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Oocyte Proteasomes: The Structure and Role in
the Regulation of Meiotic Maturation and

Fertilization in the Goldfish, Carassius auratus
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It is generally accepted that proteolysis plays an important role in the regulation of the
eukaryotic cell cycle. Eukaryotic cells contain a nonlysosomal large protease called the
proteasome (or the multicatalytic protease) which is found in all eukaryotes, from yeast to man.
Although it has been suggested that proteasomes are involved in the ubiquitin-dependent
proteolytic system, their exact role in intracellular protein breakdown is still uncertain. Recent
studies using various protease inhibitors suggest that proteasomes are involved in meiotic
maturation of animal oocytes. More recent studies have demonstrated that the termination of
mitosis and meiosis, transition from metaphase to anaphase is induced by the degradation of
cyclin B, a regulatory subunit of maturation-promoting factor or M-phase promoting factor
(MPF). Furthermore, it has been suggested that cyclin B is degraded by an ubiquitin-dependent
proteolytic pathway. Since proteasomes are known to be a component of the ubiquitin-
dependent proteolytic system, it can be hypothesized that proteasomes play a role in cyclin
degradation. However, there is no direct evidence for this hypothesis at present.

Fish oocytes provide an appropriate experimental system to investigate the above problems.
In recent years, considerable progress has been made in identifying the factors responsible for the
regulation of meiotic maturation of fish oocytes; these include the isolation and characterization
of a fish maturation-inducing hormone (170,20B-dihydroxy-4-pregnen-3-one, 170,20B3-DP) and
the components of MPF (p34°“*2, the catalytic subunit and cyclin, the regulatory subunit).

The present study was designed to investigate (1) the structure of proteasomes present in
goldfish oocytes, and (2) the possible role of the enzymes in the regulation of oocyte maturation
and egg activation. A particular emphasis was placed on the role of proteasomes in cyclin B
degradation, the event which is crucial in exiting metaphase and entering the next interphase
during the cell cycle. To this end, a SDS-dependent (latent) proteasome was purified and
characterized from goldfish oocyte cytosol and raised monoclonal antibodies against this
enzyme. The cytosol fraction (150,000 g supernatants) of goldfish ovary hydrolyzed a

fluorogenic peptide, succinyl-Leu-Leu-Val-Tyr-4-methylcoumaryl-7-amide, a well-known
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substrate for proteasome, regardless of the addition of SDS to the reaction mixture. Four steps of
column chromatography resulted in a 135-fold purification of proteasome from this supernatant.
Both SDS-independent and SDS-dependent hydrolyzing activities co-migrated during
purification. However, the SDS-independent activity was markedly reduced during purification.
The purified SDS-dependent proteasome (latent proteasome) possessed weak hydrolyzing
activity (chymotrypsin-, trypsin-, and V8 protease-like activities) even in the absence of SDS; the
chymotrypsin- and V8 protease-like activities were significantly increased in the presence of
SDS. Its molecular weight and sedimentation coefficient were estimated to be 620 kDa and 19.2
S, respectively. Three kinds of monoclonal antibodies were raised against the purified latent
proteasome. Western blot analyses revealed that these antibodies recognized a single species of
protein on native PAGE, but recognized several subunits ranging in molecular mass from 23.5 to
31.5 kDa on SDS-PAGE. Cytosol fractions containing the SDS-independent activity had a band
which migrated slower than that of purified latent proteasome. The SDS-independent protease
activity was depleted when the cytosol fraction was immunoprecipitated with the anti-latent
proteasome antibody. From these structural and enzymatical properties it is concluded that the
purified proteasome corresponds to 20 S proteasomes reported in other eukaryotic cells.

The preceding studies demonstrated that although goldfish oocyte cytosols contain an active
form of proteasome which can hydrolyze its substrates in the absence of activators, this
enzymatic activity markedly reduced during further purification. A new procedure involving the
use of a step elution and ATP was developed to prevent the loss of activity during purification.
Using this method, active proteasome was purified to homogeneity from ovarian cytosol using
five steps of chromatography. The purified active proteasome had chymotrypsin-, trypsin-, and
V8 protease-like activities even in the absence of SDS. The enzyme exhibited two bands on
native PAGE. Electrophoresis and Western blot analyses showed that the enzyme consists of at
least 15 protein components ranging in molecular mass from 35.5 to 140 kDa, as well as the
multiple subunits of the latent proteasome (20 S proteasome) ranging in molecular mass from

23.5 to 31.5 kDa. The molecular weight and sedimentation coefficient of the active proteasome
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were estimated to be 1,200 kDa and 29.4 S, respectively, both of which are larger than those of the
latent proteasome of the same species. In electron micrographs, the active proteasome appeared
as a dumbbell-like image. It is concluded that the active proteasome purified from goldfish
oocyte cytosol is identical to the 26 S proteolytic complex reported in human and rabbit.

As a first step to understand the possible function of proteasomes during meiotic maturation
of goldfish oocytes, changes in the protein levels and activity of protesomes during oocyte
maturation and egg activation were examined. Proteasome activity was measured using the
fluorogenic peptide. During oocyte maturation, the activity and protein levels of proteasome
changed synchronously with two peaks, one prior to the migration of germinal vesicle and the
other just after the completion of germinal vesicle breakdown. Upon egg activation, there was a
two-fold increase in the activity of proteasome, followed by a sharp drop soon after cyclin B
degradation. This drop in the enzyme activity was coincident with a significant decrease in the
levels of immunoreactive proteasome components, except for one component which was weakly
stained with one of the anti-proteasome monoclonal antibodies. These results suggest that active
proteasome is involved in the regulation of oocyte maturation and egg activation, and further
support the hypothesis that active proteasome may play an important role in the regulation of
MPF inactivation, namely cyclin degradation, which occurs immediately after egg activation.

Next, the possible role of active proteasome in the regulation of cyclin B degradation was
investigated, for the first time, using E. coli produced goldfish cyclin B and purified goldfish
active proteasome. It was found that active proteasome can digest the wild cyclin B, producing
an intermediate cyclin B protein (42 kDa). In contrast, cyclin B mutants lacking the first 42, 68,
and 96 N-terminal amino acids were not digested with active proteasome, suggesting that the N-
terminal amino acids are necessary for cyclin B degradation. Amino acid sequence analysis of
the 42 kDa intermediate protein revealed that active proteasome cuts the C-terminal peptide bond
of lysine 57. Experiments using various protease inhibitors suggest that trypsin-like activity may
be responsible for cyclin B degradation. Full-length goldfish cyclin B was also degraded in
Xenopus egg extracts after activation by the addition of Ca?*. Taken together, these results

provide the first evidence to indicate that proteasomes are involved in the regulation of cyclin B
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degradation.

Ubiquitin was purified from the cytosol fraction of goldfish ovaries containing full-grown
postvitellogenic oocytes using four steps of column chromatagraphy. It was also shown that a
large amount of ubiquitin occurs as a free polypeptide in immature oocytes of goldfish.
Furthermore, approximately the same amount of proteasome as ubiquitin was present in
immature oocytes. These findings are consistent with the notion that both proteasome and
ubiquitin are involved in cyclin B degradation during the meiotic cell cycle of goldfish oocytes
and eggs.

Based on the data presented in this study, together with those of other studies, a hypothetical
model for the possible participation of proteasomes in the regulation of cyclin B degradation is
presented as follows. Upon fertilization (egg activation), an increase in Ca* activates a
Ca**/calmodulin-dependent protein kinase. This serine/threonine kinase then either directly
activates proteasome or makes cyclin B a better substrate for the proteasome through an
unknown mechanism. Proteasome then cuts the N-terminus (Lys 57) of cyclin B and expose an
ubiquitinating site of cyclin B, thus enabling cyclin B to interact with ubiquitinating enzymes.
After ubiquitination, cyclin B-ubiquitin complexes are degraded by active proteasome to small

peptides, leading to the inactivation of MPF.
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