
while the results of both our and their  experiments indicate that low-molecular-weight proteins are  not degraded, 
at least during the period chosen for these experiments, but accumulate, for, as the present  experiments 
showed, the relative radioactivity Of neur0specific proteins increased after 6 and 24 1i. Had degradation of the 
proteins taken place, this radioactivity would ei ther  have decreased or  would have remained unchanged if the 
rates of synthesis and degradation of the protein had been equal. Since the relative radioactivity of the fraction 
with Rf=l .0  increased, this could have arisen through an increase of radioactivity as a result  of the accumula- 
tion of neurospecific low-molecular-weight proteins. 
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E F F E C T  OF R A D I O P R O T E C T O R S  ON C Y C L I C  

A M P - D E P E N D E N T  P R O T E I N  P t t O S P H O R Y L A T I O N  

Yu. Yu.  C h i r k o v ,  L.  P. C h e s n o k o v a ,  
and A .S .  S o b o l e v  
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The ability of radioprotectors (serotonin, aminoethylisothiouronium) in radioprotective doses to 
stimulate cyclic A MP-dependent phosphorylation of mouse liver cytosol and nuclear and spleen 
cytosol proteins in vivo was demonstrated. In experiments in vitro, the radioprotectors had no 
direct action on protein kinase activity or  its stimulation by cyclic AMP. It is postulated on the 
basis of these results and those of previous investigations that activation of cyclic AMP-depen- 
dent phosphorylation is due to an increase in the intracellular cyclic A MP concentration under the 
influence of the raclioprotectors. 

KEY WORDS: Radioprotectors; cyclic AMP system; protein kinases; phosphorylation of proteins. 

The authors showed previously that radioprotectors directly or  indirectly activate adenylate cyelase and 
increase the intracellular  concentration of cyclic AMP in the tissues of the body [2, 4, 5]. Elevation of the cyclic 
AMP level is known to cause activation of cyclic AMP-stimulated protein kinases which, by phosphorylating 
various protein substrates, modify the course of a wide spectrum of biochemical processes [11]. The action of 
radioprotectors on cyclic A MP-dependent protein phosphorylation could lead to substantial changes i n cell 
metabolism and could cause biochemical structural  changes that could lead to increased radioresistance under 
conditions of chemical protection [1, 3, 7]. 

In the investigation described below the effect of radioprotective agents - serotonin and aminoethyliso- 
thiouronium (AE P) - on cyclic AMP-dependent protein phosphorylation and on protein kinase activity was in- 
vestigated in animal t issues.  

Laboratory of Radiation Biophysics, Department of Biophysics, Biological Faculty, Moscow State Univer- 
sity. (Presented by Academician of the Academy of Medical Sciences of the USSR S. E. Severin.) Translated 
from Byulleten' Eksperimental 'noi Biologii i Meditsiny, Vol. 87, No. 3, pp. 230-232, March, 1979. Original 
art icle submitted February 17, 1978. 
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TABLE 1. Incorporation of ~ P  into Protein Fractions of Mouse Liver and Spleen under 
Normal Conditions (M~ m) 

Tissue Subeellular 
fraction 

3,5--4,3 7,3--7,9 
Spleen 

Liver 

C~osol 

Cytosol 

Nucleus 

1138+_'68 
3,6--4,4 

8815_+705 
3,1--3,9 

2494___132 

4,4--5,2 
635-+69 
4,5--5,3 

4110-+246 
4,0--4,6 
818+49 

Zone of phosphorylation 
3 4 

5,4--6,2 6,4--7,2 
605-I-60 491-+44 
5,4--6,2 6,4--7,0 

2905-+232 1758-+105 
4,9--5,5 5,9--6,7 
476-+24 849-+42 

340-+37 
7,2--7,8 

1232+ 111 
7,0--7,8 

8,2--8,8 
186-+16 
8,2--8,6 
588"4-29 
8,2--8,8 
767-4-46 

Legend.  N u m e r a t o r  shows pH range corresponding to zone ofphosphorylat ion;  denominator ,  
radioact iv i ty  of  32p in that  zone (in cpm). 

TABLE 2. Effect of  DB-Cyel ic  AMP and 
Radiopro tec tors  on Prote in  Phosphorylat ion 
in Mouse T i s s u e s  in% of Norma l  (M~m) 

Z o n e  Substance 

DB-cyclic AMP 
Serotonin 
AET 
DB-cyclic AMP 
Serotonin 
AET 
DB-cyclic AMP 
Serotonin 
AET 
DB-cy.clic AMP 
Serotomn 
AET 
DB-cyclic AMP 
Serotonin 
~ T  
DB-cyclic AMP 
Serotonin 
AET 

Spleen I Liver 
(cytosol) cytosol 

122-+8 
127-+7 
165___5 
135-+10 
137-+7 
150-+10 
97--+5 
99-+6 

128-+10 
108-+6 
~05-+2 
98__+4 

I04• 
203___10 
160• 
195• 
240-+15 
208-+3 

160-+8 
175-+15 
190-+12 
136-+10 
187-+16 
169-+10 
131-+10 
191-+I0 
128-+8 
1484-7 
200-+7 
146-+ l0 
100-+3 
144• 
183-+8 
155_+5 
231• 
197--+ 12 

nucleus 

165• 
203___20 
143• 
171• 
476• 
295• 
323 • 20 
245___5 
332_+20 
276+ 10 
t88--+6 
I40-+5 
t52--+5 
172-+10 
270-+ I0 
I04• 
I03-+6 
I03-+6 

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  ca r r i ed  out on male  W i s t a r  r a t s  weighing 150-200g and male  SHK mice  weighing 18- 
20 g. Radioact ive inorganic  phosphate (NaHz~PO4) was injected in t raper i tonea l ly  into the an imals  1.5 h before 
the beginning of  the expe r imen t  in a dose of 2 mCi /100g .  Inject ions of  aqueous solutions of  serotonin crea t in ine  
sulfate  ( f rom Reanal ,  Hungary) in a dose  of  60 mg/kg ,  A E T - h y d r e b r o m i d e  (synthesized in the Depar tment  of  
Rad iochemis t ry ,  Moscow Univers i ty)  in a dose of 250 mg/kg, and of N602-dibutyryl -cycl ic  AMP (DB-cyclic 
AMP), in a dose of 140 mg/~g, were  given 15 rain before  sac r i f i ce  of the animals .  

Prote in  kinase act ivi ty  in the ra t  t i s s ue s  were  studied in p repa ra t ions  of both f rac t ions  of soluble cytosol  
pro te in  k inases  [8, 12]. The tota l  f rac t ion  of cal f  thymus  his tones [10] was used as  the phosphorylat ion subs t ra te .  
Prote in  kinase act ivi ty  was e x p r e s s e d  in p icomoles  phosphate p e r  m i l l i g r a m  pro te in  of  the prote in  kinase p r e p -  
ara t ion t r a n s f e r r e d  p e r  minute to histone.  To study cycl ic  AMP-dependent  phosphoryla t ion in the t i s sue s ,  cytosol  
p ro te ins  and neu t ra l  nonhistone nuc lea r  pro te ins  were  i so la ted  [15]. The pro te ins  were  sepa ra ted  by i soe l ec t r i e  
focusing fiEF) in a thin l a y e r  of Superfine Sephadex G-75 (from Pharmae ia ,  Sweden) [13]. After  the complet ion 
of IEF  the gel was cut into 0 . 5 - c m  s t r ips  and the radioact iv i ty  of ~ P  incorpora ted  into prote in  was de te rmined  

in t h e m  [9]. 

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

Phosphoryla t ion Of soluble l ive r  cytosol  and mouse spleen pro te ins  was studied. Six zones of p ro te ins  
within the pH range 3.5-8.8 were  i so la ted  by the IEF  method (Table 1). In the expe r imen t s  with DB-cyc l ic  AMP 
(Table 2) zones of  p ro te ins  with cyclic  AMP-dependent  phosphoryla t ion were  identified (zones 1, 2 and 6 for  
spleen and 1, 2, 3, 4 and 6 for  l iver) .  Inject ion of r ad iop ro t ec to r s  into the an imals  in rad iopro tec t ive  doses  
s t imulated the phosphoryla t ion of  these  cytosol  prote in  f rac t ions  (Table 2). Cyclie AMP-dependent  prote in  
k inases  in the cytosol  a re  connected with the functioning of many vi tal ly impor tan t  p r o c e s s e s :  g lycogenolysis ,  
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TABLE 3. Rat L ive r  Protein Kinase Activity in 
P resence  of Radiopro tec tors  (M• m) 

Radioprotector, 
concentration 

Control 
AET, 5"10 "sM 
Serotonin, 5" 10 -4 M 

Protein ki~nase activity, 
pmoles P/rag protein/ 

w~~bout with cyclic 
cyclic AMp IAMP ($-10 -6 

110+8 169+--10 
105+--9 167• 

: 109+5 1724-8 

M) 

l ipolysis ,  etc. [11]. F ree  catalyt ic  subunits of prote in  kinases ,  act ivated by cyclic AMP, in the cytosol  can pen- 
e t ra te  f ree ly  into the cel l  nucleus [14], where they can also phosphorylate  proteins .  More than 90% of the cell  
phospheprote ins  are  concentrated in the nucleus,  and most  of t hem consist  of neut ra l  nonhistone prote ins  of 
chromat in ,  which control  unique nuc lear  p r o c e s s e s  [6, 15]. It was this group of prote ins  that was next inves t i -  
gated. 

An inc rea se  in the incorpora t ion  of 32p into nonhistone proteins  of l iver  nuclear  chromat in  15 rain af ter  
injection of both DB-cycl ic  AMP and of r ad iop ro t ec to r s  into the animals  was found (T~ble 2, zones 1-6). The 
effect  of the r ad iop ro t ec to r s  on cyclic  A MP-dependent  phosphorylat ion of nonhistone chromat in  proteins  was 
more  marked  than the i r  effect  on phosphorylat ion of cytosol  protein f ract ions  (Table 2). This observa t ion  is 
in te res t ing  in connection with the widely known fact that r ad iopro tec to r s  have impor tan t  actions on biochemical  
p r o c e s s e s  in the nuclei [7]. It can be tenta t ively  suggested that this  effect  of the r ad iopro tec to r s  is mediated 
through the cyclic  AMP sys tem.  

To study the c h a r a c t e r  of the action of r ad iop ro tec to r s  on enzymes  of the cycl ic  AMP s y s t e m  it was nec-  
e s s a r y  to study the poss ib i l i ty  that  the r ad iop ro t ec to r  could act d i rec t ly  on the protein kinase activity. The r e a -  
son for  this approach  is  that  r ad iop ro t ec to r s  can penet ra te  inside the cell. 

The expe r imen t s  showed that serotonin and AET in radioprotec t ive  concentrat ions,  on incubation with rat  
l iver  prote in  kinase p repa ra t ions ,  did not change the or iginal  (without cyclic AMP) activity of the enzyme 
(Table 3). The r ad iop ro t ec to r s  had no effects  l ikewise on s t imulat ion of the enzyme by cyclic  AMP. A s i m i l a r  
p ic ture  also was obse rved  in the expe r imen t s  with splenic protein kinases.  The p resence  of the r ad iop ro t ec to r  
was ref lec ted  in ne i the r  the or ig inal  no r  the cyclic  AMP-s t imula ted  prote in  kinase activity.  The effect  of the 
r ad iop ro t ec to r  on protein kinase act ivi ty  could t he re fo re  have taken place only through cycl ic  AMP, the i n t r a -  
ce l lu la r  concentra t ion of which r i s e s  in r e sponse  to s t imulat ion of adenylate cyclase  by the rad iopro tec tor ,  as  
the wr i t e r s  showed prev ious ly  [4, 5]. Inc reased  prote in  kinase act ivi ty  leads to intensif ication of the p r o c e s s e s  
of cycl ic  A MP-dependent  prote in  phosphorylat ion,  which may resu l t  in essen t i a l  reorganiza t ion  of the cell  
me tabo l i sm  under  conditions of  chemica l  radioprophylaxis .  
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