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Rhythms with a period of about 1 h have been found during the study of var ious  b iochemica l  phenomena 
including prote in  synthesis  [2, 7]. In pa r t i cu la r ,  in the r a t  parotid gland a c i r cumhora l i an  rhythm of prote in  
synthesis  and a s imi l a r  rhythm of act ivi ty of ornithine deca rboxy lase  [8], the key enzyme in synthes is  of in t ra -  
ce l lu lar  polyamines  (putrescine,  spermidine ,  spermine) ,  which par t ic ipate  in the regula t ion  of protein b iosyn-  
thes is  [5, 9, 10], have been d iscovered .  Fluctuat ions in activity of the enzyme and in the ra te  of prote in  syn- 
thes i s  had a s im i l a r  period but did not coincide in phase [8]. 

These f luctuations suggested that polyamines  par t ic ipa te  in the regula t ion  of the rhythm of prote in  syn- 
thes is .  To tes t  this  hypothesis ,  the possibi l i ty  of modifying the rhythm of protein synthes is  in s l i ces  of parot id 
gland and in isolated l ive r  cei ls  in vi t ro  was studied af ter  addition of put resc ine  to the medium.  

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

Pieces  isolated f rom one parot id gland of an adult r a t  were  minced and placed on HUFS m e m b r a n e  f i l t e r s  
in medium No. 199, to which 20% bovine se rum,  70 mg  vi tamin C, and 4 mg g lucose /ml  were  added. The s l ices  
were  incubated in Conway dishes  for  12-14 h. Isolated viable hepatocytes  were  obtained by the method in [11] 
in the w r i t e r s '  modificat ion.  The l iver  was perfused initially with ca l c ium- f r ee  Hanks '  solution (300 ml ,  37~ 
and then with a 0.05% solution of col lagenase  (80 ml,  37~ at the ra te  of 10 ml /min  (without recycl ing) .  The 
l iver  was removed  2-3 rain a f t e r  the end of perfusion,  the capsule  was s t r ipped off, and the organ  was cut into 
smal l  pieces  weighing 2-3 g, which were  t r a n s f e r r e d  to a 300-ml  f lask,  and covered  with 20 ml  medium No. 199 
aera ted  with a mixture  of 95% a i r  and 5% CO 2. The f lasks  containing l iver  t i ssue  was placed on a magnet ic  
m i x e r  at 37~ for  10 min.  The resu l t ing  suspension was passed  through nylon f i l t e r s  and t r a n s f e r r e d  to Pe t r i  
d ishes  for  preincubat ion for  15 rain. The supernatant  was then r emoved ,  the cel ls  were  resuspended  in incu- 
bation medium containing 80% medium No. 199 and 20% bovine se rum,  and passdd through nylon f i l te rs .  
T r e a t m e n t  of the l ive r  in this way yielded about 90% of viable isolated cel ls .  A suspens ion containing one 
mil l ion isolated hepatocytes  in 1 ml  medium was t r a n s f e r r e d  to cover  s l ips  or  s l ides  (1 • 1 cm),  kept in Pe t r i  
d ishes .  The dishes were  placed in a container  ae ra ted  with the a i r  mix ture ,  and t r a n s f e r r e d  to an incubator at 
37~ The hepatocytes  were  cultured for  2 or  3 days; the medium was changed 6 and 30 h a f t e r  the beginning 
of cul ture.  The ra te  of prote in  synthes is  was de te rmined  by m e a s u r i n g  the radioact iv i ty  of the prote ins  and of 
f r ee  3H-lysine or  ~H-leucine a f t e r  pu lse- labe l ing  of the sect ions  or  isolated cel ls .  The total  rad ioac t iv i ty  of 
the f r ee  labeled amino acid and prote in  f rac t ions  cha r ac t e r i z ed  the permeabi l i ty  of the cel ls  for  the labeled 
p r e c u r s o r .  The veloci ty  of prote in  synthesis  was calculated as the ra t io  of incorpora t ion  into prote in  to total  
incorpora t ion  [4]. 

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

Polyamines ,  depending on the i r  concentrat ion,  e i ther  inhibit or  s t imulate  prote in  synthes is  both in vivo 
and in v i t ro  [6, 13, 14]. In p re l imina ry  expe r imen t s  the effect  of different  doses  of put resc ine ,  with different  
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durations of exposure, on slices of parotid gland and on isolated hepatoeytes was studied (Table i). The 
presence of putreseine in the medium in concentrations of 10 -3 and 10 -5 M for 6 h led to a decrease in the 
velocity of protein synthesis in the slices relative to the control. Putrescine in a dose of 10 -7 M had the same 

action on isolated hepatocytes. The medium with putrescine was changed after 3 h; the half-life of putreseine 
is about 2 h [1]. In the medium with putrescine, just as in the control, the pH was adjusted to 7.2-7.4. These 
experiments confirm existing information on the inhibitory effect of polyamines on protein synthesis, and they 
showed that the same effect of isolated cells is achieved by the use of putrescine in a lower concentration than 
on slices. The presence of putreseine in lower concentrations, namely 10 -7 M, for 6 h in medium with parotid 
gland slices and of 10 -8 M for 3 h in the medium with isolated hepatoeytes, did not inhibit protein synthesis in 
the gland cells. 

To study the effect of polyamines on the rhythm of velocity of protein synthesis, in the experiments of 
series I some slices of parotid gland were transferred 6 h before the end of incubation to culture medium con- 
taining putreseine in a concentration of 10 -7 M, the rest (control) to the same medium without addition of 
putreseine. The medium was changed after 3 h. In the experiments of series II some slides with isolated 
hepatoeytes were transferred 3 h before the end of incubation to culture medium containing putreseine in a eon- 
eenfration of 10 -8 M, the rest (control) to the same medium without addition of putrescine. The slices of parot- 
id gland and slides with hepatoeytes were transferred every I0 rain to incubation medium containing 25/~Ci 
3H-lysine and ~H-leueine (Radiochemieal Centre, Amersham, specific activity 20 Ci/mole) in 1 ml. After incu- 
bation for i0 rain at 37~ the slices and slides were washed several times with cold medium containing an 
excess of unlabeled amino acid, treated with cold 5% perchlorie acid, and covered with Hyamine. The radio- 
activity of the acid-soluble and protein fractions was determined on the SL-30 scintillation counter. 

The mean period of fluctuations in the intensity of protein synthesis in slices of parotid gland was 40-60 
rain (Fig. la, c), similar to the period of the cyclic changes observed previously in the velocity of protein syn- 
thesis in slices of some glands: parotid, pancreas, and liver [3, 4]. The maximal values of the velocity of pro- 
tein synthesis differs from minimal by a factor of 2. 

The velocity of protein synthesis in isolated hepatoeytes, just as in the slices, showed cyclic changes with 
a mean period of 40-60 rain (Fig. 2a, b). The maximal values of the velocity of protein synthesis in these 
experiments differed from minimal by a factor of 1.5-1.9. Cyclic changes in the velocity of protein synthesis 
were discovered both in completely isolated hepatoeytes (Fig. 2a) and in cells forming a monolayer in culture 
(F ig .  2b)o 

The v e l o c i t y  of p r o t e i n  s y n t h e s i s  in the  p r e s e n c e  and a b s e n c e  of p u t r e s e i n e  was  c o m p a r e d  in s l i c e s  of the  
s a m e  g land.  A d d i t i o n  of p u t r e s c i n e  to the c u l t u r e  f lu id  twice  in the c o u r s e  of 6 h in a c o n c e n t r a t i o n  of 10 -7 M 
led to a d e c r e a s e  in the a m p l i t u d e  of  c y c l i c  c h a n g e s  in the v e l o c i t y  of p r o t e i n  s y n t h e s i s  in s l i c e s  of the p a r o t i d  
g land by  about  half  in one of the  e x p e r i m e n t s  (F ig .  l b ) .  In a n o t h e r  e x p e r i m e n t  no f l uc tua t i ons  w h a t s o e v e r  could 
be o b s e r v e d  (F ig .  l d ) .  D u r i n g  the a c t i o n  of p u t r e s c i n e  in a c o n c e n t r a t i o n  of 10 -8 M on i s o l a t e d  h e p a t o c y t e s ,  
s m o o t h i n g  of the f l u c t u a t i o n s  in the  v e l o c i t y  of p r o t e i n  s y n t h e s i s  was  m a n i f e s t e d  to an  even  g r e a t e r  d e g r e e  than  
in the  s l i c e s  (F ig .  2b). 

R e p e t i t i o n  of the  r h y t h m s  of p r o t e i n  s y n t h e s i s  in s l i c e s  of  the  p a r o t i d  g land ,  p a n c r e a s ,  and l i v e r  incu-  
b a t e d  in v i t r o  [3], is  e v i d e n c e  of  the  e x i s t e n c e  of i n t r a c e l l u l a r  m e c h a n i s m s  of r e g u l a t i o n  of c i r c u m h o r a l i a n  
r h y t h m s  of p r o t e i n  s y n t h e s i s .  The  r h y t h m s  of d i f f e r e n t  t i s s u e s  a r e  e v i d e n t l y  tuned by a c o m m o n  s y n c h r o n i z e r ,  
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Fig.  1. Effect  of putresc ine  on rhythm of velocity of protein synthes is  in s l ices  of r a t  pa ro t -  
id gland during organ  cul ture.  Continuous lines, control;  b roken  lines; put resc ine  10 -7 M. 
Each two curves  (a and b, e and d) is the r e su l t  of m e a s u r e m e n t  on s l i ces  of the s ame  gland. 
All curves  obtained in expe r imen t s  with 3H-lycine. Absc i s sa ,  t ime  a f te r  beginning of taking 
samples  (in rain); ordinate ,  protein synthesis  (in percent  of mean  level); values of two sep-  
a ra te  s amples  given at each t ime  point. 

Fig.  2. Effect  of put resc ine  on rhy thm of veloci ty  of prote in  synthes is  in isolated hepatocytes  
cultured in vi t ro .  Continuous l ines,  control; b roken  l ines ,  put resc ine  10 -8 M. Curves  b and c 
a r e  the r e su l t  of m e a s u r e m e n t  of hepatocytes  obtained f rom one l ive r .  Curve a obtained in 
expe r imen t s  with 3H-leucine, curves  b and e in exper imen t s  with 3H-lysine. Remainder  of 
legend as to Fig.  1. 

but each of them is de te rmined  both in isolated sect ions  and, as has just been shown, even in isolated cel ls .  
Consequently,  the rhythm itself  may be due to periodic changes in in te rce l lu la r  me tabo l i sm.  Intensif icat ion of 
prote in  synthesis  induced by an inc rease  in physiological  act ivi ty,  by hormones ,  or  by o ther  f ac to r s  as a rule 
takes  place aginst  the background of an increase  in the concentrat ion of polyamines ,  which a r e  r egu la to r s  of 
in t race l lu la r  p r o c e s s e s  [1, 5, 12]. This increase  takes  place in mos t  cases  on account of an inc rease  in 
act ivi ty of ornithine decarboxylase ,  which ca ta lyzes  the s lowest  s tage of polyamine synthesis  in eukaryotes ,  
namely decarboxyla t ion  of L-orn i th ine  with the fo rmat ion  of putresc ine .  In expe r imen t s  with ra t  parotid gland 
s l ices ,  the w r i t e r s  previously  found a e i r cumhora l i an  rhythm of ornithine decarboxylase  act ivi ty with a period 
equal to that of f luctuations in the veloci ty of prote in  synthes is ,  but preceding  them in phase [8]. It is shown 
in the p resen t  communicat ion  that in expe r imen t s  on parotid gland s l ices  and on isolated hepatoeytes  the a d d i  
tion of the product of the reac t ion  catalyzed by ornithine decarboxylase ,  namely put resc ine ,  to the culture 
medium leads to smoothing of the fluctuatidns in the veloci ty  of prote in  synthes is .  These data a re  evidence in 
support  of the par t ic ipat ion  of polyamines in the maintenance of the c i r cumhora l i an  rhythm of protein synthes is .  

The mechan i sm of this par t ic ipat ion can be r ep re sen t ed  as  follows. The veloci ty  of prote in  synthes is ,  
de te rmined  by the in t race l lu la r  concentrat ion of polyamines ,  undergoes cyclic  changes,  with a ce r ta in  delay,  
in accordance  with changes in the act ivi ty of the regu la to ry  enzyme ornithine decarboxylase .  Anexces s  of exog-  
enous put resc ine  modif ies  the rhythm of in t race l lu la r  concentrat ion of polyamines e i ther  d i rec t ly  or  through 
a d is turbance  of the rhythm of ornithine deca rboxy lase  act ivi ty.  This  leads to smoothing of the f luctuations in 
the velocity of protein synthesis .  

The authors a re  grateful  to P r o f e s s o r  I. P. A s h m a r i n  for  valuable advice in the course  of this r e s e a r c h .  
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COLONY-FORMING ABILITY OF CELLS FROM DIFFERENT 

HEMATOPOIETIC ORGANS OF THE QUAIL EMBRYO 

R. V. Latsis, E. I. Deryugina, UDC 612.419:612.111.3].014.2:612.6:612.647 
and N. I. Drize 

KEY WORDS: colony-forming unit; hematopoiet ie  s tem cell; anlage of the heart ;  limb bud; 
yolk sac. 

One of the most  successful  methods  used to study the origin, dynamics of distribution,  and quantitative 
aspects  of the population of hematopoiet ic  stem cells  (HSC), thei r  p roper t ies ,  and thei r  re la t ions with other  
t issue ceils  of the internal  medium, is the method of splenic colonies,  although it is applicable only to mice [7]. 

it is only recent ly  that a method of cloning avian HSC in the bone mar row of lethally i r radia ted chicks 
has been developed [5]. The wr i t e r s  showed previously that a combination of this method with the method of 
natural  cell  m a r k e r s  [4] using sublethally i r radia ted chicks enabled the fate of both the donor ' s  and the rec ip -  
ient 's  HSC, forming colonies in the bone marrow,  to be studied [1]. 

In the present  investigation colony-forming ability of yolk sac cel ls  and of the quail embryo  itself,  at the 
stage corresponding to 48 h of incubation, and also of cells  f rom the yolk sac, limb bud, and anlage of the hear t  
of a quail embryo at the stage corresponding to 60 h of incubation. 

EXPERIMENTAL METHOD 

Hens of the Russian White breed and embryos of the Japanese quail Coturnix j.aPonica L., of the Pharaoh 
breed, were used. 

Full details of the experimental technique were described previously [i]. Chicks age 3 weeks, irradiated 
in a dose of 750 R (dose rate 50 R/rain), received an injection of 0.6 ml of a suspension of embryonic quaileells 
24 h after irradiation, into the marginal vein of the wing. Data on the sources of the cells of the suspension 
injected and the number of donor's cells injected into the irradiated chick are given in Table i. 

Depar tment  of Histology and Cytology, M. V. Lomonosov Moscow State Universi ty .  (Presented by Acad- 
emic ian  of the Academy of Medical Sciences of the USSR A. P. Avtsyn). Translated f rom Byulleten'  Ekspe r -  
imental 'noi  Biologii i Meditsiny, Vol. 90, No. 8, pp. 214-215, August, 1980. Original ar t icle  submitted January  
16, 1980. 
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