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MBTD1 is associated with Pr-Set7 to stabilize
H4K20me1 in mouse oocyte meiotic maturation
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H4K20me1 is a critical histone lysine methyl modification in eukaryotes. It is recognized and “read” by various histone
lysine methyl modification binding proteins. In this study, the function of MBTD1, a member of the Polycomb protein
family containing four MBT domains, was comprehensively studied in mouse oocyte meiotic maturation. The results
showed that depletion of MBTD1 caused reduced expression of histone lysine methyl transferase Pr-Set7 and H4K20mel
as well asincreased oocyte arrest at the GV stage. Increased yH2AX foci were formed, and DNA damage repair checkpoint
protein 53BP1 was downregulated. Furthermore, depletion of MBTD1 activated the cell cycle checkpoint protein Chki1
and downregulated the expression of cyclin B1 and cdc2. MBTD1 knockdown also affected chromosome configuration
in GV stage oocytes and chromosome alignment at the MIl stage. All these phenotypes were reproduced when the
H4K20 methyl transferase Pr-Set7 was depleted. Co-IP demonstrated that MBTD1 was correlated with Pr-Set7 in mouse
oocytes. Our results demonstrate that MBTD1 is associated with Pr-Set7 to stabilize H4K20mel in mouse oocyte meiotic

maturation.

Introduction

Histone lysine methylation is a central epigenetic modification
in eukaryotic chromosomes. There are five major positions for
lysine methylation in the histone N termini, which are H3K4,
H3K9, H3K27, H3K36 and H4K20. Each of these modifica-
tions has distinct regulatory functions to influence cellular
behavior. The transcriptional repression mark H4K20 meth-
ylation is evolutionarily conserved from Schizosac charomyces
pombe to man and is involved in constitutive heterochromo-
some formation, gene repression, X inactivation, and in DNA
damage repair, mitotic chromosome condensation and gene
regulation.”” The regulation of methylated H4K20 is com-
plex due to the fact that lysine methylation can be present in
three distinct states (mono, di or tri), which may have differ-
ent biological readouts depending on the association with spe-
cific binding partners. H4K20mel is exclusively induced by the
Pr-Set7/KMT5A histone methyl transferase (HMTase), where
it has been linked with transcriptional repression and X inacti-
vation.*> More recently, genome-wide profiling of H4K20mel
also revealed enrichment of this mark across actively transcribed
genes. H4K20mel is highly dynamic throughout the cell cycle
and becomes highly enriched during the S phase and peaks at
the G,/M phase. Abrogation of H4K20mel in mitosis results
in severe chromosomal segregation defects, and H4K20mel
has been proposed to be an important mark for chromosomal

*Correspondence to: Qing-Yuan Sun; Email: sungy@ioz.ac.cn
Submitted: 01/31/13; Revised: 03/05/13; Accepted: 03/05/13
http://dx.doi.org/10.4161/cc.24216

1142 Cell Cycle

memory.® Studies in Drosophila melanogaster S2 cell lines have
revealed that the depletion of Pr-Set7, which resulted in the
decrease of H4K20mel leads to chromosome condensation and
DNA damage repair defects.”® Furthermore, the Pr-Set7 knock-
out could cause the failure to accumulate mitotic cyclin B by
anaphase-promoting  complex/cyclosome(APC/C)-dependent
proteolysis and to activate Chkl. It has been well established that
accumulation of mitotic cyclins and the activation of the Cdk-
cyclin complexes are essential for entry into mitosis and forma-
tion of mitotic spindles, therefore aberrant expression of Pr-Set7
may cause abnormal mitosis.”!® Taken together, H4K20mel is
essential for normal cellular progression.

Non-histone proteins which bind to the histone modifica-
tion sites are also core factors that affect cellular progression.
Malignant brain tumor (MBT) domain-containing protein,
which is a member of methyl-lysine binding proteins in “Royal
family” made up of Tudor, Agenet, chromo, PWWP, MBT, the
WD40 repeat protein and the plant homeo domain (PHD),
was first discovered in Drosophila melanogaster and has received
increased attention in recent years.!"'* MBT domain constitutes
a separate class of histone methyl-lysine reading modules that
do not appear to have a high selectivity for their target sites. In
vitro, diverse MBT domain regions from different proteins and
organisms display specificity for mono- and di-methylated lysine
residues over the unmodified and tri-methylated states. From
a physiological perspective, MBT proteins are associated with
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chromosome condensation and act to repress the transcription
of genes, ultimately affecting processes such as differentiation,
mitotic progression and tumor suppression. For example, human
L3mbtl is a negative regulator of E2F target genes, including
c-myc and cyclin El, suggesting that it plays a significant role
in cell cycle and tumor repression.”!'® Malignant brain tumor
domain-containing protein 1 (MBTDI1), a newly identified
member belonging to the MBT class, is a four MBT repeat pro-
tein comprising 628 amino acids and specifically binds to the
mono- and di-methylation sites of H4K20 through one of its four
MBT repeats utilizing a semi-aromatic cage.”” The crystal struc-
ture of MBTDI1 has been thoroughly studied, however, what
kind of function it exerts in cellular and chromosome progres-
sion is not yet known.

There has been evidence showing the vital function of
H4K20mel and MBT domain in mitosis,'®° but roles in mam-
malian oocyte meiosis are not known. In this study, we started
to clarify the role of MBTDI in mouse oocyte meiotic matura-
tion and the correlation and function of MBTD1, Pr-Set7 and
H4K20mel in chromosome condensation, DNA damage and
meiosis progression.

Results

Expression and localization of MBTD1 and Pr-Set7 during
mouse oocyte meiotic maturation. Oocytes were cultured in
vitro for 0, 2 and 12 h, corresponding to GV, GVBD and MII
stages, respectively. For protein extraction, 150 oocytes were col-
lected for each stage. Using the extracted proteins, we performed
western blotting and showed that MBTD1 was expressed in a low
level at the GV stage, while it was significantly increased at the
GVBD and MII stages, with a peak level at the GVBD stage. In
contrast, Pr-Set7 was abundantly expressed in the GV stage, and
its expression decreased after GVBD. The monomethylation level
of H4K20 corresponded to the Pr-Set7 expression level (Fig. 1A).

Immunofluorescent confocal staining was employed to detect
the subcellular distribution of MBTD1 and Pr-Set7 during
mouse oocyte meiotic maturation. Because of the unavailability
of MBTD1 antibody for immunofluorescence (IF), we microin-
jected myc-MBTD1 mRNA into GV stage oocytes. Anti-myc
tagged domain examination verified the dispersed distribution
of MBTDI in mouse oocytes at various developmental stages
(Fig. 1B). Pr-Set7 was concentrated in the nucleus at the GV
stage, while no specific subcellular localization was observed after
GVBD (Fig. 1C).

Depletion of MBTD1 and Pr-Set7 causes GV arrest and
decreased monomethylation of H4K20 as well as reduced
53BP1 expression. In order to investigate the role of MBTDI in
mouse oocyte meiotic maturation, we separately microinjected
MBTDI and Pr-Set7 siRNA into GV stage oocytes to deplete
the expression of MBTD1 and Pr-Set7. When the protein was
depleted, oocytes were cultured in M2 medium for 2 h, and the
GVBD rate decreased significantly compared with the control
group (scrambled siRNA injection group). The GVBD rate was
76.33% in the control group, while the GVBD rate decreased
to 43.82% in the MBTDI-knockdown group, 53.25% in
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Pr-Set7-knockdown group and 48.74% in H4K20mel antibody
injection group, and the difference was significant (p < 0.05)
(Fig. 2A). Western blotting was employed to detect the knock-
down efficiency and the level of monomethylation of H4K20
in mouse oocytes. The results showed that when the MBTD1
was knocked down, the level of Pr-Set7 and monomethylation of
H4K20 decreased significantly, and when Pr-Set7 was knocked
down, the monomethylation of H4K20 decreased as well. Due
to downregulation of H4K20mel after MBTDI1 and Pr-Set7
knockdown, it is assumed that 53BP1, a DNA damage repair
checkpoint, would be downregulated, which influences DNA
damage repair. We employed western blotting to determine the
53BP1 expression level, and the results showed that depletion of
MBTDI and Pr-Set7 could downregulate the expression level of
53BP1 (Fig. 2B and C).

MBTDIL is a histone methylation binding protein but not a
histone methyl-transferase. We employed Co-IP and western
blotting to detect the relationship between MBTD1 and Pr-Set7.
The results showed that MBTDI and Pr-Set7 formed a complex
in mouse oocytes, indicating their direct interaction (Fig. 2D).

Depletion of MBTD1 and Pr-Set7 causes increased YH2AX
foci. Like 53BP1, yYH2AX is also a DNA damage repair check-
point protein, and these two proteins form a complex at the
damage site. 53BP1 is recruited under conditions of YH2AX
foci formation and methylation of H4K20. 53BP1 has been
downregulated due to the depletion of H4K20mel. In order
to detect whether the depletion of MBTDI and Pr-Set7, which
caused H4K20mel decrease, could also cause YH2AX foci for-
mation, we employed immunofluorescent confocal microscopy to
detect YH2AX foci in MBTDI or Pr-Set7 downregulated mouse
oocytes at the GV stage. The results showed that YH2AX foci
formation increased compared with the control group (Fig. 3).

Depletion of MBTD1 and Pr-Set7 activated checkpoint
protein Chkl and downregulated cyclin Bl and cdc2. To
explore why depletion of MBTDI1 and Pr-Set7 affected GVBD
in mouse oocytes, we used western blotting to detect the expres-
sion level of the cell cycle checkpoint proteins Chkl and cyclin
B1 in siRNA-microinjected mouse oocytes at the GV stage. The
results showed that depletion of MBTD1 and Pr-Set7 could
both activate Chkl as indicated by its increased expression,
while downregulating the expression of cyclin Bl, resulting in
the G,/M arrest of the meiotic cell cycle. We also detected the
expression level of cdc2, the other subunit of the maturation-
promoting factor (MPF). Our western blotting results showed
that cdc2 expression was also decreased in MBTD1 and Pr-Set7
depleted oocytes (Fig. 4).

Depletion of MBTD1 and Pr-Set7 causes abnormal chroma-
tin/chromosome configuration in mouse oocytes. Due to the
DNA damage and cdc2 downregulation in MBTDI and Pr-Set7
depleted mouse oocytes, we assumed that the depletion of MBT D1
and Pr-Set7 could result in abnormal chromatin/chromosome
configurations in mouse oocytes. Therefore, we compared the
rate of SN (surrounding nucleolus) and NSN (non-surrounding
nucleolus) oocytes at the GV stage in MBTDI or Pr-Set7 deple-
tion groups with controls. After 12 h of culture in M2 medium,
chromosome spreading was employed to determine aneuploidy in
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Figure 1. Expression and localization of MBTD1 and Pr-Set7 in mouse oocyte in vitro meiotic maturation. (A) Expression of MBTD1 and Pr-Set7 during
mouse oocyte meiotic maturation at 0, 2 and 12 h, corresponding to GV, GVBD, Mll stage, respectively. (B) Confocal micrographs showing subcel-

lular localization of immunostained myc-MBTD1 (green) and DNA (red) in mouse oocytes at GV, GVBD, Ml and Mll stages. Bar = 10 um; (C) Confocal
micrographs showing subcellular localization of immunostained Pr-Set7 (green) and DNA (red) in mouse oocytes at GV, GVBD, Ml and MII stages. Bar =

10 pm.

MBTDI and Pr-Set7 depletion oocytes. After PI staining, chro-
matin displayed abnormal configurations besides SN and NSN
changes, which included a large nucleolus, condensed nucleus
and chromatin de-condensation (Fig. 5A), which we termed UN
(unidentified nucleolus). Oocytes with these abnormal chroma-
tin configurations constituted about 26.31% (MBTDI1 siRNA
group) and 25% (Pr-Set7 siRNA group) of the tested oocytes
(Fig. 5B). Most of the MBTDI and Pr-Set7 knockdown oocytes
showed disordered chromosome arrangements at MII stages, as
detected by PI staining (Fig. 5C). However, spindle formation
was not affected in these oocytes.

Moreover, about 70% of the MBTDI and Pr-Set7 depletion
oocytes showed aneuploidy at the MII stage (Fig. 5D and E).

1144 Cell Cycle

Discussion

In this study, we have revealed the role of a histone methylation
binding protein, MBTD], and its correlation with histone lysine
methyl-transferase Pr-Set7 and H4K20mel in mouse oocyte
meiotic maturation. We demonstrated that MBTDI associates
with Pr-Set7 to stabilize H4K20mel and, thus, regulates meiotic
cell cycle progression, chromatin configuration and chromosome
alignment/separation in mouse oocyte meiotic maturation.
MBTDI does not specifically localize on chromosomes or in
the nucleus; instead, it is distributed in all cellular components
throughout the entire mouse oocyte meiotic maturation process,
as shown by the antibody staining against myc-tagged MBTDI.
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Figure 2. Effects of MBTD1 or Pr-Set7 depletion in mouse oocyte meiotic maturation and correlation of MBTD1 and Pr-Set7. (A) Microinjection of
MBTD1 siRNA, Pr-Set7 siRNA or H4K20me1 antibody caused significant decrease in the GVBD rate of mouse oocytes (p < 0.05). (B) Western blotting re-
sults demonstrated the decreased expression level of Pr-Set7, 53BP1 and H4K20me1 after MBTD1 depletion. (C) Western blotting results demonstrated
the decreased expression of 53BP1 after Pr-Set7 depletion. (D) Co-IP result showing the MBTD1 correlating with Pr-Set7 to function in mouse oocyte.

However, the histone lysine methyl transferase Pr-Set7 solely
localizes in the nucleus at the GV stage but is distributed in all
cellular components after GVBD like MBTDL. It appears that
along with germinal vesicle breakdown, all nuclear contents dis-
perse into the oocyte. Up until now, there has been no evidence
showing that proteins belonging to the “Royal family” can only
localize in the nucleus, suggesting that they might have func-
tions other than “reading” the histone modification.” Regarding
the expression of MBTDI and Pr-Set7 in mouse oocyte meiotic
maturation, these two proteins show opposite expression pat-
terns. The MBTD1 expression level was at a minimum at the GV
stage and at a maximum at the GVBD stage, while the Pr-Set7
expression level was high at the GV stage and decreased after
GVBD. The H4K20mel pattern was consistent with that of
Pr-Set7. Because Pr-Set7 is the exclusive H4K20 mono-methyl
transferase, and H4K20mel has an essential function in chromo-
some repression and condensation,* it is reasonable that Pr-Set7
is expressed at a higher level at the GV stage. Though at a mini-
mum level at the GV stage, the sharp rise of MBTDI along with
GVBD implied that it might have an important role in the G,/M
transition.

Previous studies of histone lysine methyl binding protein and
Pr-Set7 in mitosis have revealed that these proteins are related
to various cellular events, such as DNA damage, chromosome
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condensation, cell cycle and gene expression depression.”* We
microinjected MBTD1 and Pr-Set7 siRNA into mouse oocytes at
the GV stage to detect their roles in mouse oocyte meiotic progres-
sion. First, depletion of both MBTD1 and Pr-Set7 could cause an
increase in GV stage arrest in mouse oocytes. The normal GVBD
rate after 2 h of culture in M2 medium was about 78%, while the
GVBD rate decreased significantly when MBTDL1 or Pr-Set7 was
depleted. Second, the H4K20mel level decreased along with the
knockdown of the MBTDI or Pr-Set7. Western blotting results
showed that knockdown of Pr-Set7 would not affect the expres-
sion of MBTD1 (data not shown). Although MBTDL is only a
histone methylation binding protein, it affects the H4K20mel
level similarly as H4K20mel transferase Pr-Set7, suggesting that
in mouse oocytes, MBTDI may be correlated with Pr-Set7 to
induce monomethylation at the H4K20 site. Therefore, Co-IP
was employed to demonstrate the correlation of MBTDI1 and
Pr-Set7, which proved our assumption. Thus, in mouse oocytes,
it can be concluded that MBTDI is associated with Pr-Set7 to
stabilize H4K20mel. Recently, a protein containing the PW WP
domain was confirmed to regulate Set9-mediated methylation
of H4K20 in Saccharomyces cerevisiae.” Proteins containing the
PWWP domain and MBT domain are both included in the
“Royal family,” thus our results contribute new information on
the functional understanding of the “Royal family.”
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yH2AX

One of the most important consequences
of H4K20mel abrogation is to cause DNA
damage, as indicated by YH2AX foci for-
mation on chromosomes.”® Due to the
unavailability of YH2AX antibody for west-
ern blotting, we used immunofluorescence
confocal microscopy to detect YH2AX foci
formation on mouse chromosomes at the
GV stage. The results showed that both
MBTDI1 and Pr-Set7 knockdown caused
increased YH2AX foci on chromosomes,
indicating DNA damage on chromosomes.
53BP1, a TP53 binding protein, is a core
DNA damage repair checkpoint in mam-
malian cells. It accumulates on the methyl-
ated H4K20 dock at the DNA damage site
and co-localizes with YH2AX to form the
DNA repair complex.”? However, in our
study, when 53BP1 expression was decreased
after MBTD] or Pr-Set7 depletion, increased
YH2AX foci were formed. We assumed that
depletion of MBTDI and Pr-Set7 would
cause abrogation of H4K20mel, the substrate
of H4K20me2 and H4K20me3 and binding
sites of 53BP1,%*3" thus resulting in decreased
expression of 53BP1. The DNA damage
repair complex fails to form due to the lack of
53BP1; therefore, the mouse oocyte would be
arrested at the GV stage.

Cell cycle events are regulated by sequen-
tial activation and deactivation of cyclin-
dependent kinases (Cdks) and by proteolysis
of cyclins. Chk1 is involved in these processes
as regulators of Cdks. Chkl functions as
essential component in the G, DNA damage
checkpoint by phosphorylating Cdc25C in
response to DNA damage. Phosphorylation
inhibits Cdc25C activity, thereby blocking the G,/M transi-
tion.”* MBTDI and Pr-Set7 can lead to DNA damage at the
GV stage in mouse oocytes, thereby activating the checkpoint
protein Chkl, which might influence GVBD through regulat-
ing the expression of CDKI. Western blotting results proved

depletion.

our hypothesis. The expression level of Chkl was upregulated
after depletion of MBTD1 or Pr-Set7, providing evidence that
the mouse oocyte was arrested at the GV stage when MBTDI or
Pr-Set7 was abolished, and this might be achieved by regulating
DNA damage-related Chk1 activation and MPF activity.

In eukaryotic cells, the G,/M transition is initiated following
activation of a protein kinase known as maturation-promoting
factor (MPF),*® M-phase specific histone kinase or M-phase
kinase. This protein kinase is composed of a catalytic subunit
(cde2), a regulatory subunit (cyclin B) and a low molecular
weight subunit (p13-Suc 1).>7%® Cyclin Bl was downregulated due
to the depletion of MBTD1 or Pr-Set7. Western blotting results
also revealed the downregulation of cdc2, which is the catalytic
subunit of MPF. MPF can first phosphorylate histone H1 and
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Figure 3. Confocal micrographs showing increased yH2AX foci after MBTD1 or Pr-Ser7

sequentially affect chromosome condensation. Second, MPF can
catalyze nuclear lamina protein to break up the nuclear lamin layer
structure resulting in GVBD. Lastly, MPF can also act on micro-
tubules and affect the poleward movement of chromosomes.**4*
Therefore MPF has important functions in the meiotic progres-
sion. In our study, depletion of MBTDL1 or Pr-Set7 both can
downregulate expression of the MPF components cdc2 and cyclin
B1, which arrest oocytes at the GV stage. Immunofluorescent
staining showed that at the GV stage, the chromosomes displayed
various configurations, such as de-condensation, enlargement and
pyknosis of the nucleolus and muti-nucleoli. All of the pheno-
types indicate cellular apoptosis.”*** On the other hand, oocytes
which can enter the MII stage after siRNA microinjection showed
disordered chromosome arrangements, but the spindle assembled
normally and was comparable with the control group, suggesting
that the depletion of MBTD1 or Pr-Set7 did not influence spindle
assembly. The chromosome-spreading assay revealed that most of
the oocytes showed aneuploidy, providing further evidence for
chromosome configuration defects.
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Figure 4. Effects of MBTD1 or Pr-Set7 depletion on cell cycle factors.
Western blotting results showing that depletion of MBTD1 or Pr-Set7
activated Chk1 and ultimately decreased the expression level of MPF
components: cdc2 and cyclin B1.

In summary, our study for the first time demonstrates the
role of histone lysine methyl binding protein MBTDI in mouse
oocyte meiotic maturation. MBTDI was correlated with his-
tone lysine methyl transferase Pr-Set7 to stabilize H4K20mel
in mouse oocytes, regulating meiotic cell cycle progression and
chromosome configuration. In addition, our study provides new
perspectives for the role of the “Royal family” and reinforces the
importance of H4K20 methylation in mammalian oocyte mei-
otic maturation.

Materials and Methods

Mouse oocyte collection and in vitro maturation. The native
breed mouse strain, ICR, was used in this study. Animal care
and handling were conducted in accordance with policies regard-
ing the care and use of animals issued by the ethical commit
tee of the Institute of Zoology, Chinese Academy of Sciences.
Immature oocytes at the germinal vesicle (GV) stage were col-
lected from ovaries of 6—8-wk-old female mice in M2 medium
(Sigma). Oocytes used for microinjection were cultured in M2
medium supplemented with 2.5 pM milrinone to maintain the
oocytes at the GV stage during microinjection. After microin-
jection, oocytes were washed thoroughly and further cultured
in M2 medium covered with liquid paraffin oil at 37°C in an
atmosphere of 5% CO, in air until proceeding to the GV (0 h),
GVBD (2 h), MI (8 h) and MII (1214 h) stages.

Myc-MBTDI1 plasmid construction and in vitro transcrip-
tion. Total RNA was extracted from 150 GV oocyte with RNeasy
micro purification kit (Qiagen). Then total cDNA was synthe-
sized with cDNA synthesis kit (Invitrogen). The full length of
MBTDI cds was cloned by PCR with primers: MBTDI-F3,
GTT GGC CGG CCG ATG GAC ACT AGA AGT CAC CCA
AAG C; MBTDI1-R3, GTT GGC GCG CCT CAC CTT CAA
TCC TGC TAC CTA AAC. After sequencing and blast, the full

www.landesbioscience.com

length of MBTD1 CDS was sub-cloned to the Fsel/Ascl restrict
site of pSC2+ vector. The Myc-MBTD1-pCS2+ plasmid was
linearized by Sall and purified by gel extraction kit (Promega).
SP6 high-yield capped RNA tanscription kit (Ambion) was used
for producing capped mRNA, and then the mRNA was puri-
fied with RNeasy cleanup kit (Qiagen). The concentration of
myc-MBTD1 mRNA was detected with a Beckman DU 530
Analyzer and then diluted to a low concentration (0.4 mg/ml)
for localization.

Microinjection of MBTDI1 and Pr-Set7 siRNA or mRNA.
Microinjection was performed using an Eppendorf microinjec-
tor and completed within 1 h. Myc-MBTD1 mRNA solution
was microinjected into cytoplasm of each GV stage oocyte for
localization assays. The same amount of Myc mRNA without
MBTDI sequence was injected into control oocytes under the
same conditions.

The MBTDI1 and Pr-Set7 siRNA were synthesized by
GenePharma Co., Ltd. The siRNA was diluted to 1 uM and
microinjected into the GV oocyte. After microinjection, the
GV stage oocytes were cultured for 24 h in M2 medium supple-
mented with 2.5 wM milrinone to maintain the oocytes at the
GV stage and to ensure siRNA being able to deplete the tar-
get protein. Negative control siRNA was microinjected into the
GV stage oocyte, and the oocyte was cultured under the same
conditions.

Antibodies, immunofluorescence and western blot-
ting. Antibody against MBTDI1 was purchased from Abgent.
Antibodies for detecting Pr-Set7, H4K20mel, cdc2, cyclin Bl
were purchased from Santa Cruz Biotechnology. Antibodies
against YH2AX and 53BP1 were purchased from Bioworld.
Immunofluorescent staining and western blotting were per-
formed using standard protocols. Briefly, for immunofluores-
cent staining, all oocytes were fixed in 4% paraformaldehyde
for 30 min then treated with 0.5% Triton X-100 for 20 min.
After blocking in 1% BSA for 1 h, oocytes were incubated in
the first antibody (1:50) at 4°C overnight. After five washes in
PBS with 0.05% Tween 20, the oocytes were incubated with the
second antibody (1:200 in PBS with 0.05% Tween 20) for 1 h at
room temperature. Then the oocytes were further washed four
times in PBS with 0.05% Tween 20 and stained with anti-$3-
tubulin antibody (1:100 in PBS with 0.05% Tween 20, Sigma).
After four washes in PBS with 0.05% Tween 20, the oocytes
were incubated with PI/DAPI (propidium iodide/4, 6-diamino-
2-phenyl indole) in PBS containing 0.05% Tween 20 for 10 min.
Finally, the oocytes were mounted on glass slides and examined
with a laser scanning confocal microscope (Zeiss LSM 510 and
710 META).

For western blotting, mouse oocytes were collected in SDS
sample buffer and heated for 5 min at 100°C. The proteins were
separated by SDS-PAGE and electrically transferred to polyvinyl-
idene fluoride membrane, and then the membrane was blocked in
TBST containing 5% BSA for 2 h, followed by incubation over-
night at 4°C with the first antibody (1:300) and mouse monoclo-
nal anti-B-actin antibody (1:1,000, Zhong Shan Jin Qiao Co.).
After washing three times in TBST, each for 10 min, the mem-
brane was incubated for 1 h at 37°C with peroxidase-conjugated
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Figure 5A-C. Effects of MBTD1 or Pr-Set7 depletion on chromatin/chromosome configuration in mouse oocyte meiotic maturation. (A) Pl staining
micrographs showing abnormal chromatin after MBTD1 (b, ¢, d) or Pr-Set7 (b’, ¢, d’) depletion; a and a’ are the controlled normal chromatin of MBTD1
and Pr-Set7, respectively. (B) Percent bars showing that 26.31% (MBTD1) and 25% (Pr-Set7) of the oocytes displayed abnormal chromosome configura-
tions (UN, unidentified nucleolus) besides SN (surrounding nucleolus) and NSN (non-surrounding nucleolus) in mouse oocytes at the GV stage. (C)
Confocal micrographs showing abnormal chromosome alignment in mouse oocytes at the Mll stage after MBTD1 (b, ¢, d) or Pr-Set7 (b’, c’, d’) deple-
tion; a and a’ are the controlled normal chromosomes alignment of MBTD1 and Pr-Set7, respectively. Spindle (green) and DNA (red). Arrows point out

the abnormal aggregated chromosome. Bar = 10 pum.
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Figure 5D and E. (D) Chromosome spreading demonstrated aneuploidy at the Mll stage in mouse oocytes. (E) Percent bars showing that there was
70% of aneuploidy in the MBTD1 knockdown group and 72% in Pr-Set7 knockdown group, while in the control group, the aneuploidy rate was only

12% (p < 0.05).

second antibody (1:1,000, Zhong Shan Jin Qiao Co.). Finally,
the membrane was processed using the SuperSignal West Femto
maximum sensitivity substrate (Thermo Scientific).
Co-immunoprecipitation. About
were  collected  to
experiments.

1,000 mouse oocytes
Co-immunoprecipitation
All  procedures followed the instructions
of the Pierce Co-immunoprecipitation Kit (Thermo Scientific).

Chromosome spreading and image analysis. Oocytes were
left in hypotonic sodium citrate (1%, W/V) for 15 min at room
temperature, and then each oocyte was placed on a glass slide.
About 100 I methanol:glacial acetic acid (3:1) was dropped onto
the oocyte to break and fix the oocyte. Chromosomes were stained
with PI (10 mg/ml). The specimen was examined with a Confocal
Laser Scanning Microscope (Zeiss LSM 510 and 710 META).

perform
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Statistical analysis. All percentage data were subjected to
arcsine transformation before statistical analysis. Data were ana-
lyzed by analysis of variance (ANOVA) with SPSS. Differences at
p < 0.05 were considered significant.
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