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Abstract

Animal oocytes grow and acquire all the
required mMRNA and proteins for the early
embryonic development. After growth
oocytes arrest in the prophase of meiosis |
until the stimulation of maturation hormone.
In starfish, maturation hormone,
1-methyladenine  (1-MA), triggers the
activation of maturation promoting factor,
which is a magor driving force for the
resumption of meiosis. At the mean time,
the protein synthesis machinery is aso
activated for trandating stored mRNA. 1-MA
is known to induce the activation of
inhibitory G protein that leads to a bifurcate
pathway including the activation of PI3
kinase and inactivation of adenylyl cyclase.
Although, we know both the increase in PI3
kinase and the decrease in adenylyl cyclase
activities are required for activation of MPF
and protein synthesis, the downstream
effectors of these signaling pathways are
unclear.  Shortly after the induction of
1-MA, there is an increase in protein kinase
C like activity, which precedes the activation
of MPF and initiation of protein synthesis.
Later, this PKC-like activity is proved to be
mainly due to the protein kinase C-related
kinase 2 (PRK2). The initiation of protein
synthesis is activated by phosphorylation of
eukaryotic initiation factor 4E (elF4E).
Recently, | further demonstrated that PRK2
phosphoryaltes elF4E in vitro. (Lee et al.,
2000. Dev Biol. 228, 166-180.). In addition,
PRK2 activity is regulated by 1-MA-induced
PI3 kinase and adenylyl cyclase-dependent
pathway. These observations suggest PRK 2

is the key molecule mediating this
G-protein-induced event during meiotic
maturation in starfish. However, the



definite proof awaits PRK2 functional study
in vivo. This study aims to elucidate the
role and regulation of PRK2 during meiotic
maturation in starfish oocytes. Specificaly,
| will ask whether the role of PRKZ2 in vivo
can be determined using known PRKZ2
activators and inhibitors, including a
constitutively active and a dominant-negative
PRKZ2. Due to the lack of the same starfish
species used in previous studies, our
laboratory is trying to use a native starfish,
Archaster typicus, collected at the beach of
PenHu and Asterias amurensis from
Tasmania, Australia.  We have established a
system for testing the responses of Archaster
typicus and oocytes to maturation hormone.
We also demonstrated the presence of PRK2
protein in Asterias amurensis and possibly
Archaster typicus oocytes by Western
blotting or immunoprecipitation against
Pisaster ochraceus PRK2 antibody. In
addition, we adso generated (1) a
constitutively active PRK2 by removing the
regul atory domain and 2 a
dominant-negative mutant by changing
PRK2 amino acid 666 from a lysine to an
arginine. The effects of PRK2 mutants
described on the maturation responses of
Archaster typicus and Asterias amurensis
oocytes are underway.

Keywords. starfish, oocyte maturation,
PRK2, elF4E, PI3 kinase and adenylyl
cyclase.
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As animal oocytes grow, they store
proteins and messenger RNAs (mMRNAS) that
arerequired for early embryonic development.
Meiotic arrest in starfish oocytes is relieved
by a maturation hormone, 1-methyladenine
(1-MA, Kanatani et al., 1969; Kanatani and
Hiramoto, 1970). 1-MA dtimulates a
cascade of signals that initiates the
resumption of meiosis, activates the protein
synthesis machinery, and prepares the plasma
membrane for interaction with sperm.
Stimulation of oocytes by 1-MA leads to the
activation of components of the protein
synthesis machinery. The subsequent
initiation of trandation of stored mMRNASs and

the increase of protein synthesis are required
for the completion of meiosis and the rapid
cycles of mitosis that follow fertilization
(Houk and Epel, 1974; Xu et al., 1993).
The increase in the rate of protein synthesis
during meiosis in starfish oocytes is due in
part to the activation of eukaryotic initiation
factor 4E (Xu and Hille, 1990). Xu et al.
(1993) showed that elF4E is phosphorylated
in the starfish oocyte 20 minutes after the
addition of 1-MA. Coincidentally or
dlightly before the phosphorylation of elFAE
there is an increase in a protein kinase C
(PKC)-like activity in cell-free extracts from
starfish oocytes (Xu et al,, 1993). Since
PKC can phosphorylate elF4E in mammalian
cells (Tusan et al., 1990; Morley et al., 1991),
it is likely that PKC-like kinase may also
phosphorylate elF4AE in starfish oocytes.
One candidate in starfish oocytes for this
early PKC-like activity is an abundant kinase
homologous to human protein kinase
C-related kinase 2 (PRK2). Starfish PRK2
is expressed in immature oocytes, is activated
prior to elF4E phosphorylation, and persists
at least until GVBD. PRK2 ispresent in the
cytoplasm, but is translocated to the germinal
vesicle before GVBD (Stapleton et al., 1998).
Using an /in vitro kinase assay, we have
recently demonstrated that the elF4E
glutathione-S-transferase  fusion  protein
(GST-4E) can be phosphorylated by
immunoprecipitated PRK?2 in the presence of
the unsaturated phosphatidic acid, 1,2
dioleoyl-glycerol-3-phosphate.

Site-directed mutagenesis of GST-4E shows
that starfish elF4AE has as its putative
phosphorylation site the serine residue
anaogous to serine-209 in mammals. More
importantly, in vitro-phosphorylated GST4E
contains the same phosphopeptides as in
vivo-phosphorylated elFAE as revedled by
two-dimensional phosphopeptide mapping.
These results suggest that PRK2 mediates the
initiation of protein synthesis during
maturation by phosphorylating elFAE (Lee et
al., 2000). However, definite proof awaits
PRK?2 functional studies in vivo.

Sadler and Ruderman (1998)
demonstrated that the phosphoinositide 3



kinase (PI3 kinase) inhibitors, Wortmannin
and LY 294002, block the activation of MPF
and GVBD in starfish oocytes. PI3 kinase
can be activated by the Gbg in mammalian
cels (Stephens e al., 1994; Tang and
Downes, 1997). These observations suggest
that 1-MA induces the release of Gjbg from
Gi in starfish oocytes. Gibg then activates
PI3 kinase to transmit the hormone signal
through the cell. We showed that
Wortmannin and LY294002 aso block
PRK?2 activation and elF4E phosphorylation.
PI3 kinase could thus be a potential regulator
of PRK2 and elF4E (Lee et al., 2000).
Furthermore, the other subunit of G;, Gia , is
known to inhibit adenylyl cyclase, thus
decreasing CAMP production and the
resultant protein kinase A activity. The
maturation of starfish oocytes is inhibited by
cytoplasmic CAMP as artificidly elevating
CAMP level by treating the oocytes with the
phosphodiesterase inhibitor IBMX prevents
GVBD. The phosphorylation of elFAE and
the increase in protein synthesis rate are also
inhibited by cytoplasmic CAMP (Meijer et al.,
1989; Xu et al., 1993). We demonstrated
that the increase in PRK2 activity is also
inhibited by cytoplasmic CAMP (Lee et al.,
2000). It appears that PRK2 is the key
mediator that relays the G-protein-dependent
bifurcate pathways. However, whether
PRK?2 is the direct effecter of PI3 kinase or
CAMP-dependent protein kinase is unknown.
How does PRK2 integrate the bifurcate
pathways that lead to the completion of
meiosis? This is a very intriguing question
that requires an understanding of PRK2
interacting molecules. We have established
the in vitro maturation system of Archaster
typicus oocytes. To investigate the role of
PRK?2 in vivo during oocyte maturation, we
have made (i) PRK2 N-terminal antibody, (ii)
constitutively active PRK2, (iii) PRK2
regulatory domain for manipulating PRK2
activity in vivo.
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GVBD in Archaster typicusoocytes
Oocytes were collected from isolated

gonads from female Archaster typicus.
Immature oocytes were washed three times with
calcium free artificial seawater, one time with
artificial seawater and keep at room temperature
until use. Oocytes were treated with different
concentrations of 1-MA and the % of germinal
vesicle breakdown (%GVBD) was counted at 60
min after the addition of 1-MA. As shown in the
following figure, the % of GVBD increased with
the increase in the added 1-MA. At 1 nM 1-MA,
>90% oocytes underwent GVBD at the end of

hour. Therefore, 1 M 1-MA will be used for

Archaster typicus oocytes.
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In contrast, a significant lower 1-MA (at 0.25
mM 1-MA) was needed for a full induction of
GVBD in Asterias amurensis oocytes (data not
shown)

The presence of PRKZ2 in Archaster typicus
and Asterias amurensis oocytes

Immature Archaster typicus oocytes
were lysed and processed as described by Lee
et al. (2000). A polyclona antibody (2298)
generated against Pisaster ochraceus PRK2
N-terminal HR1a domain (Stapleton et al.,
1998) was used to detect the presence of
PRK?2 in Archaster typicus oocytes lysate by
Western Blotting at a dilution factor of 1 to
200. A 130 KDa protein was recognized by
antibody 2298 (as the following graph).
The molecular weight is exactly the same as
Pisaster ochraceus PRK2. However, the
results was not consistent among trials.
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In contrast, we consistently identify PRK2
from Asteria amurensisoocytes by using
Immunoprecipitation against Ab 2298 as
shown in the following graph.
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Therefore, we used the Asterias amurensis
for the rest of the experiments.

Effects of PRK2 mutants

We have generated 3 mutants of PRK2 as
described as following. A partia sequence
(-ELFAIKALKK-) located at the C-terminal
catalytic domain is important for the PRK2
catalytic activity. We have synthesized a
mutant protein by replacing the red
color-coded lysine (amino acid 666) to
arginine. This mutation should disrupt the
PRK2 activity. The N-termina of PRK2
contains a pseudosubstrate site, which serve
as a negatively regulatory domain for PRK2.
We have aso synthesized a pseudosubstrate
peptide based on the starfish sequence and
injected into oocytes. We found the
pseudosubstrate peptide had no effects on the
%GVBD (data not shown). Whether it

would interfere with protein synthesis is still
under investigation. To avoid the fact that
pseudosubstrate peptide synthesized may be
too short to exert its effects, we synthesized a
regulatory half PRK2 and cataytic half
PRK2 by cutting at the amino acid 623 by
using restriction digestion. These mutants
have been verified by sequencing. The
effects of these mutants on the meiotic
maturation are still undergoing.  Since these
PRK2 mutants are designed based on the
PRK2 sequences from Pisaster ochroceus.
To avoid the possible sequence differences
between two species. We used the
degenerate PCR approach as described by
Stapleton e al., (1998) to clone PKC
isoforms from the Asteria amurensis oocytes.
We found prominent PCR products around
200-400bp, which is consistent to the results
by Stapleton et al. The PCR products will be
sequenced and subcloned to get the complete
PRK?2 sequence.

Effects of C3 transferase

C3 transferase, a Rho inhibitor was
injected into oocytes and the responses of
oocytes to 1-MA were examined. Oocytes
treated with up to 100 ng/ml C3 transferase
showed normal rate of GVBD. It implied
that nuclear maturation might be independent
of Rho. However, since the high ionic
strength of seawater hinders the effectiveness
of al chemical inhibitors. Higher
concentration of C3 transferase may be

necessary.
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Due to the lack of the same animal species
and the establishment of a newly started
laboratory, the experiment progress is lag
behind the expected progress. However,
since we demonstrated that PRK2 protein
should be very close if not the same. We
also got the required PRK2 mutants , the
pace should be catch up in the sucereceeding
project. PRK2 has gained more and more
attention in the recent years in a variety of
field. Demonstration of it's potentia role
during meiotic maturation and even later
development is of great importance and
worthwhile to be published in international
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