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The dynamics of uptake of labeled amino acids by rhythmical ly functioning ac inar  cells of the 
rat  parotid gland was studied. The amino-acid r e se rves  in the parotid gland cells fluctuate 
regularly~ However,  the period of intake of the amino acids into the cell ,  unlike the periods 
of  fluctuation of the intensity of protein synthesis ,  is independent of the animals '  t raining p ro -  
g ram:  In all the experiments  the periods were  the same and were equal to the endogenous 
period of the change in intensity of protein synthesis  in the cei ls .  The regular  fluctuation 
of the total amino-acid r e se rves  of the cell  cannot be regarded as a d i rec t  regula tor  of syn-  
thesis of the protein assimilated by the cells during the experiment .  

KEY WORDS: parotid sa l ivary  gland; protein synthesis;  t ranspor t  of amino acids through 
membranes ;  rhythmic activity of the cell.  

A definite rhythm of quantiative changes in s e c r e t o r y  protein with a mean period of 50-60 min has 
been found in the ac inar  cells of the parotid glands of intact  ra ts  by interference microscopy ,  autoradio-  
graphy, and biochemical  investigations [1, 3, 4, 6]. 

In the investigation described below a possible method of regulation of the rhythm at the level of 
membrane  p roces se s  was studied by determining the dynamics of uptake of labeled amino acids by rhyth-  
mical ly  functioning ac inar  cells o 

EXPERIMENTAL METHOD 

Male Wistar  rats weighing 120-150 g were used. After s tarvat ion for 24 h the animals were  divided 
into three groups.  Group 1 included untrained ra ts ,  i .e. ,  ra ts  fed once only. Groups 2 and 3 contains rats  
fed at intervals  of 3 h and 2 h respect ive ly  for 2.5 days.  The animals were  decapitated. P ieces  of the 
parotid gland were  cultured on membrane  fi l ters [5]. The rese rves  of labeled p r e c u r s o r s  in the gland 
cells  were studied in explants of  the parotid gland at various times of the digestive cycle .  A group of 
these pieces was t ransfe r red  to medium No. 199 without unlabeled lysine,  but with the addition of lys ine-  
H 3 (dose 10 pCi /ml  and 15 /~Ci/ml) 5 min before each time of the digestive cycle investigated, and incu- 
bated at 37~ The medium was then poured off, the pieces were washed 3 t imes with ice-cold medium 
No. 199 with excess  of unlabeled lysine,  and then treated with 1 ml 5% HC10 4 solution~ After 2 h pa r t  of 
the ex t rac t  was taken, neutralized with KHCO 3 to pH 6o0-8.0, and centrifuged for  5 rain at 900 g~ The r e s i -  
due was removed and the radioactivi ty of the acid-soluble fraction determined in a Bray scint i l la tor  on a 
type SL-30 scinti l lation counter .  Meanwhile the intensity of incorporat ion of lysine-H 3 into proteins of 
the same pieces of the gland was determined by the method descr ibed ea r l i e r  [2]. In both cases  the rad io-  
activity was calculated per  mi l l igram wet weight of tissue~ Addition of these values gave the total rad io-  
activity~ The rhythm was investigated at all t imes of the digestive cycle in pieces f rom the same rat~ 
In some experiments  radioact ivi ty  of the acid-soluble f ract ion of the gland t issue only was determined.  
Para l l e l  control  experiments  were  car r ied  out at 0~176 In this case the radioactivi ty of the acid-soluble 
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Fig.  1. Changes in i n c o r p o r a -  
tion of lys ine-H 3 into pro te ins  
(b, d) of the gland and total r e -  
s e r v e s  of that amino acid (a, 
c) in parot id  gland cel ls  of ani-  
mals  t rained by feeding a t  in-  
t e rva l s  of 3 (a, b) and 2 h (c, d). 
Each curve shows resu l t s  of 
m e a s u r e m e n t s  on p ieces  of 
gland f r o m  the s ame  animal .  
Absc i s sa ,  t ime a f t e r  beginning 
of cycle (in min); o rd ina te ,  r a -  
d iography ( p u l s e s / m g  wet  
weight /min) .  

f rac t ion  was reduced by 90-92%, evidence of a d e c r e a s e  in the uptake 
of f ree  amino acids by the cel l  a t  a low t e m p e r a t u r e .  The poss ib i l i ty  
of es tabl i sh ing the p a r a m e t e r s  of the rhythms of pro te in  synthesis  in 
the gland was tested by incubating p ieces  of the gland for  5 min in 
medium containing the isotope,  instead of incubating for  15 rain as in 
the previous  expe r imen t s .  

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

Fluctuations in the radioac t iv i ty  of the ac id-soluble  f ract ion of 
the parot id  gland were  observed  in untrained animals  and in animals  
trained by s h o r t - t e r m  per iodic  feeding at in terva ls  of 3 and 2 h. 
Each expe r imen t  gave the change in radioact iv i ty  of the ac id-so luble  
f rac t ion  of the gland of the same  animal  a t  in terva ls  of 10 min.  Since 
the radioact iv i ty  of the f ree  amino-ac id  r e s e r v e s  exceeded the in ten-  
s i ty of incorpora t ion  of lys ine-H a into pro te in ,  it is this p a r a m e t e r  
that e ssen t i a l ly  de te rmines  the fluctuations in the total r e s e r v e s  {Fig. 
1) of this amino acid in the cel l  a t  a given moment  of the d iges t ive  
cyc le .  The magnitude of the total r e s e r v e s  p r e s u m a b l y  re f lec t s  the 
uptake of labeled amino acid by the t i ssue of the gland at  the var ious  
t imes of the cycles  studied.  The changes in the radioact iv i ty  of this 
f rac t ion  a re  per iodic  in c h a r a c t e r .  The ampli tude of the changes in 
radioact iv i ty  of the f ree  lys ine-H 3, given at  the s ame  intensi ty of 
labeling,  var ied  only sl ightly in the s ame  animal .  The per iods  of 
f luctuation of radioact iv i ty  of the ac id-soluble  f rac t ion  in cel ls  of the 
same  animal  var ied  a lit t le during the digest ive  cycle .  However ,  the 
mean  period of uptake of amino acid by the cel ls  of the untrained ani -  
ma l s ,  and also of animals  t rained by feeding a t  in terva ls  of 2 and 3 h, 
was the s a m e ,  namely  50-60 min.  This per iod thus evidently does 
not depend on the feeding p r o g r a m  of the an imals .  

Curves  a and c (Fig. 1) r e f l ec t  changes in the radioact ivi ty  of 
the total r e s e r v e s  of lys ine-H a in the parot id  gland cells  of animals  
t ra ined with food cycles  of 3 and 2 h~ Curves  b and d show changes 
in the intensity of incorpora t ion  of lys ine-H 3 into pro te ins  of the same  

p ieces  of  the gland, connected with changes in the intensi ty  of pro te in  synthesis  in them [2]. The rhy thm 
of p ro te in  syn thes i s ,  as  has been shown p rev ious ly ,  va r i e s  depending on the feeding pa t t e rn  of the an imals .  
The mean  per iods  of  the rhy thm in digest ive  cycles  of  2 and 3 h were  30-40 and 50-60 min,  r e spec t ive ly ,  
s i m i l a r  to those de te rmined  p rev ious ly  [2, 3, 6]. The ampli tude of changes in the radioact iv i ty  of f ree  ly -  
s ine-H 3, given an identical  intensi ty of labeling,  var ied  only a little during the digest ive cycle in the same  
animal .  The r e s e r v e s  of the labeled amino acid in the ce l l s ,  like the radioact iv i ty  of f r ee  lys tne-H 3 in 
them,  var ied  rhy thmica l ly  in the d iges t ive  cycles  of 2 and 3 h~ However ,  the per iod of fluctuations of the 
total r e s e r v e s  of labeled amino acid in al l  the expe r imen t s  was 50-60 min,  cor responding  to the endogen- 
ous per iod of the change in intensi ty of p ro te in  synthes is  in the r a t  parot id  gland [2, 3, 6]. As was shown 
p rev ious ly ,  r egu la r  rhythmic  changes in the prote in  content in the parot id  gland cel ls  a r e  connected with 
changes in synthes is  of  the pro te ins  sec re t ed  by the cell  [6] and are  independent of the t ime of yea r .  F luc-  
tuations in the intensi ty  of  p ro te in  syn thes i s ,  with a per iod that differs  f r o m  the endogenous,  a r i s e  as a 
va r i an t  of the endogenous rhythm.  They can be found in the ac inar  cel ls  only a f t e r  ce r t a in  fo rms  of s t i m -  
ulat ion of the gland [3]. Informat ion  on the p a r a m e t e r s  of the rhy thm is held in the ac ina r  cel ls  in vivo 
and in v i t ro  as t r ace  reac t ions  [2, 3]. In t r ace l lu l a r  regulat ion of the s e c r e t o r y  rhythm has been  shown to 
ex i s t  in the ac ina r  cel ls  of  the parot id  gland. The r e su l t s  of this invest igat ion show that  the amino-ac id  
r e s e r v e s  in the parot id  gland cel ls  fluctuate rhy thmica l ly .  This may  be connected with changes in the 
p e r m e a b i l i t y  of  the cell  m e m b r a n e .  However ,  the per iod of uptake of amino acids by the cel l  in independent 
of  the t ra ining p r o g r a m :  in all  expe r imen t s  the mean  per iods  were  the s ame  and were  equal to the mean 
endogenous per iod of fluctuation in the intensi ty of p ro te in  synthes is  in the ce l l s .  The rhythmic  changes 
in the total amino-ac id  r e s e r v e s  of the cel l ,  that  a re  poss ib ly  a consequence of a change in the pe rmeab i l i t y  
of  the cel l  m e m b r a n e ,  cannot  thus be  regarded  as a d i r e c t  r egu la to r  of the rhy thm of synthes is  of pro te in  
a s s imi la t ed  by  the cel ls  during the exper imen t .  
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