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Septin 7 is required for orderly meiosis
in mouse oocytes
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Septin 7 is a conserved GTP-binding protein. In this study, we examined the localization and functions of Septin 7 during
mouse oocyte meiotic maturation. Immunofluorescent analysis showed that intrinsic Septin 7 localized to the spindles
from the pro-MI stage to the MII stage. Knockdown of Septin 7 by siRNA microinjection caused abnormal spindles
and affected extrusion of the first polar body. Septin 7 mRNA tagged with myc was injected into GV stage oocytes to
overexpress Septin 7. Overexpressed Myc-Septin 7 localized to the spindle and beneath the plasma membrane displaying
long filaments. Fluorescence intensity of spindle a-tubulin in myc-Septin 7-injected oocytes was weaker than that of the
control group, demonstrating that Septin 7 may influence recruitment of a-tubulin to spindles. MIl oocytes injected with
myc-Septin 7 exhibited abnormal chromosome alignment, and parthenogenetic activation failed to allow extrusion of
the second polar body, suggesting that overexpression of Septin 7 may affect extrusion of the polar body by disturbing
the alignment of chromosomes and regulating a-tubulin recruitment to spindles. In summary, Septin 7 may regulate
meiotic cell cycle progression by affecting microtubule cytoskeletal dynamics in mouse oocytes.

Introduction

Septins are conserved GTPase proteins that were first found in
yeasts as proteins associated with the neck filaments.! Recent
work has shown that Septins are also present in fungi, insects
and vertebrates, but they do not exist in plants.>* The amount of
Septin genes in different species vary, with seven in the budding
yeast Saccharomyces cerevisiae and 14 in human.? In vivo, Septins
interact with the actin and microtubule cytoskeletons as well
as with membranes. Current data suggest that they coordinate
changes in cytoskeletal and membrane organization by acting as
scaffolds that recruit factors to specific sites in a cell and/or act
as barriers that segregate membrane areas into discrete domains.
In mammalian cells, Septin depletion causes chromosome loss,
defects in chromosome segregation and spindle elongation and a
delay in cytokinesis. Septin filaments can assemble into bundles,
providing templates or scaffolds localized in the discontinuous
area of the plasma membrane. In mammalian systems, Septins
and related proteins have also been implicated in other cellu-
lar processes, including exocytosis, apoptosis, leukemogenesis,
carcinogenesis and neurodegeneration. Several human diseases
including cancer and disorders including infertility are related
to overexpression and mutation of Septins.®® Despite numerous
reports in the past few years, many key questions remain about
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the functions of Septins. Both structure and assembly of Septin 7
have been discussed recently.®*? Septins share a common domain
organization: a conserved and distinct N-terminal GTP-binding
domain and a C-terminal domain that is predicted to form a
coiled-coil configuration. Many Septins possess additional exten-
sions at their N and C termini, which have been proposed to
be disordered Septins purified from Xenopus,'**?
Drosophila;® mammalian cells form filaments with a diameter
of 7-9 nm and of variable length.

Research on septins in yeasts provided more detailed results. At

yeast' and

the mother-bud neck of yeasts, the Septin ring persists through-
out the yeast cell cycle, acting as a spatial landmark for the proper
localization of many proteins required for polarized membrane
growth, spindle positioning, cytokinesis, cell wall synthesis and
the selection of a new site of bud growth after cell division.'*" In
addition, the Septin cortex may allow cells to monitor local shape
changes.?>* Mammalian Septins not only localize to the plasma
membrane, but also throughout the cytoplasm and are associated
with the microtubule and actin cytoskeletons. Recent studies
suggest that mammalian Septins function in cytoskeletal orga-
nization by acting as scaffolds for cytoskeleton-binding proteins.

Mammalian Septins have been proposed to regulate microtu-
bules and microfilaments.*>*! Septins 2, 6 and 7 regulate cytoskele-
ton as a whole.'>*?¢ In HeLa and MDCK cells, Septin 7 is required
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Figure 1. Subcellular localization and expression of Septin 7. (A) Sam-
ples were collected after oocytes had been cultured for 0, 2, 8, 9.5 and
12 h, corresponding to GV, GVBD, MI, Al and Ml stages, respectively.
The molecular mass of Septin 7 is 47 kDa and that of B-actin is 42 kDa.
(B) Confocal microcopy showing immunostaining of Septin 7 (green)
and DNA (red) in oocytes at GV, GVBD, pro-MI, Ml, Al and Ml stage.
Bar=10 um.

for stable kinetochore localization of CENP-E. Septin 7 stabilizes
the kinetochore association of CENP-E by directly interacting with
its C-terminal domain. Immunofluorescence result shows that
Septin 7 filaments distribute along the mitotic spindle and termi-
nate at the kinetochore marked by CENP-E. Septin 7-suppressed
cells display reduced tension at kinetochores of bi-orientated chro-
mosomes and activated the mitotic spindle checkpoint indicated
by Mad2 and BubR1 labeling on these misaligned chromosomes.”
Septin 7 was suggested to be a specific subunit combining Septin
2 and Septin 6.2 Recent analysis reveal a heterotrimeric human
SEPT 2-SEPT 6-SEPT 7 complex that was reconstituted in vitro.?’
The structure of the complex exhibits a universal bipolar polymer,
composed of an extended G domain, which forms oligomers and
filaments by conserved interactions between adjacent nucleotide-
binding sites and/or the N- and C-terminal extensions.

We recently reported the localization and roles of Septins
1 and 2 in mouse oocyte meiosis.’»* In the present study, we
explored the function of Septin 7 in oocyte meiosis through
microinjection of Septin 7 siRNA to deplete Septin 7 expression
and microinjection of Septin 7 mRNA to overexpress Septin 7.

Results

Subcellular localization and expression of Septin 7 during
mouse oocyte meiotic maturation. To investigate the role of
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Septin 7 in mouse oocyte maturation, we first examined the
dynamic distribution and expression of Septin 7 at different
stages. Western blots showed that Septin 7 was expressed at all
stages of oocyte maturation (Fig. 1A). For the subcellular local-
ization of Septin 7, oocytes were processed for immunofluores-
cent staining at different stages of meiosis. Septin 7 was observed
to distribute in the germinal vesicle. Shortly after GVBD (1-2 h
of culture), Septin 7 began to migrate to the periphery of chro-
mosomes until the MI spindle was formed. At MI, ATT and MII
stages, Septin 7 stably localized to the spindle (Fig. 1B).

Septin 7 depletion affects first polar body extrusion in mouse
oocyte meiotic maturation. To assess its function, Septin 7 was
knocked down by microinjection of Septin 7 siRNA. Compared
with oocytes microinjected with control siRNA (control), west-
ern blot revealed that the expression of Septin 7 was significantly
reduced in oocytes microinjected with Septin 7 siRNA (Fig. 2A).
Septin 7-depleted and control oocytes were cultured for 10 h and
then stained with a-tubulin and PI to assess oocyte stages. Both
spindle configuration and polar body emission were disrupted
after siRNA injection. The Septin 7 siRNA-injected oocytes
displayed abnormal spindles, such as non-polar, mono-polar or
multi-polar spindles (Fig. 2B). A total of 76% (75/99) of oocytes
in the Septin 7 siRNA group displayed abnormal spindles,
while only 13% (13/101) in the control group showed a similar
phenotype (p < 0.05)(Fig. 2C). Only 30% (30/99) oocytes in
the Septin 7 siRNA group progressed to the MII stage, while,
66% (62/101) oocytes in the control group developed to the MII
stage (p < 0.05) (Fig. 2D).

Localization and expression of myc-Septin 7 in mouse
oocyte meiosis maturation. We overexpressed exogenous myc-
Septin 7 to assess its function. Full-length Septin mRNA tagged
with myc, transcribed from plasmid Septin 7 pCS2 plus in vitro,
was injected into GV stage oocytes. Control mRNA was also
injected into the cytoplasm of mouse oocytes. After culture for 2
h with 2.5 M milrinone, oocytes were transferred to milrinone-
free M2 medium. First, western blot was conducted to confirm
the myc-Septin 7 fusion protein expression after exogenous
mRNA injection (Fig. 3A). When the anti-Septin 7 antibody
was used, the myc-Septin 7 group showed three bands (the above
band was myc-Septin 7, other two bands were intrinsic Septin 7),
while only exogenous myc-Septin 7 was detected when anti-myc
antibody was used in the injection group. When stained with
anti-FITC myc antibody, Septin 7 was observed to distribute
as disordered filaments in the cytoplasm at the GV stage. After
GVBD, myc-Septin 7 showed two patterns of location up to
the MII stage. It was localized at the spindle but different from
microtubule detection. It was also localized in the cytoplasm and
detected as long filaments (Fig. 3B).

The disordered localization of Myc-Septin 7 in the equato-
rial plane caused us to explore whether there is a regular pat-
tern. Sequences of images were obtained to examine its specific
localization. The images showed that myc-Septin 7 was mainly
localized at the spindles and beneath the plasma membrane.
Figure 4B shows the composite image of Figure 4A, and we were
able to determine that myc-Septin 7 distributed in the cytoplasm
appearing as a ball composed of strings.
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Figure 2. Microinjection of Septin 7 siRNA affected spindle organization and first polar body extrusion. After microinjection of Septin 7 siRNA, the oo-
cytes were incubated in M2 medium containing 2.5 pM milrinone for 21 h, followed by transfer to milrinone-free M2 medium for 13 h. (A) Western blot
of Septin 7 in the Septin 7 siRNA group and control group. The Septin 7 molecular mass is 47 kDa and that of B-actin is 42 kDa. (B) After microinjection,
oocytes microinjected with Septin 7 siRNA had abnormal spindles but the spindles of control oocytes were not affected. Double staining of a-tubulin
(green) and DNA (red). Bar = 10 um. (C) Percentage of oocytes with abnormal spindles in the Septin 7 siRNA-injected group (n = 99) and control group
(n=101). Data are presented as mean =+ SE. Different superscripts indicate statistical difference (p < 0.05). (D) Percentage of PBE in the Septin 7 siRNA
group (n =99) and control group (n = 101). Data are presented as mean * SE. Different superscripts indicate statistical difference (p < 0.05).

Overexpression of Septin 7 affects the localization of micro-
tubules in the spindles. Myc mRNA and myc-Septin 7 mRNA
were injected separately into mouse oocytes. After microinjec-
tion, the oocytes were maintained at the GV stage for 2 h in M2
medium containing 2.5 M milrinone and then released into M2
culture medium. To determine the relationship between Septin
7 and a-tubulin detection, the control group and the myc-Septin
7 group in MI and MII stages were collected to perform confo-
cal microscopy. In order to compare the fluorescence intensity
of a-tubulin, the parameters set was determined for consistency
by scanning every oocyte. Figure 5A shows that even when the
exogenous myc-Septin 7 was low, the fluorescence intensity of
microtubule detection was significantly weaker than that of the
control group. This result demonstrates that Septin 7 may affect
the recruitment of a-tubulin to the spindle.

Overexpression of Septin 7 causes abnormal chromosome
alignment and inhibits the extrusion of the second polar
body. The above results revealed that overexpression of Septin 7
affected the distribution of a-tubulin at spindles, so we reasoned
that Septin 7 may affect the extrusion of the second polar body.
We employed parthenogenetic activation to explore this effect.
Myc mRNA and myc-Septin 7 mRNA were injected separately
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into mouse oocytes. After microinjection, the oocytes were
arrested at the GV stage for 2 h in M2-containing 2.5 M milri-
none and then released in M2 culture medium and cultured for
12 h. Parthenogenetic activation was performed by treatment of
MII oocytes in the myc-Septin 7 group using SrCl,. The immu-
nofluorescent results showed that control oocytes were able to
extrude the second polar body, while the myc-Septin 7 group dis-
played spindles parallel to the plasma membrane beneath the first
polar body. The alignment of chromosomes in the myc-Septin 7
group was extremely disordered, and some chromosomes escaped
from the spindles (Fig. 6A). Data analysis showed that only 11%
(6/55) oocytes in the myc-Septin 7 group extruded the second
polar body, which was significantly lower than that of the con-
trol group (53%,31/58)(Fig. 6B). Besides, 100% (55/55) oocytes
in myc-Septin 7 group showed abnormal spindles, but only 6%
(3/58) oocytes in the control group showed a similar phenotype
(p < 0.05)(Fig. 6C).

Discussion

Although numerous studies have been published on yeast Septins,
the functions of Septins in mammalian cells are far from clear.
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In this study, we for the first time revealed the localization and
possible functions of Septin 7 in meiotic oocytes. We demon-
strated that knockdown of Septin 7 caused increase in meiotic
spindle defects and decrease in the extrusion of the first polar
body. Overexpression of Septin 7 disturbed the alignment of
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Figure 3. Western blotting and subcellular localization of exogenous
myc-Septin 7. (A) Samples from control and the overexpression group
were collected to test the expression of myc-Septin 7. At the top of

the figure western blotting shows Septin 7 expression as detected by
antibody against Septin 7. In the injection group, three bands were
detected. The molecular mass of myc tag is about 10 kDa. The 57 kDa
molecular mass is that of myc-Septin 7 fusion protein, and the 47 kDa
molecular mass is that of endogenous Septin 7 protein. At the bottom
of the figure, western blotting shows a band detected with antibody
against myc. Only one band was detected in the injection group and
the molecular mass of myc-Septin 7 is 56 kDa. (B) Samples were col-
lected after oocytes had been cultured for 0, 4, 8, 9.5, 10 and 12 h, corre-
sponding to GV, pre-MI, MI, Al, Tl and Mll stages, respectively. Confocal
microcopy shows immunostaining of Septin 7 (green) and DNA (red) in
oocytes at different stages. Bar = 10 pm.

chromosomes and the recruitment of a-tubulin to the spindles,
thereby affecting the extrusion of the second polar body.

Mammalian Septins are believed to have two different func-
tions. One is chromosome segregation, and the other is cytokine-
sis.?2%% Cdc10 (Septin 7’s homolog) was reported to have a pivotal
role in the G,/S transition in yeasts,’ but its roles in the cell cycle
are unclear. It was reported that Septin 7 and 12 filaments start
to appear around the acrosome at step 7 of spermiogenesis. At
step 10—11 of spermiogenesis, Septin 7 and 12 form a circular
structure between the edge of the acrosome and the perinuclear
mantle of the manchette. With the formation of mitochondria,
Septin 7 and 12 are first localized at the sperm neck and annulus.
In mature spermatozoa, the Septin 7 and 12 signals are located
at the sperm head, neck and midpiece with scanty signals at the
tail.** The functions of Septin in oocyte meiosis are largely
unknown except for our two recent reports on the roles of Septins
1 and 2 in oocyte maturation.’>*

Septin 7 and Septin 9 were reported to be important in
daughter cell segregation in Hela cells.?” First we used the anti-
Septin 7 antibody to label the oocytes and observed the expres-
sion and localization of endogenous Septin 7 in mouse oocytes.
Immunofluorescence results showed that Septin 7 was localized
in the spindles. Depletion of Septin 7 expression caused abnormal
spindles, suggesting that Septin 7 is important for proper meiotic
spindle organization. Septin 7-depleted oocytes displayed abnor-
mal spindles at a high rate. To test the effect on microfilaments in
Septin 7-depleted oocytes with phalloidin (results not shown), we
found no difference in the phenotype between the control group
and the myc-Septin 7 group. The actin cap still existed during
the extrusion of the second polar body. This is unlike the func-
tion reported for Septin7 in yeast, which affected cytokinesis.
Our result indicates that Septin 7 serves specific roles in meiosis.
Depletion of Septins caused loss of chromosomes at the equator,
chromosome missegregation, abnormal spindles and incomplete
cytokinesis. It was reported that SEPT 7-CENP-E interaction
affected the distribution of CENP-E to the kinetochore and
chromosome alignment.”” It was suggested that mammalian
Septin isoforms might form a novel scaffold at the midplane of
the mitotic spindle that coordinates several key steps in mam-
malian mitosis. Our results showed that knockdown of Septin 7
inhibited first polar body emission, while overexpression caused
decreased extrusion of the second polar body. Chromosomes
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were not well aligned, and some became displaced from spindles
and became distributed in the cytoplasm. Misaligned chromo-
somes may be the primary reason for the decreased extrusion of
the polar body. In such oocytes, the second meiotic spindle rota-
tion did not occur after parthenogenic activation.

To characterize the roles of Septin 7 in meiosis, we conducted
overexpression experiments. When myc-Septin 7 mRNA was
injected into mouse oocytes, filamentous Septin 7 distributed
disorderly in the ooplasm. However, when the oocytes were
scanned at different levels, we found that myc-Septin 7 mainly
distributed beneath the plasma membrane and on the spindles.
The localization of myc-septin 7 on the spindles did not overlap
with the spindle microtubules. Microtubules provide a struc-
tural network that transports and positions membrane-bound
organelles and large molecules, controlling cell division, cell
movement and cell signaling. Microtubules are highly dynamic,
undergoing constant assembly and disassembly. A number of
cellular factors regulate this process by binding microtubules
and affecting their stability.*® One family of regulators consists
of the microtubule-associated proteins (MAPs), which bind
and stabilize MTs.** A novel molecular function for Septins in
mammalian cells was the modulation of microtubule dynam-
ics through interaction with MAP4.” MAP4 was identified as
a Septin binding partner. A small, proline-rich region in the
C-terminal half of MAP4 bound directly to a Septin 2:6:7 het-
erotrimer, the trimer blocking the ability of this MAP4 fragment
to bind and bundle microtubules in vitro. On the other hand,
knockout of Septin 9 was reported to reduce the level of tubu-
lin polymerization.® In our study, myc-labeled Septin 7 mRNA
was transcribed in vitro and then microinjected into
the oocytes. We found that the fluorescence inten-
sity of a-tubulin in spindles in the myc-Septin 7
group was significantly reduced (Fig. 5A), and the
chromosomes were severely disordered. Most impor-

IN

tantly, the oocytes in the myc-Septin 7 group rarely
extruded the second polar body after parthenogenetic
activation, and the oocytes were not able to complete
meiosis. It may be possible that overexpression of

), urydeg—ofu

Septin 7 was involved in regulating the recruitment

LTI

of a-tubulin on spindles, severely affecting the align-
ment of chromosomes, thus affecting the progress of
meiosis.

In summary, loss of Septin 7 expression affects
proper meiotic spindle organization, chromosome

K

alignment and polar body emission in mouse oocytes.
Meiotic spindle assembly, polarity formation and polar

body emission depend on accumulation of RanGTP
41

T0J3U0d

in vertebrates meiotic oocytes,” and the relationship

TIK

between Ran and Septin 7 may be an interesting topic
for future research.

Materials and Methods
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Figure 4. Sequential images showing the precise localization of myc-
Septin 7. After myc-Septin 7 microinjection, oocytes injected with
myc-Septin 7 were fixed and examined with a confocal laser scanning
microscope. (A) Sequential images show the myc-Septin 7 subcelluar
localization. (B) Composite image of Figure 4A to show the entire image
of myc-Septin 7 localization. DNA was stained with Hoechst 33342.

Bar=10 um.
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) ) Figure 5. Comparison of microtubule fluorescence in the myc-Septin 7 group and
All chemicals and culture media were purchased from control group. (A) Oocytes of the control group and the myc-Septin 7 group were
Sigma Chemical Company except for those specifi- cultured for 9 h and 12 h, followed by confocal observation. Parameter setup of the

cally mentioned.

microtubules; red, DNA. Bar = 10 pm.
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confocal microscope was the same in each picture. green, myc-Septin 7; purple,
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A Myc—-Septin 7 a —tubulin Merge Figure 6. Septin 7 overexpression affected chromosome

alignment and second polar body extrusion. (A) Oocytes of
. - . . the control group and myF—Septi.n 7 group were cultured for
13 h, then parthenogenesis was induced by Srcl,, followed by
confocal observation. Oocytes injected with myc-Septin 7 had
misaligned chromosomes. Green, F-actin; purple, microtubules;
red, myc-Septin 7; blue, DNA. Bar = 10 um. (B) Percentages of
PBE in the Septin 7 mRNA group (55) and control group (n = 58).
. . . . Dat%l are prgsented as mean + SE. Different superscripts ind.icate
statistical difference (p < 0.05). (C) Percentage of oocytes with
misaligned chromosomes in the Septin 7 mRNA-injected group
(n = 55) and control group (n = 58). Data are presented as
mean =+ SE. Different superscripts indicate statistical difference
- . . . -
Oocytes were collected in M2 medium supplemented
B Second polar body extrusion after parthenogenesis with 2.5 uM milrinone to maintain them at the germinal
- vesicle (GV) stage. Then oocytes were washed six times to
remove the effect of milrinone and then cultured in M2
60 8 medium to the GV, GVBD, pro-MI, MI, ATT and MII
stages
- Immunofluorescence and confocal microscopy.
40 Immunofluorescence was performed as described previ-
ously.” Oocytes were fixed with 4% paraformaldehyde/
ol PBS (pH 7.4) for at least 30 min. After being permeabilized
20 - b with 0.5% Triton X-100 at room temperature for 20 min,
oocytes were blocked in 1% BSA-supplemented PBS for 1
18 - h and then incubated with rabbit anti-Septin 7 antibody
(Santa Cruz; 1:100) or anti-a-tubulin antibody (Sigma;
control Myc-Sepin 7 1:200), respectively, overnight at 4°C. After three washes
with PBS containing 0.1% Tween 20 and 0.01% Triton
- Abnormal chromosomes after parthenogenesis X-100 for 5 min each, the oocytes were labeled with FITC
120 conjugated goat-anti-rabbit IgG (Zhong Shan Jin Qiao;
b 1:100), TRITC conjugated goat-anti-rabbit IgG (Zhong
100 - Shan Jin Qiao; 1:100), Cy5-anti-mouse IgG (Jackson;
1:100) or FITC-anti-mouse IgG (Zhong Shan Jin Qiao;
& - 1:100) for 1 h at room temperature and then washed three
times with PBS containing 0.1% Tween-20 and 0.01%
Triton X-100. The oocytes were co-stained with Hoechst
33342 or DL Finally, the oocytes were mounted on glass
slides and examined with a confocal laser scanning micro-
20 s scope (Zeiss LSM 510 META).
Construction of plasmids for Septin 7 and in vitro
0 =t transcription of RNA. Total RNA was extracted from 150
control Myc-Sepin 7 oocytes using RN-easy micro purification kit (QIAGEN)
at the GV stage and then reversely transcribed to cDNA
with oligo dT primer using PrimeScript 1st Strand cDNA
Oocyte collection and culture. Four- to six-weeks-old KM Synthesis Kit(TaKaRa). The full length Septin 7 coding sequence

mice were used in this study. Mouse care and use were conducted ~ was amplified by Nested PCR with the following primers: F1,

in accordance with the Animal Research Committee guidelines GAA TCG GCG TAG GTG GTT; R1I:GTT TCC TCG TTG

101100

of the Institute of Zoology, Chinese Academy of Sciences.
Mice were housed in a temperature-controlled room with
proper darkness-light cycles, fed with a regular diet, and
maintained under the care of the Laboratory Animal Unit,
Institute of Zoology, Chinese Academy of Sciences. The
mice were killed by cervical dislocation. The only proce-
dure performed on the dead animals was the collection of

L undas-oAw

percentage(%)

percentage(ss)
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GTT CCT; F2:TCA GGC CGG CCG ATG TCG GTC AGT
GCGAGAT; R2:GTT GGC GCG CCT CAAAAGATCTTG
CCT TTC TTC T and then cloned at Fse I and Asc I of pCS2
plus vector. The pCS2 plus vector, which has a myc tag, allows in
vitro transcription of polyadenylated mRNA from SP6 promoter.

In vitro synthesis of capped RNAs was performed using lin-
earized plasmids with the mMessage mMachine kit (Ambion).
The mRNAs were purified on RN-easy columns (QIAGEN) and
eluted in H,O to a final concentration of 2.0-3.0 mg/ml.

Microinjection of Septin 7 siRNA and myc-Septin 7.
Microinjections were performed using a Nikon Diaphot ECLIPSE
TE 300 (Nikon UK Ltd.) and completed within 30 min. The
final concentration of the control or Septin 7 siRNA was 25 pM.
5-10 pl control siRNA or specific Septin 7 siRNA (Ambion),
for which the sequence GAC AAU AGU UGA UAC UCC Att
was microinjected into the cytoplasm. After microinjection, the
oocytes were arrested at the GV stage for 21 h in M2-containing
2.5 uM milrinone to knock down Septin 7. Similarly, the same
amount of Myc mRNA and myc-Septin 7 mRNA (Ambion) was
injected into mouse oocytes. After microinjection, the oocytes
were arrested at the GV stage for 2 h in M2-containing 2.5 pM
milrinone and then released in M2 culture medium. Each experi-
ment consisted of three separate replicates and approximately
300 oocytes were injected in each group.

Immunoblotting analysis. Immunoblotting was performed as
described previously.”® Briefly, 300 mouse oocytes were collected
in SDS sample buffer and heated for 5 min at 100°C. The pro-
teins were separated by SDS-PAGE and then electrically trans-
ferred to polyvinylidene fluoride membranes. Following transfer,
the membranes were blocked in TBST containing 5% skimmed
milk for 2 h, followed by incubation overnight at 4°C with rabbit

polyclonal anti-Septin 7 antibody (1:500) and mouse monoclo-
nal anti-B-actin antibody (1:1000). After washing three times in
TBST, 10 min each, the membranes were incubated for 1 h at
37°C with peroxidase-conjugated rabbit anti-rabbit IgG (1:1000)
and peroxidase-conjugated rabbit anti-mouse IgG, respectively.
Finally, the membranes were processed using the SuperSignal
West Femicrotubuleo maximum sensitivity substrate (Thermo
Scientific).

Parthenogenetic activation of oocytes. After mRNA micro-
injection, the oocytes were arrested at the GV stage for 2 h in
M2-containing 2.5 pwM milrinone and then released in M2 cul-
ture medium and cultured for 13 h. Subsequently, oocytes were
cultured in pre-balanced 10 mmol/L SrCl,-CZB for 6 h, then
the extrusion of the second polar body was observed, and oocytes
were collected for immunofluorescence analysis.

Statistical analysis. Data (mean + SE) were from at least three
replicates per experiment and analyzed by ANOVA using SPSS
software (SPSS Inc.) followed by Student-Newman-Keuls test.
Difference at p < 0.05 was considered to be statistically signifi-
cant and different superscripts indicate the statistical difference.
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