 
contain less MST and rhodanese. Even in the same 
tissue, sensi t ivi ty  to cyan ide  toxici ty  may  differ  
according to the kind of cell. It is determined by a 
balance between the amount of proteins to be attacked 
and that of enzymes to defend. 
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Introduction 

Cyanides have been used for various purposes in 
industry. The lethal oral dose of potassium cyanide is 
about 200 mg in an adult (Ellenhorn and Barceloux, 
1988). In acute cyanide toxicosis, respiratory disturbance 
is  a characteristic symptom. In chronic  toxicosis, 
enlargement of the thyroid gland without dysfunction is 
occasionally observed. It is noticed that environmental 
pollution by cyanides causes sublethal damage to the 
central nervous and cardiovascular systems of wild 
animals, such as migratory birds (Ma and Pritsos, 1997). 
Cyanide attacks some metals belonging to metallo- 
proteins such as heme iron of cytochrome c oxidase in 
mitochondria. In this case, electron transport is inhibited 
in the respiratory chain, and consequently the production 
of ATP is disturbed in cells. Depletion of ATP then 
induces apoptosis of the cells (Lin et al., 1998). 

In a healthy person, a small amount of cyanide 
compounds is detected in plasma at the level of 4 nglml 
(Ellenhorn and Barceloux, 1988). These are exogenous 
metabolites taken from foods such as cyanogenic plants 
or smoking, or endogenous metabolite of vitamin B12 
(cyanocobalamine). It i s  surprising that animals can 
detoxify cyanide to a certain extent. In man, intravenous 
cyanide was found to be eliminated at the rate of about 
1 7  pg lkg  body weight a minute (McNamara, 1976). 
Metabolic detoxification of cyanide is performed by 
sulfuration as in the following reaction: 

CN- t S -. SCN-. Thiocyanate as a metabolite is 
much less toxic and is excreted mainly in urine. This 
reaction is catalyzed by rhodanese (EC2.8.1.1, thio- 
sulfate sulfurtransferase) and mercaptopyruvate sulfur- 
t ransferase  (EC2.8.1.2, MST). It i s  possible  that 
herbivorous animals have acquired a defense mechanism 
against various cyanides contained in grass by using 
these two enzymes (Aminlari et  al., 1989). But it i s  
obvious that cyanide is not a natural substrate of these 
enzymes from the results of kinetic studies for MST and 
rhodanese (Nagahara et al., 1995). 

Rhodanese was found in rat liver by Lang (1933) 




















