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Abstract—IRP-1, IRP-2 and PG are shown to suppress protein biosyntheiss in Ehrlich
ascites cells at concentrations of 10-%—10-* M. All oxyaromatic compounds investig-
gated display the same mechanism of action which differs from that of ThioTEPA
(alkylating agent).

The addition of ATP has no effect on the inhibiting action of oxyaromatic compounds
while the addition of chloramphenicol (a specific inhibitor of protein biosynthesis)
causes some suppression of the incorporation of L-C-14-amino acids.

When there is a shift of pH to the alkaline side within the range 6-4-8-0 and when
the cells are incubated in the presence of oxygen the inhibiting effect of IRP-2 and
PG becomes stronger, i.e. the suppression of protein biosynthesis occurs via inter-
mediate products of inhibitor oxidations which is in agreement with earlier conclusions
concerning isolated enzymes.

Measurement of incorporation of amino acids into cell proteins has recently become a
universal method in investigations on protein biosynthesis.!: 2

It was shown earlier that propylgallate (PG), which is a typical inhibitor of free-
radical processes (IRP), can suppress biosynthesis of cell proteins in the ascites
hepatoma in rats.®

A number of investigations carried out at our laboratory showed that numerous
oxyaromatic compounds display a marked antitumor effect.

Thus it has been considered desirable to study the effect of such compounds on
protein biosynthesis in cancer cells as compared with the alkylating agents widely used
in clinics.4~® The results of studies aimed at establishing the mechanism of action of
the inhibitors of free-radical processes are also considered.

Ehrlich ascites cells taken from 10-15 mice on the seventh day after transplantation
were used in each experiment. The ascites fluid taken from animals was added im-
mediately to 4 volumes of salt solution cooled to 0°. The solution was prepared by
mixing 0-9 per cent NaCl, 0-3 M Na,HPO, and 0-3 M KH,PO, in the ratio 5:4:1.
The cells were separated by centrifuging (5 min, 800 rev/min) and washed three times
in the cold with the salt solution. The washed cells were kept in a medium containing
0-04 M glucose in 0-05 M tris-buffer pH 7-4 at 30°. A mixture of uniformly labelled
L-C-14 amino-acids (protein hydrolyzate of Chlorella) was added at a concentration
of 0-25 uc/ml of the solution. Samples were withdrawn after certain intervals, the
proteins were precipitated by adding equal volumes of 109, trichloracetic acid (TCA).

241
Q



242 N. M. EMANUEL, L. B. GORBACHEVA and G. V. KUKUSHKINA

The precipitate was washed twice with cold TCA, heated for 20 min at 90° in a 59,
solution of TCA and then washed twice in the cold with 5%, TCA.

In order to remove all L-C-14-amino-acids that were not incorporated into proteins
the centrifuged precipitates were washed 25-30 times with 709, alcohol (10 mg of the
precipitate and 10 ml of alcohol for each washing). The washed precipitates were
dissolved in 859 formic acid and plated on aluminium discs to determine their
specific activity by means of an end-window Geiger counter using the routine
equations.®

Kinetic curves for protein biosynthesis were plotted from the data obtained. The
incorporation of amino-acids was usually completed in 60-90 min.

The maximum (limiting) incorporation of amino-acids in the control was taken as
unity. In order to make sure that the L-C-14-aminoacids added to the cell suspension
were bonded into the polypeptide chain and not added in any unspecific way (for
example through NH,, SH-groups or by hydrogen bonds) protein precipitates were
treated with performic acid, ninhydrin and urea (6-2 M).1° It was found that the specific
activity of protein precipitates always rematned unchanged.

The following compounds were studied: the hydrobromide of 4-oxy-3,5-di-tert-
butyl benzylamine (IRP-1),11 the water soluble hydrochloride of 4-oxy-3,5 di-tert-
butyl-N-N (B-oxyethyl) benzylamine (TIRP-2) (12), PG, thioTEPA and sarcolysine.

PG and sarcolysine had been dissolved in the buffer solution before the experiment,
IRP-1, TRP-2 and tioTEPA were added to the mixture ‘as powders since they dissolve
readily in water.
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FIG. 1. Incorporation of L-C-14-amino acids as a function of the concentration of inhibitors and
alkylating compounds. I-IRP-2; 2-IRP-I; 3-PG; 4-thioTEPA; 5-sarcolysin.

The incorporation of amino acids (the control being taken as unity) as a function of
the concentration of the chemical compound is shown in Fig. 1.

The suppression of protein biosynthesis by all oxyaromatic compounds occurs at
very low inhibitor concentrations, a 10~* M concentration of IRP-2 ensuring almost
complete suppression of the process.
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To suppress, for example, 50 per cent of the incorporation into proteins the concentra-
tion of ThioTEPA should be 200 times higher than that of IRP-2. The concentration
of sarcolysin which had been used in our experiments (3-4 x 10—-3-1-7 x 102 M)
proved insufficient for suppression of biosynthesis.

It will be pointed out that the nature of the incorporation dependence on the con-
centration of the preparation is different for oxyaromatic compounds and for Thio-
TEPA.

The limiting incorporation as a function of the concentration of any oxyaro-
matic compound used in our experiments may be expressed by the following equation:

1

§:1+KC+K2C2

0,

where £ is the relation of the limiting incorporation in the presence of the inhibitor to
that of the control; C is the concentration of the inhibitor and K is a certain constant
characteristic of the given inhibitor.

It is evident from the above that:

! 3)ekc+i @,
«/(f 7)

1 3
J (E — <7) thus being a linear function of the inhibitor concentration.

It will be seen from Fig. 2 that there is a good fit between experimental data on the
action of inhibitors, represented in respective coordinates, and the straight lines; the
kinetic curve for the suppression of protein biosynthesis by ThioTEPA could not be
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Fi1G. 2. Alternative expression (see text) for inclusion of amino acids into proteins as a function of the
concentration of inhibitors.
(1)-IRP-2; (2)-IRP-I; (3)-PG.
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straightened for these coordinates. This indicates that the mechanism of the protein
biosynthesis suppression by oxyaromatic compounds is different from that for
alkylating agents.

It was showed earlier'®: ¥ that inhibitors of free-radical reactions suppress the
activity of oxidative-reductive enzyme processes.

One of the results of the suppression of these enzyme process is the disturbance of
biosynthesis of the adenosintriphosphate acid (ATP) which, in turn might account
for the suppression of protein biosynthesis.

Figure 3 shows that in the presence of ATP (10 uM in the incubating medium)
the incorporation of amine acids into cell proteins is increased by some 20 per cent.
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FiG. 3. The effect of ATP and IRP-2 on the incorporation of L-C-I4-amino acids into Ehrlich ascites
cell proteins.
{1)-control; (2)-control + IRP-2 2-78 x 10~* M;
(3)-control + ATP 10 uM;
(4)-control + ATP 10 uM -+ IRP-2 2-78 x 10-* M.

In the presence of an inhibitor the decrease in incorporation with addition of ATP
is the same as without ATP,i .e. the addition of ATP to the system does not affect the
inhibiting action of IRP-2.

These data corroborate the conclusion that even if some disturbance of the ATP
synthesis occurs in cells it is not sufficiently strong to inhibit the activation of amino
acids.
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The suppression of the incorporation of L-C-14-amino acids might be conceived as
occurring at later stages of protein biosynthesis. Chloramphenicol is known to
suppress protein biosynthesis specifically, inhibiting the transfer of amino acyl-RNA
to ribosomes.’® In our experiments a chloramphenicol concentration of 3-1 mM
suppressed the incorporation of L-C-14-amino acids into Ehrlich ascites cells by 20
per cent that of 6:2 mM by 35 per cent and that of 9-3 mM by 80 per cent.

The results obtained show good agreement with published data.!s, 17

In the presence of both chloramphenicol and IRP-2 the inhibiting effect is additive
and this indicates that these compounds act independently (Fig. 4).
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FiG. 4. The effect of IRP-2 and chloramphenicol (CP) on the inclusion of amino acids into proteins
of Ehrlich ascites cells.
(1)-control; (2)-control + CP 6-2 x 103 M;
(3)-control + IRP-2 27 X 10—t M;
(4)-control + CP 62 x 10-* M + IRP-2 5-27 x 10* M.

Model systems should be used in order to find out where the chain of protein
biosynthesis is broken. Oxyaromatic compounds may interact with SH-groups of
enzymes participating in protein biosynthesis, or have an effect on the synthesis of
RNA in cancer cells.18 19

It was shown recently in our laboratory?° that increase in the medium alkalinity of
the medium results in a higher rate of inhibitor oxidation. It was shown earlier that
the activity of the isolated lactate dehydrogenase is suppressed by intermediate
oxidation products of PG.
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It may be suggested that if intermediate products of inhibitor oxidation are active
towards ascites cell suspensions in buffer solutions, shifting of pH to higher alkalinity
would resultin a higher suppression of protein biosynthesis. The experiments followed
the ordinary scheme using a 0-05 M tris-buffer with 0-04 M glucose, the pH ranging
within 6-4-8-0. Shifts of pH to the more acidic or more alkaline values beyond this
range are impossible: in the first case the incorporation of L-C-14-amino acids prac-
tically terminates and in the second the cells are lysed.

The suppression of protein biosynthesis by IRP-2 inhibitor as a linear function of
the pH of the medium is shown in Fig. 5. It will be seen that as pH of the medium
shifts to alkalinity the suppression of protein biosynthesis becomes more intensive,
which warrants the suggestion that intermediate products of the inhibitor oxidation
display an inhibition even at the cellular level. ’
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FiG. 5. The suppression of protein biosynthesis by IRP-2 inhibitor as a function of the medium
(concentration of IRP-2 2-8 x 10-* M).

This is also corroborated by experiments on suppression of protein biosynthesis
when the cells are exposed to a flow of oxygen.

In the presence of oxygen the oxidation of PG and IRP is more ready, and the
suppression of protein biosynthesis becomes stronger than in the presence of air.

PE3IOME

B pmanHo#t pa6ore GbUI0 IOKA3aHO, WYTO PHK OKCUAPOMATHUYECKUX COE[MHEe-
HU#t-HHTIOGUTOPOB CBOGORHO-pasuKaibusx 1poueccos (MPII-1, APII-2 u IIT) nog-
aBiIAKwT GMOCHMTes 6eiaKa B KIETHAX ACUMTHOTO paka SpamMXa NpU KOHUEHTPAUUsIX
10-4-10-* M. Bce nccieioBaHHEE OKCMApOMATHHECKMe cOefUHenus obmagawr ol
MEX3HMBMOM JelicTBMA, OThu4HbM oOTf rakosoro mas TuoT9®a (axxumupyiouiero
areuTa).

Jobasnenue ATQ® r cucremMe He cumrMaeT MHrHOHPYIOWIETO [elCTBHA OKCUAPO-
MATHHMEeCHNX cCOefuHenuit, B To BpeMs Kak Ro0aBKa xjopampeHuKona (cuenupuieckoro
uHrufuropa GuocwmTesa Oeika) ycHIMBAaeT NofaBienue Brimouenna L-C-14-amu-
HOKMCJIOT,
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Howrazano, uyto upn casure pH B wenounyio cropouy or 6.4-8.0 u npu nuryGanun
KiaeTox B arMocepe Kucaopopa uurubupyromee pedicrsme WUPI-2 n I yenau-
BaeTCH, T.e. MogaBieHne OMOCHHTEe3A 0eNKA B KIETKAX OCYIHECTBJIACTCH IPOMEMY-
TOYHMMHU $OpMaMy OKKCAEHHA HMHFUOMTOPA, YTO COTJIACYETCA CO CAENAHHBIMK paHee
BHBOJAMM npu paboTe ¢ H30JUPOBAHHBIMM (PepMeHTaMH.
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