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and Cdc2 kinase in Xenopus oocyte maturation
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PUHRXDODABDERE

Progesterone, the natural mitogen of Xenopus oocytes, triggers various signal transduction
pathways in the oocytes which lead to the post-transcriptional activation of maturation or M-phase
promoting factor (MPF). Progesterone-induced synthesis of c-mos proto-oncogene product (Mos) is
accompanied by the simultaneous activation of mitogen-activated protein kinase (MAPK) and Cdc2 kinase
during Xenopus oocyte meiotic maturation. However, it has recently been proposed by many laboratories
that Mos synthesis and MAPK activation are not required to induce MPF activation in Xenopus oocytes,
they most probably facilitate this process. In an attempt to account for these contradictory findings on the
role of Mos and MAPK in MPF formation, the molecular basis of the progesterone-induced meiotic
maturation process was studied individually in stage-V and stage-VI oocytes, which are often studied
without strict selection, by using 2~«(p-amylcinnamoyl)amino-4-chlorobenzoic acid (PACA),

a pharmacological inhibitor of phospholipase A, (PLA,). In this study the distinct stage-specific effects of
PACA on MAPK and Cdc2 kinase activation were observed. Moreover, the distinct stage-specific
molecular mechanisms of MAPK and Cdc2 kinase activation were established. From these findings, PACA
was proposed as a new tool for the study of the Xenopus oocyte maturation. Thus, PACA can play a unique
role for the studies of the distinct stage-specific molecular mechanisms of MAPK and Cdc2 kinase

activation during progesterone-induced Xenopus oocyte maturation.

_29_



Experimental procedures

Xenopus oocytes isolation and staging were done by Dumont criterion. Oocytes were treated with 10
mM PACA and progesterone (5 mg/ml) was applied after 1 h for induction of meiotic maturation. Groups
of oocytes were labeled with 0.1 uM [*H]dabeled arachidonic acid (AA) (1 pCi/ml) and released AA was
measured by liquid scintillation counter after individually treated with PLA, inhibitors and microinjéction
of four different concentrations of PLA,. Three different concentrations of bacterially expressed and
purified recombinant maltose binding protein (MBP)-Mos were injected in stage-V oocytes treated with
PACA. Mos mRNA was depleted by antisense oligodeoxynucleotides. The homogenate of oocytes was
centrifuged at 15,000 g for 10 min at 4°C and the resultant supernatant was used as the sample for Western
blotting, kinase assay as well as other analyses. For Western blotting sample (equivalent to 1 oocyte) was
electrophoresed using a 12.5% SDS-PAGE Anderson system and transferred proteins were reacted with
each antibody. MAPK was immunoprecipitated and its activity was measured using MBP as substrate.
Silver staining was done by usual kit. Radioactivity of **P was determined by Cerenkov counting using

liquid scintillation system.

Results

PACA can cause marked inhibition of meiotic maturation and PLA, is not involved in the meiotic
maturation process. PACA showed distinct stage-specific effects on meiotic maturation. This drug has
similar effects on synthesis of Mos but different effects on the activation of MAPK at stages-V and ~VIL
The target of PACA-induced inhibition of MAPK activation in stage-V oocytes is at the upstream of MEK
and this inhibition is not contributed by any binding protein. Inhibition of PLA, does not affect the
activation of MAPK in both stage-V and stage-VI oocytes. PLA, and PLA,-generated metabolites can not
restore the MAPK activation in PACA-treated stage-V oocytes. Interestingly, recombinant MBP-Mos
protein can remove the inhibitory effect of PACA and restore the MAPK activation in stage-V oocytes.
Antisense depletion of Mos by conventional oligonucleotide can not prevent the activation of MAPK
completely. PACA has no inhibitory effect on MAPK activity in stage-VI oocytes in vitro or in vivo. PACA
has stage-specific effects on the activation of Cdc2 kinase. PACA-induced effects on Mos synthesis and on

MAPK and Cdc2 kinase activation are concentration-dependent.

Discussion ‘

Stage-V and stage-VI oocytes are well documented for the study of Xenopus oocyte meiotic maturation.
To investigate the involvement of PLA, the bromoenol lactone, another PLA, inhibitor was tested which
did not inhibit the maturation. Moreover, neither microinjection of PLA,-generated vmetabolites nor direct
microinjection of various concentrations of PLA,, could overcome the PACA -induced inhibition of meiotic
maturation. Therefore, PLA; is not involved in this maturation process. Moreover, it was assumed that the

PACA-induced inhibition of meiotic maturation probably resulted from some structural feature since a
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structural homolo gue of PACA, differentiation-inducing factor-1 (DIF-1)-mediated inhibition of maturation
is structure-specific.The distinct effects of PACA on MAPK activation in stage-V and —VI in spite of the
similar effects on Mos synthesis, clearly indicates the distinct stage-specific molecular mechanisms of
MAPK activation. Since microinjection of MBP-Mos can remove the inhibitory effects of PACA on MAPK
activation in stage-V oocytes. Therefore the activation of MAPK is clearly dependent on Mos synthesis in
both stages. Thus trace amount of Mos can activate the MAPK in stage-VI oocytes but not in stage-V
oocytes. Mos-activating system may weaker in PACA-treated stage-V oocytes rather than stage-VI oocytes.
This is the basic difference on the Mos-dependent activation of MAPK in stage-V and stage-VI oocytes.
The possible mechanism of the delay of Cdc2 kinase activation is the delayed activation of cdc25C in
stage-VI and the complete inhibition of Cdc2 kinase activation in stage-V is caused by the inhibition of
¢dc25C activation by PACA.

Conclusion

- PACA wés proposed as a potential new tool for the study of the meiotic maturation of Xenopus oocytes.
Thus, PACA can play a unique role for the comparative studies of the molecular mechanisms of MAPK and
Cdc2 kinase activation in stage-V and stage-VI oocytes during progesterone-induced meiotic maturation of

Xenopus oocytes.
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BHFFRIEF AR )N—F A, DHEXTH 5 2-p-amylcinnamoyl)amino-4-chlo-

robenzoic acid (PACA) 7% OF A570 & 57 7 U Y AN TI)VIRRHIEORE MG 2
ANZALEFEM LI DTH S, TORER. IIRADHFNIFARIN—E A, ZEEBFICX
5HDTIERL, ZNPNDL T FIVEZRITERALEKRTHD, SSITIIBMEOEETRAT
— DR Lo TEDEENRRD I EEZHSMI L, BIB. A57—2 6 DHIIETIZ PACA ITLD
SRRRBADBAIGEN DA, X7 — 5 OMfETITE Z 570, ZHiud Cde2 FFH—E DiEH & Xt
BB, IHIT. WAT— T OHIBEIX PACA IZEL D Mos FFH—VYEBHEDOERIBEET NS5,
ZTOTHICHD MAP FF—YOEMHIIIRAT—2 6 OMBETIEEINT AT —2 5 OHilaT
1358 < BRE S N7z, 3L Mos DR EESHIOAEBTAT -V TRED I LZ2RRLTNS,
Z DX DITHH L PACA DB HEOREERAT — V2RI THHEARY—ITHDELEHITIP
RAZFERT DIV FINVGEEREOMIICH L WICEHND 252 THBD. HEMNTEMROKEE
EEHIEHOERDEND,
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