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Researches conducted in the Blochendcal Laboratory of flle P. A. Gertsen Oncologlcal institute [2, 4, 9] 
have shown that tumor cell nuclei differ from those of ordinary tissues In the relative proportions of their pro- 
tein fractions. Mallgmant tumor cell nuclei show a pronounced rise (by a factor of [i-10) In the content of re- 
tldual protein fractions, at the expense of nucleoproteln and acid protein fractions. In order to ascertain the 
ipeclflclty of these changes, a study was made O f the comp0sltton of the cell nuclei of other rapidly growing 
tissues (embryonic and regenerating) [3]. During the early stages of compensatory grctwth of liver ceils follow- 
Ing partial hepatectomy the cell nuclei of regenerating tissue to a certain extent resemble, as regards their 
protein fractions, tile imclel of tumor cells. This allows us to draw a parallel between the dedlflerentlatlon of 
tissues, taking place at ttds stage of regeneration, and rite anaplasla of tumors [3]. 

Experiments oil the lncorporad0n o f  labelled amino acids Into Whole tissue proteins and into the nuclei 
of malignant tumor cells In vlvo showed that the nnelear proteins of tumor ceils took SSS-methtonlne and C t4- 
glyclne ~,4 times more slowly than did the whole tissue proteins or the nuclear proteins of normal liver [ 5]. 
It remains to be shown to what extent this phenomenon Is characteristic of tumor tissue, or whether It applies 
to all rapidly growing tissues, and whether It bears any relation to dtfferentlatitm of tissues. 

The present paper ts devoted to a study of the rate of Incorporation of SSS'methlonlne and ct4-glyclue 
Into the proteins of whole tissue and cell nuclei a t  various stages of compensatory growth following partial 
hepatectomy, 

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

The abdominal cavity, of rats ~elgblng 130-150 g was opened under ether anesthesia, and a part of the 
liver was llgated and excised. At various times after the operation (2, 5, 10, 15, and 20 days)Injections of 
SSS-lnethlonine were given tubcutaneonsly, at a dosage of 3000 to 6000 Impulses per mlnnte per g body weight, 
The animals were killed by decapitation 30 minutes and 3 hours after the InJection , and the Uver was taken 
for examination, after trimming off tile necrotic parts. The cell nuclei were isolated by  Dounce's method, at 
pH 6.8 [ 12]. In some of the experiments the nuclei were Isolated In a l~ citric acid medium [13]. Parallel 
with'this we performed a serlel of experiments on the Incorporation of labelled amino acids Into the proteins 
of live r slices In vitro. The experhnents were eondtteted according to the method described In an earlier 
paper [ 6]. 

The proteins were processed In the usual way. Radioactivity was measured by means of a Gelger counter, 
on a I0  mg sample of protein spread evenly over the surface of allm~ldum discs, diameter 18 ram. The results 
were calculated as the ratio of Impulses per mhiutc per g of protein an~l per g body weight.  
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EXPERIMENT At, RESULTS 

Our experlments ou the incorporatiot~ of S~S-mcthlo - 
nine into the protelns of whole liver tissue and into the 
cell nuclei of regencratiug liver of rats showed (Table I) 
that the highest radioactivities were found in the pro- 
telns of whole livcr tissue during the first few days after 
partial hcpatcctomy (for example, on the second day). 
after which the activity fell, aad again rose in tl~e termi- 
na l  stages of regeneration+ On thc 2rid day after partial 
hepateetomy the nuclear proteins incorporate S 3s- meth- 
lonlne at a somewhat slower rate than do those of whole 
tissue, By the 4 -  6th day the radioactivity of the nuc- 
lear proteins had fallen bY lt/z 2 times, and it regained 
its earlier level only oil the 15 -  20th day after the op- 
eration. 

Fractionation of tile nuclear proteins [4] was per- 
formed In some of ttm experimcuts 0nly. owing to the 
Insufficient amounts of available material. 

The results of these experiments showed that thc 
highest radioactivity was found in the acid protein frac- 
tion, and the lowest in the residual proteins. 

The data for incorporation of Cl4-glycinc into the 
proteins of regenerating llvcr tissue are presented in 
Table 2. In these expcrimcuts the cell nuclei were iso- 
lated in acid nicdium; is'lcluslo'H of radioactivity into 
the nuclear protclus at different stages of regeucratlon 
did not differ appreciably from tliat for whole tissue 
proteins. 

O0r results h)r rate of incorporation Into tis7 
sue slices In vitro confiruled the findiJ}gs rcportt~d In tile 
literature, that-regenerating liver tissue takes up labell- 
ed amim) acids faster than does tmrmal liver tissue 
(Table 3), 

Since we found, In otlr em:iicr cxperimcuts [6], 
that products-of hyd{01y.~is of ril,oUucleic acid had an 
activating effect ou incorporatiou of labelled amino 
acids Into the proteit)s of norma'l liver slices, and that 
this effect did not apply to tumor tissuc, wcthought It 
would be. of Interest to repeat this experlmta~t wlth slicers 
of regenerating liver at various times after partial hcpa- 
teetomy; 

Slices Of regenerating liver, welghln~ 150=200 rag, 
. . 1 ,~  

were Immersed In a medium containing C -glycine and 
0.05% of ribonuclelc acid hydrolysis products. 

The results of this experiment (Table 3) showed 
that the rate of incorporation of ct4-glycine into pr o- 
teins of tissue slices taken on the sceolld day after partial 
hepatectomy was unaffected by ribomtelcic acid hydro- 
tysls products. 



TABLE 2 

Incorporation of Ct4-glYcine hito the Proteins of Whole Tissue and Cell Nuclct o f  
Rat Livers. Isolated In Acid Medium,at Various Ttmes after Partial tlepatectomy. 
.a Hours aft~:r Introduction of ct4'Glycinc expressed as Impulses per rain. per g of 
protein �9 Impulses per rain, per g weight 

Experiment 

Day after hepatectomy 
Whole tissue 
Nuclei 

20 

o.2 ] 3.7 

9:1 

4.7 14.I 
4: r, 14.:z 

,o:,,;t,,.,,,I 
,~.7 I 2.0. i 

20- th 
2.9 
2.7 

T A B L E .3 

Incorporation ofCt4-Glycine Into the I,rotelns of Regenerating Rat Liver 
Slices, at Various Times after Partial Hepatectomy. �9 and the Effect on 
this process 0f Hydrolysis Products of Rlbonuclelc Acid 

Days after hepatectomy 

l n c u b ~  

Without addition ofrib0nucleic 
acid hydrolyzate 

In presence of rlbonuclelc acid 
hydrolyzate 

2-~1 6.A 

1.17 

0.89 
1.14 

14-11 

i . 0 7  . I .1 
1.07 !.1 

1.33 :l 2.7 
! .67 2.9 

2.5 

g-The slices were Incubated In Robinson's medium [14] fotS0 minutes 
at 3"t+8 ~ in anatmosphete of O i. 

A slight activating effect became apparent on the 6th day, and on the 14th day addition of RNA hydro- 
lyzate raised the rate of Incorporation of-labelled amino acid by 2 - 2~ 2 time s. 

It appears from our findings that the synthesizing activity of the nucteus varies at different stages of the 
regeneration process. Thus the rate of incorporatio n of labelled amino acids Into nuclear proteins is lower on 
the 4 -  6tti day after, p.artlal !lepatect0my than into�9 tissue proteins. I t  should b e noted that at this stage 
of regeneration~ daaracterized by undifferentiated growth, the cell nuclet to some extent resemble those of 
tumor cells, th e proteins of which Incorporate labelled amino acids 3 - 4 times more slowly than do those of 
whole tissue [~1. At a late stare O f regeneration (15-20tl~ day), the relative rate of InCorporation of amino 
acids lnt0 ceilnuclei rises. At tills stage, nnclear proteins �9 SSS-nlethl0nine at a rate equal to that 
forwh01e tissue proteins, and In this respect they may be Said to resemble the proteins of normal liver cell 
nuclei. 

Somewhat different results were fonnd for Incorporation of Ct't,glyc!ne Into liver regenerate Proteins ,and 
tn particular into-the proteins:of the ceilnuclei. ~vhcn these were isolated in an acid medium,- hi this case we 
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could find nO difference be twccn the rates of incorporation . Into whole tissue and nuclear proteins. 

As was shown by our previous researches [7],wheu nuclei are Isolated In acid media a certain amotmt of 
basic.proteins, the radioactivity of which Is 10w, is extracted Into the solution, as aresult of which the radio- 
activity of the remaining proteins rises, and approaches that of whole tissue proteins. 

Our in vitro experiments Confirm published reports that the rate of incorporation of labelled amino acids 
into the proteIns of regenerating liver slices Is higher than for normal liver, but lower than for tumor tissues.. 

AccOrding to our data, the radioactivity of the proteins of regenerating liver may be expressed in rela- 
tive unlt~ as 1.1, of normal liver as 0.66, of M-I rat sarcoma as 2.5, and of Ehrllch mouse ascites tumor as 
%8 [61; 

During the first few days after partial hepatectomy addition of rlb0nuclele acid hydrolyzate to regenerat- 
Ing liver slices has no effect on the rate of InCorporation of amino acids Into their proteins, Much the same 
was found to apply to'M-! rat sarcoma slices [6]. At !ater stages Of regeneration, addition of rlbonucleic acid 
hydrolyzate raises tile rate of incorporati0n of amino acids by a factor o f . 2 -  2~ti. This finding is inaccordance 
with our earlier data for normal liver slices [6]. 

Thus the results of our research are consistent " with published findings [1 ,3 ,  8, 10, 11], and point to 
biochemical peculiarities of two stages Of regeneration. AlthotJgh the differences between the rates Of incor- 
poration of labelled amino acids into nuclear and whole tissue proteins of liver regenerates of tile first stage 
of regeneration are not great (a factor of 1 ~2-  2, as compared with3 - 4 for tumor tissue):, we may venture 
to -suggest t/rat there is some resemblance, in this respect, hetween the early stages of regeneration, distinguished 
by undifferentiated growth, and the anaplasia of tumor tissue. 

Our data also indicate that at a late stage, that of differentiation, the pr0teins of regenerating liver reseinhle 
those of normal liver, as regards the rate of incorporation of SaS-methi0lfine. 

We regard the results of the present research as affording c0ufirmatiott of tlle assumption that tile- nucleus 
is responsible for the syttthesis of the morespecific proteins, Which determine the normal development and 
differentiation of tile liver [8]. It ma~/he eonchtded from tilt experiments that on tile 4 -  6th day after partial 
hepatectomy, tile liver cell nuclei incorporate SaS=methioninc at a r a t e  i . 3 - 2  times slower than do the whole 
tissue proteins of the regenerate. On tile 1 5 -  20th day after partial hepatectomy the rate of incorporation of 
S35-~methionine is tile same for nuclear and whole tissue proteins. Ribonucleic acid hydrolyzates do notaffect  
the rate of incorporation of Ct4-giycine into the proteins of liver rdgencrat e slices taken on the 2nd daY after 
partial hepatectomy, but they raise the rate of inclusion into tissues taken on file Gth day, to a small extent. 
Bythe 14th day the hydrolyzatcsraise the rate of inclusion of Ct47glycine: by a factor of 2 "  2~z. 

SUMMARY 

The rate of inclusion of SSS-metilionhlc and Ct4-glyciue hlto the proteins of Whole tissue and cellular 
nuclei of rats liver at various periods.following partial hepatcctonly Was investigated. It was established that 
on the 4til to 6th day following Partial hepatectomy the process of inclusio n of S as'into tile cellular nuclei of 
the liver was 1.3 to 2 times .sl~ than ill tlie proteins of tile tissue regenerate as a whole. The'rate of 
inclusion of SSS-methionine into tile proteim of tile nuclei arid tile whole tissue of regenerating liver becomes 
equal on the 15th-20th day,' On the second day after partial hepatectomy the products of hYdrblysis Of rib0, 
nucleic acid have no effect on the rate " Of Inclusionof ctl-glyctne into the proteins of sections of liver 
regenerate in vitro. A certain increase ot inclusion is noted on the 6th day. Hydrolyzate of ribonuclelc acid 
enhances inclusion of C t4 from 2 to 272 times on the i4th day after the operatt'on. 
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