
lable at ScienceDirect

Biochemical and Biophysical Research Communications 527 (2020) 8e14
Contents lists avai
Biochemical and Biophysical Research Communications

journal homepage: www.elsevier .com/locate/ybbrc
CENP-W regulates kinetochore-microtubule attachment and meiotic
progression of mouse oocytes

Yue Wang a, b, Li-Hua Fan a, b, Wei Yue a, b, Ying-Chun Ouyang a, Zhen-Bo Wang a, b,
Yi Hou a, Heide Schatten c, Qing-Yuan Sun a, b, *

a State Key Laboratory of Stem Cell and Reproductive Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing, 100101, China
b University of Chinese Academy of Sciences, Beijing, 100049, China
c Department of Veterinary Pathobiology, University of Missouri, Columbia, MO, 65211, USA
a r t i c l e i n f o

Article history:
Received 30 March 2020
Accepted 5 April 2020
Available online 24 April 2020

Keywords:
CENP-W
Oocyte
Meiosis
Kinetochore-microtubule attachment
* Corresponding author. Beichen West Rd, Chaoyan
E-mail address: sunqy@ioz.ac.cn (Q.-Y. Sun).

https://doi.org/10.1016/j.bbrc.2020.04.078
0006-291X/© 2020 Elsevier Inc. All rights reserved.
a b s t r a c t

Oocyte meiotic maturation failure and unfaithful chromosome segregation are major causes for female
infertility. Here, we showed that CENP-W, a relatively novel member of the kinetochore protein family,
was expressed in mouse oocytes from the germinal vesicle (GV) to metaphase II (MII) stages. Confocal
microscopy revealed that CENP-Wwas localized in the germinal vesicle in the GV stage, and then became
concentrated on kinetochores during oocyte maturation. Knockdown of CENP-W by specific siRNA in-
jection in vitro caused kinetochore-microtubule detachment, resulting in severely defective spindles and
misaligned chromosomes, leading to metaphase I arrest and failure of first polar body (PB1) extrusion.
Correspondingly, spindle assembly checkpoint (SAC) activation was observed in CENP-W knockdown
oocytes even after 10h of culture. Our results suggest that CENP-W acts as a kinetochore protein, which
takes part in kinetochore-microtubule attachment, thus mediating the progression of oocyte meiotic
maturation.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Mouse oocyte maturation is a complex and orderly process
affected by many factors [1,2]. Oocyte maturation takes place from
the germinal vesicle (GV) stage to the metaphase II stage, and the
first indication for this process is the disappearance of the germinal
vesicle, which is called germinal vesicle breakdown (GVBD). After
GVBD, microtubules assemble around chromosomes during the
pro-metaphase I stage, then chromosomes migrate to the central
plate of the bipolar spindle at the MI stage. After that, oocytes enter
anaphase and extrude the first polar body (PBI), followed by arrest
at metaphase of the secondmeiotic division until fertilization takes
place [3].

Faithful chromosome segregation requires a large protein com-
plex, the kinetochore, formed on the centromere of each chromo-
some, to build an attachment between chromosome and spindle
microtubules [4e6]. The kinetochore consists of many proteins that
are divided into twomain sub-complexes: Constitutive Centromere-
g, Beijing, 100101, China.
Associated Network (CCAN) and the KMN (KNL1, Mis12, and Ndc80
complexes)-network complexes [7,8]. The CCAN contains 16 sub-
units including CENP-C, CENP-H/I/K/M, CENP-L/N, CENP-O/P/Q/R/U
and CENP-T/W/S/X. Proteins of CCANmake up the inner kinetochore
which function to associate with centromere chromatin [7]. In
contrast, the outer kinetochore is assembled by proteins of the KMN-
network. The main function of the outer kinetochore is to form a
connection with microtubules, which is achieved by Ndc80, a
component of the KMN-network [8]. Thus, the interaction of the
KMN network and the CCAN in the kinetochore forms a bridge be-
tween the chromosomes and microtubules. To ensure correct
attachment of microtubules to the chromosome, kinetochores also
recruit proteins of the spindle assembly checkpoint (SAC), leading to
arrest at metaphase to assure equal chromosome segregation
[9e11].

CENP-W, also named cancer-upregulated gene 2 (CUG2), is
commonly overexpressed in several tumor types [12]. CENP-W is
also identified as a member of the inner kinetochore plate, which
plays a crucial role in the formation of the kinetochore complex by
forming a complex with CENP-T, and thus direct chromosome
segregation during mitosis [13e15]. The CENP-T/-W complex is a
core component of the CCAN, and depletion of the CENP-W/-T
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complex leads to severely defective recruitment of other kineto-
chore proteins, indicating that the complex functions upstream to
these components during functional kinetochore formation [14,16].
Interestingly, the targeting and timing of CENP-T/-W accumulation
can be controlled by facilitating chromatin transcription (FACT)
complex via the histone fold region of CENP-T/-W [17]. Reports
show that CENP-W interacts with hnRNP U during interphase and
mitosis, which mutually increases each other’s protein stability by
inhibiting proteasome-mediated degradation [18]. Besides, CENP-
W functions as a key regulator of the subcellular localization of b-
TrCP1 by cooperating with hnRNP U [19]. CENP-W is also found to
be an RNA-associated nuclear matrix protein which specifically
interacts with the nucleolar phosphoprotein, nucleophosmin (B23).
And depletion of cellular B23 by siRNA treatment induced a dra-
matic decrease of CENP-W stability and severe mislocalization
during prophase [13]. A recent report indicates that CENP-W could
promote gene silencing by directly interacting with the polycomb
group protein EZH2 [20]. Specific depletion of CENP-W by RNAi in
HeLa cells resulted in defects in mitosis: spindles were frequently
multipolar, and cells exhibited an extended prometaphase with
numerous misaligned mono-oriented chromosomes, chromosome
congression failure, and pronounced spindle rolling phenotype
[16].

Here, we investigated the function of CENP-W in regulating the
meiotic cell cycle in mouse oocytes. Depletion of CENP-W in oo-
cytes caused impaired kinetochore-microtubule attachment, lead-
ing to continuous SAC activation, which further resulted in MI
arrest, and finally caused impaired PB1 extrusion. Unexpectedly,
overexpression of CENP-W in oocytes did not have an influence on
oocyte meiotic maturation.

2. Materials and methods

2.1. Oocyte collection and culture

Care and handing of 6e8 week-old ICR mice was conducted in
accordance with policies promulgated by the Ethics Committee of
the Institute of Zoology, Chinese Academy of Sciences. Oocytes
were cultured in M2 medium (Sigma) supplemented with 200 mM
IBMX to prevent GVBD. After different culture times in IBMX, oo-
cytes were released and followed by culture in IBMX-free M2 me-
dium to specific stages. All oocytes were cultured in medium under
liquid paraffin oil at 37 �C in an atmosphere of 5% CO2 in air.

2.2. Antibodies and reagents

Rabbit polyclonal anti-CENP-W antibody used for Western blot
was purchased from Invitrogene (Cat# PA5-34441); mouse mono-
clonal anti-a-tubulin-FITC antibody was obtained from Sigma-
Aldrich Co (Cat# F2168); rabbit monoclonal anti-myc antibody was
purchased from Abcam (Cat# ab32072); rabbit polyclonal anti-bub3
antibody was obtained from Santa Cruz Biotechnology (Cat# sc-
28258).

All other reagents were purchased from Sigma Aldrich except
when noted otherwise.

2.3. CENP-W over-expression plasmid construction

Plasmid construction was performed as described previously
[21]. Briefly, total RNA was extracted from 150 mouse GV oocytes
using RNeasy micro purification kit (Qiagen) and the first strand
cDNA was generated with cDNA synthesis kit (Takara), using poly
(dT) primers. The nested PCR was used to amplify the full length of
specific cDNA for CENP-W. The PCR products were digested using
FseI and AscI (New England Biolabs, Inc.) and linked with Myc-
pCS2þ plasmid. The fusion plasmid was transfected to T1 compe-
tent cells (Transgen Biotech). Capped mRNA was produced by the
mMESSAGE mMACHINE T3 (Ambion) with the linearized plasmids
(linearized by Sfi, New England Biolabs, Inc), followed by tailing
with poly (A) polymerase Tailing kit (Epicenter, AP-31220). Finally,
an RNeasy cleanup kit (Qiagen) was used to purify the mRNA.

2.4. Microinjection of siRNA or mRNA

Microinjectionswere performed using a Narishigemicroinjector
and completed within 30 min. For CENP-W knockdown in mouse
oocytes, CENP-W-siRNA (sc-142635)was dilutedwith nuclease-free
water (Sigma) to give a 2mMstock concentration. The same amount
of negative control siRNA (50-UUUUCCGAACGUGUCACGUTT-30) was
used. Then, injected oocytes were arrested at the GV stage in M2
medium supplemented with 200 mM IBMX for 24h. After that, oo-
cytes were released from IBMX by three times’ washing with M2
medium and transfer to IBMX-freeM2 for further culture. For CENP-
W over-expression, 1 mg/mL mRNA was microinjected into oocytes,
and oocytes were arrested at the GV stage in IBMX for 2 h.

2.5. Immunofluorescence analysis

Immunofluorescence was performed as described previously
[22]. Briefly, oocytes were first fixed in 4% paraformaldehyde in PBS
buffer for 30 min at room temperature, and permeabilized with
0.5% Triton X-100 for 20min. Then oocytes were blocked in 1% BSA-
supplemented PBS for 1 h at room temperature. For staining of a-
tubulin, oocytes were incubated overnight at 4 �C with 1:800 anti-
a-tubulin-FITC antibody. For other staining of CENP-W, Myc or
Bub3, oocytes were incubated with primary antibody overnight at
4 �C, and with secondary antibody for 1 h at room temperature;
after that the DNA was stained for 15 min with Hoechst 33342.
Finally, oocytes were mounted on glass slides and viewed under a
confocal laser scanning microscope (Zeiss LSM 780).

2.6. Chromosome spreading

Oocytes were placed in Tyrode’s solution (Sigma, T1788) to
remove the zonapellucida. A 1 cm� 1 cm framewasdrawnona glass
slidewith a hydrophobic pen and 100 mLmethanol: glacial acetic acid
(3:1)was added in the frame area. Oocyteswere placed onto the slide
for breaking and fixing. Then Bub3 antibody was added, followed by
incubationovernight at 4 �C, and then secondary antibodywas added
for 1 h at room temperature. Finally, oocytes were washed for three
times, and 10 mg/mL Hoechst 33342 was added to stain the
chromosomes.

2.7. Image analysis

Images were acquired using a confocal laser-scanning micro-
scope (LSM 780; Zeiss) equipped with a C-Apochromat 40�water
immersion objective. Data analysis was performed using ZEN 2012
LSM software (Zeiss).

2.8. Statistical analysis

Data (mean ± SE) were generated from at least three replicates
per experiment and analyzed by ANOVA using SPSS software (SPSS
Inc., Chicago, IL) followed by student-Newman-Keuls test. Differ-
ence at p < 0.05 was considered to be statistically significant.

2.9. Ethics statement

All experimental protocols were approved by the Institute of
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Zoology, Chinese Academy of Sciences. All animal experiments
were approved by the Animal Ethics Committee of Chinese Acad-
emy of Sciences and performed in accordance with the Committee
guidelines of the Institute of Zoology, Chinese Academy of Sciences.

3. Results

3.1. Depletion of CENP-W impairs PB1 extrusion

We first examined the subcellular localization of CENP-W. Oo-
cytes were collected and cultured for 0, 4, 8 and 12 h after release
from IBMX, respectively, corresponding to stages of the germinal
vesicle (GV), germinal vesicle breakdown (GVBD), metaphase I (MI),
and metaphase II (MII). Confocal microscopy revealed the locali-
zation of CENP-W during oocyte maturation: CENP-W was
concentrated in the nucleus of oocytes at the GV stage, and then
concentrated on kinetochores from the GVBD stage to theMII stage,
as shown in Fig. 1A. The results for immunofluorescence also
indicated that CENP-W was continuously expressed during oocyte
maturation.

To study the roles of CENP-W in mouse oocyte meiotic matu-
ration, we knocked down CENP-W by specific siRNA injection.
Oocytes at the GV stage were collected from female mice at six
weeks of age, and next CENP-W-siRNA was microinjected into oo-
cytes followed by a 24 h incubation in IBMX to deplete the protein
effectively. Western blotting showed that the expression level of
CENP-W was notably reduced (up to 70%) (Fig. 1B and C). We
analyzed the GVBD rate of both CENP-W-siRNA injected oocytes
and control-siRNA injected oocytes, and no obvious difference was
found at 3h of culture after release from IBMX (81.79 ± 6.58% in the
control group; 77.21 ± 7.98% in the CENP-W-depleted group)
(Fig. 1D). Comparatively, only 37% of CENP-W-depleted oocytes
underwent PB1 extrusion 14 h after release from IBMX, which was
obviously lower than that of the control group (37.35 ± 5.79% vs.
81.48 ± 5.29%, P < 0.05) (Fig. 1E). We further found that CENP-W-
depleted oocytes showed different kinds of severely abnormal
spindles and misaligned chromosomes. The proportion of oocytes
with normal spindles in CENP-Wdepleted oocytes was significantly
lower than that in the control group (39.34 ± 9.05% vs.
85.81 ± 5.62%, P < 0.05) (Fig. 1F). And the percentage of normal
chromosome distribution was also found to be much lower than
that of the control group (34.32 ± 18.42% vs. 94.39± 3.82%, P < 0.01)
(Fig. 1G). In the CENP-W-depleted group, the major spindle defects
were spindles with abnormal poles, including spindles with no
apparent pole, one pole, or multi-poles; severe chromosome
misalignment was also observed (Fig. 1H). Meanwhile, chromo-
somes in CENP-W-depleted oocytes did not localize to the central
plates of spindles as in control oocytes.

3.2. Depletion of CENP-W causes MI arrest in oocytes

To understand the mechanism for failure of PB1 extrusion in
CENP-W-depleted oocytes, oocytes injected with CENP-W-siRNA or
control-siRNA and then cultured for 10h after release from IBMX
were collected. According to the chromosome distribution found in
oocytes, we determined that the majority of oocytes were arrested
at the pre-MI or MI stage in the CENP-W-depleted group,
comparatively, the oocytes in the control group reached or passed
the anaphase I stage (Fig. 2A). As shown in Fig. 2B, the MI block rate
in the CENP-W-depleted group (72.41 ± 2.19%) was considerably
higher than that in the control group (34.26 ± 8.85%). Since the
majority of oocytes were arrested at the MI stage when CENP-W
was depleted, we employed chromosome spreading to confirm
whether the chromosomes could segregate correctly. Oocytes were
first injected separately with CENP-W-siRNA or control-siRNA and
then cultured for 10h after release from IBMX. Our results showed
that chromosomes were still bivalents in the CENP-W-depleted
oocytes; in contrast, chromosomes were already segregated in
the control group (Fig. 2C). These results indicated that depletion of
CENP-W in oocytes caused failure of chromosome segregation, and
thus lead to MI arrest.

To further explore the reason for the MI arrest caused by CENP-
W depletion in oocytes, we analyzed the localization of Bub3, an
important component of SAC. Specific signal of Bub3 was detected
on chromosome kinetochores in the CENP-W-depleted oocytes at
10h of culture after release from IBMX. However, signals of Bub3
could not be detected in the control oocytes at the same time point
(Fig. 2D). Detection of Bub3 signal in CENP-W-depleted oocytes
indicated that the spindle assembly checkpoint was still activated
even after 10h of culture after IBMX washout.

3.3. Depletion of CENP-W causes detachment of kinetochores and
microtubules

To further understand how CENP-W is involved in spindle or-
ganization and chromosome alignment, we investigated the role of
CENP-W in meiotic spindle dynamics by cold treatment. Oocytes
injected with CENP-W-siRNA or control-siRNA were cultured for
additional 8h after release from IBMX, then oocytes were cultured
for 45 min under the condition of 4 �C. Depolymerization of mi-
crotubules found in CENP-W-depleted oocytes after cold treatment
indicated that the kinetochore-microtubules remained unattached
which might be caused by CENP-W depletion (Fig. 3A). Moreover,
the microtubule density, as measured by total a-tubulin immuno-
fluorescence intensity in the MI spindles of CENP-W-depleted oo-
cytes was significantly lower compared to that of the control group
(Fig. 3B). The results indicated that CENP-W played a crucial role in
kinetochore-microtubule attachment, and depletion of CENP-W
caused detachment of kinetochores and microtubules which
might further cause SAC activation.

3.4. Over-expression of CENP-W has no influence on oocytes
maturation

To further explore the function of CENP-W in oocyte meiotic
maturation, we performed CENP-W over-expression. We added a
myc tag on the CENP-W gene, and we first pursued the CENP-W
over-expression by microinjection of CENP-W-Myc-mRNA. Oo-
cytes following incubation in IBMX for 2h after injection were
collected for Western blotting. Specific Myc antibody was used for
Western blot to show the over-expression of CENP-W, and as ex-
pected, the expression of CENP-Wwas significantly increased in the
CENP-Wover-expressed oocytes (Fig. 4A). After that, CENP-Wover-
expressed oocytes were cultured for 3h after release from IBMX,
and we did not find any differences in GVBD rates compared with
that of control oocytes (81.55 ± 3.85% in control oocytes and
78.14 ± 4.95% in CENP-W over-expressed oocytes, P > 0.05)
(Fig. 4B). Next, the injected oocytes were cultured for 14h after
IBMX washout; unexpectedly, the proportion of PB1 extrusion was
not affected by CENP-W over-expression (81.55 ± 3.85% in control
group, 78.55 ± 2.03% in CENP-W over-expressed group, P > 0.05)
(Fig. 4C). Next, oocytes cultured for 14h after release from IBMX
were collected for immunofluorescence analysis. The results
showed no obvious difference in both spindle structure and chro-
mosome distribution (Fig. 4D). Taken together, over-expression of
CENP-W did not affect oocyte meiotic maturation.

4. Discussion

CENP-W, which was widely reported to function as a tumor



Fig. 1. Depletion of CENP-W impairs PB1 extrusion. (A) Confocal microscopy images showing the subcellular localization of CENP-W in mouse oocytes at the GV, GVBD, MI and MII
stages. CENP-W is stained in red, DNA was counterstained with Hoechst 33342. (B) Western blotting results for CENP-W and b-actin in the CENP-W-siRNA injected oocytes and
control-siRNA injected oocytes. (C) The relative staining intensity of CENP-W shown in A was assessed through densitometry. (D) Percentage of oocytes that underwent GVBD after
3 h following release from IBMX for CENP-W-siRNA injected oocytes and control oocytes. (E) Percentage of oocytes that extruded the first poly body after 14 h following release from
IBMX for CENP-W-siRNA injected oocytes and control oocytes. (F) The percentage of normal spindle structures seen in CENP-W depleted oocytes and control oocytes. (G) Proportion
of normal chromosome distribution found in CENP-W-siRNA-injected oocytes and control oocytes. (H) Confocal microscopy showing the spindle structures and distribution of
chromosomes in CENP-W depleted oocytes and control oocytes. a-Tubulin is stained in green, and DNA (blue) is stained with Hoechst 33342. All quantitative data are presented as
means ± s.e.m. of three independent experiments (*P < 0.05, **P < 0.01). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)
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regulator, also functions as an important member of the kineto-
chore protein family; it works alongwith CENP-T to form a complex
of the inner kinetochore, and mediates duplication and elongation
of kinetochores. Thus, CENP-W has a critical role in regulating the
mitotic cell cycle [13e15]. Since mitosis and meiosis are different
cellular processes, here, we first reported that CENP-W plays a
critical role in oocyte meiotic cell cycle. We showed that CENP-W
was concentrated on kinetochores during oocyte meiotic matura-
tion, and that it functions as major player of meiotic spindle as-
sembly, chromosome alignment and segregation. Depletion of
CENP-W in oocytes by siRNA microinjection caused detachment
of kinetochores and microtubules, disrupted meiotic spindles and
chromosome misalignment, which in turn caused SAC activation
and further lead to MI stage arrest, as well as failure of first polar
body extrusion.
In our study, CENP-W shows similar localization in meiotic oo-
cytes compared to mitotic cells: CENP-W only concentrated on ki-
netochores of oocytes, except for the GV stage. This localization
pattern indicated that CENP-Wmay play a similar role in the oocyte’s
meiotic cell cycle as in the mitotic cell cycle [14]. Reports showed
that depletion of a major member of CCAN, CENP-C, in mitosis
caused impaired kinetochore function and thus lead to only about
10% of cells reaching anaphase [23], and damaging CENP-C normal
function in meiosis caused impaired kinetochore function, which
further lead to abnormal chromosome segregation [24]. These re-
sults indicated that CENP-C works as an important protein of CCAN,
which might play a similar role in mitosis and meiosis. And knock-
down of another critical member of CCAN, CENP-T, in zebrafish
mitosis caused aberrations in cell division with abnormal chromo-
somal segregation [25]; However, our recent study indicated that



Fig. 2. Depletion of CENP-W causes MI arrest in oocytes. (A) Confocal microscopy showing the distribution of chromosomes after 10h following release from IBMX for CENP-W-
depleted oocytes and control oocytes. a-Tubulin is stained in green, and chromosomes are stained in blue with Hoechst 33342. (B) The percentages of the oocytes which reached the
anaphase I stage or remained at the MI stage in CENP-W-depleted oocyte and control oocytes. All quantitative data are presented as means ± s.e.m. of three independent ex-
periments (*P < 0.05, **P < 0.01). (C) Chromosome spreading showed failure of homologous chromosome segregation in the CENP-W-depleted oocytes compared with the control
ones. Chromosomes are stained with Hoechst 33342 (blue). (D) Oocytes were collected following 10h of culture in IBMX-free M2. Bub3 is stained in red, and DNA is stained in blue.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Fig. 3. Depletion of CENP-W causes detachment of kinetochore and microtubules.
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CENP-T functions differently inmitosis andmeiosis, and depletion of
CENP-T in oocytes lead to impaired meiotic resumption [21]. Since
CENP-W is also a critical member of CCAN and it could directly
interact with both CENP-C and CENP-T, we were going to determine
whether depletion of CENP-Wresults in a similarMI delay to CENP-C
in meiosis or lead to similar regulation of meiotic resumption like
CENP-T. We depleted CENP-W in oocytes by siRNA injection and
found that CENP-W-depleted oocytes arrested at theMI stage, which
further lead to PB1 extrusion failure. Comparatively, depletion of
CENP-W in mitosis resulted in defective spindles and extended
prometaphasewithmisaligned chromosomes [16]. Comparing these
results, we found that CENP-W had a similar role in mitosis and
meiosis, which is correlatedwith essential functions of kinetochores.

CENP-W plays a crucial role in the formation of the kinetochore
complex and is reported to play a role in kinetochore-microtubules
attachment [26]. To explore this, we tested the attachment of
kinetochore and microtubules in CENP-W-depleted oocytes by cold
treatment. The results showed that significantly moremicrotubules
were depolymerized than in the control group, which indicated
that depletion of CENP-W in oocytes caused unstable attachment
between kinetochores and microtubules.

SAC proteins play critical roles in sensing proper kinetochore-



Fig. 4. Over-expression of CENP-W has no influence on oocyte maturation in vitro. (A)Western blotting results for CENP-W-Myc and b-actin in the CENP-W-Myc-mRNA injected
oocytes and control-mRNA injected oocytes. (B) The percentage of oocytes that underwent GVBD in the CENP-W over-expressed group and control group at 3h after release from
IBMX. (C) The percentages of oocytes that had extruded PB1 in the CENP-W-Myc-mRNA injected group and control-mRNA injected group were recorded 14h after release from
IBMX. Data are presented as means ± s.e.m. of three independent experiments. (D) Confocal microscopy analysis showing both the spindle structures and distribution of chro-
mosome in CENP-W over-expressed oocytes and control oocytes. a-Tubulin is stained in green, and DNA is stained in blue. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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microtubule attachments and supervising correct chromosome
segregation. SAC also functions to inhibit anaphase entry by blocking
APC/C activity, which leads to MI arrest for a period of time until all
chromosomes accomplish equatorial alignment and bipolar attach-
ments to the mitotic or meiotic spindle microtubules [27,28]. Bub3, a
member of SAC, is part of the MCC in mammalian cells. Previous
study has shown that Bub3 plays an important role in regulating
mouse oocytemeiotic anaphase entry [29]. In this study, we detected
SAC activation by detecting Bub3 signals found in kinetochores of
oocytes. In the CENP-W-depleted group, signals of Bub3 could still be
detected even after 10h of culture after release from IBMX. In
contrast, no signal could be found in control oocytes at the same
time point. The results suggested that the reason for MI arrest in
CENP-W-depleted oocytes was the extended SAC activation caused
by unstable kinetochore-microtubule connection.

In summary, our study shows that CENP-W plays an impor-
tant role in kinetochore-microtubules attachment in oocyte
maturation, which then regulates proper spindle formation and
chromosome alignment, and thus takes part in the metaphase-
to-anaphase transition.

Oocytes at the MI stage in CENP-W-siRNA or control-siRNA
injected groups were incubated at 4 �C for 45 min to selectively
depolymerize non-kinetochore microtubules, then stained with
anti-a -tubulin-FITC (green) and Hoechst 33342 (blue). (A) Confocal
microscopy showing the entire spindle after cold treatment. Images
for a-tubulin were obtained under a constant exposure parameter;
green, a-tubulin; blue, DNA. (B) The fluorescence intensity of a-
tubulin on spindles of the CENP-W-depleted group and that of the
control group. Each independent experiment was repeated at least
three times and 10 oocytes were used for each fluorescence in-
tensity quantification. (**P < 0.01).
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