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Oocyte maturation is regulated by maturation/M-
phase promoting factor (MPF), a crucial M-phase
regulating enzyme composed of a catalytic subunit,
p34cdc2, and a regulatory subunit, cyclin B.  The amount
of p34cdc2 is almost constant during oocyte maturation,
and the amount of cyclin B is the principal factor
determining MPF activity [1].  The presence of two types
of cyclin B, cyclin B1 and cyclin B2, has been shown in
vertebrates.  In human cells, cyclin B1 can cause
chromosome condensation, reorganization of the
microtubules, and disassembly of the nuclear lamina
and of the Golgi apparatus, whereas the role of cyclin
B2 is restricted only to disassembly of the Golgi
apparatus [2, 3].  In maturing oocytes, differences
between cyclin B1 and cyclin B2 functions have been
reported in the first meiotic spindle formation and the
second metaphase arrest in frog and mouse oocytes,
respectively [4�6].  In our laboratory, we have studied
cyclin B functions during porcine oocyte maturation for
the past several years.  The present review describes
our recent observations with regard to protein levels,
intracellular localizations and roles of cyclin B.  We
focus here on the differences between cyclin B1 and
cyclin B2.

Protein Levels of Cyclin B1 and Cyclin B2 
during Meiotic Maturation of Porcine Oocytes

We used immunoblotting to examine the protein
levels of cyclin B1 and cyclin B2, looking at the density
of the bands at 62 kDa and 45 kDa, respectively.  In
immature porcine oocytes, the presence of a small
amount of pre-MPF, a hyperphosphorylated inactive-
MPF, has been suggested [7�9], but the relative amount
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and the kind of cyclin B comprising the pre-MPF have
never been clarified.  Our resent experiment with 200
porcine oocytes revealed that cyclin B1 was absent
from the immature oocytes, whereas the amount of
cyclin B2 in immature oocytes was between 1/20 and 1/
40 of that in the first metaphase oocytes (the intensity of
the cyclin B2 band of 200 non-cultured oocytes was
between 5 and 10 oocytes in oocytes cultured for 24-h:
Fig. 1A).

Cyclin B1 and cyclin B2 were detected just before
germinal vesicle breakdown (GVBD), which was
induced in most of the oocytes at 20�24 h in the present
culture conditions [10�12].  Thereafter, cyclin B1
gradually increased, with a transient decrease at the
first polar body extrusion, and reached its peak level at
the second meiotic metaphase (48 h of culturing).  In
contrast, cyclin B2 reached its peak level at the first
metaphase, then decreased abruptly in correlation with
the first polar body extrusion and maintained a low level
during the second meiosis (Fig. 1B).  In Xenopus
oocytes, the degradation of cyclin B2 at the f irst
meiosis/ second meiosis transition and the requirement
of cyclin B1 synthesis for the second meiosis induction
have been reported [13].  Except for the cyclin B levels
in immature oocytes, the cyclin B fluctuation patterns in
porcine oocytes agreed well with those reported in
Xenopus and mouse oocytes [14�16].  These results
suggest that cyclin B2 works during the first meiosis,
whereas cyclin B1 works mainly during the second
meiosis.

Intracellular Localization of Cyclin B1 and 
Cyclin B2 during Porcine Oocyte Maturation

Intracel lular local izat ion of  cycl in B has been
examined by immunocytochemical  methods with
antibodies specific for each cyclin B.  In agreement with
the protein levels described above, no cyclin B1 signal
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and only a faint cyclin B2 signal were observed in
immature porcine oocytes.  Cyclin B2 localization was
unclear at 0 h of culturing, but it probably occurred on
the nuclear membrane, and then the cyclin B2 signal
had increased in the whole germinal vesicle (GV) at 18
h when the MPF activity of the oocytes started to
increase (Fig. 2A).  In cultured cell lines, cyclin B is
present in the cytoplasm during the inter-phase, and it
translocates into the nucleus after the activation of MPF
at the start of the M-phase [17�19].  In starfish oocytes,
cytoplasmic cyclin B in immature oocytes translocates
into GV just  before GVBD [20].   Therefore,  the
accumulation of active MPF in the nucleus before the
start of the M-phase might be common to all cell types.

After GVBD, the cyclin B1 signal increased in the
whole cytoplasm, with no localization detected during
the first meiosis, whereas clear localization on both
poles of the spindle was observed at the second meiotic
metaphase (Fig. 2B) [21, 22].  This suggests the role of

Fig. 1. The amounts of cyclin B1 and cyclin B2 during meiotic
maturation of porcine oocytes.  (A) The amount of
cyclin B2 in immature porcine oocytes.  The 200 non-
cultured oocytes and an increasing number of 24 h-
cultured oocytes were used for immunoblotting.  (B)
Protein levels of cyclin B1 (upper panel), cyclin B2
(middle panel) and cdc2 (lower panel).  Ten oocytes
were subjected to the immunoblotting at each of the
culture periods indicated.  Different parts of the same
membrane were used for the detection of each protein.
cyclin B1 in spindle formation during the second
meiosis.  The localization of cyclin B1 on the spindle
poles has also been reported in cultured human cells [4,
19].  On the other hand, cyclin B2 co-localized with
tubulin on the whole spindle during both the first and
second meiosis, but its signal was much decreased in
the second meiosis, suggesting the involvement of
cyclin B2 in the first meiotic spindle formation (Fig. 2C).
Indeed, the requirement of cyclin B2, but not cyclin B1,
for the first meiotic spindle formation has been reported
in Xenopus and Rana japonica oocytes [5, 23].  In
porcine oocytes, however, cyclin B2 might not always
be necessary for the first meiotic spindle formation, as
described below.  The localization of cyclin B on
chromosomes has been reported previously in porcine
oocytes [24].  We revealed, however, that cyclin B1 did
not localize on somatic nuclei injected into matured
porcine oocytes unless a spindle formed around the
nucleus [21].  This result shows that porcine cyclin B1
does not bind with chromosomes directly.  The cyclin B
binding with tubulin has also been shown in biochemical
experiments [20].

I t  shou ld  be  em phas i zed  t ha t  t he
immunocytochemical results in previous reports [5, 23,
25, 26]showing cyclin B localization on the spindle did
not exclude its presence in the cytoplasm during the M-
phase.  Weak signals were always detected in the
cytoplasm on immunostaining with cyclin B-specific
antibodies, indicating partiality to their localization on
the spindle.  Our experiments in removing spindles from
mature porcine oocytes indicated very little cyclin B
localization on spindles and showed that the majority of
cyclin B remains in the cytoplasm [22].  In somatic cells,
cyclin B2 localization on Golgi apparatus has been
reported [2].  It remains to be determined whether cyclin
B2 localizes on Golgi apparatus in porcine oocytes.

Roles of Cyclin B1 and Cyclin B2 during 
Meiotic Maturation of Porcine Oocytes

To analyze the roles of cyclin B1 and cyclin B2 during
porcine oocyte maturation, we prepared their antisense
RNAs in vitro [27] and injected one or the other or both
in to the cytop lasm of  immature oocytes.   Each
antisense RNA inhibited objective cyclin B synthesis
specifically without affecting the other cyclin B synthesis
[27].

When cyclin B1 antisense RNA was injected into
oocytes, the injected oocytes underwent GVBD at the
normal rate and over the normal time course, reaching a
morphologically normal first meiotic metaphase.  The
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Fig. 2. Localization of cyclin B1 and cyclin B2 during meiotic maturation of porcine oocytes.  (A)
Oocytes were stained in the culture period indicated with Hoechst 33342 (DNA) and anti-
cyclin B2 antibody (CB2).  Each pair of photographs was taken of the same oocytes.  (B) A
mature oocyte was stained with Hoechst 33342 (DNA) and anti-cyclin B1 antibody (CB1).
The first polar body and the spindle poles are indicated by an arrow and arrowheads,
respectively.  (C) Oocytes cultured for 24 h or 48 h were stained with Hoechst 33342 (DNA),
anti-tubulin antibody (Tubulin) and anti-cyclin B2 antibody (CB2).  The anti-cyclin B2
antibody was visualized with TRITC (red), and anti-tubulin and anti-cyclin B1 antibodies were
visualized with FITC (green).  The first polar bodies are indicated by arrows.  Scale bars
indicate 10 µm.
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oocytes extruded first polar bodies normally, but they
could not be arrested at the second meiotic metaphase,
and almost all of the oocytes formed a pronucleus [27].
This result agrees well with the abovementioned
suggestion that cyclin B2 works during the first meiosis,
whereas cyclin B1 works mainly during the second
meiosis.   In mouse oocytes,  the formation of a
pronucleus was reported when cyclin B1, but not cyclin
B2, synthesis was inhibited [6], indicating that the
second meiosis is regulated mainly by cyclin B1 in
mouse oocytes as well.

When cyclin B2 antisense RNA was injected into
oocytes, GVBD induction in the oocytes was almost
normal, in spite of the suggested importance of cyclin
B2 during the first meiosis.  Furthermore, no obvious
morphological abnormality was detected in the first
meiotic metaphase or the first polar body extrusion.
The only detected effect of cyclin B2 suppression was
the acceleration of first polar body extrusion, suggesting
the maintenance effect of  cycl in B2 for the f irst
metaphase [27].  It has been reported that cyclin B2-
deficient mice were normal, in stark contrast to the
morbidity of cyclin B1-deficient mice [28].  The wide
range of cyclin B1 roles and the restricted roles of cyclin
B2 have also been reported in cultured human cells [3].
Therefore, it seems likely that most of the roles of cyclin
B2 cou ld  be  compensa ted  f o r  by  cyc l in  B1  in
mammalian cells, including porcine oocytes.  These
results suggest that cyclin B1 is the principal molecule

Fig. 3. Schematic diagram of the protein levels (line d
roles (parentheses) of cyclin B1 and cyclin B2
for M-phase regulation in mammalian cells and that
cyclin B2 plays only an accessory role.

Finally, both cyclin B1 and cyclin B2 antisense RNAs
were injected into porcine immature oocytes so that we
could examine the requirement of cyclin B synthesis for
GVBD.  The induction of GVBD in the injected oocytes
was significantly suppressed but occurred slowly.  Their
MPF activity was significantly lower than that in control
oocytes but tended to increase gradually [27].  This
shows that the small amount of pre-MPF present in the
immature oocytes was activated without de novo cyclin
B synthesis and could induce GVBD, although the time-
course was clearly slow.  It could be concluded that, in
porcine oocytes, cyclin B synthesis was not necessary
for GVBD induction per se, but synthesis of one cyclin B,
either B1 or B2, was necessary for GVBD induction in a
normal time course.  This situation is the intermediate
between those oocytes whose GVBD was not affected
by the inhibition of cyclin B synthesis, such as in
Xenopus and mouse [6, 13, 29], and those oocytes
whose GVBD was completely prevented by the inhibition
of cyclin B synthesis, such as Rana japonica [30].

Conclusion

The protein levels, intracellular localizations and roles
of cyclin B1 and cyclin B2 during porcine oocyte
maturation are summarized in Fig. 3.  Porcine immature
oocytes had only cyclin B2, at a level between 1/20 and

rawings), the intracellular localizations (boxes) and the
 during porcine oocyte maturation.
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1/40 of that in first metaphase oocytes.  Both cyclin B
syntheses were started around GVBD; cyclin B1 and
cyclin B2 peaked at the second metaphase and first
metaphase, respectively.  Only cyclin B2 localizes into
GV just before GVBD.  After GVBD, although cyclin B1
and cyclin B2 localize on spindle poles and tubulin,
respectively, most of the cyclin B remains in the
cytoplasm.  The inhibition of cyclin B1 synthesis has no
effect on the first meiosis but causes failure of the
second meiotic metaphase arrest, and the inhibition of
cyclin B2 synthesis has almost no effect on porcine
oocyte maturation, suggest ing that the pr incipal
molecule for M-phase regulation is cyclin B1 and that
cyclin B2 is an accessory molecule.  Cyclin B synthesis
is not required for GVBD induction in porcine oocytes,
but at least one cyclin B synthesis is necessary for
GVBD induction in a normal time course.
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