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In r a t  paro t id  gland s l ices  incubated in v i t ro  orni thine deca rboxy la se  act ivi ty  and the r a t e  of 
p ro te in  synthes is  w e r e  de te rmined .  A c i r caho ra l i an  rhy thm of enzyme a e t i v i t y p r e c e d i n g i n -  
phase  f luctuations in the range  of p ro te in  synthes is  was found. These  r e su l t s  indicate a ro le  
of ornithine deca rboxy la se  in main tenance  of the c i r caho ra l i an  rhythm of the r a t e  of pro te in  
syn thes i s  in paro t id  gland ce l l s .  
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Fluctuat ions in the pro te in  content and uptake of amino acids into pro te ins ,  with a per iod ranging f r o m  
tens of minutes  to s e v e r a l  hours ,  have been found in ce r t a in  embryonic  and dif ferent ia ted t i s sues  both in vivo 
and in v i t ro  [2]. The mechan i sms  of fo rma t ion  and maintenance  of these  c i r cahora l i an  biological  rhy thms  a r e  
not c l ea r .  In this connection it is in te res t ing  to study changes with t ime  in the act ivi ty  of enzymes  control l ing 
pro te in  me tabo l i sm.  One such enzym e  is ornithine deearboxylase ,  a key enzyme in the synthes is  of spe rmid ine  
and spe rmine ,  po lyamines  which s t imula te  anabolic p r o c e s s e s  in the cel l  [6-8]. 

The object  of the p r e s e n t  invest igat ion was to study the t empora l  dynamics  of ornithine deca rboxy lase  
act ivi ty  in organ  cu l tu res  of the r a t  paro t id  s a l i v a r y  gland, in which s e v e r a l  c i r cahora l i an  rhythms have p r e -  
viously been dist inguished,  including a c i r cahora l i an  rhythm of the r a t e  of prote in  synthes is  [2, 5]. 

EXPERIMENTAL METHOD 

Exper imen t s  w e r e  c a r r i e d  out on sec t ions  of the paro t id  gland of male  Wis ta r  r a t s  weighing 120-150 g. 
The sec t ions  w e r e  incubated in Conway dishes on HUFS m e m b r a n e  f i l t e r s  in medium 199 with the addition of 
20% bovine s e r u m ,  70 #g v i tamin  C, and 4 mg glucose  pe r  ml  medium [3, 4]. Ornithine deca rboxy lase  act ivi ty  
and the r a t e  of pro te in  synthes is  w e r e  de te rmined  12-14 h a f t e r  explantation. Eve ry  10 min, 15-20 f r agmen t s  
(2-3 mg t issue)  w e r e  t r a n s f e r r e d  into 10 vo lumes  of cold Tr i s -HC1 buffer ,  pH 7.4, containing 0.5 mM EDTA 
and 5 mM dithiothrei tol ,  and homogenized.  Samples  w e r e  taken f rom the homogenate  in o r d e r  to de t e rmine  
the pro te in  concentra t ion,  by L o w r y ' s  method. The r e s t  of the homogenate  was used  fo r  m e a s u r e m e n t  of o r -  
nithine deca rb0xy la se  act ivi ty  by the method of Russe l l  and Snyder [13] with ce r ta in  modif icat ions.  Into a t e s t  
tube were  introduced 200 ~1 homogenate ,  200 #1 buffer ,  50 ~1 5 mM solution of pyr idoxal  phosphate,  and 0.20 
~Ci of 1-[14C]-ornithine ( R a d i o c h e m i c a l C e n t r e , A m e r s h ~ m ,  England; speci f ic  act iv i ty  60 #Ci /mmole )  in 10 ~1 
dis t i l led water .  The p las t ic  conta iner  with 0.2 ml  Hyamine hydroxide (Koch-Light} was fixed to the wall  of 
the tube. The tubes w e r e  t ightly closed and incubated for  1.5 h at 37~ on a wa te r  bath. The reac t ion  was 
s topped by the addition of 0.3 ml  of 50% TCA, a f t e r  which the tightly closed tubes were  incubated fo r  a fu r the r  
1 h at 37~ so that all  the 14CO2 l ibe ra ted  could be absorbed  by the Hyamine hydroxide.  The conta iner  with the 
Hyamine was then removed  f r o m  the tubes,  p laced in a scint i l la t ion f lask,  and its rad ioac t iv i ty  de te rmined  on 
the SL-30 counter .  The re su l t  was  e x p r e s s e d  in p icomoles  of product  f o r m e d / m g  p ro t e in ,  h. P r e l i m i n a r y  e x -  
per iment s  showed that  the r a t e  of fo rma t ion  of ~CO 2 is p ropor t iona l  to the quantity of homogenate  over  the 
range  of reac t ion  veloci t ies  f r o m  at l eas t  0.5 to 30 pmoles  14CO2/mg p ro t e in ,  h. The veloci ty  of fo rmat ion  of 
the product  m e a s u r e d  under  these  conditions could t he re fo re  be taken to be propor t iona l  to the orni thine d e e a r -  
boxylase  act ivi ty  in the t i s sue  and it could thus be used fo r  quanti tat ive a s s e s s m e n t  of that act ivi ty.  

L a b o r a t o r y  of Cytology, Inst i tute  of Developmenta l  Biology, Academy of Sciences of the USSR. Dep a r t -  
ment  of B iochemis t ry ,  Cent ra l  R e s e a r c h  Labora to ry ,  Attached to the 4th Main Board,  Minis try of Health of the 
USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical Sciences of the USSR S. E. Severin.) 
T r a n s l a t e d  f r o m  Byulle ten '  Eks pe r i m en t a l ' no i  Biologii i Meditsiny, Vol. 86, No. 12, pp. 726-728, December ,  
1978. Original a r t i c l e  submit ted  May 5, 1978. 

0007-4888/78/8612-1657 $07.50 �9 1979 Plenum Publishing Corpora t ion  1657 



1o 

20-  

15- 

I0-  

7 -  

a 

I ( I I I ] i i I I I I I i f I I 

I I I i i I f I 

o /o  2'o io *3 ;o 6o' 7o* eo ~o ~oo .o ~o,~o,~o ,~o ,6o 

1o 

5 

7 

- ~ " ~0  �9 

�9 . , , ~  

i i i l 

1o 20 ~o 

150 

140 
1130 
/20 

110 

100 

90 

80 

7O 
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Fig. 1. Examples of temporal dynamics of ornithine decarboxylase activity in ra t  parotid gland 
slices during organ culture. Each curve (a, b) is a resul t  of measurement of parotid sl ices from 
one animal. Abscissa, t ime after  beginning of sampling (in rain); ordinate, ornithine decarboxylase 
activity (in pmoles 14CO2/mg protein-h).  At each time point values of 2 or 3 separate tests (filled 
circles) and their average (empty circles) a re  given. 

Fig. 2. Dynamics of rate of protein synthesis (broken line) and ornithine decarboxylase activity 
(continuous line) in parotid gland s l ices  during organ culture. Abscissa, time after  beginning of 
sampling (in min); ordinate: on left - the same as in Fig. 1, on right - rate of protein synthesis 
(in % of mean level). 

The velocity of protein synthesis was measured with other slices of the same gland. Radioactivity of 
proteins and of f r ee  [~H]Llysine was determined af ter  pulse labeling of the tissue. Slices of the gland (1.0-1.5 
mg) were t ransfer red  every 10 min into 1 ml of medium containing 20 t~Ci [~H]-lysine ( l~diochemicalCentre,  
Amersham, specific activity 20 Ci/mmole).  After incubation for  10 min at 37~C the slices were frequently 
washed with cold medium containing an excess  of unlabeled amino acid andtroated withcold 5% perchloric  acid. 
The radioactivity of the acid-soluble and protein fractions was determined. The combined radioactivity of the 
f ree  [3H]-lysine andthe protein fraction character ized the permeability of the cells for  the labeled precursor  
at each point in time. The velocity of protein synthesis was calculated as the ratio of incorporation into pro-  
tein to the total incorporation [5]. 

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

Changes in ornithine decarboxylase activity during incubation of the parotid gland slices are illustrated 
in Fig. l a ,  b. The results of these experiments indicate the existence of fluctuations of activity of this enzyme. 
The maximal activity was 5-10 t imes grea ter  than the minimal activity. The period of the fluctuations was 30- 
40 rain, which corresponds to the period of cyclic changes in the rate of protein synthesis discovered in the 
parotid gland previously [5]. 

Rhythms of ornithine decarboxylase activity and of the rate of protein synthesis were compared in the 
same experiment; to determine both parameters  slices from the parotid gland of the same animal, incubated 
together, ~ e r e  used. The rhythm of enzyme activity was found to precede in phase the fluctuations in the rate 
of protein synthesis {Fig. 2). This difference in phase is evidence that stimulation of polyamine synthesis 
precedes the increase in protein production. 

It can be concluded from these observations that ornithine decarboxylase plays a role in the maintenance 
of the circahoralian rhythm of protein synthesis in the cells of the parotid gland. Other evidence in support of 
a possible role of polyamines and of the enzymes controlling their synthesis in the regulation of cireahoralian 
rhythms is given by the coincidence between the periods of fluctuations in the concentration of spermidine and 
spermine,onthe one hand, and incorporation of amino acids into protein, on the other hand, observed in sea 
urchin blastomeres [9-12]. The short half-life of ornithine decarboxylase, namely about 10 min [1], is an in- 
dication of the regulatory function of this enzyme in the mechanisms of action of polyamines. 
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