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RNA synthesis  in the phenolic f ract ions  of nuclei and cy toplasm f rom higher  s t ruc tu res  of the 
ra t  brain under normal  conditions, during training in defensive movements  in a maze,  and in 
an act ive control  ( i r regular  presentat ion of stimuli evoking defensive movements)  was inves-  
tigated by e lec t rophores is  in po lyacry lamide  gel. Behavioral  st imulation and i r r egu la r  p r e -  
sentation of the same  stimuli  to the animals as during training, but not leading to the f o r m a -  
tion of defensive skills,  act ivates  synthesis  of 18S, 28S, and higher fo rms  of RNA in the phe-  
nolic extracts  of the nuclei. An increase  in the incorporat ion of labeled p r e c u r s o r  in the 18S 
region was found for  cytoplasmic RNA. 

KEY WORDS: RNA synthesis  in nuclei and cytoplasm; rat  brain;  mechanism of memory ;  e lec-  
t rophores i s  of RNA. 

The storage,  recognition, and recal l  of information a re  important  brain functions. During the en- 
coding of information in the CNS, changes have been found in the synthesis  of macromolecu les ,  especially 
of RNA [2, 3, 10, 11, 13, 15]. However, there  is as yet  no general  agreement  on the kinetics of RNA syn-  
thesis  in nerve  t issue. Some workers  have not found a peak of fas t - labeled h igh-molecular -weight  RNA's  
in the brain [8, 9, 16]. The p resence  of a 45S-r ibosomal  p r e c u r s o r  and of its subsequent degradation in 
brain cell  nuclei have recent ly  been repor ted  [12, 18, 19]. In addition, despite  frequent confirmat ion that 
RNA synthesis  is activated during learning, it is not yet  c l ea r  on account of what fo rms  of RNA this ac t i -  
vation takes place, although this could be a key step toward the elucidation of the molecular  mechaisms  of 
memory .  

It was accordingly decided to use the method of RNA fractionation by e lec t rophores is  in po lyac ry la -  
mide gel to study the sedimentation profi le  of RNA in the higher  s t ruc tu res  of the r a t  brain under normal  
conditions, during training of the animals in defensive movements ,  and during i r r egu la r  presenta t ion of 
stimuli evoking defensive movements  to the animals .  

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

Two se r i e s  of experiments  were  ca r r i ed  out on male albino rats  weighing about 200 g. The animals 
of se r ies  I were  divided into three  groups.  The ra ts  of group I were  controls .  The rats  of group 2 were  
t rained in defensive movements  in a maze  for  3 days [2]. The ra ts  of group 3 (active control) were  placed 
in the maze and subjected to the same  stimulation as the trained animals,  but the stimuli were  applied i r -  
regular ly  and the ra ts  had no opportunity of escaping the shock. One day before  the experiment began, a 
bu r r -ho l e  was drilled in the r a t s '  skull under local  anesthesia  under the control  of a s tereotaxic apparatus 
in the regions of the right and left la tera l  ventr ic les .  Immediately before the animals  were  placed in the 
maze on the third day of the experiment, 30 #Ci uridine-C 14 in 0.15 ml physiological saline was injected by 
means of a microinjector into each ventricle of the rats. The animals were decapitated 10 rain after re- 
moval from the maze. Uridine was injected into the control animals in the same dose and at the same time 
before sacrifice as in the experimental animals. 
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Fig. I. Profile of incorporation of uridine-C 14 into RNA of 
"phenol" nuclei of rat brain. RNA isolated 40 rain (a, b, c) and 
4 h (d, e, f) after injection of uridine-C 14. a, d) Control; b, e) 
training; c, f) nonspecific stimulation. Broken line represents 
optical density at 270 nm, continuous line shows radioactivity 
(counts/100 see). Abscissa, height of gel. 

The expe r imen t s  of s e r i e s  II d i f fe red  f rom those  of s e r i e s  I in that the u r id ine -C 14 was in jec ted  into 
the an ima l s  of the co r r e spond ing  th ree  groups 4 h before  decapi ta t ion.  

RNA was i so la ted  f rom all  the higher  (above the pons) b ra in  s t r u c t u r e s .  The b ra in  t i s sue  was ho-  
mogenized at  0-4 ~ C in 0.01 M sodium ace ta te  buffer  (1 : 10), pH 5.1, containing 20 m g / l i t e r  polyvinyl  su l -  
fate. The homogenate was t r ea t ed  with an equal volume of cold  80% phenol, pH 5.8. The mix tu re  was 
shaken fo r  15 min and cen t r i fuged  for  30 min at  2000 g. The aqueous phase  was co l lec ted  and used to ob-  
tain cy top lasmic  RNA by cold  phenolic ext rac t ion .  Cel l  nuclei  ("phenol" nuclei) ,  containing RNA of the 
c h r o m o s o m e s  azld nucleoli  [1], co l l ec t ed  in the i n t e rmed ia t e  l a y e r  that fo rmed  at  the boundary between the 
aqueous and phenolic phases .  The i n t e r m e d i a t e  l a y e r  was used to obtain RNA f rom the "phenol" nuclei  by 
hot phenolic ext rac t ion .  The ~ pur i f ied  RNA p r e p a r a t i o n  was d i sso lved  in the min ima l  volume of ace ta te  buf-  
fe r .  The RNA content was de t e rmined  spec t r opho t om e t r i c a l l y  by S p i r i n ' s  method [5]. To s e p a r a t e  the RNA 
(200 pg) into f rac t ions ,  gel containing 2.5 % a c r y l a m i d e  and 0.15% e t h y l e n e - b i s - a c r y l a m i d e  was used [14]. 
E l e c t r o p h o r e s i s  was c a r r i e d  out in tlle Reanal  (Hungary) appa ra tus  in c a l i b r a t e d  quartz tubes m e a s u r i n g  
0.6 • 8 em.  The height of the gel was 7 cm.  RNA ex t rac ted  f rom E. co l i  was used as  the m a r k e r .  Af te r  
e l e c t r o p h o r e s i s  (2.5 h, pH 7.8) the ge ls  in  the quartz tubes we re  scanned at  270 nm using a spec ia l  a t t ach -  
ment to the SF-4A spec t ropho tome te r  [4]. The ge ls  w e r e  r emoved  f rom the tubes and cut  into d i sks  1 mm 
thick. The d i sks  of gel we re  p laced  with a drop of 20% Tr i ton  X-350 on a foil  t a rge t ,  d r i ed ,  and counted on 
the  NAG-/3M gas- f low counter .  

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

The d i s t r ibu t ion  of labe led  p r e c u r s o r  in the phenolic f rac t ion  of nuclei  is  i l l u s t r a t e d  in F ig .  1. Af t e r  
incorpora t ion  for  40 min, labe led  u r id ine  fo rmed  four  p r i nc ipa l  peaks  (Fig. l a ,  b, c). Two of these  peaks  
coincided in opt ica l  dens i ty  with 28S- and 18S-RNA peaks .  The peak  of ac t iv i ty  of RNA with a sed imenta t ion  
constant  above 28S was most  m a r k e d  in nuclei  ex t r ac t ed  f rom the b ra in  of an ima l s  t r a ined  in defens ive  
movements  or  exposed to i r r e g u l a r  s t imulat ion.  The sma l l  peak between the 28S- and 1 8 S - R N A ' s , a c c o r d -  
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Pro f i l e  of u r id ine -C  u inco rpora t ion  into cy top lasmic  RNA 
of r a t  b r a in  ce l l s .  Legend as  in Fig .  1. 

ing to Takahashi  et al.  [18], cons i s t ed  of m i n o r  b ra in  RNA's ,  and this a l so  was mos t  m a r k e d  in the two ex-  
p e r i m e n t a l  groups  of an imals .  

Af te r  i nco rpora t ion  of u r id ine -C 14 fo r  4 h {Fig. ld ,  e, f), the r ad ioac t iv i ty  peaks  of RNA with s e d i m e n -  
ta t ion cons tant  of 28S-18S w e r e  i l l -de f ined  and no peak  was found in the h i g h - m o l e c u l a r - w e i g h t  region.  How- 
ever ,  in both groups of expe r imen ta l  r a t s  a h igher  leve l  of incorpora t ion  of l abe led  p r e c u r s o r  was found in 
a l l  RNA f rac t ions  than in the in tac t  an ima l s .  

F r a c t i o n a t i o n  of the cy top lasmic  RNA a f t e r  i nco rpo ra t ion  of u r id ine-C u for  40 min showed that mos t  
r ad ioac t iv i ty  c o r r e s p o n d e d  to RNA with a sed imenta t ion  constant  of 18S (Fig.  2a, b, c) .  The d i s c o v e r y  of 
r ad ioac t iv i ty  fo r  this  peak of cy top la smic  RNA af t e r  a shor t  i nco rpora t ion  t ime  of t h e  p r e c u r s o r  was ev i -  
dently the r e s u l t  of l i be ra t ion  of f a s t - l a b e l e d  RNA f rom nucleus  into cy top l a sm [17]. The re  was a s m a l l  in -  
c r e a s e  tn the leve l  of i nco rpora t ion  of l abe led  p r e c u r s o r  into 18S RNA ex t rac ted  f rom the cy top l a sm of the 
b ra in  c e l l s  of the  exper imen ta l  an ima l s  c o m p a r e d  with the con t ro l s .  

When u r id ine -C 14 was in jec ted  4 h be fore  the an ima l s  we re  ki l led,  two we l l -de f ined  peaks  w e r e  found 
in the cy top lasmic  RNA: in the 28S and 18S reg ions  (Fig. 2d, e, f); t he re  was no d i f f e rence  in the d i s t r i b u -  
t ion of l abe led  p r e c u r s o r  between the two groups  s tudied.  

The e l ec t rophore t i c  p ro f i l e  of d i s t r i bu t ion  of the labe l  d i s c ove r e d  for  b ra in  RNA of the  con t ro l  an i -  
ma l s  ag reed  with that  d e s c r i b e d  in the l i t e r a t u r e  [12, 18, 19]. Teaching r a t s  behav io ra l  sk i l l s  and i r r e g u l a r  
p r e sen t a t i on  to the r a t s  of the s ame  s e r i e s  of s t imul i  as  r equ i r ed  to produce  the sk i l l ,  but not leading  to i ts  
format ion ,  w e r e  found to have a m a r k e d  effect on the syn thes i s  of f a s t - l a b e l e d  h i g h - m o l e c u l a r - w e i g h t  b r a i n  
RNA's .  Inves t iga t ions  [11, 15] have shown that  dur ing  the fo rmat ion  of behav io ra l  sk i l l s  in a n i m a l s  new types  
of RNA speci f ic  for  a p a r t i c u l a r  ski l l  a p p e a r  but a r e  not found in the ac t ive  cont ro l .  No d i f f e rence  was found 
in the p r e s e n t  inves t iga t ion  between RNA synthes i s  in the an ima l s  in which sk i l l ed  movements  w e r e  d e -  
veloped and in an ima l s  exposed to i r r e g u l a r  s t imula t ion .  The r e a s o n  could be that  if such types  of RNA ex-  
i s ted ,  they p robab ly  d i f fered  ve ry  l i t t l e  in t h e i r  sed imenta t ion  p r o p e r t i e s  f rom the bulk of the RNA that  was 
found. Accord ing  to B e c k e r  [6], this  RNA, embodying the spec i f ic  f ea tu re s  of learn ing ,  accounts  for  3 % of 
the to ta l  quantity of newly syn thes ized  mRNA. It is  obvious,  however ,  that exposure  of the CNS to an e x t r a -  
o rd ina ry  s i tuat ion,  as  dur ing t r a in ing  in behav io ra l  sk i l l s  o r  in nonspecif ic  s t imula t ion  in a maze ,  can act  
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as equally s trong s t imulators  of the synthesis  of h igh-molecular-weight  RNA. This could perhaps  be one 
cause  of the d i f ferences  of opinion regarding the synthesis  of specific RNA molecules  during learning [7, 
15, 20]. 
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