
rapid  exchange of cell  populations in this organ.  The resu l t s  sugges t  that the functional s tate of the lysosomal  
proteolyt ic  s y s t e m  is indissolubly connected with all s tages  of in t race l lu la r  prote in  me tabo l i sm,  and the decline 
in lysosomal  cathepsin act ivi ty during inhibition of pro te in  biosynthesis  may  be a regu la to ry  mechan i sm,  a imed  
at p r e s e r v i n g  the prote in  r e s e r v e s  of the cell .  Since cathepsins have the sho r t e s t  hal f - l i fe  of all the ly sosomal  
hydro lases  [9], there  is r eason  to suppose that  par t ic ipa t ion  of lysosomal  p ro te inases  in the maintenance of 
s table  equi l ibr ium between prote in  biosynthesis  and ca tabo l i sm is a genet ical ly  de te rmined  mechan i sm.  
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ISOLATION OF TISSUE-SPECIFIC INHIBITORS OF DNA 

SYNTHESIS (CHALONES) FROM RAT LIVER 

E. V. Parfenova and S. A. Ketlinskii UDC 612.35.014.3018:612.6/-088.1 

KEY WORDS: l ive r  chalones; par t i a l  hepatectomy;  control of prol i fera t ion;  gel f i l t ra t ion.  

Severa l  methods of obtaining and purifying chalones f r o m  m a m m a l i a n  l i ve r  homogenate  have been de-  
s c r ibed  [6-9], but none of t hem is universa l ly  sui table and can yie ld  the inhibi tor  in a pure  fo rm.  The molecu la r  
weight of such p repa ra t ions  as have been obtained v a r i e s  within wide l imi t s  ( from 1000 to 40,000 daltons),  and 
the i r  p r e l i m i n a r y  cha rac t e r i s t i c s  a re  not identical .  In the invest igat ion desc r ibed  below an a t tempt  was made 
to isolate  and purify Gt-ehalone f r o m  an aqueous ex t rac t  of no rma l  ra t  l ive r ,  possess ing  chalone act ivi ty,  and 
par t ia l ly  pur i f ied  by alcoholic f rac t ionat ion.  The w r i t e r s  showed previous ly  [2] that such an ex t rac t  is h e t e r o -  
geneous in composi t ion and contains s eve ra l  inhibi tors  of DNA synthes is  and mi tos is  whose action is exhibited 
in an in vivo s y s t e m .  

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

Wate r - so lub le  l i ve r  pro te ins  f r o m  noninbred albino ra t s  obtained f r o m  the "Rappolovo" Nur se ry ,  Academy 
of Medical Sciences of the USSR, prec ip i ta ted  with ethanol in a sa tura t ion  of between 55 and 81%, were  used  as 
the original  ma te r i a l  [2, 3]. After  lyophil ization the resul t ing ehalone-containing l ive r  ex t r ac t  was f rae t iona ted  
on Sephadex G-75 (column 19 x 460 ram), and the sample  applied contained 100-300 mg prote in  in 4 ml  water .  

Depar tment  of Morphology, Insti tute of Exper imenta l  Medicine,  Academy of Medical Sciences  of the USSR, 
Leningrad.  (Presen ted  by Academician  of the Academy of Medical Sciences  of the USSR A. N. Klimov.) T r a n s -  
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a r t i c l e  submit ted  November  17, 1982. 
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T A B L E  1. E f f e c t  of F r a c t i o n s  of  C h a l o n e -  
Con ta in ing  E x t r a c t  of Ra t  L i v e r  Ob ta ined  by 
Gel  F i l t r a t i o n  on Sephadex  G - 7 5  on I n c o r -  
p o r a t i o n  of [3H]Thymidine  into  DNA of R e -  
g e n e r a t i n g  Rat  L i v e r  in V i t r o  (M • m) 

E =~ ~ I Specific in- 
Protein con | corporation IMul" 3 tiplici- 

Fraction ~, centration lof[,H]tt}.Y - lty of 
in sample / miGine into purifi- of ex- ~o,~ , liver DNA, cation tract :~d mg/ml  i 

Control 

Whole 
extract 

I 

Ia 

III 

23 

14 
5 
4 

5 
5 
5 
5 

3 
3 
3 
3 

3 
3 
3 
3 

1,0 
0,5 
1,0 
0,05 
0,10 
0,25 
0,50 
0,05 
0,25 
0,50 
1,0 
0,005 
0,025 
0,05 
0,10 

100 - -  

50+--10" 
I00+-30 
80+-20 

1004-10 
90+-20 - -  

1 0 0 + - 1 0  
1 2 0 + - 2 0  --  
80+- I0 
50+-20* 
50• 10" 4 
40+- 10" 
60+_ lO* 
40• 10" 200 
50+-20* 
60+-20* 

Content 
in whole 
extract, 
~o 

45 

lO 

40 

Legend .  M u l t i p l i c i t y  of p u r i f i c a t i o n  de f ined  
a s  r a t i o  of m i n i m a l  c o n c e n t r a t i o n  of whole  
e x t r a c t  exh ib i t i ng  i n h i b i t o r y  e f f ec t  (1 m g / m l )  
to  c o n c e n t r a t i o n  of the  p a r t i c u l a r  f r a c t i o n  
e x h i b i t i n g  the  s a m e  e f f e c t .  * P  < 0.05 c o m -  
p a r e d  wi th  c o n t r o l .  

E 2 a o /  
2,0 ~ 

1,4  ̀

1,2 

1,0 

O,8 

O,G 

0,4, 

0,2 

J . . . .  
I0  I 20 

2ml 

Z 

30 ~0 50 

ve~87 ~1 
Ve.,,zz ~13 9 m l  

F i g .  1. G e l - f i l t r a t i o n  of c h a l o n e - c o n t a i n i n g  e x t r a c t  of r a t  
l i v e r  on S e p h a d e x  G - 7 5 .  A b s c i s s a ,  Nos .  of s a m p l e s ;  o r -  
d ina t e ,  a b s o r p t i o n  at  280 n m .  I, Ia ,  II ,  and KI) Ind iv idua l  
f r a c t i o n s :  I) V e / V o  = 1.0,  K a v =  0; Ia) V e / V o  =1 .4 ,  

K a y  = 0.2; ID V e / V  o = 2.0,  Kav  = 0.4; KD V e / V  o = 3.0, 
Kay  = 1. 

P r o t e i n s  w e r e  e l u t e d  wi th  w a t e r  a t  the  r a t e  of 40 m l / h ,  and  the  vo lume  of the  s a m p l e s  was  3 m l .  The p r o t e i n  
con ten t  in the  e l u a t e  was  d e t e r m i n e d  s p e c t r o p h o t o m e t r i e a l l y  f r o m  a b s o r p t i o n  at  280 n m .  The  f r a c t i o n s  o b t a i n e d  
w e r e  l y o p h i l i z e d  and kept  a t  - 4 ~  The b i o l o g i c a l  a c t i v i t y  of the  f r a c t i o n s  was  d e t e r m i n e d  by the me thod  in [8] 
in  an in v i t r o  s y s t e m ,  a c c o r d i n g  to  t h e i r  e f f ec t  on i n c o r p o r a t i o n  of [3H]thymidine in to  s l i c e s  (1 ram) of r a t  l i v e r  
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TABLE 2. Incorpora t ion  of [3H]Thymidine (in 
c p m / o p t i c a l  density unit at 260 nm) into DNA 
of Rat  Kidney and Tes t i s  Slices in Vi t ro  under  
the Influences of F rac t ions  of Chalone-Con-  
taining L ive r  E x t r a c t  (M + m) 

F.raction 
of ex- 
tract 

: Number 
of ani- 
mats 

Protein con- 
centration 

i n  sample, 
mg/ml 

Specific incorporation 
of [3HJthymidine 

into DNA [into DNA 
of kidneys / of testis 

Colitrol 10 - -  404-10 I 404-10 

II 
III 

0,5 
0,! 

! 
30• [ 304-10 
204- I0 I 304- I0 

regenera t ing  24 h a f t e r  par t i a l  hepatec tomy,  during s h o r t - t e r m  cul ture  (for 120 min) at  37~ in med ium 199, 
which contained 20 pCi [3H]thymidine (specific act ivi ty  4 C i / m m o l e )  in 1 ml .  Af ter  the end of incubation the 
s l ices  were  washed  to r e m o v e  excess  of isotope with a l a rge  volume of cold physiological  sal ine and, a f t e r  
homogenizat ion,  DNA was isola ted f r o m  them by the method of Schmidt and Thannhauser  in Georg iev ' s  modi f i ca -  
tion [1] and its speci f ic  rad ioac t iv i ty  was de te rmined  by liquid scint i l la t ion counting [4]. The DNA concentra t ion 
was de te rmined  spec t ropho tomet r i ca l ly  by measu r ing  absorpt ion  of the solution at 260 rim. The in v i t ro  s y s t e m  
desc r ibed  above was adequate fo r  de te rmina t ion  of the intensity of DNA synthes is  in the l ive r  t i ssue,  fo r  in-  
corpora t ion  of [3H]thymidine into DNA was a l inear  function of t ime during incubation of the s l i ces  fo r  30-120 
min. DNA synthes is  was de te rmined  s i m i l a r l y  in s l i ces  of the kidneys and t e s t i s  of adult r a t s .  

The pro te in  s p e c t r u m  and molecu la r  weights of the f rac t ions  obtained by gel f i l t ra t ion  were  de te rmined  
by e l ec t rophores i s  in 10% po lyac ry lamide  gel in the p re sence  of sodium dodecylsulfate  (SDS), in the genera l ly  
accepted  manner  [5], using bovine s e r u m  albumin (67,000 daltons) and t ryps in  (22,000 daltons) as s tandards .  

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

The chalone-containing ex t rac t  of r a t  l iver ,  as the w r i t e r s  showed prev ious ly  [2], is he terogeneous  in 
composi t ion and consis ts  of ten pro te in  components  detectable  by po lyac ry lamide  gel e l ec t ropho re s i s .  In-  
ves t igat ion of this ex t r ac t  in the p re sence  of SDS showed that  the mo lecu l a r  weights of these  components  ranged 
f r o m  17,000 to 100,000 daltons.  

Gel f i l t ra t ion  of the chalone-containing ra t  l i ve r  ex t r ac t  on a Sephadex G-75 column yie lded four  f rac t ions  
(Fig. 1). F rac t ion  I, the elution volume of which co r responded  to the outer  bed volume of the column Vo, was 
equivalent  in pro te in  content to 45% of the whole ex t r ac t  and included the four  components  of the ex t rac t  with 
highest  mo lecu l a r  weights,  between 40,000 and 100,000 daltons.  De te rmina t ion  of the biological  act ivi ty of this 
f rac t ion  showed that in the in v i t ro  s y s t e m  in concentra t ions  of 0.5-1 m g / m l  it had no effect  on the level  of 
[~H]thymidine incorpora t ion  into sec t ions  of the regenera t ing  l i ve r  (Table 1). F rac t ion  Iu which, in p ro te in  
content, was equivalent  to 10% of the whole ext rac t ,  l ikewise had no effect  on DNA synthes is  in concentra t ions  
of 0.05-0.5 m g / m l  (Table 1). F rac t ions  I and Ia  of chalone-containing ex t r ac t  of no rma l  ra t  l i v e r  thus contain 
b a l l a s t p r o t e i n s ,  which account  fo r  m o r e  than half  of the total  p ro te in  of the ex t r ac t .  

F rac t ion  II,  equivalent  to 40% of the whole ex t r ac t  in pro te in  content,  was highly he te rogeneous  and was 
found to be pa r t i cu l a r ly  r ich  in prote ins  with mo lecu l a r  weights of 17,000-30,000 dal tens,  although h i g h - m o l e c -  
u la r -weigh t  components  a l so  were  p resen t .  Pro te ins  of this f rac t ion  inhibit incorpora t ion  of [3H]thymidine into 
DNA of r egenera t ing  l i ve r  s l i ces  (Table 1). The minimal  dose causing 50% inhibition was 0.25 m g / m l ,  only one-  
qua r t e r  of the dose of the whole ex t rac t  causing the same effect .  F r ac t i on  I I  was not cytotoxic,  as shown by 
morphologica l  ana lys is  of spleen cel ls  a f t e r  injection of this f rac t ion  into C57BL mice in t raper i tonea l ly  in a 
dose of 1.2 rag. No cytotoxic effect  l ikewise was exhibited on t r e a t m e n t  of cel ls  of a t r ansp lan ted  hemocy to -  
b l a s toma  with p ro te ins  of f rac t ion  II (in a dose of 0.5 m g / m l ) .  The inhibitory effect  of f r ac t ion  II  on DNA syn-  
thes is  in the l i ve r  is evidently t i s sue - spec i f i c  in cha rac t e r ,  fo r  it did not change the level  of incorpora t ion  of 
[3H]thymidine into s l i ces  of adult r a t  kidney and tes t i s  (Table 2). 

Frac t ion  HI, equivalent to about 5% of the whole ex t rac t ,  according to the r e su l t s  of gel e l ec t rophores i s  in 
the p re sence  of SDS contains one m a j o r  component  with molecu la r  weight of about 17,000 daltons.  It may p e r -  
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haps a l so  contain components  with lower  m o l e c u l a r  weights ,  not detectable  in the e lec t rophore t ie  s y s t e m  used, 
for  the elution volume of this f rac t ion  co r re sponds  to the total  volume of the column Vt, and the lower  l imi t  of 
f ract ionat ion on Sephadex G-75 is 3000 daltons.  F rac t ion  rg  inhibited DNA synthes is  in s l i ces  of regenera t ing  
l iver ;  50% inhibition was reached  with this f rac t ion  in a concentra t ion of only 0.05 m g / m l  (lower concentra t ions  
were  not tested) ,  which is 200 t imes  less  than the dose of whole ex t r ac t  causing the same  effect .  Considering 
that,  as r ega rd s  i ts  p ro te in  content,  f rac t ion  III is equivalent  to 5% of the ex t r ac t  it can be concluded that in the 
cou r se  of isolat ion of the act ive pr inc ip le  f rom chalone-containing l i ve r  ex t r ac t  not only is i t  purif ied,  but also 
act ivated,  evidently on account  of r e m o v a l  of components  prevent ing manifes ta t ion  of inhibitor act ivi ty.  F r a c -  
tion III, unlike the r e s t ,  is ve ry  hygroscopic  and "me l t s "  on keeping, but it comple te ly  re ta ins  its biological  a c -  
t ivity in the p r o c e s s .  Dialysis  of this f rac t ion  fo r  24 h against  wa t e r  l ikewise did not change its act ivi ty .  Mor -  
phological  analys is  of the sp leen  of the C57BL mice  a f t e r  in t raper i tonea l  injection of f rac t ion  III  in a dose of 
0.15 mg p e r  mouse did not revea l  any cytotoxic action, and this was conf i rmed  also  by a study of the viabil i ty of 
t r ansp lan ted  hemocy tob las toma  cells  a f t e r  incubation fo r  1 h at 37~ in the p r e sence  of 0.25 m g / m l  of this f r a c -  
tion. F rac t ion  III did not affect  incorpora t ion  of [~H]thymidine into s l i ces  of ra t  kidney and tes t i s ,  probably  in-  
dicating that  its biological  action is t i s s u e - s p e c i f i c  in c h a r a c t e r  (Table 2). 

On ge l - f i l t r a t ion  of an ethanol p rec ip i t a te  of the aqueous ex t rac t  of r a t  l i ve r  on Sephadex G-75 two f r a c -  
tions were  obtained, which were  noncytotoxic and which inhibited incorpora t ion  of [3H]thymidine t i s s u e - s p e -  
cif ical ly into DNA of ra t  l i ve r  r egenera t ing  a f t e r  par t i a l  hepa tec tomy in v i t ro  (i.e.,  exhibited a G~-chalone e f -  
fect).  One of these  f rac t ions  ( V e / V  o = 2.0; Kav -- 0.4) was he terogeneous ,  and r ich in pro te ins  with mo lecu l a r  
weight of 17,000-30,000 daltons; its biological activity was exhibited in concentrations >_0.25 mg/ml. Activity 
of the other fraction (Ve/Vo = 0.3; Kay = i) was found in concentrations of under 0.005 mg/mh its chief com- 
ponent was a protein with molecular weight of 17,000 daltons. 
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