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1. Introduction

Ochratoxin A (OT-A), a mycotoxin composed of
a phenylalanine moiety bound by an a-amide bond to
a chlorinated dihydroisocoumarin is highly toxic for
some microorganisms [1] as well as for higher animals
[2] essentially causing liver and kidney damage. It
inhibits protein synthesis by competition with
phenylalanine in the phenylalanyl-tRNA synthetase
catalyzed reaction as has been shown either with
bacterial or with yeast systems [1,3,4]; but on
animal cells neither this effect nor the effect on
nucleic acid synthesis has yet been tested, In this
paper we have determined the amount of OT-A neces-
sary to completely inhibit protein synthesis in
hepatoma tissue culture cells (HTC) and have also
tested its activity on DNA and RNA synthesis. Finally,
since OT-A is a competitive inhibitor with respect to
phenylalanine, we have tested the capability of this
amino acid for reversion of the mycotoxin action.

2. Materials and methods

HTC cells were derived from a malignant tumour
of rat liver parenchymal cells (Morris hepatoma 7288¢)
and adapted to growth in cell culture by Thompson
et al. [5], Cells (initial concentration: 2.8 X 10° cells/
ml) were grown in Swim’s medium 77 supplemented
with 10% calf serum (Lab. Gibco-Flobio France) at
37°C in shaker suspension cultures (30 or 45 ml).
Their generation time was approximately 1828 h,
and growth continued for 3 to 4 days, before reaching
stationary phase.
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For determinations of cell multiplication 1 ml
samples were removed and the number of viable cells
was determined by Trypan blue dye exclusion in a
Neubauer microcytometer. The rate of cell multiplica-
tion was defined as the number of viable cellsin a
treated culture with respect to the initial number of
viable cells. We have assumed that a certain concen-
tration of toxin has a cytostatic effect when the
number of viable cells remains constant, and that it
has a cytotoxic one when this number diminishes.

For determinations of HTC cell protein synthesis
the cells were centrifuged at 600 X g for 5 min at
4°C. The pellet was washed 4 times with 10 ml Swim’s
medium 77. Washed cells were then resuspended in
Swim’s medium 77, which is 200 uM in leucine, but
without calf serum, to a final concentration of
3 X 10° cells/ml in shaker suspension culture of
30 ml. It must be emphasized that Swim’s medium
77 contains 100 uM phenylalanine. OT-A and U-[*H]-
leucine (14 pmol/30 ml) (C.E.A., Saclay, France:
spec. act. 35 Ci/mol) were added simultaneously and
the cells were incubated in a shaking waterbath.
Samples of 200 ul were removed and transferred into
1 ml of 1 M NaOH and incubated at 25°C for 30 min.
Protein was precipitated by addition of 1 ml of cold
20% trichloroacetic acid. After 60 min at 4°C the
contents of each tube were filtered through Whatman
GF/C glass filters under vacuum. The filters were
washed twice with 5% trichloroacetic acid and once
with 95% ethanol and were dried 30 min at 60°C.
Radioactivity was counted in an Intertechnique SL32
scintillation counter as described earlier [6].

For cell DNA and RNA synthesis 45 ml HTC cell
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suspension cultures, with approx. 3 X 10° cells/ml,
were incubated at 37°C on a hanging bar magnetic
stirrer with 1.6 mg OT-A per flask and 0.3 ml [6-H]-
thymidine or [6-*H]uridine (spec. act. 46 Ci/mol).
Every 15 min 0.2 ml suspension culture was removed
and the reaction was stopped by addition of 1 mi
cold 20% trichloroacetic acid. The reaction mixture
was filtered through Whatman GF/C glass filters
under vacuum. The filters were washed 5 times with
10% cold trichloroacetic acid, twice with 95% ethanol
and dried at 60°C for 1 h. Each filter was burned in
an Intertechnique 4101 liquid scintillation sample
oxidizer and the so obtained [°PH]H,0 samples were
collected in vials containing 20 ml of scintillation
mixture (dioxane 700 mi, toluene 300 ml, naphthalene
20 g/t and butyl-PBD 7 g/1) and counted. All assays
were done in triplicate and only the average values are
reported.

For the study of the reversibility of OT-A action
80 ml of cell suspension (3 X 10° cells/ml) in Swim’s
medium 77 were treated with 90 uM OT-A and
0.5 uCi of [U-*H}leucine. Non-radioactive phenyl-
alanine (50 uM, pH 7.4) was added at different times.

3. Results

Figure 1 shows that between an OT-A concentra-
tion of 40 uM and 45 uM a cytostatic effect on HTC
cells is obtained. Higher concentrations have a
cytotoxic effect. At a 90 uM concentration of OT-A
the [*H]leucine incorporation into proteins is inhibited
after about 30 min and reaches a plateau at Sh
(fig.2A). A second experiment was done in which the
cells were preincubated with 90 uM OT-A for 5 h and
[*Hlleucine was added after this time. No leucine was
incorporated into cell proteins indicating that protein
synthesis was completely blocked by OT-A after this
time (not shown).

The action of OT-A on the synthesis of DNA in
HTC cells was followed by the use of [*H]thymidine.
No inhibition was found for 5 h (fig.2B). RNA synthesis
continued at control rates for 150 min in the presence
of OT-A; after that time the [*H]uridine incorpora-
tion ceased, suggesting inhibition of RNA synthesis
from that time onward (fig.2C).

3.1. Reversibility of the action of OT-A
Since OT-A acts with respect to phenylalanine as
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Fig.1. Rate of HTC cell multiplicaticn in presence of different
concentrations of OT-A. e——e control;2-—-4 OT-A 13 uM;
4—4a0OT-A 27 uM; 0—0 OT-A 40 uM;=—w» OT-A

45 uM; *——* OT-A 60 uM; o—o OT-A 90 uM.

areversible inhibitor on phenylalanyl-tRNA synthetase
it was of interest to test if its action on cell growth
and on cell protein synthesis could be reversed by
phenylalanine. Preliminary assays were done to test
the action of this amino acid on cell protein synthesis.
When 25 uM and 50 uM phenylalanine were added to
the Swim’s medium 77, which already contains

100 uM phenylalanine, the cells incorporated [*H]-
leucine into proteins at control rates, whereas when
100 uM phenylalanine is added a slight inhibition was
found. We, therefore, add 50 uM of phenylalanine for
the subsequent assays.

The inhibition of cellular growth by a 90 uM con-
centration of OT-A could be completely avoided by
the addition of 50 uM of phenylalanine to the cell
medium simultaneously with the mycotoxin (fig.3).
Under the same conditions no inhibition of incorpora-
tion of [*H]leucine into proteins (fig.4A) or [*H]-
uridine into RNA was observed.
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Fig.3. Impairment of the inhibition of OT-A on HTC cell
multiplication by added phenylalanine. #——e control;
a——a control + 50 uM Phe; o——a control + 100 uM Phe;
0-—o0 OT-A 90 uM + 50 uM Phe; o——o OT-A 90 uM.
Remark: Allindicated phenylalanine concentrations represent
phenylalanine added to Swim’s 77 medium which already
contains 100 uM phenylalanine.

If however the phenylalanine was added to the
cells after 60 min or 120 min of incubation with the
toxin, the protein synthesis started again, but after a
lag time of 2 h (fig.4B,C).

A similar response was observed with RNA
synthesis.

4. Discussion

The cytostatic and cytotoxic effect of OT-A on
HTC cells parallels an inhibition of protein synthesis
starting 30 min after addition of a concentration of
90 uM of OT-A. 5 h after addition no more protein
synthesis takes place.

Fig.2. Inhibition of protein (A), DNA (B) and RNA (C)
synthesis by OT-A. #——e control; o——o OT-A 90 uM
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Fig.4. HTC protein synthesis. Reversibility of the OT-A inhibition by phenylalanine. (A) Phenylalanine added at zero time. (B)
Phenylalanine added after 60 min of incubation, {C) Phenylalanine added after 120 min of incubation. e——e control; 4 ——o
control with 50 uM phenylalanine; A-——4 control with 100 uM phenylalanine; 0—0 OT-A 90 uM + 50 M phenylalanine;

003 QT-A 90 uM. Same remark as in fig.3.

The action of OT-A on RNA synthesis in HTC
cells is delayed and begins only after treatment for
150 min. After 5 h no more RNA synthesis takes
place. Therefore the effect of OT-A on RNA synthesis
is probably a consequence of the effect on protein
synthesis. No inhibition of DNA synthesis takes place
into this time range. »

As we have shown, OT-A-induced inhibition of
protein synthesis can be completely prevented if
phenylalanine is present simultaneously in the cell
culture medium at a concentration of 50 uM. This
effect has never been observed before in mammalian
cells. The reversal of inhibition could be interpreted
as an impairement of entry of OT-A into the cells by
a competition with some cell receptor for phenyl-
alanine. But even if phenylalanine is added to the
cells 2 h after OT-A (at a time when OT-A has almost
completely blocked cell protein synthesis, fig.24), its
action can be reversed. This reversal takes place after
a lag time which probably represents the time neces-
sary for phenylalanine to reach a concentration inside
the cell which is high enough to compete effectively
with the mycotoxin.

1t should be of considerable interest, to find out if
in OT-A poisoned animals phenylalanine will behave
as an antidote. Experiments in this direction are in
progress.
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