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1. Introduction

In the last few years, evidence has been accumu-
lated showing that gene expression in eukaryotic
cellsis not only regulated at the level of transcription,
but also at post-transcriptional steps (reviewed [1]).

Tyrosine aminotransferase (TAT, EC 2.6.1.5.)
has several distinctive features which have made this
enzyme a convenient model for investigation of
protein synthesis in hepatoma cells [2,3]. As an
approach to the problem of regulation of TAT by
glucocorticoids, we investigated the synthesis of the
enzyme in cell-free systems where the translational
control of specific mRNAs and the mechanisms in
post-translational processing could be studied in detail.

In this paper, we have examined the in vitro
synthesis of TAT in a homologous cell-free system
from dexamethasone-induced or uninduced hepatoma
tissue culture (HTC) cells. Since the rate of TAT
synthesis is greater in extracts prepared from induced
cells than from uninduced cells, we tried to deter-
mine which cellular components are required for the
expression of this increased rate of synthesis. Our
results show that induction enhances largely the TAT
synthetic activity of the polysomal fraction; in addi-
tion, the soluble fraction from induced cells contains
a dialysable component which optimizes TAT specific
mRNA translation. These results are consistent with
the observations made in whole cells which suggest
that enzyme induction results from an increase in
enzyme-specific mRNA and that TAT synthesis is
also regulated at the translational level [4].
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2. Materials and methods

2.1. Reagents

The synthetic glucocorticoid, dexamethasone, was
kindly provided by Roussel-UCLAF Co. (Romainville).
[*H]Leucine (40 Ci/mmol) was purchased from CEA
(Paris). Pyruvate kinase, aurintricarboxylic acid and
spermine were products from Sigma (St Louis, Mo.).
Tissue culture media were obtained from Grand Island
Biological Co.

2.2. Growth of cells

Suspension cultures of HTC cells were grown in
S-77 media with 10% calf-serum [5]. For hormone
induction, dexamethasone was added to final conc.
107% M, 12 h before harvesting the cells. TAT enzymic
activity was assayed by the method in [6]. Protein con-
centration was determined by the Lowry method [7].

2.3. Preparation of ‘S-20° 20 000 X g supernatant
The cells were harvested by centrifugation at room
temperature at a density of 4—6 X 10%/ml and wash-
ed twice, once with ice-cold 0.14 M NaCl and then
with buffer A (2.5 mM Tris—HCl, pH 7.6, 25 mM
KCl, 5 mM MgCl,). The cell pellet was resuspended
in 1 vol. buffer and subsequent steps were performed
at 4°C. After hypotonic swelling for 10 min, the cells
were homogenised with 20 strokes in a Potter-Braun
tissue grinder with a tight-fitting pestle. The homo-
genate was brought to 0.25 M sucrose (by adding
about 0.3 vol 2 M sucrose solution), and centrifuged
at 20 000 X g for 20 min. The overlaying lipid layer
was removed and the remaining supernatant ‘S-20’
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fraction used in the amino acid incorporating system
as in {8].

2.4, Preparation of dialysable factors

The pellet of induced cells was homogenised in
10% strength buffer A without sucrose and centri-
fuged at 105 000 X g for 60 min, The supernatant
was dialysed (Visking tubing 18/32) under vacuum
(400 mm Hg pressure). The dialysable material was
concentrated to 0.1 vol. by lyophilisation. Mg**, Ca*",
K*, Na* and Cl~ concentrations have been measured;
they represented less than 5% optimal ionic concen-
trations used for cell-free incubation where 0.1 vol.
the concentrated dialysate was added to 1 vol. freshly
prepared ‘S-20° supernatant.

2.5. Characterization of the translation products

In order to measure TAT synthesis, 5—10 ml reac-
tion mixture were incubated before being centrifuged
at 100 000 X g for 90 min, The labelled TAT was
selectively precipitated from the released soluble
proteins using specific anti-tyrosine aminotransferase
antibody and carrier TAT as in [8]. To control the
amino acid incorporation, 25 ul samples were removed
and spotted on Whatman 3MM disks, and the acid-
precipitable radioactivity was determined by the
method in [9]. Synthesis of ferritin was measured
by radioimmunoprecipitation as in [10].

3. Results

3.1. Influence of the origin of the polysomes

The ‘S-20° extracts prepared from dexamethasone-
induced or uninduced cultures were centrifuged in
order to separate the polyribosomes from the
105 000 X g supernatant fraction. The polyribosomes
from both types of cells were resuspended in the
supernatant layer obtained from either induced or
uninduced cells. The ‘recombined §-20’ were incubated
and assayed for total amino acid incorporation,
released polypeptides, TAT and ferritin synthesis.
The amount of radioactivity incorporated into total
acid precipitable material by the ‘recombined S-20°
was "~66% that incorporated by unfractionated
extracts (results not shown); this decrease is probably
due to damage to polyribosomes or to their incomplete
resuspension.
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Fig.1. Influence of the polyribosome fraction (P) and the
105 000 X g supernatant (8) from uninduced (U) and dexa-
methasone-induced (I) cells on the amino acid incorporation
into proteins. TAT and ferritin synthesis were estimated by
immunoprecipitation in 1 ml or 2 ml samples of the release
as reported in section 2. The values are the mean of duplicate
measurements,

As shown in fig.1, for any recombination, the
labellings were very similar in total proteins, in the
released proteins and in ferritin which was choosen
as an internal uninducible protein control [10]. The
incorporation into TAT was 10-times greater in the
homologous recombined extract prepared from
induced cells (P;—S;) than in the corresponding
preparation from uninduced cells (Py;—Sy). The
activity of the celi-free systems reported here reflects
the rate of TAT enzymic activity measured in whole
cells at the time the extracts were made. TAT synthesis
carried out by heterologous recombinations was
determined largely by the origin of the polyribosome
fraction. Nevertheless, the source of supernatant is
not negligible. The addition of the supernatant from
induced cells (S) to polysomes from uninduced cells
(Py) led to a 2-fold increase of the basal level; this
result could be due to some messenger molecules in
the supernatant from induced celis or to a difference
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Fig.2. Influence of dialysis of the ‘S-20° 20 000 X g super-
natant extract, The extracts from dexamethasone-induced
cells were dialyzed twice for 30 min (Visking tubing 18/32)
against buffer A in the presence or in absence of hormone
{Dex) prior incubation with [*H]leucine. In the experiment
represented in the last column, the concentrated dialysate
(X) was added for incubation as described in section 2.

in the concentration of some unknown supernatant
component. When the supernatant from uninduced
cells was incubated with the polysomal fraction from
induced cells, the amount of TAT synthesized dimin-
ished by 40--50% relative to optimal synthesis (P;—S;).
Even so, TAT synthesis remains 435 times higher
than the basal level.

3.2. Influence of dialysis

The dialysis of the induced ‘S-20’ extract dimin-
ished the internal pool of amino acids and consequently
led to a higher (2-fold) incorporation of labelled
amino acids (fig.2). In these conditions the synthesis
of ferritin remained constant whereas TAT synthesis
diminished significantly as compared to the control

FEBS LETTERS

September 1978

(50—60%). As the maintenance of specific protein
synthesis might depend on the continuous presence
of the inducing hormone, dialysis was conducted in
the presence of dexamethasone. Even in this case,
TAT synthesis decreased in the same proportions.
This result cannot be explained by a phenomenon of
rapid degradation of the specific mRNA for TAT in the
absence of the inducing hormone as observed [11]
for the ovalbumin mRNA after withdrawal of
oestrogen.

We next incubated the dialyzed *S-20° extract from
induced cells with a dialysate from induced cells. In
these conditions, the specific rate of TAT was restored
to the induced level (fig.2). When the dialysate was
added to the ‘S-20" extract from uninduced cells, we
observed the same 2--3-fold increase in specific rate
of TAT as that measured by adding the supernatant
from induced cells to the polysomes from uninduced
cells (Py—Sy, fig.1).

3H cpm x10-3 in immunoprecipitate (s-~-s)

Total incorporation of H-leucine (¢cpmx10"Yml) (a—a)
S
1

W
-

Mg**[m]

Fig.3. Dependence of TAT synthesis on Mg** concentration.
Total protein synthesis (& a) was measured by the
amount of [*H]leucine incorporated. Specific synthesis of
TAT (»— — —s) was measured by immunoptrecipitation and
is expressed as % total protein synthesis for each given Mg*
concentration {mean value of 3 different determinations).
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Table 1
Effect of spermine on protein synthesis

Cellular origin  [Spermine]

Radioactivity in

% Total released

of extract (mM) released polypeptides radioactivity in TAT
(cpm/mg protein X 10°%) cpm in TAT X 100 .
(cpm in total released proteins )

$20-1 - 2.6 0.20
§20-1 - 5.1 0.11
dialyzed 0.100 5.0 0.17

0.200 3.7 0.16
S20-U -~ 2.4 0.02

0.100 2.3 0.04

0.200 1.7 0.03

‘820’ extracts prepared from dexamethasone-induced (I) and control (U) cells were harvested with
[*HJleucine and the radioactivity into the released protein fraction was determined as indicated in
section 2. The radioactivity incorporated into TAT was measured by immunoprecipitation as in [9]

3.3, Nature of the dialysable component

Only circumstantial evidence can be provided about
the real nature of the active component. It could not
be precipitated with ethanol even in the presence of
carrier RNA. The component resisted heating for
5 min at 80°C. Mixing with Norite [12], which nor-
mally binds nucleotides, did not retain the dialysable
activity; these observations weigh against an involve-
ment of small molecular weight RNAs as described
[13,14].

Since the unidentified component was dialysable,
its molecular weight must be relatively low. In view
of these results and in connection with reports [15,16]
dealing with the stimulatory activity of polyamines
in cell-free protein biosynthesis, we investigated the
effect of spermine in our system. Spermine was
assayed at the Mg?" concentration yielding maximum
synthesis of TAT which also yields maximum incor-
poration of leucine into total proteins (fig.3). Table 1
shows that 1 mM spermine restored almost the activity
of the dialyzed induced ‘S-20’ extract. Nevertheless -
spermine was less active than the dialysable compo-
nent. Over 0.1 mM, spermine inhibited total protein
synthesis.
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4. Discussion

In vivo experiments had suggested that an accumu-
lation of TAT-specific RNA [17] and an increase in
the concentration of ribosomes engaged in TAT
synthesis [18] occur on induction. These results
imply that the concentration of active TAT mRNA
is elevated in the induced state. The experiments
described in the present paper are in accord with this
idea, since the polyribosome fraction from induced
cells is more active in cell-free TAT synthesis than
the same fraction from uninduced cells, irrespective
of supernatant content,

Our results indicate less translation (40—50%)
of mRNA coding for TAT in the polysomes of HTC
cells in the presence of 105 000 X g supernatant from
uninduced cells or from induced HTC cells when the
supernatant was pre-dialyzed. A similar lack of stimu-
lation was observed with the supernatant from Zajdela
hepatoma cells which are not inducible [19]. It is
possible to restore the activity of the dialyzed extracts
by adding back the concentrated dialysate to the
incubation mixture. It therefore appears that the
level of TAT synthesis may be regulated by compo-
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nents other than the level of the specific mRNA for
TAT. A positive translational stimulation of the TAT-
mRNA superimposed on the transcriptional control
might explain these observations,

The active soluble component(s) could be linked
to the activity of polyamines. However, spermine,
which is the most effective and acts at the lowest
concentration for the in vitro synthesis of albumin
[20], did not appear as active as the dialysable
component itself. But spermine could require differ-
ent Mg?' concentrations for optimal TAT synthesis and
total protein synthesis as observed for various proteins
in other systems [20—22]. Involvement of poly-
amines in hormonal effects have been shown not only
in vitro but also in vivo, especially during milk protein
synthesis [23] . Further experiments would be neces-
sary to investigate whether a hormonal control of
polyamine synthesis (spermine, spermidine or put-
rescine) exists in HTC cells under glucocorticoid
treatment.

Another question remains to be solved: at which
step is the soluble component operative? The trans-
lational control of TAT synthesis could be elicited
theoretically at initiation, elongation or termination.
The synthesis of most major proteins is limited by
initiation. In our post-mitochondrial hepatoma cell
system, essentially completion of nascent TAT chains
was occurring as aurin-tricarboxylic acid used at
0.1 mM, where it inhibits only initiation [24], leads
to only a 10—~15% inhibition of the endogeneous
protein synthesis. Thus, the active dialysable compo-
nent probably acts at a step other than initiation. In
order to clarify this point, we measured more complete
TAT-mRNA translation in a heterologous cell-free
system which is described in [25].

Acknowledgements
We thank D. Meyer and M. T. Hotz for excellent

technical assistance. The present study was supported
by the INSERM, the CEA and the Roussel-UCLAF Co.

FEBS LETTERS

September 1978

References

[1] Hardeland, R. and Millotat, W. (1976) Naturw, Rdsch.
29, 386-392.

{2] Pitot, H. C., Peraino, C., Morse, P. A. and Potter, V. R.
(1964) Natl. Cancer Inst. Monographs 13, 229242,

[3] Thompson, E. B., Tomkins, G. M. and Curran, J. T.
(1966) Proc. Natl. Acad. Sci, USA 56, 296--303.

[4]1 Tomkins, G. M., Gelehrter, T. D., Martin, D. W,
Samuels, H. H. and Thompson, E. B. (1969) Science
166, 14741480,

[5] Hershko, A. and Tomkins, G. M. (1971) J. Biol. Chem.
246, 710714,

{6] Diamondstone, T. I. (1966) Anal. Biochem. 16,
395-401.

[7] Lowry, O. H., Rosebrough, N. J., Farr, A. and Randall,
R.J. (1951) J. Biol, Chem. 193, 265-275.

[8] Beck, J. P., Beck, G., Wong, K. Y. and Tomkins, G. M.
(1972) Proc. Natl, Acad. Sci. USA 69, 3615--3619.

[9] Mans, R. V. and Novelli, G. D. (1961) Arch. Biochem.
Biophys. 94, 48-53.

[10] Beck, G., Bollack, C. and Beck, J. P. (1974) FEBS Lett.
47, 314-317.

{11] Palmiter, R. D. and Carey, W. (1974) Proc. Natl. Acad.
Sci, USA 71, 2357-2361.

[12] Calendar, R. and Berg, P. (1966) Biochemistry 5,
1681-1690.

[13] Heywood, S. M., Kennedy, D. 8. and Bester, A. J.
(1974) Proc. Natl. Acad. Sci. USA 71, 2428-2431.

[14] Berns, A., Salden, M., Bogdanovsky, D.,

Raymondjean, M., Schapira, G. and Bloemendal, H.
(1975) Proc. Natl. Acad. Sci. USA 72, 714-718.

[15] Tabor, C. W. and Tabor, H. (1976) Ann. Rev. Biochem.
45, 285-306.

[16] Atkins, J. F., Lewis, J. B,, Anderson, C. W, and
Gesteland, R. F. (1975) J. Biol. Chem. 250, 5688 —5695.

{17} Peterkofsky, B. and Tomkins, G. M. (1967) J. Mol
Biol. 30, 49-61.

[18] Scott, W,, Shields, R. and Tomkins, G. M. (1972) Proc.
Natl, Acad. Sci. USA 69, 2937-2941.

[19] Befort, 1. J., Befort, N., Beck, J. P. and Beck, G. (1976)
Cell Diff. 5, 255262,

[20] Tse, T. P. and Taylor, J. M. (1977) J. Biol. Chem. 252,
1272-1278.

{21} Schweiger, M. and Gold, L. M. (1969) Proc. Natl. Acad.
Sci. USA 63,1351--1358.

[22] Van Vioten Doting, L., Rutgers, T., Neelman, L. and
Bosch, L. (1975) in: In vitro transcription and fransla-
tion of viral genomes (A. L. Haenni and G. Beaud eds)
47, 233-242, INSERM, Paris.

[23] Oka, T. and Perry, J. W. (1974) Nature 250, 660—661;
J. Biol. Chem. 249, 7647-7652; 3586—3591.

[24] Weber, L., Hickey, E., Maroney, P. and Baglioni, C.
(1975) 1. Biol. Chem, 252, 4007—-4010.

[25] Rether, B., Belorki, A. and Beck, G. (1978) FEBS Lett.
93,194-199.

193



