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Truncated cyclin A and cyelin B lacking the N-terminal domain comprising the “destruction box' escape [rom proteolysis and arrest cells at

metaphase. Mutation of 4 conserved arginine residue of the destruction domain makes cyclin B resistant to proteolysis, Here we show that mutation

ol the same residue also makes cyclin A resistant to proteolysis. in either ol iwo situations in which the cyclin degradation pathway is turned on:

(1) in Xenopus extracts of activated eggs where the degradution pathway has been permanently turned on by adding u recombinant undegradable

cyelin B in which the arginine residue of the destruction box has been substituted by alunine; (i) in extracts of metaphase 1[-arresied oocytes afler
Cu**-dependent inactivation of the cytostatic luctor (CSF).

cdel; Cell cycle; Cyclin degradation

1. INTRODUCTION

Exit from M phase of the cell cycle requires inactiva-
tion of cyclin-cde2 kinases (see [1,2] for reviews)., This
inactivation is brought about by dephosphorylation of
threonine 161 on the cde2 subunit [3], which is itself
dependent on the proteolytic degradation of the cyslin
subunit [4-6]. Two types of mitotic cyclins, A and B, are
detected in most cells and both are able to form active
complexes with cde2. Celi cycle-regulated proteolysis of
cyclin A and B is thought to be mediated by a ubiquitin-
dependent process, since polyubiquitin chain formation
was shown to be required for cyclin destruction [7,8].
The N-terminal domain of cyclin B contains a con-
served stretch of amino acids (RXALXXI). Mutations
within this domain that inhibit ubiquitin conjugation
also inhibit degradation [7]. The integrity of the arginine
residue was found to be critical for degradation of cyclin
B since substitution for cysteine, alanine or serine ren-
dered it resistant to cell cycle-dependent proteolysis
[7,9,10].

The aim of the present work was to test the functional
equivalence of the RXALXXI consensus sequence,
which is also conserved in cyclin A homologs.

Correspondence address: M. Dorée, CNRS UPR and INSERM U 249,
1919 route de Mende, BP 5051, 30433 Montpellier Cedex, France.
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2. MATERIALS AND METHODS

2.1, Egg extracts

Interphuse Xenopus extracls were prepared according Lo Felix et al.
[11]. Briefly, unfertilized egas were collected into MMR/2 (50 mM
NaCl, 1 mM KCl, 0.5 mM MgCl,, 0.05 mM Na-EGTA, 2.5 mM
Na-HEPES, pH 7.7) and desjellied with 2% cysleine, pH 7.8, washed
four times and then electrically activated. The activated eggs were
incubated for 40 min at room temperature and then transferred to cold
acelate buffer (100 mM potassium acetate, 2.5 mM magnesium ace-
tate, 10 ug/ml cytochalasin B, | mM DTT, 5 mM EGTA, pH 7.2),
Excess acetale bufTer was removed prior (o cenirifugation for 10 min
at 12,000 x g. The cytoplasmic material was collected from the crushed
eggs and an ATP-regenerating systeni, consisting of' 10 mM creatine
phosphate, 80 gg/ml creatine kinase, | mM ATP (final concentra-
lions), was added. After spinning for 60 min at 100,000 x g, the
supernatant was collected and kept at -70°C,

Extracts from unfertilized eggs were prepared in the same way
excepl that electric activation was omitted.

2.2, Recomibinant cyclin B

Full-length cyclin B cDNA of the starfish, Marthasterias glaciats,
and the mutant cyclin B-Ala3l (described by Lorea et al. [9]) were
cloned in the expression vector, pUEXZZBIB2, downstream of the
P, lambdu promotor. Both cyclins were produced as fusion proteins
containing 219 residues of the serum albumin-binding domains of
streptococeal prolein-G at its C-terminus. Expression of the fusion
proteins wus induced by raising the temperature from 30 to 42°C to
inactivate the thermo sensitive A4 repressor encoded in the vector, The
soluble cyclin B fusion proleins were purified from the bacterial exs
tracts by binding (o human serum albumin (HS8A)-Sepharose, fol-
lowed by elution in 10 mM HEPEZ, pH 7.2, containing 0.25 M lithium
dilodosulicylate, and desalting in 10 mM HEPES pH 7.2, on a Se-
phudex G-5 column,

Starfish cyelin B and Patefle cyclin A were translated in vitro in the
presence of [¥Sjmethionine in reticulocyte lysates (Promega) from
their respective RNAs. These were oblained by in vitro transcription
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of plasmids pTZcycB [12] and pGEMScycA [13], using T7 and SP6
RNA polymerase, respectively.

Cyclin B-Ala3l and cyclin A-Cys4] mulants were generated accord-
ing to an oligonucleotide-directed in vitro mutagenesis system [rom
Amersham, UK,

2.3, Assays for cpelin A and cyelin B degradation in extracts

The translation mix containing [*$]methionine-labelled cyclins was
added to interphase or metaphase extracts in a ratio of' 2 vols. to 30
vols, of extract. Recombinant starfish cyclin B was added to inter-
phase extracts in a ratio of 7 vols, to 30 vols. of extract, After incuba-
tion at room temperature, 4 ul aliquots were transferred into 20 ul of
SDS gel sample bufler,

2.4, Immunoblotting

For Western blotling, proteins were transferred {rom 10% poly-
acrylamide gels to nitrocellulose (Schleicher and Schuell) and reacted
with rabbit antibodies specific for cyclin B or cde2, followed by anti-
rabbit IgGs conjugated to peroxidase (Amersham}. Immunoblots
were analysed using a chemiluminescent method (Amersham E.C.L.)
according to the manufacturer's instruction, Cyelin B antiserum and
affinity-purified antibodies were obtained as described by Lorca et al.
[9]. ede2 antibodies (NMPF) were generated against the N-lerminal
12 amino acid peptide of p34°,

2.5. HI kinase assaps

To measure H1 histone kinase activilies, the material retained on
118A beads was incubated for 10 min at room temperature in a redc-
tion mixlure containing | mg/ml HIl histones (Boehringer,
Mannheim), 10 mM MgCl,, 200 uM ATP (100 cpm/pmol) in 20 mM
HEPES, pH 7.4. Reactions were stopped by adding ! vol. of Laemmli
bufTer and the extent of histone phosphorylalion was monitored by
SDS-PAGE, followed by autoradiography.

3. RESULTS AND DISCUSSION

3.1, Substitution of the invariant arginine resicdue in the
destruction box of both cyclin A and B prevents their
proteolysis in CSF extracts.

In vertebrates, unfertilized eggs, although containing
high cdc2 kinase activity, are prevented from exiting
metaphase of meiosis 11 due to the presence of a cyto-
static factor (CSF). Disappearance of CSF activity
upon fertilization is caused by a transient increase in
cytoplasmic free calcium. We have previously reported
that cyelin proteolysis can be induced in extracts pre-
pared from Xenopus eggs arrested at the second meiotic
metaphase (CSF extracts) by activating a Ca**/calmod-
ulin-dependent process which inactivates CSF [9]. Pa-
tella cyclin A and starfish cyclin B cDNA were mutated
to convert the invariant arginine of the predicted de-
struction box (R4ISALGTITN in Patelia [13] or
R31GALENISN in starfist: [12}) respectively, to a cys-
teine or an alanine to create the derivatives, cyclin A-
Cys41 and cyclin B-Ala31. These mutants and the wild-
type cyclins, produced and labelled with [**S]methionine
in reticulocyte lysates, were added to CSF extracts. The
degradation pathway was then turned on by adding 0.6
mM Ca?, which results in a transient increase of free
Ca* concentration up to 0.1-1 4M [9]. As shown in Fig,
1, neither cyclin A-Cys41 nor cyclin B-Ala31 mutants
were degraded under such conditions (Fig. 1, right). In
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Fig. 1. An intact destruction box is required ior cyclin A and cyclin
B degradation after Ca®" addition in CSF extracts. [**S]methionine-
labelled wild-type Parella cyclin A (a, lef1), cyclin A-Cys41 mutan (a,
right), wild-type starfish cyclin B and a truncated form lacking 72
amino acids from the N-terminus (b, left) or cyclin B-Ala31 mutant
(b, right) were added to CSF extracts. Samples (4 ul) were taken at
the indicated times (min) after the addition of 0.6 mM CaCl, (final
concentration) and analysed by SDS-PAGE and fluorography.

contrast, both wild-type cyclin A and B readily under-
went degradation (Fig. 1, left). Besides the full-length
cyclin B, in vitro transiation of starfish ¢yclin B mRNA
generates a protein lacking 72 amino acids from the
N-terminus (472), due to internal initiation at methion-
ine 73 [14). In contrast to the wild-type full-length cy-
clin, this truncated cyclin B did not undergo proteolysis,
as a result of the truncation of ilic destruction motif,
R31GALENISN (Fig. 1b).

3.2, Wild type and mutant cyclins A and B degradation
in interphase extracts
In the next experiments, we used interphase extracts
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Fig. 2. Bacterially expressed wild-type cyclin B and cyciin B-Ala31
mutant can each induce histone H1 kinase activity when added to
interphase exiracts. (a) Recombinant starfish cyclin B (left) or cyclin
B-Ala3] mutant (right) were added in inierphase frog extructs. Sam-
ples were laken as a function of time and the malerials purified on
HSA beads were analysed cither for cyclin B (a) or ede2 (b) content
by immunoblotting, or for histone H1 kinase activily (c).
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Fig. 3. Cyclin B-Ala31—cdce2 kinase switches on degradation of wild-
type cyclin A and cyclin B but not that of cyclin A-Cys4l and cyclin
B-Ala3] mutants. Recombinant starfish cyclin B-Ala3] was added to
interphase Xenopus extracts simullaneously with [¥S]labelled wild-
Lype Patella cyclin A (a, left), cyclin A-Cys4l mutant (a, right), wild-
type starfish cyclin B (b,lelt) or cyclin B-Ala3l mutant (b, right).
Samples were aken at the indicated time after addition of cyelins.
[*S}labelled cyelin destruction was monitored by SDS-PAGE fol-
lowed by autoradiogruphy.

prepared from Xenopus eggs 40 min after activation,
which do not contain any CSF activity or any signifi-
cant amount of cyclin B-cdc2 kinase activity. As ex-
pected, cyclin A and B, both produced in the reticulo-
cyte system, remained stable in such extracts (data not
shown). To turn on the cyclin degradation pathway, we
generated cyclin B-cdc2 kinase activity by adding wild-
type starfish cyclin B or mutant cyclin B-Ala3l, both
produced in bacteria as C-terminal fusion proteins con-
taining the serum albumin-binding region of streptococ-
cal protein-G (see section 2). These recombinant pro-
teins formed complexes with cdc2 in extracts and, as a
consequence, histone H1 kinase activity was cfficiently
produced in interphase extracts reaching a level similar
to that found in CSF extracts, This activity could be
recovered on HSA beads, a protein thal avidly binds the
serum albumin-binding domain of streptococcal pro-
tein-G (Fig. 2¢). Similar amounts of cdc2 and cdc2-
associated H|! kinase activity were bound to the beads
in the presence of wild-type or mutant cyclin B, indicat-
ing that cdc2 binding to cyclin B and activity are not
medified by conversion of Arg-31 to Alanine (Fig. 2b
and ¢).

Table 1

Effect of ATP or Mg** depletion on [**S]labelled cyclin A and cyclin
B degradation in interphase Xenopus extracts in which recombinant
starfish cyclin B was added to induce cyclin proteolysis

Extract treatment Cyclin A

degradation

Cyclin B
degradation

MNone + +
Hexokinase-glucose - -
EDTA (5 mM) - -
EGTA (5§ mM) + +
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Patella cyclin A and cyclin A-Cys41, or starfish cyclin
B and cyclin B-Ala3l, produced and labelled with
[**S]methionine in reticulocyte lysate, were then added
to extracts containing recombinant cyclin B-Ala31-cdc2
kinase. As shown in Fig. 3 (left), degradation of wild-
type tracer cyclins A and B readily occurred when HI
kinase activity increased. In contrast, both mutants, cy-
clin A-Cys4! and cyclin B-Ala3l, were resistant to pro-
teolysis (right). In these experiments, cde2 kinase activ-
ity remained high even after cyclin degradation was
turned on, because recombinant cyclin B-Ala31 (as well
as the truncated form arising in the bacterial prepara-
tion and lacking the destruction box) failed to undergo
degradation (Fig. 2a, righty. The somewhat long lag
phase (30-60 min) observed between the addition of
recombinant cyclin B-Ala31 and the destruction of the
tracer cyclin is at least partially accounted for by the
time required to generate cde2 kinase activity. Similar
results were obtained when recombinant starfish cyclin
B-Ala31 was substituted for the wild-type protein (not
shown), although in that case the full-length recombi-
nant cyclin B underwent proteolysis (Fig. 2a, left).
Ubiquitin-dependent degradation of cyclins requires
ATP-Mg** [15]. As expected, we found that degradation
of [*S)methionine-labelled wild-type cyclin A and B was
completely inhibited when interphase extracts were ini-
tially depleted of endogenous ATP by adding hexoki-
nase (0.2 mg/ml) and S-p(+)-glucose (15 mM), The ad-
dition of 5 mM EDTA, a magnesium chelator, also
inhibited cyclin destruction, while 5 mM EGTA, a cal-
cium chelator, had no such effect (Table I).

Taken together the above experiments show that sta-
bility of cyclin A musiated in the consensus sequence
RXALXXI (the destruction box) is due to its inability
to be proteolyzed by the ubiquitin pathway, as already
reported for cyclin B.
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