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The dynamics  of polynucleotide phosphorylase  act ivi ty in Esche r i ch i a  coli K-12 (X) and 
E.  eoli B was  studied during i r rad ia t ion  with 640-MeV pro tons ,  7 Rays ,  and UV rays  
and t r e a t m e n t  with mi tomycin  C. High-energy  protons  and 7 and UV rays ,  in ce r ta in  
doses ,  we re  found to ac t iva te  the polynucleotide phosphory lase  (PNPase) of the bac te r i a .  
The i nc rea se  in enzyme act ivi ty  was d i rec t ly  dependent on the t ime of incubation (up to 
60 rain) a f t e r  i r rad ia t ion  of the lysogenic  and nonlysogenic s t r a ins  of E. coli o r  the i r  t r e a t -  
ment  with the antibiotic.  On the bas i s  of the analogy obtained between the dynamics  of en-  
zyme act ivi ty  in the two s t ra ins  no poss ib le  role  can be a sc r ibed  to PNPase  in the m e c h -  
an i sm of induced development  of t e m p e r a t e  bac te r iophase  X. It  is postulated that PNPase  
may  play a ro le  in the m e c h a n i s m  of pos t radia t ion  degradat ion of bac te r ia l  RNA. 

As well  as the known f ac to r s  dis turbing the synthesis  and degradat ion of bac te r ia l  RNA, the effect  of 
ionizing and nonionizing radia t ions  on these  p r o c e s s e s  has r ecen t ly  been invest igated [5, 10, 11, 13]. 

The r e s u l t s  obtained by these  w o r k e r s  have laid the foundations for  the study of the enzymic  mech a -  
n i sms  of the depolymer iz ing  action of radiat ion on bac te r i a l  RNA. Expe r imen t s  using a mutant  s t ra in  of 
E.  coli not containing RNase I have shown that  this enzyme does not par t i c ipa te  in this p r o c e s s  [5, 12]. The 
poss ib le  ro le  of two other  enzymes  depolymer iz ing  RNA (RNase II and PNPase)  is stil l  unknown. 

The object  of this  invest igat ion was to study the dynamics  of PNPase  act ivi ty  in lysogenic  and non- 
lysogenic  s t r a ins  of E.  coli  during i r rad ia t ion  with h igh-energy  protons  (HEP), 7 r a y s ,  and UV r a y s ,  as  
well  as during t r e a t m e n t  with mi tomyein  C, an antibiotic with a r ad iomime t i c  action. 

Lysogenic  s t ra in  E. coli K-12 )t was chosen because  this b a c t e r i u m  has  high rad iosens i t iv i ty  [8, 9] 
and compar i son  of result---s obtained with this and the nonlysogenic s t ra in  is t he re fo re  of fundamental  impor -  
tance. In addition, the poss ib le  degree  of par t ic ipa t ion  of PNPase  in the m e c h a n i s m  of radia t ion  induc*ion 
and subsequent  in t race l lu la r  development  of t e m p e r a t u r e  bac te r iophage  )t was  of cons iderable  in te res t .  

EXPERIMENTAL 

Cells of E. coli 1<-12 (k) and E. eoli B were grown on nutrient agar (pH 7.4) for 18 h at 37~ washed 
off with 0.9% KCI solution, sedimented, and suspended in synthetic salt medium M-9. 

The concentration of cells intended for irradiation with 7 rays and protons was 30 �9 108/ml, and the 
concentration for UV irradiation and treatment with mitomycin C was (2-4). 108 cells/ml. 
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Fig. 1. Charac te r  of change in activity of PNPase  isolated f rom lysogenic and nonlysogenic 
s t rains  of E__. col! depending on dose of h igh-energy  protons (A), y - r a y  i r radiat ion (B), and 
UV rays  (C). A b s c i s s a -  dose of i r radiat ion (A and B - k r a d ,  C - e r g s / m m 2 ) ;  ordinate - 
specific act ivi ty of PNPase .  I) Control (unirradiated culture) ; 2) E. coli K-12 (~); 3) E_.. 
eoli B. 
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Fig. 2. Effect of y r ays  (A), UV rays  (B), and mitomyein C (C) on dynamics of activity of 
PN-Pase isolated f rom lysogenic and nonlysogenic s t ra ins  of E. coli at different time of incuba- 
tion of bacter ia  af ter  i r radiat ion or  antibiotic t reatment .  Absc issa  - t ime of incubation (min) ; 
ordinate - specific PNPase  activity. 1) Control (unirradiated culture); 2) E. coli K-12 ()~); 3) 
E. coli B. 

I r radia t ion with 640-MeV HEP was ca r r i ed  out in the Labora to ry  of Nuclear P rob lems  of the Joint 
Institute for  Nuclear Resea rch  in Dubno. The dose rate  was 30 r a d / s e c .  Dos imet ry  and irradiat ion were 
car r ied  out as descr ibed ea r l i e r  [1]. The source of y r ays  (Co6% was the experimental  ]~GO-2 y - r a y  emi t -  
t e r  with dose rate  3.1-3.8 r a d / s e c .  The UV rays  were produced by a quartz genera tor  consist ing of 4 BUV- 
15 tubes mounted as descr ibed by Mackal et al. [7]. Dosimetry  and i rradiat ion were ca r r i ed  out as de- 
scr ibed ear l ie r  [2]. 

After i r radiat ion and the n e c e s s a r y  incubation under optimal conditions (10, 30, and 60 rain) the bac-  
ter ia  were collected on the S-44 separat ing supercentr ifuge.  The agar  l ayer  method of Adams [4] was 
used to determine the number  of lysogenic bac ter ia  induced. The sedimented bacter ia  were suspended in 
0.05 M glycyl-glycine buffer,  pH 7.4 (17 g dry  weight of bacter ia  in 68 ml), and broken up by ultrasound at 
6-8~ The broken-up mass  was dissolved in 0.05 M Tris-HC1 buffer,  (pH 7.4), and centrifuged at 10,000 g 
for  20 rain. The residue was discarded and the supernatant used for  fur ther  pur i f ieat ionof  the PNPase  by 
the method of Lit tauer  and Kornberg [6]. 
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The par t ia l ly  purified preparat ion of the enzyme PNPase (the ethanol-I  fraction) was used in the ex- 
per iments .  The exchange react ion between P32-1abeled inorganic phosphate and the terminal  phosphate of 
ADP was used to determine activity of the enzyme. 

The incubation samples  contained: Na~Hp3204 0.14 mole {from 3.3 �9 105 to 1.7 �9 10 G counts / ra in /mole ) ;  
MgCI 2 4 - 10 -3 M; ADP 8 �9 10 -4 M; tris-HC1 buffer,  pH 8.0, 5 " 10 -3 M; PNPase  0.04 ml; p ro te inconcent ra -  
tion 150 g per  0.5 ml of incubation mixture.  At the end of incubation, which lasted 60 min at '37~ 0.5 ml 
of 0.5% HC104 and 0.1 ml of a 10% aqueous suspension of ~Norite" activated charcoal  were  added to each 
sample. After  standing for  20 rain in the cold the charcoal  was collected by eentrifugation and washed 3 
t imes  with 0.1 MNa2ttPO 4 solution and once with water .  The residue was suspended in 0.5 ml 50% ethanol 
containing 3 ml concentrated ammonia  per  l i ter ,  and 0.2 ml of the suspension was placed on a platform.  
After drying, its radioact ivi ty was measured  on a BFL-2 instrument  with end-window counter.  

PNPase  activi ty was determined as the number  of mic romoles  P3204 incorporated into ADP during 
incubation for 60 rain and calculated per  mi l l igram enzyme protein (specific activity). 

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

The effect of different doses of HEP and y - r a y  i r radiat ion on the specific activity of PNPase  isolated 
f rom these s t ra ins  of E. coli af ter  incubation for  40-45 min under optimal conditions af ter  i r radiat ion is 
shown in Fig. 1 (A and B). Analysis  of these resu l t s  showed that the curves  of dose ve r sus  specific PNP-  
ase activity for  the two s t ra ins  of E. eoli p rac t ica l ly  coincide with each other,  and that when doses of co r -  
puscular  and wave radiation of up to 20 krad were used the increase  in PNPase  activity was  d i rec t ly  p ropor -  
tional to the dose, but a dose of 100 krad led to a sharp decline in enzyme activity. The reason for this be-  
havior  is that 100 krad is a knowingly lethal dose causing almost  100% death of the i r radiated bacter ia .  

Despite differences in the radiosensi t ivi ty  of the lysogenic bac ter ia  and E. coli B, no changes were 
thus found in the cha rac t e r  of the dose - specific activity of PNPase  curves  for  proton and y - r a y  i r r ad ia -  
tion. The activi ty of the enzyme reached a maximum with a dose of 20 krad.  

In the case of UV irradiat ion (Fig. 1C), however,  with doses of up to 500 e r g s / m m  2, the PNPase  ac-  
tivity rose  all the t ime. It will be noted that ionizing radiation in doses of 16-20 krad showed the grea tes t  
inducing activity with respec t  to temperate  bacteriophage 2 in the s t ra in  E.__: coli K-12 (~) used; for  UV 
rays  this dose is 250-300 e r g s / m m  2 [4]. To study the role of PNPase  in the mechanism of induction of 
bacteriophage X and its subsequent vegetative development, it was therefore  decided to use 7 r ays  in a 
dose of 20 krad and UV rays  in a dose of 300 e r g s / m m  2. 

PNPase  was isolated f rom samples  of lysogenie and nonlysogenic cul tures  at different t imes  (10, 30, 
and 60 min) af ter  i r radiat ion or  t rea tment  with mitomycin C, incubation being ca r r i ed  out under optimal 
conditions so that the enzyme activity could be studied at different t imes during the latent per iod of in t ra-  
cel lular  development of the induced bacteriophage.  

The experiments  with mi tomycin  were ca r r i ed  out in a s imi lar  manner .  The dose of antibiotic was 
0.5 # g / m l .  

The resul ts  of these investigations are  shown in Fig. 2. Clear ly  the dynamics of the increase  in en- 
zyme activity with the t ime of incubation after  i rradiat ion with HEP or  7 and UV rays ,  and also af ter  t r ea t -  
ment with mitomycin C was s imi lar  in cha rac te r  for both s t ra ins  of bacter ia .  Consequently, the use of 
ionizing and nonionizing radiation and also of the radiomimet ic  antibiotic as inducing agents led to no sig-  
nificant difference in the p roces s  of induced development of bacteriophage ~ as ref lected by the test  of the 
increase  in PNPase  activity. No difference likewise was found with respec t  to this tes t  between the lyso-  
genie a~d non]ysogenie s t ra ins  of E. coli. 

These resu l t s  thus show that HEP, y rays ,  and UV rays  in cer ta in  doses bring about marked ac t iva-  
tion of PNPase  in both lysogenic and nonlysogenic s t ra ins  of E. coll. 

The increase  in enzyme activity was found to be direct ly  dependent on the t ime of incubation after  i r -  
radiation or  mitomycin C t rea tment  of both s t rains  of E. coli within the l imits investigated. 

The increase  in PNPase  activi ty in the ease of development of temperate  bacteriophage ~ induced by 
the use of radiation and mitomyein is a nonspecifie fac tor  for the lysogenic strain and is evidently uncon- 
nected with the mechanism of induction and subsequent in t racel lular  development of the bacteriophage.  The 
possibi l i ty cannot be ruled out that PNPase  is one of the two enzymes which part icipate in postradiation degrada-  
tion of bacter ia l  RNA. 
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