BIOCHEMISTRY AND BIOPHYSICS

THE CORRELATION BETWEEN THE ACTIVE CONCENTRATION
OF LABELED AMINO ACIDS BY THE CELLS, AND THEIR INCLUSION
IN THE PROTEINS OF TUMORS AND NORMAL TISSUES OF EXPERI-

MENTAL ANIMALS IN VITRO
K. A. Perevoshchikova

Laboratory of Biochemistry (Head —Prof. 1. B. Zbarskii, Scientific Director— Corresponding
Member of the AMN SSSR A. 1. Savitskii) of the P, A, Herzen State Oncological Institute

(Director—Prof. A. N, Novikov), Moscow

(Presented by Active Member of the AMN SSSR A. E.:Braunshtein)

Translated from Byulleten' éksperimental'noi biologii i meditsiny Vol. 49, No. 2,

pp- 73-77, February, 1960.
Original article submitted February 6, 1959,

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 inclusion of labeled amino acids 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]. In homogenates and other acellular prepara-
tions made from tumors, this process is no more intense

than in analogous 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 cells to concentrate amino acids.
Because tumor cells (ascitic cells of Ehrlich’s cancer)
possess a heightened ability to accumulate amino acids
[11], 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-CM
methionine-s% lysine-1~C™ and tyrosine-1-C! by the
cells of Ehrlich's ascitic mouse cancer, sarcoma M-1,
and rat's ascitic hepatoma.*

The normal tissue used for purposes of comparison
was that of rat liver. Two-hundred mg sections were in-
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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 mi
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
neutralized 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 10 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-
centrated 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 Pathology and Therapy,



TABLE 1. Concentration of Glycine-C¥, Methionine- %, Lysine- C** and Tyrosine- C*in vitro by Tumor

and Liver Cells from Rats and Mice. Ratio of number of impulses per minute in a protein-free filtrate of cells
or sections to the number of impulses per minute in an equivalent volume of the incubation medium (30-minute
incubation at 37.8° in Robinson's medium. Average values from 7-15 experiments)

Tmraceliular gly- | Intracellular methi-{Intracellular ly- {Intracellular
cine-c4 onine- % sine-c14 tyrosine~ cH
Tumor Glycine~-C¥inin-| Methionine-s%¥in |Lysine-G"inin- Tyrosine~C*
cubation medium | incubation medium |cubation medium| incubation
' medium

Rat's sarcoma M~1 ........... 4.1+0.30 3.0 2.0+ 0,08 2.3+ 0.20
Ebrlich's ascitic mouse sarcoma .. .| 8.5+ 1.70 - 3.1 2.9
Rat’s asCiticsarcoma . . ¢ cv v e v e 3.3 - 2.1 -
Ratliver.............. ..o 13£0.24 1.4 0.8+0.14 1.3+ 0.10
Mouse liver. . o .veaeevvanns 1.3 - - -

TABLE 2. Correlation Between the Active Concentration of Amino Acids and Their Inclusion in the Proteins of

Rat's Sarcoma M-1 and Rat Liver

Radioactivity of free Radioactivity of umor
Amino acids used Nurmber of ecigﬁxsm acids in tumor Number of | Proteins
experiments experiments -

Radioactivity of free - Radioactivity of liver

amino acidsin liver cells proteins
Glycine- C* 14 2.9 0.26 15 2.8 0.29
Methjonine- §% 5 2.0 5 1.7
Tyrosine~C* 9 1.8+ 0.26 10 6.32 0.75
Lysine-C' 9 2.0+ 0.17 9 9.0+ 1.5

glycine was most actively concentrated by the cells of
Ehrlich's ascitic mouse cancer (an average of 8 1/2 times).

In some of the experiments, the concentration of
glycine inside the ascitic cancer cells was 20 times higher
than the content of this amino acid in the incubation
medium. The variations in the concentrating activity of
the cells were probably due to disregarded biological
factors, Comparing the individual experiments gave us
reason to suppose that the stage of the tumor's development
if of essential importance.

The concentration of lysine and tyrosine by ascitic
cells of Ehrlich's cancer is less intense than that of glycine,
but less variable. In almost all the experiments, the
concentration of tyrosine and lysine within the cancerous
cells was 2-3 times higher than the concentration of these
substances in the medium.,

The effect observed with the sections of solid tumors
was similar. For example, the ratio of the glycine con-
centration in the cells of sarcoma M-1 to that in the
incubation medium was 4,1, In individual experiments,
this ratio reached 8-11, The use of Alexander's method
for quantitative determination of glycine produced re-
sults which coincided with the data obtained from the
determination of radioactivity; in the succeeding experi-
ments, therefore, we used only the isotope method. The
concentration of lysine-G' and tyrosine~-C in the cells

of sarcoma M-1 was twice that in the incubation medium.
The concentration of the amino acids in the cells of rat's
ascitic hepatoma was 2-3 times higher than in the exter-
nal environment. Therefore, the tumor cells in the ex-
perimental animals were extremely active in regard to
the concentration of amino acids. Moreover, the concen-
tration of the experimental labeled amino acids in the
rat and mouse liver cells was only 1.3 times higher than
their concentration in the medium, The concentration
of lysinfa-c14 in the liver cells was even lower than in the
incubation medium,

A comparison of the concentrating activity of the
cells with the inclusion of amino acids in the cells’ pro-
teins (Table 2) will show that the rate of glycine-c
and mehtionine~- $® inclusion in the proteins of sarcoma
M-1 and rat liver was practically proportional to the
ability of these cells to concentrate these amino acids.

In fact the ratio of the radioactivity of the free amino
acids of the tumor to that of the liver was almost identi-
cal to the ratio between the radioactivity figure for the
proteins of these cells. These ratios were 2.9 and 2.8
respectively for glycine and 2.0 and 1.7 for methionine
(see Table 2). The individual experiments as well as

the average values showed this conformity. In one of the
experiments, for example, the ratio of the active concen-
tration of amino acids by the cells of a sarcoma M-1 to



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-Cw was an average
of 1.8 times higher in the wumor cells than in the liver
cells. The rate of tyrosine inclusion in the tuimor proteins
was 6 times higher than the inclusion of this amino acid
in the liver proteins. In this case, as in the case of ly-
sine (for which these figures were, respectively, 2 and 9),
with the relatively high concenmration of these amino
acids by the tumor cells, their inclusion in the protein as
compared with the liver cells was considerably higher than
their concentratability. In other words, under the experi-
mental conditions described, the ability of the cells 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],

wmor 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 cells, the ability of tumor
cells 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 cells of Ehr-
lich's cancer, have only been used as a convient object
on which 1o study the mechanism of active concentration.

Ouwr experiments showed that cells of sections of
sarcoma M~-1 and rat's ascitic hepatoma, as well as ascitic
tumor cells, possess a greater ability in experiments in
vitro than liver cells for the active 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 pericd.

The high concentration of amino acids by tumors
is evidently connected with the rate of protein synthesis.
In fact, cells of tissues in which the processes of protein
synthesis are extremely intense are especially active 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 particalarly
interesting. For example, the concentration of glycine
in the skeletal muscles of a guinea pig fetus [see 7] is
three times higher than that in themuscles of the mater~
nal organism.

Neoplastic cells concentrate amino acids especially
actively. In our experiments, the glycine uptake by the
ascitic cells of Ehrlich's cancer was an average of 8.5
times (in some experiments, 16-20 times) the uptake by
the incubation medium, while the uptake by the cells of
sarcoma M-1 was up to 7-8 times (an average of 4 times)
the uptake by the medium. The accumulation of the
other amino acids by these cells (lysine~ G, tyrosine~
¢ methionine- 83") was semewhat 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 glycine- C* and
methionine- 5%, 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 camied out in vivo with the aid of
leucine~-C*

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 tyrosiné and lysine still

does not exclude the possibility that there is a more com=~
plex relationship between these processes. '

Therefore, cells of sarcoma M-1, rat's ascitic hepa-
toma, and Ehrlich's ascitic mouse cancer actively con-
centrate glycine- C¥, methionine- $%, tyrosine- 4 and
lysine~C'%, 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 methionine 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 uptak'e 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~1, ascitic
hepatoma of rats, and Ehrlich’s ascitic cancer of mice
actively concentrate glycine- ¢, methionine- s%,
tyrosine-C*, and lysine-C' 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 con-
firmation of the hypothesis that the increased inclusion of
amine acids in vitro in tumor proteins is largely due to
the increased ability of tumor cells to concentrate aming
acids.
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