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A purified complex from Xenopus oocytes contains a p47 protein,
an in vivo substrate of MPF, and a p30 protein respectively
homologous to elongation factors EF-1y and EF-18
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A high molecular mass complex isolated from Xenopus laevis cocyles contains three main proleins, respectively p30, p36

and p47. The p47 protein has been reported to be an in vivo substrate of the cell division control protein kinase p34e%2,

From polypeptide sequencing, we now show that the p30 and the p47 correspond to elongation factor EF-16 and EF-1y.
Furthermore, the p30 and p36 proteins were phosphorylated in vitro by casein kinase II.
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1. INTRODUCTION

Cell division is controlled by a cytoplasmic fac-
tor, MPF, which has been recently purified [1]. It
is constituted in part by a protein of 34 kDa, which
shares H1 kinase activity and is related to the pro-
duct of the gene cdc2 controlling the cell division
in the veast, Schizosaccharomyces pombe [2-5].

In Xenopus laevis oocytes, the phosphorylation
of a protein of 47 kDa (p47) is highly correlated
with the appearance of MPF [6,7]. p47 is present
in a complex containing three main proteins: the
p47, a p30 and a p36. The complex was recovered
from either prophase-arrested or matured oocytes,
the p47 being phosphorylated only in matured
oocytes. We further demonstrated that the kinase
which is responsible in vivo for the p47
phosphorylation is the p34°3<? [8].

We report here using amine acid analysis of pep-
tides, that the p30 and p47 proteins of the complex
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are respectively analogous to EF-17 [9] and EF-1¢
[10] from Artemia salina.

2. MATERIALS AND METHODS

Ovaries from Xenopus leevis were surgically removed from
anesthetized adult females and defolliculated full-grown (stage
V1) oocytes were prepared as already described [11]. The p47
complex was purified from the cytosoluble fraction by 40—50%
(NH4)»2S0; precipitation followed by three chromatographic
steps, i.e. hydroxyapatite, MonoQ and heparin-Sepharose [8].

After SDS-polyacrylamide gel electrophoresis [12], proteins
were electrotransferred onto either Immobilon P (Millipore) or
nitrocellulose (Biorad) membranes [13]. The [mmobilon P
membrane was inserted into the cartridge of a model 470 A Ap-
plied Biosystems gas-phase sequencer coupled to a model 120 A
PTH analyser for direct sequencing [14]. In situ digestion by
Staphylococcus aureus protease V8 (Boehringer) (5 zg) or en-
doprotease Lys.C (5 ug) was performed cn nitrocellulose [15].
Resulting peptides were separated by reverse-phase microbore
HPLC on an Aquapore RP 300 C8 column (0.21 x 10cm
Brownlee) with a 60 min gradient of 0—60% acetcnitrile. Sol-
vent A was 0.1% TFA, solvent B 60% acetonitrile, 0.08% TFA.
Flow rate was 0.2 ml/min and detection at 220 nm. Peaks of in-
terest were further purified by reverse-phase HPLC on a C18
microbore ¢column {0.21 x 10 ¢m Spheri 5 RP 18 Brownleg) us-
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ing the same acetonitrile gradient. Resulting peptides were sub-
mitted to gas-phase sequencing using the standard 03 RPTH
program,

Purified casein kinase Ll was prepared according to [16].
Kinase activities were measured in 50 x| final volume containing
50 mM Hepes, 5 mM pNPP, 5 mM Mg?*, 10 «M [-2P]ATP
(spec. act. ~2 4Ci/nmol} and 5 g of purified p47 fraction in
the presence or in the absence of 3 zg/ml heparin. Where in-
dicated, 5 U casein kinase 1l was added to the incubation
medium, After 20 min incubation at 20°C, protein
phosphorylation was quantified by TCA precipitation of ali-
quots of each assay on 3M filters, extensive washing and coun-
ting the filter by Cerenkov effect. Proteins were resolved by
electrophoresis on 12% polyacrylamide gel according to [12]
and radioactive proteins were analysed by autoradiography of
the dried gel.

3. RESULTS AND DISCUSSION

Fig.1 shows the electrophoretic pattern of the
purified complex from Xenopus laevis stage VI
oocytes containing the three main polypeptides
p47, p36 and p30 [8]. After SDS-PAGE, the pro-
teins were transferred to Immobilon and the p30
and p47 regions submitted to gas-phase sequenc-
ing. No amino acid was detected suggesting either
the presence of a naturally occurring N-terminal
blocking group or that an artefactual block had
arisen during electrophoresis [17]. Sequencing of
internal peptides was therefore performed after in
situ proteolytic cleavage of the proteins transferred
onto nitrocellulose blot. Fig.2 shows the HPLC
profile of peptides obtained from the p30 and p47
proteins. Four polypeptides from p30 protein were
sequenced (see fig.3) and a computer search for se-
quence similarities in protein data bases was per-
formed. High similitude (over 72% of strict
homology) was found with elongation factor
EF-14 from shrimp Artemia salina [9] as depicted
in fig.3. Since EF-14 has been described to form a
complex in association with EF-1y [18}, we have
searched for homology between p47 polypeptides
and EF-1y [10].

Five out of the six polypeptides sequenced from
the p47 protein could be aligned as shown in fig.3.
The absence of homology of the sixth peptide sug-
gests the presence of a non-conserved region in the
proteins from Arfemia and Xenopus.

Furthermore, the purified complex was occa-
sionally contaminated by a heparin-sensitive pro-
tein kinase (see [8] and fig.4A). The endogenous
kinase had more or less activity depending on the
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Fig.1. Electrophoretic profile of the Coomassie blue stained
proteins of the purified complex from Xenopus oocytes, and its
densitometric recording.

preparations, but when present, always
phosphorylated both p30 and p36 proteins. When
highly purified casein kinase II was added to the
fraction, again p30 and p36 were phosphorylated
whether or not the associated endogenous kinase
was present (fig.4B). The phosphorylation of p30
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Fig.2. HPLC purification of in situ digestion by §. awreus on
nitrocellulose blot of p30 protein (upper) and of p47 protein
(lower). The numbers indicate sequenced peptides.
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Fig.3. Alignment of p30 and p47 peptides with respectively
EF-1# (upper) and EF-14 (lower) fram Artemia salina. The
numbers indicate the amino acid position in Artemia proteins.
The p30 peptides correspond with peaks of fig.2 {top panel): 1,
VKPWDDE; 2, DFVQSMD and KIGAFE (resolved on the C18
column); 3, FLADKSYIE. The p47 peptides correspond with
peaks of fig.2 (bottom panel): 1, FQFGVTNKTPE; 2,
DWQIDYE; 3, YFAWE, and a minor peptide: SSAIAAYV.
ALAEPK was obtained by endoprotease Lys. C digestion.

EF-1y ... [ALAAEPK|.

p4? ALAAEPK

is in concordance with that demonstrated for
EF-173 by casein kinase II [19]. It was shown that
casein kinase I1 phosphorylated Artemia EF-18 on
serine 89. The rate of guanidine nucleotide ex-
change on EF-1e as catalyzed by EF-1£ was found
to be affected reversibly by the state of
phosphorylation of EF-14; the exchange rate was
higher in the presence of dephosphorylated EF-18
[19). EF-14 was reported to have a positive effect
on the exchange rate of EF-lo in the presence of
EF-1# [20], therefore it is now of interest to in-
vestigate the role of phosphorylation on the activi-
ty of EF-14y.

In conclusion, the complex isolated from
Xenopus oocytes contains p47 and p30 proteins
respectively homologous to EF-1y and EF-148 of
Artemia which are also closely associated in an
EF-18y complex [18}). The p47 protein was
demonstrated to be an in vivo substrate of the cell
division control protein kinase p34°%2 [8] and p30
and p36 are in vitro substrates of casein kinase I1.
Since both kinases are activated [21—23] during
meiotic cell division in correlation with changes in
protein synthesis [24]. our results provide a
biochemical link between these protein kinase ac-
tivities and regulation of protein synthesis.
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Fig.4. Autoradiography of SDS-PAGE after in vitro
phosphorylation of the purified complex from Xeropus
oocytes. (A) Autophosphorylation of the fraction in the
absence (left) and presence (right) of heparin (3 zg/ml). (B)
Effect of purified casein kinase Il (right) compared to
autophosphorylation (left) of the same fraction.
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