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CHANGES IN AMINO ACID METABOLISM IN DJUNGARIAN HAMSTER FIBROBLAST
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Multiple drug resistance (MDR) is one of the best studied forms of resistance of tumor
cells to cytostatics. The MDR phenomenon is characterized by reduced accumulation of the
cytostatic in tumor cells, its active transport from the cell, the presence of P glyco-
protein on the cytoplasmic membrane of resistant cells, and abolition of resistance by
Catt antagonists [1, 2]. However, despite our greater knowledge of the mechanisms of MDR,
in practice its overcoming is attended by unsolved problems. The use of Catt antagonists
leads to selection of cells with a higher level of resistance [3, 4]. The use of anti-
bodies against P glycoprotein of resistant cells is not accompanied by the destruction
of this cell population, for the number of antigenic determinants on the cell falls below
the threshold level [5]. Attempts to find differences in metabolism of sensitive and re-
sistant cells have proved unsuccessful [6].

In the present investigation an attempt was made to find differences only in con-
sumption of low-molecular-weight sources of nitrogen (amino acids) from the incubation
medium. This approach is preferable, for analysis is restricted to a small class of com-
pounds that are essential for life and activity of the cells.
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TABLE 1. Concentrations of Amino Acids in
Medium after Incubation of Cells (in pmoles/

ml)
gé%ls 5.1cells
: . lwithout [control
Amino acids | - DM zg%h'i: colchi-
y cine
cine

Asvartic acid |0,026+0,002 ] 0,006:-0,002 | 0,025+-0,004 ABS

Threonine 0,15+0,01 | 0,17%0,02 | 0,16=0,01 | 0,2340.02
ic acid | 9,19+0,01 | 0,28+0,03 | 0,24::0,03 | 0,21:0.01
8%32?&1: * 0,036+0,002 | 0,0270,007 | 0,02:+0,002 ABS
Alanine 0,19::0,007| 0,11+0,02 | 0,19+0,01 | ABS
Valine 0,12+0,01 { 0,17%0,02 | 0,15+0,01 § 0,16+0,02
Methionine 0,020,001 | 0,030,002} 0,030,001} 0,030,002
Isoleucine 0,08+0,01 § 0,134-0,01 0,09+:0,01 | 0,15=-0.01
Leucine 0,120,01 | 0,16+0,02 | 0,13x0,01 | 0,16+0,01
Tyrosine 0,06=+0,01 | 0,08+0.01 | 0,07+0,01 | 0,08:0,01
Phenvlialanine | 0.06=6,01 | 0,08+0,08 | 0,070,01 j 0,082-0,0
Lysine 0,240,03 | .,2640,04 | 0,2420,03 | 0,2:+0,06
Arginine ABS 0,18+-0,02 | 0,15+0,02 | 0,17£0,03

Legend. Cells were incubated under condi-
tions described previously [7]. DM) Strain
of Djungarian hamster fibroblasts trans-
formed by SV-40 virus; 5.1) strain of
Djungarian hamster fibroblasts obtained
from DM cells by induction of resistance to
colchicine: 5.1 with colchicine) 5.1 cells
were incubated in medium in presence of col-
chicine (5 ug/ml); 5.1 without colchicine)
cells resistant to the cytostatic, incubated
without colchicine; control) incubation
medium without cells; ABS) amino acid absent
in incubation medium.

EXPERIMENTAL METHOD

Experiments were carried out on Djungarian hamster fibroblasts sensitive and resistant
to the action of colchicine {7]. Amino acids were determined on a KLA-3B amino acid ana-
lyzer ("Hitachi"') by the method described previously [8].

EXPERTMENTAL RESULTS

The concentration of amino acids in the medium after incubation of sensitive cells
(strain DM), of resistant cells with the addition of colchicine (strain 5.1 with colchi-
cine), and resistant cells without addition of the cytostatic to the incubation medium
(5.1 without colchicine), and control samples of medium alone, is given in Table 1. The
number of cells in the different groups did not differ significantly. There was a signif-
icant difference in the aspartic acid concentration in the medium used to incubate the
DM cells and 5.1 cells with colchicine. However, this difference in the aspartic acid
concentration disappeared if the cytostatic was removed from the incubation medium of the
resistant cells. The glutamic acid and glutamine concentrations in the incubation medium
of the resistant cells with colchicine was higher (in this case these two compounds were
not separated). Concentrations of methionine, arginine, valine, isoleucine, and leucine
also were higher than in the incubation medium of the sensitive cells. Concentrations
of these amino acids after incubation of the resistant cells were the same as concentra-
tions of the amino acids in the control specimens, in which the cells were not incubated.

Thus resistant cells, on incubation with the cytostatic, do not utilize low-molecular-
weight sources of nitrogen from the incubation medium. Another interesting feature must
be noted: after incubation with both sensitive and resistant cells the incubation medium
became richer in amino acids. Amino acids such as aspartic acid, glycine, and alanine
"appeared" in it. Even assuming that "dynamic equilibrium" was observed in the incuba-
tion medium, i.e., amino acids could both enter the cell and leave it, or become converted
from one to another, this enrichment of the medium can be explained on the grounds that
the cells utilize another source of nitrogen in the medium, namely proteins. It can be
stated on the basis of the number of cells in the incubation medium and the quantity of
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amino acids and ammonia excreted that not more than 57 of protein was utilized from the
incubation medium. This low utilization of proteins explains why this effect of utiliza-
tion of macromolecules has not been studied in connection with the MDR phenomenon. Utili-
zation of protein by tumor and normal cells has been known for a long time [4]. However,
the results given above enable it to be postulated for the first time that the ratio of
utilization of high- and low-molecular-weight compounds by the cell may play a leading
role in the development of resistance to the exclusively low-molecular-weight antitumor
compounds used at the present time.

The phenomenon of preferential assimilation of macromolecules by resistant cells,
discovered in this investigation, requires further study. Probably at low levels of resis-
tance it is reversible, and resistant cells, on incubation without the cytostatic, may
‘assimilate certain amino acids from the medium. As regards the concentration of amino
acids in the medium after incubation of the cells this group occupies an intermediate
position between DM cells and 5.1 cells with colchicine.

Incidentally, in the present investigation differences in metabolism of cells sensi-
tive and resistant to the action of the cytostatic were found for the first time. Under
these circumstances, it can be determined from the concentration of amino acids in the
medium which strain of cells (sensitive, resistant with cytostatic, or resistant without
cytostatic) was incubated. The technique suggested above may prove useful for the study
of other strains of resistant and sensitive cells.
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