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The study of enzyme activi ty of epi thel tocytes in macrocolon ies  of the smal l  intest ine developing f rom 
a single stern cel l  has shown the i r  s t r i c t ly  individual functional differentiat ion,  with predominance of one 
pa r t i cu la r  enzyme in mos t  colonies [1]. The dimensions of the colonies studied also var ied considerably .  It 
was accordingly suggested that co r re la t ion  may exis t  between enzyme activity of the epithelium of the m a c r o -  
colonies and the i r  s ize .  To tes t  this hypothesis  it was decided to compare  the weight of t e s t  colonies of epi the-  
l iocytes  and the act ivi ty of ce r ta in  enzymes concerned with contact  digestion of the cel ls  of these colonies,  
in o rde r  to identify any possible re la t ionship  between the degree  of enzyme different iat ion of the rnacrocolonies  
and the i r  s ize .  

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

Exper imen t s  were  c a r r i e d  out on male  Wis tar  ra t s  weighing 180-200 g, kept on the o rd inary  animal 
house diet.  The animals  were  anesthet ized with pentobarbi tal  (40 mg/kg) ,  an operat ion was p e r fo rmed  to ex-  
t e r i o r i z e  a loop of intest ine 5-8 cm long, and the loop alone was i r rad ia ted  in a dose of 18 Gy* (1 Gy = 10 -2 
rads ,  dose ra te  0.055 Gy/sec)  on the RUM-17 x - r ay  apparatus .  On the 20th day a f te r  the opera t ion and i r r a d i -  
ation, the i r r ad ia ted  port ion of intest ine was removed,  single isolated macroeolon ies  developing in the zone of 
i r rad ia t ion  f rom single s tem cei ls  were  separa ted  [4] and weighed, a f te r  which each separa te  colony was 
homogelfized in 2 ml  of Ringer ' s  solution (pH 7.4, 4-6~ and activity of the following enzymes  was de termined 
in the homogenate of each colony: inver tase  (EC 3.2.1.48) and dipeptidase (EC 3.4.13.11) by the method in [2]. 
Glycylglycine (from Merck,  West Germany) was used as the subs t ra te  for  determinat ion of dipeptidase act ivi ty.  
F o r  the 20-24 h before  the exper iment  the animals  were  deprived of food. As an additional cha rac te r i s t i c  of the 
epi thel iocytes  of the rnacrocolonies ,  incorporat ion of 2tt-thymidine into the crypt  cel ls ,  was invest igated.  On 
the 20th day a f t e r  i r rad ia t ion  of the isolated segment  of Intestine,  aH-thymidine was injected into the animals  
in t raper i tonea l ly  in a dose of 3.7 Bq$/g body weight. The ra t s  were  decapitated 1 h a f te r  the injection, and 
the separa te  colonies and control  a r eas  next  to them in the intest inal  mueosa  were  removed .  The colonies 
were  homogenized in Ringer ' s  solution to count the number  of  cel ls  in each sample,  a f te r  which the c e l l s w e r e  
d is in tegra ted  in 1 N KOH solution applied to a ca rdboard  f i l te r ,  a f te r  which the activity of each specimen on the 
f i l t e r  was de te rmined  in toluene scint i l la t ion fluid on the SL-30 s p e c t r o m e t e r  (from Inter teehnique,  France) .  
The quantity of aH-thymidine per  cell  was calculated f rom the act ivi ty thus obtained. Al together  52 colonies 
in different  par t s  of the smal l  intest ine of  10 ra t s  were  studied. 

EXPERIMENTAL RESULTS 

As Table I shows, enzyme activity of the colonies diminished with an increase in their size. Colonies 
weighing only a little (2-4 rng) had the highest enzyme activity, mainly of one of the two enzymes studied. In 
colonies weighing over 5 rang invertase and dipeptidase activity were far lower, nearer to the levels of enzyme 
activity in the control areas of the mucosa. In macroeolonies of this type, predominance of one of the two 
test enzymes was virtually absent, i.e., enzyme differentiation did not take place. 

*Abbreviation for Gray, the SI unit of absorbed radiation (translator's note). 
tAbbreviation for Becquerel, the SI unit of radioactivity; 1 Bq = 3.7 C i. 
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TABLE 1. Enzyme Activity and Weight of 
Macrocolonies of Rat Small Intestinal E pi- 
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Legend. Invertase activity given m re_moles ~- 
nain/g, dipeptidase activity in #moles/rain/rag, 
weight of macrocolonies in nag. 

Incorporation of aH-Thymidine into Cells of Macrocolonies 
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Legend .  Weight  of m a c r o c o l o n i e s  g iven  in  rag,  i n c o r p o r a t i o n  of ~ I - t h y m i d i n e  m cpna • 
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I n v e s t i g a t i o n  of i n c o r p o r a t i o n  of ~ I - t h y m i d i n e  into c e l l s  of the m a c r o c o l o n i e s  a lso  r e v e a l e d  c o n s i d e r -  
ab le  h e t e r o g e n e i t y ,  a s s o c i a t e d  with co lony  s i z e  (Table  2). In  s m a l l  m a c r o c o l o n i e s  (1-4 rag) the  r a t e  of i n -  
c o r p o r a t i o n  of the  l abe l  was low and  v a r i e d  f r o m  2 • 10 -4 to 16 • 10 -4 cpm p e r  ce l l .  With an  i n c r e a s e  in s i ze  

o f  the  co lon ies  (over  5 rag) ac t iv i ty  of the  l abe l  in  the ce l l s  i n c r e a s e d ,  va r y i ng  f rom 14 • 10 .4 to 34 x 10 -r cpm 
p e r  ce l l  of the m a c r o c o l o n y ,  about  the  s a m e  as  the  r a t e  of i n c o r p o r a t i o n  of ~ t t - thymidine  into ce l l s  of the  

con t ro l  a r e a s  of naucosa  (18 • 10-4-24 • 10 .4 cpm p e r  ce l l ) .  

T h e s e  r e s u l t s  a r e  e v i d e n c e  of func t iona l  he t e r oge ne i t y  of naac roco lon i e s  of r a t  s m a l l  i n t e s t i n a l  e p i t h e l i o -  
cy tes  developing  f rom s ing le  s t e m  c e l l s .  S m a l l  co lon ie s  (weighing u n d e r  5 rag) have high e n z y m e  ac t iv i ty  
with w e l l - d e f i n e d  d i f f e r e n t i a t i o n -  p r e d o m i n a n c e  of ac t iv i ty  of one of the  t e s t  e n z y m e s .  DNA s y n t h e s i s ,  naea -  
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su red  f rom the r a t e  of incorpora t ion  of ~I - thymid ine ,  was r e t a rded  in the ce l l s  of these  colonies,  fu r the r  con-  
f i rma t ion  of t he i r  p a r t i c u l a r  biological  f ea tu res .  Cells  of mac roco lon ie s  weighing ove r  5 mg  p o s s e s s e d  en-  
zyme act iv i ty  and also a r a t e  of  DNA synthes is  c lose  to those  in control  a r e a s  of the mucosa .  Colonies of 
this  type  const i tuted the overwhelming  m a j o r i t y ,  and it is t h e r e f o r e  l ikely that  when the functional c h a r a c t e r -  
i s t ics  of the m u c o s a  as a whole a r e  studied,  t he i r  indices m a y  m a s k  the functional indices of the smal l  number  
of  highly di f ferent ia ted  cel ls  of " s m a l l "  colonies (under 5 rag).  The exis tence  of functional he te rogenei ty  of 
the epi thel iocytes  of the m u c o s a  evident ly  has definite biological  s ignif icance,  for  it endows it with g r e a t e r  
r e s i s t a n c e  to the act ion of unfavorab le  f ac to r s .  F o r  example ,  in radia t ion injury to the intest ine,  cel ls  with 
lower  mi to t ic  ac t iv i ty  will be m o r e  r a d i o r e s i s t a n t  and will ensure  the m o r e  rapid  r ecove ry  of the m u c o s a  a f t e r  
i r r ad ia t ion .  The cause  of the " d e c r e a s e "  in p ro l i f e r a t ive  act ivi ty  of  the epi thel iocytes  of  the mucosa  during 
prolonged f rac t ional  i r r ad ia t ion  of the abdominal  region m a y  perhaps  be the g r e a t e r  surv iva l  r a t e  of the s lowly 
p ro l i f e ra t ing  ce l l s  of  " s m a l l "  m a c r o c o l o n i e s  [3]. 

The author  is gratefll l  to Cor respond ing  Member  of the Academy of Sciences of  the USSR A. M. Ugolev 
for  i n t e re s t  in and help with these  invest igat ions .  
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M E T A B O L I S M  O F  E R Y T H R O C Y T I C  C H A L O N E  IN V I T R O  

G. V.  N e u s t r o e v  UDC 612.111.014.3.018 : 612.6 
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It was shown previously that the chalone activity of erythrocyte extracts is associated with protein 
fraction 1 [2]. 

In the invest igat ion desc r ibed  below the m e t a b o l i s m  of this  f rac t ion  was studied during cul ture  of bone 
m a r r o w  ce i l s .  

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

Frac t i on  1 was i so la ted  f rom e ry th rocy t e  ex t r ac t s  and concent ra ted  to 11 m g / m l  by the method descr ibed  
in [2]. The i so la ted  prote in ,  cor responding  to a s i n g l e p e a k  on the dens i togram,  was conjugated with f i u o r e s -  
cein isothiocyanate  ( F r r c ,  f rom S e rva ,  West  Germany) ,  using 0.5M carbona te  buffer ,  pH 9.5, for  this purpose  
[3]. The labeled prote in  was s e p a r a t e d  f rom the unbound f luorochrome on a column (1.2 x 30 crn) packed with 
Sephadex G-25 and r econcen t ra t ed  to the or iginal  volume.  The labeled prote in  was added to bone m a r r o w  
cel l s  isolated f r o m  the f e m o r s  of  mice ,  pipeted in Hanks '  solution, and centr i fuged for  15-20 rain at 1000 
r p m .  The sed imented  ce l l s  we re  suspended in Hanks '  solution and poured in equal numbers  into centr i fuge 
tubes .  Bone m a r r o w  f r o m  20 noninbred albino mice  weighing 18-20 g was used.  A mix tu re  of  cel ls  f rom five 
an imals  co r r e sponded  to each expe r imen ta l  point. 

The following s e r i e s  of  expe r imen t s  we re  c a r r i e d  out with the cell  suspens ions  thus obtained. 

Se r i e s  I. Labeled  pro te in  was added to the mye loka ryocy t e s  at the r a t e  of 0.05 ml  to 2 ml  of suspension.  
Af t e r  1 rain the ce l l s  we re  shaken,  washed 3 t imes  with cold Hanks '  solution to r e m o v e  unbound protein,  and 
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