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NITRIC OXIDE ACTIVATES APOPTOSIS SIGNAL - REGULATING KINASE 1 (ASK 1) 

FORMING S-NITROSOTHIOLS WITH REACTIVE THIOREDOXIN SH-GROUPS. 
NITRIC OXIDE SYNTHASE (NOS) INDUCTION MEDIATED INHIBITION OF POLY-

(ADP-RIBOSE)-POLYMERASE (PARP) AND PROTEIN KINASE C (PKC) ACTIVITIES 
AS WELL AS INTRANUCLEOSOMAL DNA FRAGMENTATION (IDF) INCREASE IN 

THE HEP-2 CELLS 
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INTRODUCTION. ASK 1 was recently identified as mitogen activated protein (MAP) kinase 
kinase kinase and activates p53, Jun-N-terminal kinase and stress activated protein kinases 
through MAP kinase kinase cascade phosphorylation. These factors cause the induction of 
apoptosis. Mammalian thioredoxin was established to be the direct inhibitor of ASK 1. It has 
been reported that superoxide activates ASK 1 forming sulfinic ions with thioredoxin SH-
groups and making ASK 1 free. We assumed that nitric oxide (NO) may interact with 
thioredoxin SH-groups forming S-nitrosothiols. It was found that NO mediates apoptosis 
through p53 activation and mitochondrial dysfunction. The aim of this work was to study if 
nitric oxide activates ASK 1 forming S-nitrosothiols with reactive thioredoxin SH-groups and 
also the effects of the induction of NOS activity in the HEP-2 cells on PARP and PKC 
activities as well as IDF. 

METHODS. The effects of NO (supplied by sodium nitroprusside) on thioredoxin were 
studied on homogenous thioredoxin preparations and on rat liver homogenates. The quantity of 
S-nitrosothiols [1] and ASK 1 activity [2] were studied in 5, 10, 20, 30 and 60 min after 
injection of sodium nitroprusside to the rat liver homogenates. Induction of NOS activity in 
HEP-2 cells was mediated by supplying of γ-interferon (γ-IFN, free or together with 
superoxide generator xanthine oxidase inhibitor allopurinol) to the cultivating medium. In 24 
hours cells were washed and lysed by sodium dodecylsulfate. Xanthine oxidase [3], NOS, 
PARP and PKC activities as well as IDF [4] were studied in the cell lysates. 

RESULTS. It was found that nitric oxide forms S-nitrosothiols with homogenous thioredoxin. 
In the rat liver homogenates incubated together with sodium nitroprusside the ASK 1 activity 
increased during all 60 minutes of incubation (Fig. 1). The increase of S-nitrosothiols 
concentration in these reaction systems correlated with the ASK 1 activity increase (Fig. 2). 
The activation of ASK 1 by nitric oxide makes possible to conclude that it causes the release of 
ASK 1 from thioredoxin. This conclusion is proved by the increase of the quantity of S-
nitrosothiols in the reaction system during all 60 minutes of incubation. It was established that 
in the HEP-2 cells where the nitric oxide synthase was activated PARP and PKC activities 
were decreased. The increase of the IDF in these cells was observed. In the cell cultures where 



allopurinol was not injected and xanthine oxidase was activated too PARP and PKC activities 
were increased and the IDF decrease in these cells was observed (Table 1). 

 

Fig. 1. Dependence of ASK 1 activity in the rat liver homogenate on 
the time of homogenate incubation with sodium nitroprusside. 

 

Fig. 2. Dependence of S-nitrosothiols concentration in the rat liver 
homogenate on the time of homogenate incubation with sodium 
nitroprusside. 
  

 

DISCUSSION. Nitric oxide activates ASK 1 forming S-nitrosothiols with reactive thioredoxin 
SH-groups. Induction of NOS activity in the HEP-2 cells induces their apoptotic death. Both 
xanthine oxidase and NOS induction perform reverse effect that may be caused by 



peroxynitrite formation from NO and xanthine oxidase generated superoxide [4, 5]. 
Peroxynitrite was established to be cytoprotector that prevents to the apoptotic cell death. 
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