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1, Introduction

Several recent reports have clearly demonstrated
that ribosomal proteins are phosphorylated both in
vivo [1-3] and in vitro [1, 2, 4-7]. It has also been
shown that polyribosomes from different tissues con-
tain protein phosphokinase activities as well as endo-
genous protein-substrate(s) [2, 5, 7-11]. However,
the relationship between these observations and the
process of protein synthesis is still not clear.

On the other hand, it is well established that cells
from higher organisms contain two classes of polyribo-
somes, free in the cytoplasm and bound to the mem-
branes of the rough endoplasmic reticulum [12]. In-
creasing evidence accumulates that bound polyribo-
somes are involved in the formation of exportable pro-
teins, whereas free ribosomes are specialized in the
synthesis of intracellular proteins [13—15].

Vassart and Dumont [16] have recently shown
that thyroid bound polyribosomes synthesize thyro-
globulin, an exportable protein, whereas free ribo-
somes are involved mainly in the formation of cellular
proteins. For this reason this work was performed
with free and bound thyroid polyribosomes.

The results reported here show that both free and
bound thyroid polyribosomes contain protein phos-
phokinase activities. However, when compared to
endogenous and exogenous substrates these activities
behave differently,
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2. Material and methods
2.1. Preparation of free and bound polysomes

Horse thyroid glands were homogenized first by
an omni-Mixer Sorvall (3 X 15 sec, 90 V) and then by
an Ultra-Turrax (2 X 15 sec, 850 rpm) in the follow-
ing medium: Tris-HCI buffer (0.05 M, pH 7.6) contain-
ing: 0.025 M KCl; 0.005 M MgCl, ; 0.006 M -MSH and
0.35 M sucrose. The homogenate was centrifuged 10
min at 3 000 g and the supernatant was used for puri-
fication of free and bound polysomes by the technique
of Bont et al. [17] with slight modifications. The super-
natant was centrifuged on a discontinous sucrose gra-
dient (2 M and 1.5 M) for 21 hr at 30000 rpm in a
Spinco 50-1 rotor. The pellet from the centrifugation
represents free polysomes. Polysomes still bound to
the membranes were collected from the interface be-
tween 2 M and 1.5 M sucrose and then homogenized
in the presence of liver RN Aase inhibitor [18] and
sodium deoxycholate (DOC, final conc. 1%). This
homogenate was centrifuged on a discontinous sucrose
gradient (2M — 1.5 M) during 3.5 hr at 41 000 rpm
in a Spinco 50-1 rotor. The pellet of this second cen-
trifugation represents bound polysomes. Pellets of
both free and bound polysomes were washed, resus-
pended and the aggregates eliminated by a centrifuga-
tion at 3 000 g for 5 min. The ratio RNA/protein
(table 1) and the profiles obtained after sucrose gra-
dient ultracentrifugation (fig. 1) were used to charac-
terize free and bound polysomes,
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2.2. Protein phosphokinase activity

Protein phosphokinase activity was measured at 30°
in aliquots of the above suspensions of free and bound
polysomes in a medium containing: -glycerophosphate
50 mM; EGTA 0.3 mM; theophylline 2 mM; and mag-
nesium acetate 10 mM in a potassium phosphate buffer
1 mM, pH 7; [v-** P]ATP was added at a concentration
of 1 X 10™ M (specific activity 50—100 cpm/pmole).
Histones (Sigma, Type 11 A) and 3’5’ ¢cAMP (Sigma)
when added, were, respectively, at concentrations of
4 mg/ml and 5 X 10°® M. Incorporation of **P into
polysomal proteins and histones was evaluated accord-
ing to the method of Mans and Novelli {19] described
for the acellular study of protein synthesis.

2.3. cAMP binding activity

Aliquots of free and bound polysomes were incu-
bated (10 min) in the presence of tritiated cAMP
(6 X 108 M) and the capacity of ribosomes to bind
this nucleotide was evaluated according to the tech-
nique of Walton and Garren [20].

2.4, Analytical methods

Proteins were analyzed according to Lowry et al.
[21]} and RNA according to Schmidt and Tannhauser
[22]. The samples were counted in water in an Inter-
technique counter. Results are expressed in picomoles
of *P incorporated per mg ribosomal proteins or
RNA.

3. Results

3.1. Ultracentrifugation profiles of free and bound
thyroid polyribosomes

Fig. 1 represents the ultracentrifugation profiles of
bound and free thyroid polyribosomes. These profiles,
. very similar to those obtained by Vassart and Dumont
[16], show that bound polyribosomes contain much
heavier material than free ones, Both preparations are
completely degraded to single ribosomes (80 S) and
their dimer (110 S) after RNAase treatment (fig. 1).
The 260/280 nm absorption ratio and RNA/protein
ratio (table 1) are almost identical, From these data,
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Fig. 1. Sucrose gradient ultracentrifucation profiles of free (a)
and bound (b) thyroid polysomes, Polyribosomes were analyse
before ( ) and after (- - - -) pancreatic RNAase treatment
(2 ug/ml final conc., 15 min, 20°) by sucrose gradient (5 ml;
20—50%) ultracentrifugation (50 000 rpm, 50 min, Spinco
rotor SW 50); a 0.2 ml sucrose 2 M cushion was present at

the bottom of the tube, 260 nm absorbance was recorded
automatically.

both polyribosomes preparations seem to be suitably
purified and not contaminated by membranes.

3.2. Protein phosphokinase activities and phosphoryl-
ation of ribosomal endogenous substrates (auto-
phosphorylation)

Protein phosphokinase activities measured in the
absence of any added exogenous substrate was found
in both classes of polyribosomes. Phosphorylation of
endogenous substrate is not cAMP dependent, despite
the presence of a cAMP binding activity in both types
of polyribosomes (table 1).

Furthermore, the results depicted in fig. 2 show
that protein kinase specific activities were much high-
er in free than in bound polyribosomes. However,
some protein kinase activity or/and some endogenous
protein substrate could be removed by DOC during
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Table 1
Polysomes 260/280 nm RN A cAMP binding activity
absorbance  protein (cpm)*
ratio j -
40 ug 40 ug
protein protein
Free 1.67+0.03 0.74+0.06 300 560
Bound 1.64+0.03 0.78+0.06 150 310

* The cAMP binding activity was measured as described in
Material and methods.
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Fig. 2, Autophosphorylation of free and bound thyroid poly-
somes, Polysomes were incubated in the presence of [y-32P]-
ATP as described in Material and methods. Aliquots (in dupli-
cate) were taken at indicated time intervals and the incorpora-
tion of 32P into proteins was determined. A) free polysomes;
*) free polysomes with DOC (1% finai conc.); ©) bound poiy-
somes, Open signs: phosphorylation in the absence of cAMP
and filled signs: phosphorylation in the presence of 5 X 107®
cAMP, 4 Separate experiments were analysed.

the preparation of bound polyribosomes thus explain-

ing the difference in the specific activity when com-
nared to that of free r\r\lvrﬂ'\ncnmnc Al‘fno”\l DOC
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treatment of free r1bosomes removes some enzymatic
activity but the specific activity remains higher than
that of bound polyribosomes (fig. 1).

3.3. Histone kinase activity of free and bound poly-
ribosomes

Phosphorylation, when measured in the presence
of histones and of bound polyribosomes, was always
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higher than autophosphorylation (fig. 3a). With free
polyribosomes the resuits were reversed, autophos-
phorylation being always much higher (fig. 3b). It
seems in fact that histones (from 0.3 to 5 mg/ml) in-
hibit autophosphorylation catalysed by free polyribo-
somes; when the histone concentration is increased a
higher inhibition is observed.

DOC treatment of free polyribosomes reduced the
histone kinase activity; however after treatment by
the detergent, the histone kinase activity of free poly-
ribosomes was again lower than autophosphorylation.

As reported above histone kinase activity is clearly
cAMP dependent with both categories of polyribo-
somes whereas autophosphorylation is not. When
added to bound polyribosomes cAMP stimulates the
phosphorylation of histones. With free polyribosomes
the cyclic nucleotide seems rather to counteract the

inhibitory effect of histones
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4, Discussion

Free and bound purified polyribosomes contain
both protein phosphokinase and cAMP binding ac-
tivities, The phosphorylation of endogenous protein-
substrates (which belong perhaps to the ribosomal
structure) is not cAMP dependent. The two types of
polyribosomal preparations do not differ in these re-
spects. Kabat [2] obtained similar results for reticulo-
cyte polyribosomes.

However a clear difference appears, when one com-
pares the protein kinase activity of the two types of
ribosomes in the absence (autophosphorylation) and
in the presence of histones. Whereas bound polyribo-
somes phosphorylate poorly endogenous substrate(s)
as compared to phosphorylation in the presence of
histones, free polyribosomes catalyse much more ac-
tively the former reaction than the latter. The two

classes of nr\lvnhncnmnc seem therefore to be differ-
Ciasses of bosomes seem theretore to be dirter

ent in these respects. However, histone-kinase activity
is cAMP dependent for both types of polyribosomes.
On the other hand, there exists some parallelism be-
tween the development of rough endoplasmic reti-
culum i.e. bound polyribosomes, and thyrogiobulin
synthesis [23~—25]. Moreover, TSH regulates thyroid

olism including pnrotein svnthesis [’)A 7Q1

atal
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c¢AMP mimics these effects of TSH [30—32]; its ac-
tion is likely mediated by a protein kinase {33]. The
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Fig. 3. Phosphorylation in the presence of exogenous substrates, Polysomes were incubated as in fig. 2. Histones (Sigma type II A)
were added at concentration of 4 mg/ml, a) Bound; b) free; ¢) free polysomes + DOC. (*—»—x) autophosphorylation; phos-
phorylation in the presence of histones with (e-—e—e) and without cAMP (0—o—o0), Other details as in fig. 2.

difference in behaviour towards endogenous and exo-
genous substrates of the protein kinase activities asso-
ciated respectively with bound and free polyribosomes
could therefore have some significance in the mecha-
nism of action of TSH (and cAMP) on the total and/or
specific protein synthesis in the thyroid gland.
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