
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 

KEY WORDS: chalone; mye loka ryocy te s ;  m e t a b o l i s m .  

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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1980. 
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Fig. I .  Intensity of fluorescence of bone mar-  
row cells after incubation for various times. 
Abscissa, incubation time (in rain), ordinate, 

intensity of fluorescence of myelokaryocytes 
(in %); fluorescence of bone marrow cells 
after incubation with labeled protein for I rain 

taken as 100%. l) Results of experiments of 
series I, 2) results of experiments of series If. 
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Fig. 2. 

Fig. 2 Fig. 3 

Intensi ty  of  f luorescence  in different  s amples  of labeled pro te in  (1) and s u p e r -  
natant of cel ls  a f t e r  incubation fo r  4 h (2) a f t e r  t he i r  separa t ion  on Sephadex column. 
Absc i s sa ,  nos. of s am p l e s  collected;  ord ina te ,  intensi ty of  f luorescence  (in conventional  
units based  on deflection of m i c r o a m m e t e r  pointer) .  E lution with physiological  sal ine 
at  the r a t e  of  15 m l / h ,  Sephadex G-25. 

Fig.  3. Intensi ty  of f luorescence  of mye loka ryocy t e s  a f t e r  t r e a t m e n t  of cei ls  with t ryps in  
and exposure  to E P  and EC.  Ordina tes ,  in tensi ty  of  f luorescence  (in %; f luorescence  of  
ce l l s  a f t e r  incubation with labeled pro te in  for  1 rain taken as 100%). a: 1) control ,  2, 3) 
f luorescence  of ce l l s  and superna tan t  r e spec t i ve ly  a f t e r  t he i r  incubation with labeled 
pro te in  fo r  i rain and t r e a t m e n t  with t ryps in ,  4, 5) the s a m e ,  but a f t e r  t r e a t m e n t  with 
t r yps in  a f t e r  incubation of labeled ce l l s  fo r  30 rain; b: 1) contro l ,  2, 3) f luorescence  of 
ce l l s  a f t e r  p r e l i m i n a r y  exposure  to E P  o r  EC respec t ive ly ,  4, 5) f luorescence  a f t e r  r e -  
peated exposure  to e ry th rocy t i c  chalone a f t e r  incubation for  1-2 h; c: 1) control ,  2, 3, 4) 
f luorescence  of cel ls  a f t e r  p r e l i m i n a r y  t r e a t m e n t  with t ryps in ,  before  and a f t e r  incuba-  
t ion fo r  1-2 h r e s pec t i ve l y .  Resul ts  of expe r imen t s  of s e r i e s  I I  shown by broken l ines .  

the  f luorescence  of the cel l  suspens ion  was m e a s u r e d  before  and a f t e r  incubation of the cel ls  in Hanks '  so lu-  
t ion for  30 rain and 1.5, 2.5, and 4 h. The  superna tan t  obtained by centr i fugat ion of the mye loka ryocy t e s  a f t e r  
incubation for  4 h was s e p a r a t e d  on a column packed with Sephadex G-25 and the f luorescence  of the samples  
was m e a s u r e d .  F l u o r e s c e n c e  of  s a m p l e s  of  labeled prote in  a f t e r  elution on the column under  the s ame  con-  
ditions was r eco r ded  for  compar i son .  

S e r i e s  II .  Myelokaryocytes  we re  labeled with f rac t ion  1 fo r  I rain, washed to r e m o v e  unbound protein,  
and t r e a t e d  fo r  30 rain with cold (4~ 0.25% t ryps in  solution made  up in Hanks '  solution without Ca ions. 
S i m i l a r  expe r imen t s  w e r e  se t  up with labeled ce l l s ,  which were  incubated for  30 mfn  in Hanks ' solution at 
37~ and t r e a t e d  with t ryps in .  The m ye l oka ryocy t e s  were  sedimented  by centr i fugat ion,  washed to r e m o v e  
t ryps in ,  and the f luorescence  of the cel l  suspens ion  and superna tan t  was m e a s u r e d .  

Se r i e s  HI. Cold 0.25% t ryps i n  solution was added to the mye loka ryocy t e s  for  30 rain, a f te r  which the 
cel ls  were  washed f ree  f r o m  t ryps in ,  diluted in Hanks '  solution, and half  was poured into each of two centr i fuge 
tubes. The intensity of fluorescence of the cells treated with trypsin was measured after the end of trypsin 
treatment, and after incubation for i and 2 h at 37~ For this purpose, labeled protein was added at appropri- 
ate intervals to the ceil suspension for i min, afterwhich the cells were washed to remove the unbound label 
and the cell suspension was subjected to spectrofluorometry. 
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Ser ies  IV. Rat se rum enriched with erythropoiet in  (EP) as a resul t  of acute blood loss,  or  extracts  of 
r a t  e ry throcy tes  containing chalones (EC) were added to the myelokaryocytes  at the rate of 0.5 mt to 2 ml 
of the cell  suspension for 1 rain, the cells were washed by centrifugation to remove unbound EP  or  EC, and 
then suspended in Hanks '  solution. Labeled protein was then added to the suspension of myelokaryocytes  for 
1 rain immediately  af ter  the i r  suspension in Hanks '  solution o r  af ter  incubation of the cells for 1-2 h at 37~ 
After  removal  of unbound labeled protein from the cells the i r  f luorescence was measured  on a double mono-  
chromat ic  spec t ro f luoromete r  at excitation wavelength 435 nm and f luorescence wavelength 522 rim. Unlabeled 
myelokaryocytes  did not give f luorescence  in Hanks '  solution at these pa rame te r s .  

EXPERIMENTAL RESULTS 

It will be c lea r  from Fig. 1 that labeled protein binds in vitro with bone mar row cells  as ear ly  as af ter  
1 rain, evidently because of the presence of specific recep tors  on their  surface .  With lengthening of the incu- 
bation periods,  degradation of the absorbed protein fraction 1 and its t r ans fe r  into the incubation medium 
were observed.  Compar ison of peaks of f luorescence of labeled protein and supernatant of cells incubated for 
4 h showed that labeled protein bound with the cells is degraded to low-molecular -weight  compounds (Fig. 2). 

Degradation of the labeled protein by myelokaryocytes  took place intracel lular ly  and not ext racel lu lar ly .  
This is shown by the following observat ions .  Trea tment  of the labeled cells with t rypsin  removed par t  of 
the label f rom the surface of the ceUs and t r ans f e r r ed  it into the supernatant  (Fig. 3a). If the labeled cells  
were incubated for 30 rain and then t reated with t rypsin,  a much smal le r  fraction of label was found in the 
supernatant  and m o r e  of it inside the cells.  These  facts suggest  that the tes t  e ry throcyt ic  protein, af ter  bind- 
ing with the outer  recep tors  of the membranes  for a short  t ime, penetrates  inside the ceU, where it is degraded 
and eliminated from the cells  into the surrounding medium in the form of protein f ragments .  

It will be c lear  f rom Fig. 3b that the recep tors  for  E P and EC are  evidently the same,  for otherwise a 
dec rease  in the intensity of f luorescence of the ceils would be observed only af ter  addition of EC.  Despite 
the fact that  af ter  incubation of the myelokaryocytes  for 30 rain protein had entered the cells,  the l iberated 
r ecep to r s  were not ready to bind f resh  batches of protein af ter  incubation of the cells for  1-2 h. This may be 
due to part ial  degradation of the recep to r s  together  with the ass imi la ted  protein molecules  and to the imposs i -  
bility of the i r  resynthes is  de novo within the specif ied t ime.  The resul ts  are  confirmed by those of another 
se r i e s  of experiments  (Fig. 3c). If myelokaryocytes  are  t rea ted  with t ryps in  they lose their  ability to bind 
with labeled protein,  evidently because of destruct ion of the recep tor  s i tes .  Incubation of such ceils  for 1-2 h 
did not lead to any significant r e c o v e r y  in the number of recep tors  on the surface of the myelokaryocytes .  
E vidently this period of t ime is insufficient for their  resynthes is  o r  res tora t ion  in vitro.  

The resul ts  a re  in ag reement  with those of investigations by other  workers  [4] who studied the metabo-  
l i sm of epidermal  growth factor  in cell  cul ture .  On the basis of a compar ison of these resul ts  it can be 
postulated that the metabol ism of growth s t imulators  [4] and also of inhibitors of proliferat ion,  such as chalones,  
s h a r e s  a number of common general  pr inciples .  According to data in the l i te ra ture  [4], degradation of epi-  
dermal  growth factor  is an energy-dependent  p rocess  and is suppressed  by protease  inhibitors.  The ability of 
cells to respond a second time to the action of epidermal  factor  is not exhibited until af ter  10-12 h. During 
that period the injured recep tors  are  evidently resynthesized.  The present  wr i te r  also showed previously 
that res tora t ion  of mitotic activity of bone mar row cells  in vivo is observed 10 h af ter  adminis t rat ion of 
chalones [1], and evidently af ter  that moment  the cells are  capable of responding a second t ime both in vitro 
and in vivo. 
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