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Several authors have demonstrated that the con- 
centration of free amino acids is higher in the tissues 
[16] and erythrocytes [1] than in the blood plasma. It 
was more recently found that the entry of amino acids 
into cells is due to a process of active concentration, as 
opposed to a gradient of concentrations with the con- 
sumption of energy [7,12,14]. 

The inclnsion of labeled aminoacids in the pro- 
teins of tumor sections in vitro is known to be consider- 
ably more intense than in the case of normal tissue sec- 
tions [17]o In homogenates and other acellular prepara- 
tions made from tumors, this process is no more intense 
than in analogou s preparations made from normal tissue [6]. 

Since the first stage in the utilizationof amino 

acids for protein synthesis in their accumulation by the 
cell, one can propose that the rate of protein synthesis 
and the growth of tissues in the organism should depend 
on the ability of the ceils to concentrate amino acids. 
Because tumor cells (ascitic celIs of Ehrlich's cancer) 
possess a heightened ability to accumulate amino acids 
[II], I. B. Zbarskii has expressed the hypothesis that the 

greater inclusion of labeled amino acids in tumor cell 

proteins in vitro can be explained by the increased ability 

of these cells to accumulate amino acids [2]. 

In this work, in order to prove this hypothesis, we 

investigated in vitro the correlation between the concen- 

tration of radioactive amino acids by ascitic cells, and 
by sections of experimental tumors and normal tissues, 

and the inclusion of such amino acids in the cell proteins. 

METHOD 

We studied the concentration of glycine-l-C 14 
methionine- S ss lysine-l-C 14 and tyrosine-l-C 14 by the 

cells of Ehrlich's ascitic mouse cancer, sarcoma M-I, 

and rat's ascitic hepatoma.* 
The normal tissue used for purposes of comparison 

was that of rat liver. Two-hundred mg sections were in- 

cubated in Robinson's medium with glucose [15] in War- 

burg's flasks at 37.8" for 30 minutes in an oxygen atmos- 
phere. The radioactive amino acid was added to the 
flasks in an amount of 30,000-70,000 impulses per 2 ml 

of the incubation medium. 
After incubation, the sections were briefly dried with 

a filter paper, weighed, ground up, and precipitated with 

trichloracetic acid in a final concentration of 2.5%. The 

free amino acids were extracted by thrice extracting the 
sections with 2.5% trichloracetic acid. The deproteinized 

incubation medium and the trichloracetic filtrates were 

nentralized and reduced to a specific volume, from which 

the sample for radioactivity determination was taken- 

in the case of glycine, quantitative determination, ac- 

cording to Alexander's method [4], was also done. After 
the extraction of the free proteins, the proteins of the 

sections were processed by the standard method [3]. The 

radioactivity of theproteins was calculated on a "B" type 
apparatus per every I0 mg protein. The results were ex- 

pressed as the number of impulses per minute for a spec- 

ific volume of the incubation medium and for an equal 

volume of the original tissue. 

RESULTS 

Table 1 gives the ratio of the radioactivity of the 
protein-free filtrates of cells or sections to the radio- 
activity of the incubation medium. As the data in the 
table indicate, the cells of the experimental tumors con- 
eentrated amino acids much more actively than did the 
cells of the normal liver. This ability of the cells de- 
pended on the amino acid employed as well  as on the 
type of experimental tissue. Under these conditions, 

* This strain was kindly made available to us by the 
Laboratory of Strains of the AMN SSSR Institute of 
Experimental Cancer Patlmlogy and Therapy. 
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TABLE 1, Concentrat ion of G lyc ine -C  i4, Meth ion ine-S  =, Lys ine -C  14 and Tyros ine -Ci4 in  vitro by Tumor 

and Liver Cel ls  from Rats and Mice. Ratio of number of impulses per minute in a prote in-f ree  f i l t rate of cel ls  

or sections to the number of impulses per minute in an equivalent  volume of the incubat ion medium (30-minute  

incubat ion at  37.8* in Robinson's medium,  Average values from 7-15 exper iments)  

Tumor 

Rat's sarcoma M-1 . . . . . . . . . .  

Ehrlich's asc i t ic  mouse s a r c o m a , .  
Rat's asci t ic  sarcoma . . . . . . . . .  

Rat l iver  . . . . . . . . . . . . . . . . .  

Mouse l iver  . . . . . . . . . . . . . . .  

In t race l lu ta r  g!y-  
cine- C 14 

GI) C 14 in in- 
cubation medium 

4.1 * 0.30 

8.5 4- 1.70 

3.3 

1.3 + 0.24 

1.3 

tn t race l lu la r  me th i -  
onine-  S 35 

Methion ine-  8 ~s in 
incubat ion medium 

3.0 

1.4 

In t racet tu lar  ly- 
sine- C i4 

Lys ine-  C 14 in in-  
cubation mediun: 

2.0 :k 0.08 

3.1 

2.1 

0.8 & 0.14 

Intracellul~ 
tyrosine-  C ] 

Tyrosine-  C N 
incubat ion 
medium 

2.3 * 0.20 

2.9 

1.3 ~ 0.I0 

TABLE 2. Correlat ion Between the Ac t ive  Concentrat ion of Amino Acids and.Their  Inclusion in the Proteins of 

Rat's Sarcoma M-1 and Rat Live 

Amino acids used 

G lyc ine -  C 14 

Meth ion ine-  S ~ 
Tyrosine-  C 14 
Lysine-C 14 

Number of 

exper iments  

14 

5 
9 
9 

Radioact iv i ty  of free 
amino acids in tumor 
cei ls  

Radioact iv i ty  of  free 
amino acids in l iver  cells  

2.9 :t 0.26 

2.0 

1.8 :~ 0.26 
2.0:1:0.17 

Number of 

exper iments  

15 

5 

10 

9 

Radioact iv i ty  of tumor 
proteins 

Radioact iv i ty  of l iver  
proteins 

2.8 + 0.29 

1.7 
6.3 ~: 0.75 
9.0 ~: 1.5 

g lycine  was most ac t ive ly  concentra ted  by the cel ls  of 
Ehrlieh's asc i t ic  mouse cancer  (an average of 8 1 / 2  t imes).  

In some of the exper iments ,  the concentra t ion of 
g lycine  inside the asc i t ic  cancer  cel ls  was 20 t imes  higher 

than the content  of this amino acid  in the incubat ion 
med ium.  The variations in the concentrat ing ac t iv i ty  of 

the ceils were probably due to disregarded b io logica l  
factors. Compar ing the indiv idual  exper iments  gave us 

reason to suppose that  the  stage of  the minor 's  development  
i f  of  essential  impor tance .  

The concentrat ion of lysine and tyrosine by a sck ic  
cei ls  of ghr l ich 's  cancer  is less intense than that  of glycine,  
but less var iable .  In almost  a l l  the exper iments ,  the 
concentrat ion of tyrosine and lysine within the cancerous 
cel ls  was 2-3 t imes  higher than the concentrat ion of these 
substances in the med ium.  

The effect  observed with the sections of solid tumors 
was s imi la r .  For example ,  the ra t io  of the  g lycine  con- 
centra t ion in the  cel ls  of  sarcoma M-1 to that  in the 
incubat ion med ium was 4.1. In individual  exper imen t s ,  
this ra t io  reached  8-11.  The use of Alexander ' s  method 

for quant i ta t ive  de te rmina t ion  of  g lyc ine  produced re -  
suits which coinc ided  with the data obtained from the 
de terminat ion  of rad ioac t iv i ty ;  in the succeeding exper i -  
ments,  therefore,  we used only the isotope method.  The 
concentrat ion of lys ine-C i4 and tyros ine-C 14 in the cei ls  

of sarcoma M-1 was twice that in the incubat ion med ium.  
The concentration of the amino acids in the cel ls  of ra t ' s  

asci t ic  hepatoma was 2-3 t imes higher than in the exter -  

na l  environment .  Therefore,  the tumor cells in the ex -  
per imenta l  animals  were ex t r eme ly  ac t ive  in regard to 
the concentrat ion of amino acids.  Moreover,  the concen-  

trat ion of the exper imenta l  labeled amino acids in the 
rat  and mouse l iver cells  was only 1.3 t imes  higher than 
their  concentrat ion in the med ium.  The concentrat ioR 
of lys ine-C t4 in the l iver  cel ls  was even lower than in the 
incubation medium.  

A comparison of the concentrat ing ac t iv i ty  of the  
cells with the inclusion of amino acids in the ce l ls '  pro- 
teins (Tab le  2) wil l  show that the ra te  of g l y c i n e - c  I4 

and meht ion ine-  S 3s inclusion in the proteins of sarcoma 

M - I  and rat l iver  was p rac t i ca l ly  proport ional  to the 
ab i l i ty  of these cel ls  to concentra te  these amino acids. 

In fact the rat io  of  the rad ioac t iv i ty  of the free amino 
acids of  the tumor to that  of  the l iver  was almost  iden t i -  
cal  to the rat io between the rad ioac t iv i ty  figure for the 
proteins of these cel ls .  These ratios were 2.9 and 2.8 
respect iveIy for glycine and 2.0 and 1.7 for meth ionine  
(see Table  2). The individual  exper iments  as wel l  as 
the average values showed this conformity.  In one of the 
exper iments ,  for example ,  the ra t io  of the ac t ive  concen-  
t rat ion of amino acids b y t h e  cei ls  of  a sarcoma M - t  to 

i63 



their concentration by the liver cells equalled 4.4, while 
the radioactivity of the tumor proteins was 4 1 / 2  times 
greater than that of the liver proteins. 

The concentration of tyrosine-C r~ was an average 
of  1o8 times higher in the tumor ceils than in the liver 
ceils. The rate of tyrosine inclusion in the tumor proteins 
was 6 times higher than the inclusion of  this amino acid 
in the liver proteins. In this case, as in the case of ty- 
sine (for which these figures were, respectively, 2 and 9), 

with the relat ively high concentration of these amino 
acids by the tumor ceils, their inclusion in the protein as 
compared with the liver ceils was considerably higher than 
their concentratabili ty.  In other words, under the experi- 
mental  conditions described, the ability of the ceils to 
actively concentrate tyrosine and lysine was not propor- 
tional to the rate of  the inclusion of these amino acids in 
the tissue proteins. 

According to the literature date [see 7,9,10,11], 
tumor and embryonic tissues have an extremely pronounced 
ability to actively concentrate amino acids. 

Since the first stage in protein synthesis is the uti-  
lization of amino acids by the ceils, the ability of tumor 
ceils to accumulate  amino acids extremely actively 
could be the main reason for the intensified protein syn- 
thesis typical  of malignant neoplasms. Until recently,  
however, tumor cells, particularly ascitic ceils of Ehr- 
l ich's cancer,  have only been used as a eonvient object 
on which to study the mechanism of act ive concentration. 

Our experiments showed that ceils of sections of 
sarcoma M-1 mid rat 's ascitic hepatorr, a, as well as ascitic 
tumor ceils, possess a greater ability in experiments in 
vitro than liver cells for the act ive concentration of 
amino acids. These data are in accord with the research 
of Miller and Burke [see 5], which demonstrated that the 
level of amino acids in the liver cells is higher after the 
development of a true hepatoma than during the pre- 

cancer period. 
The high concentration of amino acids by tumors 

is evidently connected with the rate of protein synthesis. 
In fact, ceils of tissues in which the processes of protein 
synthesis are ex~emely  intense are especially act ive in 
the concentration of amino acids. In this respect, the 
fact that there is a higher level of amino acids in em-  
bryonic tissues than in the maternal  tissues is particularly 
interesting. For example,  the concentration of glycine 
in the skeletal muscles of a guinea pig fettm [see 7] is 
three times higher than that in themuscles of  the mater-  
nal  organism. 

Neoplastic cells concentrate amino acids especially 
act ively.  In our experiments, the glycine uptake by the 
ascitic cells of ghrlich's cancer was an average of 8.5 
t i m ~  (in some experiments, 15-20 times) the uptake by 
the incubation medium, while the uptake by the ceI!s of 
sarcoma M-1 was up to 7-8 times (an average of 4 times) 
the uptake by the medium. The accumulat ion of the 
other,2, amino acids by these cells (lysine-C 1'1, tyrosine- 
C methionine-S ) wa~ ~- somewhat less intense. The 
extraordinarily intense inclusion of amino acids in the 
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proteins of tumor cells is in keeping with their high con- 
centration activity. In the case of ~lycine- C 14 and 
methionine- S ~, we observed a direct proportionality be- 
tween these processes. Loftfield and Eigner [13] discovered 
a similar relation in their research on the synthesis of 
ferritin in rat 's liver carried out in vivo with the aid of 
leucine-C 14 

The increase in the radioactivity of the whole liver 
protein in this work was proportional to the increase in 
the activity of the intracellular amino acids. The lack 
of  a proportion between the ratios showing the rate of 
amino acid inclusion in the protein and the active con-- 
centration of these acids by tumor and normal cells ob- 
served in the experiments with tyrosine and lysine still 
does not exclude the possibility that  there is a more com-  
plex relationship between these processes. 

Therefore, ceils of  sarcoma M - l ,  rat 's  ascitic hepa- 
toma,  and Ehrlich's ascitic mouse cancer actively con- 
centrate glycine- C 14, methionine o S ss, tyrosine- C 14 and 
lysine-C 14. The capacity of the tumor cells for the active 
concentration of amino acids was 2-8 times greater than 
that of the liver cells. 

The ratio of the inclusion rate of labeled glycine 
and methioninc in the proteins of slices of sarcoma M-1 
to the inclusion rate ot these amino acids in the liver 
proteins equalled the ratio of the uptake of these amino 
acids by the cells of the tissues named. In the case of 
labeled tyrosine and lysine, the relative intensity of in- 
clusion in the tumor protein was considerably higher than 
the relative ability of the tumor cells to concentrate these 

amino acids. 
We regard the results obtained as confirmation of 

the hypothesis that the increased inclusion of amino 
acids in tumor proteins in vitro is largely due to the 
increased ability of tumor cells to concentrate amino 

acids. 

SUMMARY 

It is shown that the cells of sarcoma M-l, ascitic 

hepatoma of rats, and Ehrlich's ascitic cancer of mice  
actively concentrate g lyc ine-C 14, methionine-S ~5, 
tyrosine-C t4, and lysine-C ~4. The uptake of amino acids 
by tumor cells is 2-8 times higher than the uptake by 

the liver cells. 
The ratio of the incorporation rate of labeled glycine 

and methionine in the proteins of sarcoma M-1 slices to 
the incorporation rate in the liver proteins in equal to the 
ratio of the uptake of the corresponding free amino acids 
by the cells of the mentioned tissues. In the case of 
labeled tyrosine and lysine, the relative rate of incor- 
poration in the tumor protein is considerably higher than 
the relative ability of the tumor cells to concentrate these 
amino acids. The results obtained are regarded as c o n -  
firmation of the hypothesis that the increased inclusion of 
amino acids in vitro in tumor proteins is largely due to 
the increased ability of tumor cells to concentrate amino 

acids. 
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