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　　Abstract　　Mitogen-act ivated protein kinase(MAP kinase)cascade and matu ration-promot ing factor (MPF)play very important
roles during meiotic maturation and fert ilization of oocyte.Interaction betw een MAP kinase and MPF influences meiotic maturation and

fert ili zation of oocyte throughou t the animal kingdom , including stimulation of germinal vesicle b reakdow n(GVBD), suppression of DNA

replication , cont rol of meiotic chromosome segregation , maintenance of metaphase II arrest , and resumpt ion and completion of second
meiosis.This review focuses on the function and interaction of MAP kinase and MPF du ring meiotic maturation and fert ilization of oocyte.
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　　The process of oocyte meio tic maturation and

fertilization is regulated by many kinds of protein ki-
nases.The fully-g row n GV o r pre-GVBD phase

oocy tes contain abundant pre-MPF or its subunit cy-
clin B and p34cdc2 , and the members of MAP kinase

signaling cascade in almost all kinds of animals.The
change of these protein kinases , especially thei r modi-
f ication af ter t ranslation is vital for the normal pro-
ceeding of oocy te meiotic maturation and fertiliza-
tion[ 1 ～ 6] .The act ivation and/or inactivation of MAP
kinase and MPF results in meiosis enter , arrest , and
exit , including induction of germinal vesicle break-
down , inhibition of DNA replication betw een

metaphase I to metaphase II transi tio n , regulation of
chromosome separat ion , maintenance and release of

M II arrest.MAP kinase and M PF act as the core of
these processes , and o ther protein kinases act as thei r
up-st ream regulators or dow n-stream subst rates ,
composing a multifunctional , sensitive signal t rans-
duction netw ork.In this article , the function and in-
teraction of MAP kinase and MPF during oocy te mei-
ot ic maturation and fertilization are discussed by re-
view ing the results obtained in our labo ratory and

o thers.Some hypothesis and conclusions resulted

from the interaction between MAP kinase and M PF

are also be provided fo r future research.

1　Introduction of MPF and MAP kinase sig-
naling cascade

1.1　MPF

MPF is a vital regulator fo r G2/M transition in

eukary otic cell mitosis and meiosis , a kinase complex
composed of the regulatory subunit cyclin B and the

cataly tic subunit p34cdc2.p34cdc2 is a 34 kD Ser/Thr
protein kinase , while cyclin B is deg raded and synthe-
sized periodically during cell cycle.p34

cdc2
and/or cy-

clin B , o r pre-MPF is accumulated in oocytes during
oogenesis in different kinds of animals[ 7] .The activi-
ty of MPF is regulated by My t1/Wee1 kinase and

cdc25 phosphatase.The activation of M PF involves

two steps.First , p34
cdc2

and cyclin B form a com-
plex , and wi th the formation of the complex , p34cdc2

is phospho rylated:Thr14 and Tyr15 are phosphory-
lated by Wee1 o r My t1 when the activity of MPF is

inhibited , but phospho rylation of Thr161 is necessary
fo r the activity of MPF .Finally , pre-MPF is dephos-
pho rylated and activ ated by Cdc25C at Thr14 and

Ty r15.The activity of MPF reaches its highest level

at GVBD stage , remains high until metaphase I , de-
creases at anaphase I , and increases again at

metaphase II in Xenopus oocytes[ 4] .But in mouse ,
cat tle and pig oocytes , the activity of M PF increases
f rom the GV phase and reaches it s highest level at



metaphse I , decreases af ter that , increases again af ter
telophase I , reaches i ts highest level at metaphase II ,
and remains unchanged for several hours at this

phase
[ 7 ,8]

.In conclusion , the activity of M PF is

highly correlated wi th the meiotic cell cycle.

1.2　Mos-MAPKK-MAPK-p90rsk signaling cascade

M os-MAPKK-MAPK-p90 rsk signaling cascade is
composed of Mos , MAP kinase kinase (MAPKK),
MAP kinase and p90rsk , and the former activates the
lat ter in order.Mos is the product of c-MOS pre-
oncogene , encoding a 39 kD Ser/ Thr protein kinase.
Mos is the only kinase of MAPKK in vertebrate germ

cells.MAPKK is also a Ser/ Thr protein kinase , and
phosphory lates Thr/ Ty r residue in MAP kinase

[ 9]
.

MAPKK contains the connection signal and nuclear

expo rt sequence of MAP kinase , so MAPKK is the

activato r and cytoplasmic anchor pro tein of MAP ki-
nase.Ex tracellular signals activate MAPKK and re-
sult in the separation of MAP kinase-MAPKK com-
plex , then MAP kinase moves into nucleus.At least
20 kinds of MAP kinase have been found in eukary-
otes , among which MAP kinase-1 (p44ERK1) and

MAP kinase-2 (p42ERK2)are the vital regulators of
the oocy te meiotic maturation and fertilization[ 3] .

All the subst rates of MAP kinase contain the P/
L-X-T/S-P sequence for phosphorylation.They are
all Ser/Thr pro tein kinases.These kinases have the
different cataly tic activity w hen compared to MAP ki-
nase.In the ex tracellular sy stem , the MAP kinase -
activated pro tein kinase 1 can phosphorylate 40S ribo-
somal subunit S6 protein , so is called ribosome S6 ki-
nase(RSK)[ 10] .Phospho rylated RSK can accelerate

some mRNA translation w hich is important for the

cell grow th and proliferation.RSK is composed of 85

～ 90 kD S6 kinase(p90rsk)and 70 ～ 85 kD S6 kinase
(p70rsk).p90 rsk is the physiological subst rate of MAP
kinase 1/2.When MAP kinase signaling cascade is

activated by the ex tracellular signals , the nuclear an-
chor sequence of MAP kinase and p90

rsk
combine , and

as a result , p90
rsk
is imported into nucleus w here it

regulates nucleus activity
[ 11]

.In Xenopus , p90
rsk
can

phosphory late the inhibito ry pro tein M yt1 of

p34cdc2 [ 12] , and decrease the activity of My t1 , result-
ing in the activat ion of M PF.Existing as an inactive
form in GV stage pig oocytes , MAP kinase and p90rsk

are phospho rylated and activated before or af ter

GVBD , their activity reaches the highest level at

metaphase I and remains high until the pronuclear

formation after fertilization , and no longer activated

during mitosis[ 13 , 14] .

2　Interaction betweenMPF and MAP kinase
during oocyte GVBD

2.1 　Regulation of MAP kinase on MPF activity

during oocyte GVBD

MAP kinase activation is no t required for the ini-
tial activation of M PF in oocy tes of many species such

as starfish o r mouse , whose activat ion of MAP kinase
occurs only af ter GVBD.In other species , by con-
t rast , MAP kinase is activated befo re GVBD and

might stimulate GVBD.In Xenopus oocy tes , if MAP
kinase activation is inhibited , meiosis does no t reinit i-
ate or delays.MAP kinase is just act ivated befo re

GVBD , so it can be inferred that MAP kinase acti-
vates MPF via inhibition of M yt1 , and as a result ,
stimulates oocyte GVBD[ 12] .

Furthermore , phosphorylation of certain serine

sites is essential for the biological activity of cy clin B1

and inhibition of its retention in the cy toplasm in

Xenopus oocytes , thus leading to it s nuclear localiza-
tion.MAP kinase can directly o r indirectly phospho-
rylate this Ser site in cyclin B.It can be proposed that
MAP kinase also regulates the activity of M PF via

phosphorylation of cy clin B and makes it translocate

into nucleus.In conclusion , MAP kinase may inacti-
vate MPF inhibitor (Myt1)and/or regulate t ranslo-
cation of cy clin B into nucleus , thus make the full ac-
tivation of M PF , f inally induce G2/M transition in

Xenopus oocytes.But in pig oocy tes , the regulat ion
of MAP kinase on MPF is st ill unclear[ 8 ,15] .

2.2 　Regulation of MPF on MAP kinase during

oocyte GVBD

MAP kinase controls M PF act ivity ;the converse
is also t rue.In oocy tes of all species , full activ ation of
MAP kinase occurs only w hen M PF is active.In
Mos-/ -mouse oocy tes , MAP kinase could no t be ac-
tivated , although M PF is activated.This result im-
plies that M PF can induce the activity of MAP kinase

via M os[ 16] .In Xenopus and rat oocy tes , the activ at-
ed M PF can directly or indirectly act ivate MAP ki-
nase via activating Mos , while inhibition of M PF ac-
tivity can inhibit the phospho rylation of MAP kinase

in a dose dependent manner
[ 17～ 19]

.In Xenopus

oocytes , the pro tein synthesis is necessary fo r the ac-
tivation of MAP kinase.When inhibit ing the t ransla-
tion of M os , MAP kinase cannot be activated , while
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MPF can activate MAP kinase in the absence of acti-
vated M os.Furthermore , the inactivation of M PF at
least partly inhibits most of the activity of MAP ki-
nase.Thus it can be proposed that MPF may activate
MAP kinase independent of Mos.Mos is probably
one of the activators w ith w hich M PF activates MAP

kinase in oocy te meiosis , and the activation of MAP
kinase may be regulated by many other mechanisms.
Recent results show ed that the interaction of Mos

w ith Hsp90 and the phosphorylation of Ser3 residue

in Mos are necessary fo r activation of M os in Xenopus

oocy tes[ 18] .MAP kinase and M PF are also the Ser3
kinases.MAP kinase canno t be the only kinase re-
sponsible fo r Mos Ser3 phospho rylation since phos-
phorylation activation of Mos occurs even if MAP ki-
nase is inactivated by Py st1 , a MAP kinase phos-
phatase.MPF is thus the most probable kinase to ac-
tivate M os[ 20] .In conclusion , when oocytes undergo
GVBD , the activation of M PF can phosphorylate Mos
and maintain the level of Mos , and as a result , the
activi ty of Mos is increased.Mos phosphorylates and
fully activates MAP kinase.

2.3　Roles of MPF and MAP kinase in inducing the
translation of cyclin B

In all investigated cases , there is a st rong tempo-
ral correlat ion betw een the level of MAP kinase acti-
vation and cyclin B translation.In Spisula , starf ish ,
mouse and Xenopus , increased cyclin B synthesis be-
gins soon after MAP kinase activation.In enucleated
starf ish oocy tes , both MAP kinase activation and an
increase in cyclin B synthesis are suppressed[ 21] .In
mouse oocy tes , inhibition of the Mos dependent MAP
kinase cascade by ablation of Mos mRNA suppresses

accumulation of new ly translated cyclin B1.The ac-
tivi ty of MAP kinase may be necessary for the syn-
thesis and accumulation of cyclin B.When the syn-
thesis or activity of Mos is specifically inhibited at

GVBD in Xenopus oocy tes , MPF activity remains

low af ter meiosis I , and the oocy tes fail to enter meio-
sis II

[ 22]
.These results imply that MAP kinase is

necessary for the reactivation of MPF after meiosis I ,
while at this time , the MAP kinase pathw ay does not
depend on M PF , but in charge of subsequent neosyn-
thesis of cyclins[ 23] .

The increase in the rate of cyclin B translation

w hen oocytes are released f rom arrest at G2-prophase
of the first meiot ic cell cycle might be due to unmask-
ing of its mRNAs and depends on a cy toplasmic

polyadenylation element(CPE)in the 3-untranslated

region (UTR)[ 24] .The CPEs of the cyclin B1 3′
U TR are t ranslational-masking elements in the imma-
ture oocy te and that cy toplasmic polyadenylat ion

might be essential for ef ficient t ranslation of cyclin B1

during meiot ic maturation of Xenopus oocytes.MAP
kinase activation appears to be required for unmasking

of the cy toplasmic polyadenylation element in the 3′
U TR of cyclin B under phy siological condi tions , since
polyadeny lation does not occur in response to proges-
terone if MAP kinase is inhibited by the compound

PD98059[ 25] .However , MPF-induced cytoplasmic

polyadeny lation of cy clin B1 mRNA can occur in mi-
croinjected Xenopus oocy tes in the presence of inject-
ed MAP kinase phosphatase MKP1 , which eliminates
the majority of MAP kinase activation.

Cyclin B1 accumulates to normal levels in oocy tes

microinjected wi th the Cdk inhibitor p21CIP1 , which
suppresses activation of both M PF and MAP kinase ,
as well as GVBD[ 23] .This is surprising , because
polyadeny lation of cyclin B1 mRNA requires both

MAP kinase and MPF activities in Xenopus

oocytes
[ 25]

.These results indicate that progesterone-
dependent stimulation of cyclin B1 translation is part-
ly independent of MAP kinase , MPF and therefo re

polyadeny lation of cyclin B1 mRNA in Xenopus

oocytes.However , part of the accumulation of cy clin
B1 to a high level could also be accounted for by the

absence of cy clin B1 degradation , which normally oc-
curs af ter GVBD and is mediated by the anaphase

promoting complex (APC), which is dependent of

M PF activ ation.

Taken together , MAP kinase exerts a positive

feedback control on cyclin B translation in oocytes in-
duced to escape f rom G2 arrest.This is clearly one
mechanism by which MAP kinase assists in the acti-
vation of M PF.Although not required for GVBD in

all oocy tes of one species or between species , this con-
t rol is very important for the subsequent flow of mei-
otic events.

3　Suppression of DNA replication in the first
meiotic cell cycle by MPF and MAP kinase

The marked increase in cyclin B translat ion does

no t lead to a significant increase in cyclin B protein

levels af ter GVBD in starfish and Xenopus oocy tes.
This may be because oocy tes lack a spindle assembly

checkpoint in the fi rst meiotic cell cycle and activate

the cyclin-degradation machinery shortly af ter

GVBD , befo re a bipolar spindle is assembled.Conse-

564 Progress in Natu ral Science　Vol.14 No.7　2004



quently , newly synthesized cyclin B completely re-
places stockpiled cyclin B by the fi rst meiotic

metaphase.It can be proposed that this is to prevent
DNA replication.

Meiosis is characterized by the absence of DNA

replication betw een meiosis I and meiosis I I , a neces-
sary condition to maintain the diploid number of chro-
mosomes af ter fertilization.As in mitosis , MPF in-
hibits fo rmation of pre-replication complexes and en-
try into S phase at the first meiotic interphase.In-
deed inhibition of the assembly of endogenous M PF

readily induces premature DNA replication in the

oocy te , sho rtly after emission of the fi rst polar body ,
at a time co rresponding to the t ransition f rom the first

to the second meiotic cell cy cle in no rmally maturing

oocy tes[ 19 ,26] .These results strongly suggest that en-
hanced translation of cy clin B af ter GVBD and the re-
activation of M PF af ter PB1 emission are part of the

mechanism that suppresses DNA replicat ion in the

oocy te betw een meiosis I and II.In Xenopus , sup-
pression of MAP kinase activation during meiosis I in-
duces premature DNA replication after meiosis

I
[ 22 , 27]

.Thus , suppression of MAP kinase probably

acts indi rectly , by downregulating M PF act ivity.
This could involve both suppression of cy clin B trans-
lation and My t1/Wee1 inactivation.The p90rsk is
likely to be the ef fector of MAP kinase in these pro-
cesses , because even in the absence of MAP kinase

activation , expression of a consti tutively active form
of p90rsk allow s cyclin B to accumulate at a high level

and suppresses ent ry into S phase[ 27] .In conclusion ,
MAP kinase reactivates MPF , and as a result the ac-
tivated M PF suppresses the formation of replication

complex , and finally suppresses ent ry into S phase.

4　Regulation of MPF and MAP kinase on

metaphase-anaphase transition in meiosis I

Several recent papers suggest that MAP kinase

and M PF posi tively regulate the metaphase-anaphase
transition of meiosis I.Firstly , active MAP kinase is
localized to the midzone of the elongated spindle at

early anaphase I in porcine oocy tes and is required fo r

chromosome separation and cytokinesis[ 28] .This is
interesting in the light of the similar active MAP ki-
nase localization during mitotic M phase in somatic

cells.

However , i t is cyclin B translation that is rate

limiting for meiosis I in mouse oocy tes
[ 4]

and the

M os-MAP-kinase cascade is non-essential , which sug-

gests that in po rcine oocytes MAP kinase is required

simply to stimulate cyclin B synthesis.New ly formed
MPF (due to cyclin B translation)may therefore con-
t rol kinetochore attachment to microtubules since this

appears to be the t rigger for the metaphase-anaphase
t ransition of meiosis I.MAP kinase and MPF thus

appear to regulate homologous chromosome separat ion

during the transi tion between meiosis I and meiosis

II , at the same time suppresses DNA replication.
MAP kinase probably regulates the level or localiza-
tion of M PF activity.The Mos-MAP-kinase cascade
might have an additional , MPF-independent ef fect on
microtubules and chromatin since these are reorga-
nized in oocy tes f rom Mos-/ -mice between meiosis I

and meiosis II even though MPF is reactivated w ith

no rmal timing at metaphase II[ 29] .

5 　 Roles of MPF and MAP kinase in
metaphase II arrest

In vertebrates , maturing oocy tes produce a cyto-
static factor (CSF), which is defined as an activity
present in the cy toplasm taken from unfertilized eggs

that induces metaphase arrest w hen transferred into

one blastomere of a tw o-cell embryo.Mature mouse
oocytes fail to arrest at the second meiot ic metaphase

w hen Mos is disrupted by gene target ing.Converse-
ly , microinjection of Mos mRNA or pro tein into one

blastomere of a tw o-cell frog embryo induces cleavage
arrest at metaphase.Microinjection of thiophospho-
rylated (irreversibly activated)MAP kinase or it s

constitutively activated target p90rsk into one blas-
tomere of a tw o-cell embryo induces a metaphase ar-
rest similar to that induced by Mos.Xenopus egg ex-
t racts can apparently be released from metaphase II

arrest by addition of specific MAP kinase phos-
phatases[ 30] .These results indicate that MAP kinase
mediates the CSF act ivity of M os.Surprising ly , de-
plet ion of p90 rsk is ineffective.MAP kinase , there-
fore , at least in part through activation of p90 rsk ,
might prevent the operation at metaphase II of an

APC-dependent process that cont rols deg radation of
M-phase cyclins and sister chromatid segregation.
Furthermore , active APC is detectable in metaphase-
II-arrested oocytes even though cyclin degradat ion is
rather limited

[ 31 , 32]
.This suggests that MAP kinase

might not inactivate APC per se in meiosis II.

Mos-MAP kinase-p90rsk pathw ay may be essen-
tial for the activi ty of CSF .Inhibition of M EK1/2
w ith a specific inhibitor , U0126 , parthenogenetically
activated mouse egg s , producing phenotypes similar
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to Mos-/ - parthenogenotes (premature , unequal

cleavages and large polar bodies).U0126 inactivated
MAP kinase in eggs w ithin 1 h , in contrast to the 5 h
required after fertilization , while the t ime course of
M PF inactivation was similar in U0126-activated and
fertilized egg s.It w as also found that inactivation of
M PF by the M PF inhibitor roscovi tine induced

parthenogenet ic activation.Inactivation of M PF by

roscovitine resulted in the subsequent inact ivation of

MAP kinase with a time course similar to that follow-
ing fertilizat ion.Notably , roscovitine also produced
some Mos

-/ -
-like pheno types , indist inguishable

from U0126 parthenogenotes.Simultaneous inhibi-
tion of both M PF and MAP kinase in egg s t reated

w ith roscovi tine and U0126 produced a very high pro-
po rt ion of eg gs w ith the more severe phenotype.
These f indings conf irm that M EK is a required com-
ponent of CSF in mammalian eggs and imply that the

sequential inactivation of M PF followed by MAP ki-
nase inactivation is required for no rmal spindle func-
tion and polar body emission[ 33] .The results f rom
Xenopus oocytes also conf irm that c-Mos/MAP ki-
nase pathway is dependent on MPF.Therefore , the
metaphase II arrest depends on a dynamic interplay

between M PF and MAP kinase , the c-Mos/MAP ki-
nase pathw ay stabilizing cyclin B , whereas in turn ,
MPF prevents c-Mos deg radation[ 34] .

MPF is the ini tial t rigger fo r APC activation in

mitosis and is necessary fo r degradation of mi totic cy-
clins.In meiosis also , MPF may activate APC initial-
ly , since extensive turnover of stockpiled cyclin B oc-
curs sho rt ly af ter complete activation of M PF af ter

GVBD in meiosis I , even though in meiosis II full-
scale cyclin degradation does not occur until activation

of CaMKII.In mouse and Xenopus oocytes , cyclin B
is to some extent continually deg raded and synthe-
sized even at metaphase II

[ 31]
.

One explanation for the CSF-arrested-like state
is that the MAP-kinase-stimulated process prevents

active APC from ubiqui tinylating i ts subst rates in

metaphase I I , and/or MAP-kinase-dependent protein
synthesis outw eighs ubiquitin-dependent deg radation
prior to full act ivation of the deg radation machinery.
CaMKII-dependent t rigger for full APC-mediated
deg radation does not require inactivat ion of MAP ki-
nase , which occurs just befo re pronuclear formation ,
when cyclin B has been fully deg raded.It is proposed
that MAP kinase maintains an inhibitor of the APC-
mediated degradation , of w hich the CaMKII signal

overcomes this inhibi tion.This might explain why

invertebrate oocy tes , which are generally fertilized

earlier than metaphase II , do not arrest at meiotic
metaphase II , even when the MAP kinase cascade is
still active.Furthermo re , CaMKII might play dual
roles in mediating calcium signal after egg activat ion:
on one hand , it inactivates M PF and releases the eggs
f rom M II arrest by stimulating a cyclin B degradat ion

pathw ay;on the other hand , CaMK II maintains the
phosphorylated state and the level of MAP kinase/
p90rsk through an unknown mechanism to promote

meiotic I I process and enter into interphase[ 35] .

The degradat ion of cyclin B that resulted f rom

fertilization precedes the inactivation of c-Mos.This
result is inconsistent w ith the roles of CSF that main-
tains the M PF activity at metaphase I I[ 20] .The rea-
son for this may be that the t ransito ry activation of

Ca2+ activates two different pathw ays:the deg rada-
tion of cy clin B and the c-Mos-initiates , independent
of CSF , an inactivation of M PF pathway.But this
hypothesis cannot explain how the degradation of cy-
clin B affects the subsequent degradation of c-Mos.
Further studies show ed that the MPF can phosphory-
late and maintain c-Mos , which provides a further ex-
planat ion for the exit f rom metaphase II.It can be
proposed that the activation of M PF can phosphory-
late c-Mos and further inhibit the deg radation of c-
Mos , which may inhibit the degradation of cyclin B
mediated by APC.The transitory increasing of Ca2+

concentration after fertilization may only induce the

degradation of cy clin B , but have no ef fects on the
APC-dependent c-Mos degradation.The degradat ion
of c-Mos mediated by APC may be maintained until

the fertilized oocytes , which is dif ferent f rom the

degradation of cy clin B.We can propose that the

degradation of c-Mos may mostly result from the in-
activation of MPF mediated by the degradation of cy-
clin B after fertilization , which makes c-Mos dephos-
pho rylated and enter into the deg radation pathw ay.

6　Conclusions

In conclusion the regulation and interplay be-
tw een MAP kinase and M PF play vital roles in oocy te

meiotic maturation and fertilization.Although the

roles of MAP kinase and MPF are very conservative

during the oocy te meiot ic maturation and fertilizat ion

in the animal kingdom , yet different mechanisms may
exist betw een different species , and the regulatory

mechanism of the different checkpoints in the meiotic

cell cycle may also exist.Furthermore , dif ferent
kinds of kinases , different regulatory mechanisms and
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many other unknown kinases may also exist , and the
regulatory mechanisms of the known kinases are still

w aiting for clarification.The interplay among all

these kinases and the relationship w ith MAP kinase

and MPF need further study.Because of the impor-
tant roles of MAP kinase and MPF in oocy te meiotic

maturation and fertilization , further study about thei r
relationship w ill help us know more about the regula-
tion of cell cycle , the mechanism of cancer , animal
reproduction and development.
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