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ABSTRACT

Zinc finger proteins are a massive, diverse family of proteins that serve a
wide variety of biological functions. However, the roles of them during meiosis are
not yet clearly defined. Here, we report that Zfp207 localizes at the kinetochores
during mouse oocyte meiotic maturation. Depletion of Zfp207 leads to a significantly
higher proportion of impaired spindle organization and misaligned chromosomes in
oocytes. This is coupled with the defective kinetochore-microtubule attachments, and
resultantly increasing incidence of aneuploid metaphase II eggs. The precocious polar
body extrusion and escape of metaphase I arrest induced by nocodazole treatment
in Zfp207-depleted oocytes indicates that Zfp207 is essential for activation of SAC
(Spindle Assembly Checkpoint) activity. Notably, we find that Zfp207 binds to Bub3 to
form a complex and maintains its protein level in oocytes, and that overexpression of
Bub3 is able to partially rescue the occurrence of aneuploid eggs in Zfp207-depleted
oocytes. Collectively, we identify Zfp207 as a novel Bub3 binding protein in oocytes
which plays an important role in controlling meiotic chromosome alignment and SAC

function.

INTRODUCTION

High-fidelity chromosome segregation ensures
proper distribution of genetic material during cell division
in both mitosis and meiosis [1]. Segregation errors during
mitosis in somatic cells contribute to the development
and progression of cancer, and segregation errors during
meiosis in germ cells lead directly to miscarriages, birth
defects and genetic disorders [2, 3]. To achieve faithful
chromosome segregation, eukaryotic cells develop a
high-fidelity surveillance system referred to as SAC
(spindle assembly checkpoint) to prevent chromosome
missegregation and aneuploidy by delaying anaphase
onset until all kinetochores are successfully attached to
the spindle microtubules with the proper tension at the
metaphase plate [4-8] .

SAC is mainly composed of the members of Bub
and Mad families. Among them Mad2, BubR1 and Bub3
comprise the soluble Mitotic Checkpoint Complex (MCC)

which inhibits the activation of anaphase-promoting
complex/cyclosome (APC/C) by targeting APC/C’s
cofactor Cdc20, and delays the metaphase-anaphase
transition until correct kinetochore-microtubule attachment
is established [3, 9, 10]. Once chromosome is properly
aligned at metaphase plate with appropriate tension by the
spindle, SAC pathway is shut down and Cdc20 is released
to activate APC/C, which then ubiquitinates Securin and
Cyclin B, leading to the activation of Separase to remove
the Cohesin complex from chromosome and onset of
anaphase [9, 11, 12] .

Chromosome segregation during cell division is
facilitated by the kinetochores. When microtubules are not
bound, they prevent cell cycle progression by generating
the SAC signal. The kinetochore, assembled from more
than 90 proteins at the centromere, is a large multiprotein
structure that is often divided up into three layers:
inner, central, and outer [13, 14]. The inner proteins are
associated with the DNA and are linked to the outer layer
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by the central layer, and the outer kinetochore proteins
are responsible for capturing microtubules and recruiting
SAC components [7, 15-19]. Bubl, BubR1 and Bub3
are three core SAC proteins that are required for correct
chromosome alignment and kinetochore-microtubule
attachment. They form two heterodimers ‘Bub1-Bub3’ and
‘BubR1-Bub3’ at the kinetochores to exert the function [8,
20]. Bub3 recruits Bubl and BubR1 by directly binding
to a highly conserved GLEBS domain in Bubl or BubR1
[8, 21, 22].

BuGZ (Bub3-interacting GLEBS-motif-containing
ZNF207) /Znf207/Zfp207 is a zinc finger protein that
also contains a GLEBS motif [16] . Recent studies have
shown that BuGZ uses its GLEBS domain directly binds
to and stabilizes Bub3 during interphase and mitosis
[11, 14, 16]. As a Bub3-binding partner and chaperone,
BuGZ promotes kinetochore-microtubule interaction,
chromosome alignment, and mitotic progression in cancer
cells [11] [14, 16]. Although it has been identified as a
novel regulator of chromosome alignment in mitotic cells,
its accurate role in meiosis has not yet been defined.

In the present study we provide a body of evidence
demonstrating that Z{p207 is required for normal spindle
organization, correct chromosome alignment, proper
kinetochore-microtubule attachment, and maintenance of
euploidy during mouse oocyte meiotic maturation. We also
find that Zfp207 is implicated in promoting these events
through, at least partially, regulation of Bub3.

RESULTS

Z1p207 localizes at the Kinetochores in mouse
oocytes

To examine the localization of Zf{p207 during
meiotic maturation in mouse oocytes, we tried several
commercially available antibodies to perform the
immunofluorescent analysis, but all of them were not
working in oocytes. Therefore we made a construct to
fuse the fluorescent tag mCherry to the C-terminus of
Z{p207 and in vitro transcribed it into cRNA. The result of
cRNA microinjection showed that Zfp207-mCherry was
present at the end of chromosomes from GVBD till late
metaphase I stage (Figure 1A). This localization pattern
is quite similar to that of kinetochore proteins, thus we
immunostained Zfp207-mCherry expressing oocytes with
kinetochore marker Crest, and they indeed exhibited the
overlapping fluorescent signals in the oocytes (Figure 1B),
indicating that Zfp207 is localized at the kinetochores
during meiosis.

Zfp207 modulates meiotic spindle assembly and
chromosome alignment in oocytes

The kinetochore localization of Z{fp207 prompted us
to examine its possible function in spindle organization
and chromosome alignment. We then employed a
morpholino-based gene-silencing approach to deplete
Zp207. Fully-grown GV oocytes were microinjected with
control and Zfp207-specific morpholinos and arrested in
medium supplemented with milrinone for 20 h, allowing
enough time to deplete the endogenous Zfp207. Following
arrest, the oocytes were washed in milrinone-free medium
and cultured to metaphase I stage to analyze the spindle
morphology and chromosome alignment. Oocytes were
immunostained with anti-tubulin-FITC antibody to
visualize the spindles and counterstained with PI for the
chromosomes. The staining results showed that a large
majority of oocytes exhibited a typical barrel-shape
spindle and a well-aligned chromosome on the equatorial
plate in the control MO-injected group (Figure 2A).
In striking contrast, various types of aberrant spindle
morphologies including elongated, shortened, multipolar
and collapsed spindles as well as misaligned chromosomes
were observed in Zfp207 MO-injected oocytes (Figure
2A). More than 45% of oocytes displayed the disorganized
spindles and about 40% of oocytes exhibited misaligned
chromosomes compared to less than 10% of defects in
controls which might be caused by physical damage of
microinjection and milrinone toxicity (Figure 2B, 2C). To
rule out the possibility that defective spindle assembly and
chromosome alignment was due to the off-target effects
of morpholinos, we expressed the Zfp207-mCherry in
Zfp207-depleted oocytes by injecting Zfp207-mCherry
cRNA, and then observed the morphology of spindles and
chromosomes. As expected, in the rescue oocytes, the rates
of defective spindles and chromosomes were decreased to
the levels that were comparable to controls (Figure 2B,
2C). Thus, the results suggest that Zfp207 is important
for spindle assembly and chromosome alignment during
mouse oocyte meiotic maturation.

Then we asked whether misalignment of
chromosomes would produce aneuploidy, an incorrect
number of chromosomes in mouse eggs, which might lead
to miscarriage, embryonic lethality or genetic disorders.
For this purpose, we analyzed the karyotype of metaphase
IT oocytes by chromosome spreading. As shown in Figure
3A, the number of single chromosomes (univalents) in
the normal oocytes was 20, which is the prerequisite for
genomic integrity. Whereas a much higher frequency
of aneuploid eggs that had more or less 20 univalents
occurred in Zfp207-depleted oocytes in comparison with
control and rescue oocytes (Figure 3B).

Taken together, these findings suggest that loss of
Zfp207 in oocytes are unable to properly assemble the
spindles and align the chromosomes and thus prone to
produce aneuploid eggs.
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Figure 1: Localization of Zfp207 during mouse meiotic maturation. A. cRNA of Zfp207-mCherry was microinjected into
GV oocytes which were then cultured to various developmental stages. mCherry signals were acquired under the confocal microscope at
594 nm laser. Chromosomes were counterstained with Hoechst. GVBD, oocytes at germinal vesicle breakdown stage; Pro-MI, oocytes at
first prometaphase stage; Late-MI, oocytes at late stage of first metaphase. Scale bar, 20pum. B. Zfp207-mCherry expressing oocytes were
immunostained with kinetochore marker Crest and then counterstained with Hoechst. Scale bar, Sum.
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Zfp207 regulates Kkinetochore-microtubule

attachment in oocytes

To determine whether the misalignment of
chromosomes upon depletion of Zfp207 was caused
by the defective interaction between kinetochores and
microtubules, we assessed the stability of kinetochore-
microtubule attachment by using cold treatment to
depolymerize unstable microtubules that are not attached
to kinetochores. To this end, metaphase I oocytes were
briefly chilled at 4°C to induce depolymerization of
unstable microtubules, and then immunostained with Crest
to detect kinetochores, with anti-tubulin-FITC antibody to
visualize the spindles and counterstained with Hoechst
33342 for chromosomes. We found that kinetochores
became fully attached, chromosomes were well-aligned,
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and spindles persisted after cold treatment in most of
control MO-injected oocytes (Figure 4A, 4B). By contrast,
in Zfp207-depleted oocytes, a significantly increased rate
of kinetochores with very few cold-stable microtubules
was observed compared to controls (Figure 4A, 4B).
Whereas in the rescue oocytes expressing Zfp207-
mCherry after depletion, the frequency of disrupted
kinetochore-microtubule attachment was reduced to the
rate comparable to controls (Figure 4B). Collectively,
kinetochore-microtubule attachment forms less stably after
depletion of Zfp207, which might contribute to the failure
of chromosome alignment.
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Figure 2: Depletion of Zfp207 impairs spindle formation and chromosome alignment in mouse oocytes. A. Representative
images of normal and abnormal spindle morphologies and chromosome alignment in mouse oocytes. Oocytes were immnunostained with
a-tubulin-FITC antibody to visualize spindle and counterstained with PI to visualize chromosome. Scale bar, 20pum. B. The rate of aberrant
spindles was recorded in the control, Zfp207-KD and rescue oocytes. C. The rate of misaligned chromosomes was recorded in the control,
Ztp207-KD and rescue oocytes. Data were presented as mean percentage (mean + SEM) of at least three independent experiments. Asterisk

denotes statistical difference at a p < 0.05 level of significance.
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Depletion of Zfp207 leads to premature polar
body extrusion

Because we have already observed the defective
spindle organization, chromosome alignment and
kinetochore-microtubule attachment when depleted of
Zfp207, we further investigated its possible effects on the
oocyte meiotic progression. After culture of GV oocytes
to the specific time points, the rates of GVBD and polar
body extrusion were calculated in the control, Zfp207-
depledted and Zfp207-rescue oocytes, respectively. We
found that loss of Z{p207 did not affect either germinal
vesicle breakdown or extrusion of first polar body (Figure
5A, 5B), two critical developmental events during oocyte
maturation. However, at the time point of 7 h post-GVBD,
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a higher incidence of PBE was observed in Zfp207-
depleted oocytes compared to control and rescue oocytes
(Figure 5C), suggesting that PBE occurred earlier in the
absence of Z{p207.

The precocious PBE implied that SAC activity was
compromised in Zfp207-depleted oocytes. To further
confirm this possibility, we tested whether oocytes
depleted of Zfp207 would abrogate the metaphase I arrest
induced by nocodazole treatment, indicative of SAC
inactivation. To this end, GV oocytes were cultured in
medium supplemented with 0.04 pg/ml of nocodazole
for 12 h to observe the polar body extrusion. The result
showed that only about 8% of control and 12% of rescue
oocytes could override MI arrest and extrude the first polar
body after 12 h of culture. While Zfp207-depleted oocytes
displayed a remarkably increased overriding incidence
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Figure 3: Depletion of Zfp207 generates aneuploid eggs. A. Representative images of euploid and aneuploid MII eggs. Chromosome
spread was performed to calculate the number of chromosomes. Chromosomes were counterstained with PI. Scale bar, Sum. B. The rate of
aneuploid eggs was recorded in the control, Zfp207-KD and rescue oocytes. Data were presented as mean percentage (mean + SEM) of at
least three independent experiments. Asterisk denotes statistical difference at a p < 0.05 level of significance.
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Figure 4: Depletion of Zfp207 disrupts kinetochore-microtubule attachment in mouse oocytes. A. Representative images
of normal and abnormal kinetochore-microtubule attachment in mouse oocytes. Oocytes were immnunostained with a-tubulin-FITC
antibody to visualize spindle, with Crest to visualize kinetochore, and counterstained with Hoechst to visualize chromosome. Scale bar,
10um. B. The rate of defective kinetochore-microtubule attachment was recorded in the control, Zfp207-KD and rescue oocytes. Data were
presented as mean percentage (mean + SEM) of at least three independent experiments. Asterisk denotes statistical difference at a p < 0.05
level of significance.
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and around 48% of oocytes escaped the MI arrest to reach
the MII stage. Taken together, the above results imply that
Z{p207 is required for SAC activation and might regulate
SAC proteins during meiosis.

Z1p207 forms a complex with Bub3 and affects its
protein level in oocytes

Since Z{p207 is probably involved in the regulation
of SAC function during mouse oocyte meiotic maturation,
we next examined the protein levels of several important
SAC proteins in Zfp207 MO-injected oocytes by western
blotting. The result showed that depletion of Zfp207 did
not affect the protein levels of Mad2, Bubl and BubR1,
three vital components of SAC in meiosis, but indeed
obviously reduced the protein level of Bub3 (Figure 6A),
suggesting that Bub3 might be the downstream molecule
that mediates the role Z{p207 in chromosome alignment.
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Given that Zfp207 regulates Bub3 in oocytes, we
then asked whether Z{p207 interacts with Bub3 as a
complex. To address this question, we first performed
the cRNA microinjection to detect the localization
relationship between Zfp207-mCherry and Bub3-GFP.
The overlapping signals of mCherry and GFP revealed
that Zfp207 colocalizes with Bub3 at kinetochores (Figure
6B). Moreover, we carried out Co-IP using oocyte lysates
with Bub3 antibody. The blot of IP eluate probed by Bub3
antibody showed that Bub3 was specifically present in
the antibody group instead of IgG control group (Figure
6C), suggesting that the complex containing Bub3 was
pulled down in the eluate. Meanwhile, the blot probed by
Zfp207 antibody also showed that Zfp207 appeared only
in antibody group (Figure 6C), indicating that Z{p207
form a complex with Bub3 in oocytes.

The higher frequency of aneuploid eggs and
decreased protein level of Bub3 in Zf{p207-depleted
oocytes prompted us to examine their correlation. To this
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Figure 5: Meiotic progression and SAC activation in Zfp207-depleted oocytes. A. The rate of germinal vesicle breakdown was
recorded in the control, Zfp207-KD and rescue oocytes. B. The rate of polar body extrusion was recorded in the control, Zfp207-KD and
rescue oocytes. C. The rate of precocious polar body extrusion was recorded in the control, Zfp207-KD and rescue oocytes. D. The rate of
overriding MI arrest was recorded in the control, Zfp207-KD and rescue oocytes. Data were presented as mean percentage (mean + SEM)
of at least three independent experiments. Asterisk denotes statistical difference at a p < 0.05 level of significance.
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end, we co-expressed Bub3-GFP in Zfp207-MO injected
oocytes and then observed the occurrence of aneuploidy.
As shown in Figure 6D, overexpression of Bub3 could to
a large extent rescue the phenotype of aneuploidy when
depleted of Zfp207, confirming the fact that Bub3 works
downstream of Zfp207.

DISCUSSION

The highly conserved spindle assembly checkpoint
mechanisms and components have been widely studied
in mitosis, whereas the functional roles and components
of SAC in meiosis are still not fully clear. Accumulated
recent studies have shown that the SAC mechanism indeed
operates in meiosis, and that many of its components
are conserved between mitosis and meiosis [23, 24].
However, we currently do not know much about the
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conserved differences between mitosis and meiosis, and
even between the male and female meiosis in regulation
of SAC [25].

Zinc finger proteins are among the most abundant
proteins in eukaryotic genomes and participate in diverse
biological eventsas interaction modules that bind DNA,
RNA, proteins, or other small molecules [26, 27].
Recent studies in cancer cells have shown that BuGZ is
a novel SAC component that is required for chromosome
alignment via stabilizing Bub3 [11, 14, 16]. However, this
mechanism does not work in normal somatic cells. The
molecular basis of this selectivity is still an open question.
Here, we report that Zfp207 plays a pivotal role in
homologous chromosome segregation in mouse oocytes.
Although we still cannot address the question why Z{p207
selectively exerts its functions in different cell lines, but
our data provide first evidence showing that the function
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Figure 6: Interaction between Zfp207 and Bub3 in mouse oocytes. A. Protein levels of SAC components in Zfp207-knockdown
oocytes were determined by western blotting. The blots of control and Z{p207-MO injected oocytes were probed with anti-Zfp207, anti-
Bub3, anti-BubR1, anti-Bubl, anti-Mad2, and anti-B-actin antibodies, respectively. B. Colocalization of Zfp207-mCherry and Bub3-GFP.
GV oocytes were co-injected with cRNAs of Z{p207-mCherry and Bub3-GFP, and then cultured to Pro-MI stage. Signals of mCherry and
GFP were acquired under confocal microscope at 594nm and 488nm laser, respectively. Chromosomes were counterstained with Hoechst.
Scale bar, Sum. C. Z{p207 associates with Bub3 in oocytes. Co-IP was performed to determine the interaction between Zfp207 and Bub3.
Oocyte lysates were incubated with IgG and anti-Bub3 antibody, respectively, followed by incubation with protein G beads. The blots of
IP eluates were probed with anti-Zfp207 and anti-Bub3 antibodies, respectively. D. Quantitative analysis of aneuploid eggs in the control,
Ztp207-KD and Bub3-rescue oocytes. Data were presented as mean percentage (mean + SEM) of at least three independent experiments.
Asterisk denotes statistical difference at a p < 0.05 level of significance.

www.impactjournals.com/oncotarget

30162 Oncotarget



of Zfp207 in regulation of chromosome dynamics is
conserved between mitosis and meiosis.

Consistent with the findings in cancer cells, our
analyses show that Zfp207 localizes at kinetochores in
oocytes after resumption of meiosis, and that depletion
of Zfp207 by morpholino injection results in a higher
incidence of aberrant spindle morphologies and misaligned
chromosomes. These phenotypes are specific to the loss of
Zfp207, because it can be rescued by the overexpression
of Zfp207-mCherry. A large majority of incorrect
chromosome alignment is usually caused by the impaired
kinetochore-microtubule attachment, which is also
exhibited in Zfp207-depleted oocytes. Our findings show
that a significantly increased proportion of kinetochores
are unattached by microtubules upon cool treatment which
could depolymerize unattached microtubules. Since high-
fidelity chromosome segregation prevents aneuploidy and
maintains genome stability, our data also reveal that loss
of Zfp207 produces a higher frequency of aneuploid eggs
which are highly correlated with miscarriage, birth defects
and genetic disorders.

Kinetochore-bound SAC proteins such as Madl,
Mad?2, Bubl, BubR1, Bub3, and Mps1 generate the wait
signal to give cells the time to align all chromosomes to
the metaphase plate for equal chromosome segregation [9,
28, 29] [30]. Upon proper alignment of all chromosomes,
the SAC signal has to be silenced for metaphase to
anaphase transition. Our findings show that depletion of
Zfp207 leads to the precocious poly body extrusion and
escape of MI arrest induced by nocodazole treatment,
two important features indicative of inactivation of SAC
activity which have already been characterized in previous
studies on SAC components such as Bubl, Bub3, BubR1
and Mad?2 in mouse oocytes [3, 31-33]. The protein levels
of these SAC components in the absence of Z{p207 have
also been detected to figure out how Zfp207 affects SAC
activity. In agreement with the observations in cancer
cells, we find that protein level of Bub3 is markedly
reduced upon knockdown of Zfp207, rather than that of
Bubl, BubR1 and Mad2. This suggests that either Zfp207
regulates the protein expression of Bub3 or maintains the
stability of Bub3 to ensure proper chromosome alignment
in oocytes. Additionally, the colocalization and Co-IP
analyses in our study show that Zfp207 binds to Bub3 to
form a complex, which further confirms the interaction
between Z{p207 and Bub3. Finally, overexpression of
Bub3 is able to rescue the aneuploid phenotype of Zfp207-
depleted oocytes, suggesting that the role of Zfp207 in
regulation of chromosome alignment is, at least, partially
mediated by Bub3.

Although several lines of evidence have been
provided to demonstrate that Zfp207 is involved
in chromosome alignment and activation of SAC
during meiosis, many open questions still remain. For
example, how does Zfp207 regulate Bub3’s protein
level in oocytes, through gene expression regulation or

protect it from degradation? Is there any other substrate
working downstream of Zfp207? Is Zfp207 involved in
chromosome segregation in early embryo development?
A subsequent research needs to be done to clarify them.

MATERIALS AND METHODS

Antibodies

Rabbit polyclonal anti-Zfp207 antibody, sheep
polyclonal anti-BubR1 antibody and mouse monoclonal
anti-actin antibody were purchased from Abcam
(Cambridge, MA, USA; Cat#: ab84802, ab28193 and
ab3280); rabbit polyclonal anti-Bub3 antibody was
purchased from Santa Cruz Biotechnology (Dallas, TA,
USA,; Cat#: sc-28258); mouse monoclonal anti-a-tubulin-
fluorescein isothiocyanate (FITC) antibody and rabbit
polyclonal anti-Bubl antibody were purchased from
Sigma (St. Louis, MO, USA; Cat#: F2168 and B3437);
rabbit polyclonal anti-Mad?2 antibody was purchased from
Covance (Princeton, NJ, USA; Cat#: PRB-452C); Human
anti-centromere CREST antibody was purchased from
Antibodies Incorporated (Davis, CA, USA; Cat#: 15-234).

QOocyte collection and culture

Animal care and use were conducted in accordance
with the Animal Research Committee guidelines of
Nanjing Agricultural University, China.

Female ICR mice (4-6 weeks) were sacrificed by
cervical dislocation after intraperitoneal injections of 5 TU
pregnant mare serum gonadotropin (PMSG) for 46 hours.
Immature oocytes arrested at prophase of meiosis [ were
collected from ovaries in M2 medium (Sigma, St. Louis,
MO, USA). Only those immature oocytes displaying
a germinal vesicle (GV) were cultured further in M16
medium under liquid paraffin oil at 37°C in an atmosphere
of 5% CO2 in air. At different time points after culture,
oocytes were collected for subsequent analysis.

Morpholino knockdown and ¢cRNA constructs

Fully grown GV-intact oocytes were microinjected
with 5-10 pl of non-targeting or Zfp207-targeting
morpholinos (Gene tools, Philomath, OR, USA) in M2
medium containing 2.5 uM milrinone. The working
concentration of morpholinos was 1 mM. To facilitate
the inhibition of mRNA translation by morpholinos,
microinjected oocytes were arrested at GV stage in M16
medium containing 2.5 pM milrinone for 20 h, and then
transferred to milrinone-free M16 medium to resume
the meiosis for further experiments. Zfp207 morpholino
sequence: 5’-CTTCTTCTTGCGACCCATA ACTGCG-3’.
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Full-length of Zfp207 and Bub3 cDNAs were
inserted into the pcDNA-3-EGFP vector (Addgene,
Cambridge, MA, USA). Capped cRNAs were synthesized
from linearized plasmid using T7 mMessage mMachine
kit (ThermoFisher, Waltham, MA, USA), and purified with
MEGAclear kit (ThermoFisher, Waltham, MA, USA).
Typically, 10-12 pl (4% of the oocyte volume) of 0.5-1.0
ug/ul cRNA was injected into oocytes.

Immunofluorescent and confocal microscopy

Oocytes were fixed in 4% paraformaldehyde in
PBS (pH 7.4) for 30 minutes and permeabilized in 0.5%
Triton-X-100 for 20 min at room temperature. Then,
oocytes were blocked with 1% BSA-supplemented PBS
for 1 h and incubated with 1:50-1:100 dilution of primary
antibodies at 4°C overnight. After washing four times (5
min each) in PBS containing 1% Tween 20 and 0.01%
Triton-X 100, oocytes were incubated with an appropriate
secondary antibody for 1 h at room temperature. After
washing three times, oocytes were counterstained with
PI or Hoechst 33342 (10 pg/ml) for 10 min. Finally,
oocytes were mounted on glass slides and observed under
a confocal laser scanning microscope (Carl Zeiss 700).

Immunoprecipitation and immunoblotting
analysis

Immunoprecipitation was carried out with
rabbit polyclonal anti-Bub3 antibody according

to the Instructions for ProFound Mammalian Co-
Immunoprecipitation Kit (Pierce, Rockford, IL, USA).

For immunoblotting, oocytes were lysed in 4%
LDS sample buffer (ThermoFisher, Waltham, MA, USA)
containing protease inhibitor and heated at 95°C for 5
min. Proteins were separated on 12% Bis-Tris precast
gels, transferred to PVDF membranes, blocked in 5%
nonfat milk in TBS (Tris buffered saline, pH 7.4) with
0.1% Tween 20 (TBST) for 1 h at room temperature, and
then probed with 1:500 or 1:1000 dilution of primary
antibodies at 4°C overnight. After washing three times
in TBST (10 min each), blots were incubated 1 h with
a 1:10,000 dilution of HRP (Horse Radish Peroxidase)
conjugated secondary antibodies. Chemiluminescence was
detected with ECL Plus (Pierce, Rockford, IL, USA) and
signals were acquired by Tanon-3900.

Chromosome spread

Oocytes were exposed to Tyrode’s buffer (pH 2.5)
for about 30s at 37°C to remove zona pellucidae. After
recovery in M2 medium for 10 min, oocytes were fixed
in a drop of 1% paraformaldehyde with 0.15% Triton
X-100 on a glass slide. After air drying, chromosomes

were counterstained with PI and examined under a laser
scanning confocal microscope.

Statistical analysis

The data were expressed as mean + SEM and
analyzed by one-way ANOVA, followed by LSD’s post
hoc test, which was provided by SPSS16.0 statistical
software. The level of significance was accepted as p <
0.05.
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Abstract

Melamine is an organic nitrogenous compound widely used as an industrial chemical, and it
has been recently reported by us that melamine has a toxic effect on the female reproduc-
tive system in mice, and renders females subfertile; the molecular basis, however, has not
been adequately assessed. In the present study, we explore the underlying mechanism
regarding how melamine compromises fertility in the mouse. The data showed that mela-
mine exposure significantly impaired the fertilization capability of the egg during in vitro fer-
tilization. To further figure out the cause, we analyzed ovastacin localization and protein
level, the sperm binding ability of zona pellucida, and ZP2 cleavage status in unfertilized
eggs from melamine fed mice, and no obvious differences were found between control and
treatment groups. However, the protein level of Juno on the egg plasma membrane in the
high-dose feeding group indeed significantly decreased compared to the control group.
Thus, these data suggest that melamine compromises female fertility via suppressing Juno
protein level on the egg membrane.

Introduction

Melamine (1,3,5-triazine-2,4,6-triamine, or C3H6NG®6) is a nitrogen heterocyclic triazine com-
pound [1, 2] which has been widely used as an industrial chemical in many plastics, adhesives,
glues, and laminated products such as plywood, cement, cleansers, fireretardant paint, and
more [2, 3]. Melamine developed as a chemical in the 1830s, and had varied and widespread
legitimate uses. A food safety incident outbroke in China in 2008 which was involved milk and
infant formula along with other food materials and components being adulterated with mela-
mine had attracted much attention to the limited usage of melamine [2]. Accumulating evi-
dence has revealed that long-term exposure to melamine could damage the reproductive
systems in mammals, and lead to male infertility and fetal toxicity in the rat [4]. Also, previous
report by us has shown that melamine feeding renders female mice subfertile [5].

Fertilization is a culminating event in mammals, involved in two haploid cells, the egg and
the sperm. They meet in the female reproductive tract, interact, and finally fuse to become a
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new, genetically distinct, diploid cell [6, 7]. Accomplishment of fertilization needs several
sequential steps of gamete interaction: Capacitated sperm bind to the zona pellucida surround-
ing eggs, and then release acrosomal contents by exocytosis and penetrate the ZP. After that,
acrosome-reacted sperm reach, bind to and fuse with the egg membrane to form fertilized egg
[8]. ZP is a glycoproteinaceous translucent matrix that surrounds the mammalian eggs and
embryos, and plays important roles during oogenesis, sperm-egg binding, fertilization and
implantation [9-11]. This matrix of human is composed of four glycoproteins ZP1, ZP2, ZP3,
and ZP4, whereas mouse ZP is composed of ZP1, ZP2 and ZP3 (ZP4 being a pseudogene) [9,
12]. In the supramolecular structure model, sperm-binding site is an N-terminal domain of
ZP2 that depends on the cleavage status of ZP2 [9, 13]. Subsequent to sperm membrane fusion
with oolema, cleavage of ZP2 helps in prevention of polyspermy [14].

Ovastacin is a pioneer component of mammalian cortical granules which belongs to a mem-
ber of the large astacin family of metalloendoproteases [15, 16]. This oocyte-specific protein is
exocytosed from cortical granules triggered by fertilization and is responsible for post-fertiliza-
tion ZP2 cleavage to block sperm binding and polyspermy. Thus, in ovastacin-deficient mice,
albeit fertilization, sperm are still able to bind to zona pellucida surrounding embryos because
ZP2 remains intact, which accordingly, renders ovastacin-deficient females subfertile due to
the polyspermy [14]. In addition, fetuin-B has been recently identified as the inhibitor of ovas-
tacin, and genetic ablation of fetuin-B causes premature ZP hardening and, consequently,
female infertility [17, 18]. This result shows that premature cleavage of ZP2 can result in infer-
tility in mice.

Glycophosphatidylinositol (GPI)-anchored receptors on the egg surface are essential for fer-
tilization because sperm lacking them render eggs infertile [19, 20]. A breakthrough was made
in 2014 when Gavin J. Wright’s group identified folate receptor 4 (Folr4) as the Izumol1 recep-
tor, displayed on the surface of egg they named this protein “Juno” after the Roman goddess of
fertility and marriage [7]. Juno is expressed on the surface of oocyte, a GPI-anchored protein
that is essential for female fertility. Juno-deficient mice are infertile because eggs lacking Juno
cannot fuse with normal acrosome reacted sperm [6, 7].

Our most recent report indicates that melamine negatively affects female fertility in mice
[5]. Here, we further explore the possible molecular basis at several levels during fertilization,
and our data provide the evidence showing that melamine compromises female fertility via reg-
ulating the protein level of Juno, rendering eggs non-fusible with sperm.

Materials and Methods
Ethic statement

Our study was approved by the Animal Research Institute Committee of Nanjing Agricultural
University, China, and all mice were handled in accordance with the Committee guidelines.
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, Nanjing
Agricultural University, China. The mice were euthanized by cervical dislocation.

Animals and feeding treatment

The female 4-week-old ICR mice were housed in separate cages at controlled condition of tem-
perature (20-23°C) and illumination (12h light-dark cycle), and had free access to food and
water throughout the period of the study. After 1 week acclimation to the laboratory environ-
ment, mice were randomly assigned to 3 groups (n = 40), with an average body weight of 18 g
and were each orally given 0, 10 or 50mg/kg/d of melamine dissolved in water for 8 weeks. The
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animals were observed each three days, and there were no one ill or dead during
administration.

In vitro fertility

Cauda epididymides were lanced in a dish of human tubal fluid (HTF) medium (EMD Milli-
pore, Billerica, MA) to release sperm, followed by being capacitated for 1 hr (37°C, 5% CO2)
and added to ovulated eggs at a concentration of 4 x 10°/ml sperm in 100ul HTF for 5 hr at
37°C, 5% CO2. The presence of two pronuclei was scored as successful fertilization.

Immunofluorescent and confocal microscopy

Ovulated eggs were fixed in 4% paraformaldehyde in PBS (pH 7.4) for 30 minutes and permea-
bilized in 0.5% Triton-X-100 for 20 min at room temperature. Then, oocytes were blocked
with 1% BSA-supplemented PBS for 1 h and incubated at 4°C overnight or at room tempera-
ture for 4 h with rat monoclonal anti-mouse folr4 antibody (1:100, BioLegend, CA) or rabbit
polyclonal anti-mouse ovastacin antibody (1:100, obtained from Dr. Jurrien Dean). After wash-
ing four times (5 min each) in PBS containing 1% Tween 20 and 0.01% Triton-X 100, eggs
were incubated with an appropriate secondary antibody for 1 h at room temperature. Alexa
Fluor 555 donkey anti-rabbit IgG (H+L) was obtained from Invitrogen (Carlsbad, CA). After
washing three times, eggs were stained with PI or Hoechst 33342 (10 pg/ml) for 10 min. Finally,
eggs were mounted on glass slides and viewed under a confocal laser scanning microscope
(Carl Zeiss 700).

Western blot analysis

Ovulated eggs or two-cell embryos were lysed in 4x LDS sample buffer with 10x reducing
reagent (Life Technologies-Invitrogen) and heated at 100°C for 5 min. Proteins were separated
on 12% Bis-Tris precast gels, transferred to PVDF membranes, blocked in 5% nonfat milk in
TBS (Tris buffered saline, pH 7.4) with 0.1% Tween 20 (TBST) for 1 hr at room temperature,
and then probed with 1:500 dilution of M2c.2 antibody (obtained from Dr. Jurrien Dean) at
4°C overnight. After washing three times in TBST (10 min each), blots were incubated 1 hr
with a 1:10,000 dilution of HRP (Horse Radish Peroxidase) conjugated goat anti-rabbit IgG
(Santa cruz, Texas). Chemiluminescence was performed with ECL Plus (Piercenet) and signals
were acquired by Tanon-3900.

Sperm binding assay

Caudal epididymal sperm were isolated from wild-type ICR mice and placed under oil (Sigma-
Aldrich, MO) in HTF medium previously equilibrated with 5% CO2 and capacitated by an
additional 1 hr of incubation at 37°C. Sperm binding to ovulated eggs or two-cell embryos iso-
lated from control and melamine-treated mice was observed using capacitated sperm and con-
trol two-cell embryos as a negative wash control. Samples were fixed in 4% PFA for 30 min,
stained with Hoechst 33342. Bound sperm were quantified from z projections acquired by con-
focal microscopy, and results reflect the mean + S.E.M. from at least three independently
obtained samples, each containing 10-12 mouse eggs/embryos.

Statistical analysis

The data were expressed as mean + SEM and analyzed by one-way ANOVA, followed by LSD’s
post hoc test, which was provided by SPSS16.0 statistical software. The level of significance was
accepted as p<0.05.
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Results
Melamine exposure compromises the in vitro fertilization

Melamine feeding model was set up by eight-week diet, and was classified into control (Omg/kg/d),
low-dose (10mg/kg/d) and high-dose (50mg/kg/d) groups. To confirm the in vivo fertility result
reported previously, eggs from three groups were collected and used for in vitro fertilization,
respectively. As shown in Fig 1, the fertilization rate of low-dose group is comparable to that of
control group (85.0 £2.2% VS 81.9 + 1.4%), but the rate of how-dose group is significantly lower
than and low dose (50mg/kg/d) group, the high dose (50mg/kg/d) group was significantly
decreased (P < 0.01). Because there was no obvious defect on the fertilization in low-dose group,
we only compared control and high-dose groups in below experiments.

Melamine does not result in mislocalization and premature exocytosis of
ovastacin in eggs

To determine the possible reason causing the failure of fertilization, we first examined the
localization and protein level of ovastacin, an oocyte-specific metalloprotease in the cortical

The rate of in vitro fertilization
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Fig 1. In vitro fertilization of ovulated eggs from melamine fed mice. (A) Representative images of fertilized eggs in control and melamine-treated mice.
Most of eggs were not fertilized in high-dose treatment group. Scale bar, 40um. (B) In vitro fertilization rates, control oocytes (n = 91), low group (n = 112), and
high group (n = 124). Fertilization was determined by the presence of 2 pronuclei 12 hr after insemination. Data were presented as mean percentage

(mean = SEM) of at least three independent experiments. Asterisk denotes statistical difference ata P < 0.05 level of significance.

doi:10.1371/journal.pone.0144248.9001
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Fig 2. Effect of melamine feeding on the ovastacin localization and protein level in ovulated eggs. (A) Ovastacin was stained with rabbit polyclonal
anti-mouse ovastacin antibody and examined by confocal microscopy. Scale bar, 20pum. (B) Measurement of fluorescent intensity of ovastacin signals. There
was no significant difference of ovastacin signals between control (n = 15) and treatment (n = 15) groups. Data were presented as mean percentage

(mean £ SEM) of at least three independent experiments. Asterisk denotes statistical difference at a P < 0.05 level of significance.

doi:10.1371/journal.pone.0144248.9002

granules which is responsible for post-fertilization cleavage of N-terminus of ZP2, the sperm
binding site in the zona pellucida, to block polyspermy, because mislocalization and premature
release of ovastacin before fertilization in unfertilized eggs would lead to zona hardening so
that compromise the fertilization. To validate this, we performed the immunostaining of ovas-
tacin under the same condition in control and melamine fed groups, and measured the immu-
nofluorescent intensity. As shown in Fig 2, ovastacin was localized under the oocyte
subcortical region and excluded in cortical granule free domain, and both localization and sig-
nal intensity of ovastacin were comparable between control and high-dose groups (11.1 + 0.6%
VS 9.9 + 0.4%), indicating that melamine would not lead to the mislocalization and premature
exocytosis of ovastacin, which might be one of the factors leading to the fertilization failure.

Melamine does not affect sperm binding ability on eggs

Next, we tested if melamine has effect on the sperm-zona pellucida binding in vitro. Based on
the fact that sperm bind to the N-terminus of ZP2 in unfertilized eggs but not 2-cell embryos
in which has been cleaved by ovastacin released by cortical granules, we set up 2-cell embryos
as the negative control for the sperm binding assay. The immunofluorescent analysis showed
that the number of sperm binding to the surface of zona pellucida surrounding eggs from both
control and high-dose groups is comparable (94.0 £ 3.5% VS 95.8 + 4.3%) (Fig 3A, 3B and 3C),
suggesting that impairment of the fertilization capability of eggs by melamine does not result
from the zona binding defect. Because sperm binding to zona is determined by the cleavage sta-
tus of ZP2, we also performed the western blot using the antibody M2c.2 which recognizes the
C-terminus of mouse ZP2. In the control group, ZP2 remained intact in unfertilized eggs and
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cleaved in 2-cell embryos as expected (Fig 3D). In high-dose group, there was no ZP2 cleavage
detected in unfertilized eggs, consistent with the above result that sperm binding ability is nor-
mal in melamine-treated eggs.
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Fig 3. Sperm binding capability and ZP2 cleavage status. (A, B) Eggs and two-cell embryos from control and melamine fed mice were incubated with
capacitated sperm for 1 hr. After washing with a wide-bore pipette to remove all but two to six sperm on normal two-cell embryos (negative control), eggs and
embryos with sperm were fixed and stained with Hoechst 33342. Scale bar, 20um. (C) The number of sperm binding to the surface of zona pellucida
surrounding eggs. There was no significant difference between control (n = 10) and high-dose (n = 8) groups. (D) Western blot analysis of ZP2 cleavage
status in eggs and two-cell embryos using M2c.2 antibody that recognizes the C-terminal domain of ZP2. The size of intact ZP2 is 120 kD, and the size of
cleaved C-terminal fragment of ZP2 is 90 kD.

doi:10.1371/journal.pone.0144248.9003

PLOS ONE | DOI:10.1371/journal.pone.0144248 December 3,2015 6/10



@'PLOS ‘ ONE

Melamine Impairs Female Fertility in Mice

Melamine exposure reduces Juno protein level on the egg membrane

Since we have already ruled out the defect on the zona pellucida, we further explored the possi-
ble candidates on the egg membrane. Juno is a recently-found receptor on the egg membrane
which binds to Izumol in the sperm head to mediate the sperm-egg fusion. We performed

the immunostaining of Juno, and found that it was evenly distributed on the egg membranes
(Fig 4A). Furthermore, we measured the immunofluorescent intensity of egg membranes in
control and high-dose groups, and the result showed that the protein level of Juno in the high-
dose group was remarkably lower than that in control group (11.6 £ 0.3 VS 24.2 + 0.6,

P < 0.01, Fig 4B). Thus, the subfertility phenotype induced by melamine is probably caused by
the decreased level of Juno on the egg membrane.
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Fig 4. Effect of melamine feeding on the protein level of Juno in ovulated eggs. (A) Juno was stained
with rat monoclonal anti-mouse folr4 antibody and examined by confocal microscopy. Scale bar, 20pum. (B)
Measurement of fluorescent intensity of Juno signals. The protein level of Juno in egg membrane was
significantly reduced in high-dose group (n = 15) compared to control group (n = 25). Data were presented as
mean percentage (mean + SEM) of at least three independent experiments. Asterisk denotes statistical
difference at a P < 0.05 level of significance.

doi:10.1371/journal.pone.0144248.9004
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Discussion

Melamine (2, 4, 6-triamino-1, 3, 5-triazine), a chemical material, is a widely used industrial
chemical that is not considered acutely toxic with a high LDs, in animals, and the oral LDs,
ranges from 3.2 g/kg to 7.0 g/kg in mice [21]. However, long-term exposure to melamine could
lead to infertility in rat males [4]. Also, our most recent report indicates that melamine nega-
tively affects female fertility in mice [5].

In the present study, we further investigated the possible molecular mechanism regarding
the effect of melamine on the fertility of female mice. We found that feeding mice with the mel-
amine-contained diet had no effects on the ovastacin localization and exocytosis, as well as the
sperm-zona pellucida binding, but indeed compromised the Juno protein level on the egg
membrane, which might be the major cause leading to the female subfertility.

Fertilization is a unique and multi-step event that initiates the onset of development. Dur-
ing mammalian fertilization, capacitated sperm must bind to and penetrate the specialized
extracellular matrix of the egg, known as zona pellucida, and then fuse with the oolemma to
become the fertilized eggs [8]. The mouse genetic studies have defined the N-terminal
domain of ZP2 as the sperm binding site in the zona pellucida, and the sperm binding is
determined by the ZP2 cleavage status independent of fertilization [9]. Following fertiliza-
tion, ZP2 undergoes proteolytic cleavage by an oocyte-specific astacin-like metalloendopro-
tease, first reported as ovastacin (citation), released from the cortical granules, and sperm no
longer bind to mouse embryos [22]. However, if ovastacin is exocytosed during oogenesis or
oocyte maturation before fertilization, it will prematurely cleave the N-terminus of ZP2 and
result in less or no sperm binding, leading to the fertilization failure. Based on these under-
standings, we examined the possible reasons that would cause the melamine-induced female
subfertility in mice one after another. Normal localization and protein level of ovastacin in
melamine exposed eggs indicated that impairment of fertility is not due to the defect of ovas-
tacin. Next, we tested the sperm binding to zona pellucida. Both sperm binding assay and
western blot analysis of ZP2 cleavage revealed that melamine does not result in the zona
defect.

Juno is an essential cell-surface protein as the receptor for Izumol on the plasma membrane
of mouse eggs [7]. Juno and Izumol play crucial role in sperm-egg fusion in mice [7, 23, 24]. In
other words, both Juno-deficient females and Izumol-deficient males are infertile because their
gametes cannot fuse to their wild-type partner’s cells. Therefore, we aimed Juno as our next
candidate. Our immunostaining and signal measurement results showed that high-dose
(50mg/kg/d) feeding of melamine to female mice led to significant decrease of Juno protein
level on the plasma membrane of unfertilized eggs. This finding consistently interprets the sub-
fertility phenotype, because the small amount of remaining Juno renders some melamine-
exposed eggs still fertilizable.

Taken together, we present data here to demonstrate that melamine negatively affects
female fertility through suppressing Juno protein level in mice. As for how melamine regulates
its protein expression or degradation, it needs the more in-depth investigation in the future.
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Abstract (limited to 4000 words):

Polyspermy, an abnormal fertilization, forms multiple pronuclei by allowing
more than one sperm entry into the eggs, which would cause early embryonic
lethality. The block to polyspermy is related to a unique organelle called
cortical granules located in the cortex of unfertilized oocytes. Following
fertilization, cortical granules undergo exocytosis to release their contents
into the perivitelline space, and then modify the extracellular matrix to
prevent polyspermy. The previous studies on the cortical granules mainly
originate from invertebrates such as sea urchin, little is known about
contents and functions of mammalian cortical granules. Not till recently,
Ovastacin has been firstly identified as one of the components of cortical
granules in the mouse. Thus, the present project will establish an
Ovastacin—mCherry transgenic mouse model, taking advantage of Ovastacin as the
marker of cortical granules to investigate its dynamic trafficking and
regulatory mechanisms during mouse oocyte maturation and fertilization,
explicating the molecular basis regarding the fertilization failure and
polyspermy caused by the aberrant translocation and exocytosis of cortical
granules. Also, density gradient centrifugation coupled with
fluorescence—activated cell sorting will be used to isolate and identify more
contents of cortical granules to discover their extra functions in the
reproduction, providing fundamental basis to learn the significance of
mammalian cortical granules in the reproductive biology and medicine.

Keywords: Mouse; Oocyte; Oocyte maturation; Meiosis; Oocyte quality

4T



PN

o F AR 2 RS T H TR 3

mMEHEEER R
\ BEAFET.
TR [I§ B HAEE H IHER AN S TR HL T PIRERE T i H 43 T {Em 8]
A
1 REM | 1980.05 | 7 I R Ak 025-84399605 22%0219800529 15 F 4735 10
L ATA =
2 ety | 1985.10 | %« [ERWE R AR K 025-84399605 %2803 19851012 %’E%ﬁﬁm” o 10
. \ o o - 37292319880101 [\ Ayt /N BLAR
3 /N Br | 1988.01 | L& R vl 025-84399605  [,05) o 10
4 KRR | 199102 | & | Wil Ak 025-84399605 0007110212 iﬁ%ﬁ@‘ A 10
Lo~ T
ISP =1 LSS A i+
4 1 1 1

50T



o 1% SRR AT H

EXRBARFELEMBEEMESR (EEMNED
WiHAR:  FlHOvastacin-mCherry#% FEEE /N BT L3N B JTRORL 1) ) 25 e is S il

WH T N BB LA TG
BHH &R G F
75 #
1 2) 3)

1 |— ImB&E&XH 71. 6000 /

2 (—) H#H 60. 0000

3 1. W& 2.0000
S — 43 IRV k-
AL

5 (2) B g1kl 7% 0. 0000

6 (3) & HuE ST PR 0. 0000
/ 3 iR l Y i Y "TL"\\ VA ~

7| 20 MR 34. 0000 i %ﬁjk Uik, Sy
BRI

- WO A TR T AE S
8 3y DAL 5 I 1 5% 4. 0000 |
e Vg %48 20
9 4. BRELEN TR 0. 0000
o %, SRSV MR 2=

0 |5 ww 3. 0000 | I A 2EARSVEEM T %
Jie %

11 6. WPk 0. 0000

12 | 7. HEHEr&ESZmE 4. 0000 (Z I [H Breg AR 213 H

13 8. AR/ SR/ (G BALRE/ SR =B =45 2 3.0000 | A LSCIe iR 2% Rl 3k

14 9. L 10. 0000 | 22 I H IWFF0AE 57 2% 2%

15 10, HXRE M 0. 0000

16 11, HAthsZ 0. 0000

17 () a3k H 11. 6000 &%, GG H %

18 Hodr: G 2.9000 |G

X

19 |=Z. BE%% 0. 0000

3

SB6IT



o 1% SRR AT H

ME RS

GEM AW ERRARPNERE G KR AR T LFAZRTHERA, TREFEZ WM

D W&HR2770, WFE—GTHENZI500070 H T 848 708, — & /N EOHLZ15000 0L 7 F AR ) 2
SR .

2) MRLSR34TI T, EAE: SR /NG R BT AN IR 2 442 297910000070 CERW B OB A A H LT,

1514100 L5, I Crispr/Cas9il /£ /N FRAF L £1800007C (/N ERAR A I ME A =), /N RIE R AL % 58
Jit F R AIA 57 200000 () BRRR EL 248, Tagig, DNAFREURT &%), 44 7 Bk £110330000
gt CA[RNH & B duik L & Frmarker i fg ), IR T R 30E ST FImRNAFISgRN AT 75 13044 |

I s 1 P )25 20 o B AR 7R R % P 75 B 4040000 7T,  A4F FIr 75 36 DRI 2 A 51 49 45 ik 2% 20000 7€

/)N BB B 355 R0 A0 — (PR Y FE #8097 1155 29 50000 7C

3) M. ZikWILT/io0, AHE: KALARAEROCIL SR BAE 1R 40 TR S 9% (%
P 274070, BT IE AR T ARG 75 KGR S SRS, R4 K275 248 1 250/heF, 4437 F
40X250X4=400007C). 40— A FAES I —=RIE W2, B 21000076, % i %200007G,
3£300007¢C

4) EPrEES. MRFEILT 0. KRR SCHR ST 7 R B 2 A hi T 2% 273000070 (447 SCHA L
Fi T RRE [ 9 ¥ 3529 9150035 70D « B BRAZ I A 1E 2 2947570, BLFE S N IR Bl PR 2R 2 3R R IF 0 R
R —IREEEEEYFFRSSR, — IR TMEEEDFAKZARBS, HIXE 11400007T .

5) PR NZATF 51000 (3BT FLAE4FRA H800 0N, 3X4X10X800~10000070) F1H
BN AE R )42 9% H111.6 75 7T

L\\

i H 153 : FBHITER T2 5 UE: S TN

i

%%
I




o 1% SRR AT H

WEFIES

WFFT N ARSI H Az I s BT

W
&



PN

[ 5 B AR AR T R

EZRBARFEEHENIMBE FMEHRER

R EF ARBIA S, i diE D
T H SRR AR S S st AR T (ki 3
1571545) , JPAGHsFE K BRBIE R SZ RS T %
BhIGH B, WS84 TR, VIS PRAIERIF R TAE R
(], INECTFREWTIL TAE, FRmHRIEAT MRl R
H BRI S, 0 BT H SR 1R 2 AR (1
FORRAL RN e AT hRTE

BH TN (BEED

P AL [ A A R ARBHA RS, A
ORUETIH B350 AW FT ML KRS AIFTT o H St
P i, TR R ARR RS R e R
DERNIH A B W5 IURE T B St

WAL (AT

Rl 2 b 7 7 L
#*
2
B i e ik itk AR E N B, R )
g R | M| | e | e | A | T
- A ()
& | EHn 7g A F
S
g RE AL
5
N (B
£ 7
S [ AR R L
A
H
*
= FA ()
A 4 )= H
T\
=
*x
R
H BHS (%)
% A H




A7 @M I BH & [E

it Xk Al _EAS R (BEAMFES) -FFESTE

T H 4% 5 BK20150677

BOE & W IS RN o A5 3 35 B v SOt B AL A

mOE %k A

# 1k £ R 2015 #F 7 A & 2018 o 6 A

THE 7w A RE B iE & FHl. 15850502046 025-84399605

_ HBEIEAF

AEERM _EEANAF

Blhrdh BERWZAXTK1ES  #R%E 210095

BEEEHIT B AR KF

AR EBRREEARFT
—O—n#



FIEBM () LHRERFHRAT
rERERAN: ETE

ab: ERTWAEAEAE 395

B B A5 210008

AIBBA (Z75):

ABEEA: ERERIVAF

ERREAN: _AXE

Hib: BEFTZAXTEK1E  #HEED: 210095
BUE AT A R

1% : 15850502046 T

BB . kjexmk@njau. edu. cn

RIERA (AR MBEERID: _FERKILAF
ERREAN BEREAEK:
Modb: _ N BRRAD:

W 7 b B 277 AR BB R CE S A R Bk o A $ AR R
WEAERINEARY  FEOARTARBRES. KE (FEAR
EREARZ) WA, FHEBTF. 2. W= 7RI 7T, Rik
TE AR E A R E A EER, SITREH.




— DIENERMERAREAR
AN EEHARMAEE, FEARNGF 2P NES.

v PR 2 RGOS W R SR 50, DA M Tk 22 A% IR -1~ RN 8 21 0 8 1 0 90 1) 571 A 2
Ovastacin-mCherry #FER/INER A UR BN A, W0 %2 BN BEAH B Bl UL 2 HH mCherry MY
A 2 R X ) 31

2. KRHPEEAME AR K Ovastacin-mCherry 75 R X [ M55, SLRERE
SHIRE DL, B BT ORLAE B 5 X ) AL 15 e s AL

3 I FHY 200t SRR SRR AT T B JSURIURE X PR F Ll o

4y SRS BN 7 520G 5 HEBOR o RORE A A, 5 B SURIUREHE I B o I K 3 B

ARG THEEVEIN B R AR, LRSI ISR O 5 2 A R B UKL (1 3522 1k, 1
SEZ IR T B FURORL $R TR S2A R R B OR R




=\ DIBREAEMNZ &g

B4 1. ZEHAKA: DHRNER. FHA, 58, HEE. BXLFEH
FORAREATE, 2. TEEFR: WHARSBFY RS TAAE . K% 3,
VEES LE LR SN C N YL Y ES R NN 2 £ 2 E T

) 22 T30 I B8 570, DL R il 22 jlAZ IR 7 R0l 58 30 70 B 1 0 0 o) ) A 2R
Ovastacin-mCherry FHE /NG IR BEARA, W5 ON BEAH A S G FE H mCherry MME
J5 A 5 X F 3 o SR OGS R R K Ovastacin-mCherry £E JZ i [X %% Y615
Ty SERC RS TR B, B B TURORLE B I X R AL S R sh A AR AR . F
FH 24 1 P B A SRR TC B SRR [X () TR L o SIZBS) ISR B 15286 i HETSORZ o s
(Pt AE, 0 R o RS B 0 I8 R 325 IR s SRS T 2 P S 58 &, DA SER
TCSR O T AL R b B R I Bh A48k, e A UN 1~ PR R 5 SR B TR L S A2 ks
FRERIRFR. 1. WIHA0EFLsh Y B 5 BORLAE CRAIE B Bh 520 AT 1 22 0 32 6 i B A
TER AN . 2. R HH B SUROREAE ol /B0 B AR AE, T AIF R O 7 =
PRI G 3. FEARFHAR Y A0 1) [ B i 44 BT R 3R SCT 2RI 2-3 4. 4. #fE
N BRI 2R AR DL A HINTHAR . 5. SINE RSB R BER . 6.
BRI e 2-3 44




= MB#REXZ&IsTR

B 18

& AR

201547 H % 2016 46 H

% Ovastacin-mCherry #53&[K/NR, &
Ovastacin-mCherry ¥ HE PRI DhREME: DLE4HH
JRAZ T 6 A, ) FH 40 B SR R AR 5L
B2 5 RIUREL F) e 3 B TR R A B, DA ROx 526
e EE AR

2016 7 H & 201746 H

R 98GR VW S AR 3 B o OREAE K J5 [X )
N FIHRELL . WOE IR, Bk ESE
kUGN AR Py ALl P Pl R X
T S 5 A0 B PSR IR B T S Jo UKL IX. T 1l )
7r ¥ LA LS AE A2 e R T TR AR

20179 7H & 201846 H

S 5% O 52 4% Je R ISR OO RS A 7 2
B R RIURLHE 55 O - Jo B e 32k 1 o Xt g 1R 5
PRI 255K 2% o [RTISY RL 5% 12 S ROAE HE TR F 4 i
G SRS K 25 P el ot A 1 R4 52 M 5 SR S B
AT RE T B BRI B A AZ A, B E E AL B
TR R UL S IR S B RER  RROR 2R 8
RSB o




. MEABREAMA, SMBMAREERRFLAR

TnHAEEA: BELVAF
T 52 fr
YN .
iﬁ’jl mf/ﬁifi. i’ﬂ@]}z
TH AR
AR E
gle| m | | aEe - X
we | oo | o (w7 I@fﬂ Py
weat | [as | © EHE N s | mklk
= W)=
FEHRITLAAR CFHAEIL 15 AD:
T i o A o
s | X7 s | MR
% & r A e
o | XM s 100° | MR AR
o T A R
T y 100 | AR




I MEB&K&EME

(=) BHZLHREME

SREM: T

At 2015 4F 2016 4F 2017 4E &
A9t 20
1. B#%HK 20 20 0
2. 1. HARE 0
3. AEEIHFE 0
4, HMkIE 0
(Z) MEZHXHTE ZEBEM., FTG
MEH Hb. 4% H % E
(=) BHEHEA 17 17
1. % &% 1 1
. W K— a1 EYA—&
1) &% &5 1 1 "
(2) K H% & F 0 0
(3) KHKESHEEH 0 0
\ AR PR, SEE6 S
2. ME# 8 8 | o
ikl . HERARS
. BOGIL R A TEYIM T AE
3. MR T % 2 2 A
R A6 Ao S 2 10 ] 98
4. WREbsh 77 0 0
‘ ZhnE W AR BGEM
. EIRE 2 2 o
5 il . ZEhE
6. & #H 0 0
7. BEIRE1ES R 0 0
8. W/ XE/ 15 EEHE/ . 0 K3 SCI WA %
IR A E S K 2k
S iﬁ_‘ Iﬁ £ 7
9. %5 0 . Bz 50 H A

57 55 B




10, &X &% 0 0

11, A 0 0

(=) [EE#A 3 3 EH . SO

He. GRXH 0.8 0.8 R
A1t 20 20

R
st

_
Z\\© ;E\:fm/\l\

..l.

(=) HARFHINF, X5

F—% HNEFTANAFAETERX, gFAMRURNEEREENNT, "HE
TN EBAT AR R AT

FrNEeRNRNeTRBETERATLESR, AREE. REARETEIL.
aFEBTHE, PAERARAAREZRATRE, BB AN ARNETERL. T
FRATERATFRESE, & F 7 RAFTETREK.

LHAMPTARBATERX %, ATEZERBERENRAEFHERE, URMHE
B, RRTE. RBEREERFFoRARNAMN F. THFFRKA 7 MER
MARRKMERE, REXIFLRENTE T TR 77 R EIE % H R,
BETERKE—FAREZHEELNITE, FAERRELAEEARRE ARAFRRZ
WA R 1L

A7 R AR AR &R ;T EREL S, FHTHXEMEE.

F& RAABRECHFIEHRNAERRERAZRERNEEE R LHE
RABB &% M ZERARNZHXHEERAT, RIETKEH, FETERBHE, mE£F
JEAEE.. B H I 2% F 1 KM AELENATH

F=4& ®. L. AETXNIE &R REMEARFHNAUERE THES

(2) HBARE

FUA FAARESRANRNEREREELR, TRLFAXIT X THELRN,
BL AV 48 B AL BRI 58 T R A 52 o A TR AR R IR .

Fa4k HLHRE, REHARIT R TERELE G RN ZETN, L7 KR E
MR REIE A2 & R PR EK, FAMHE b I o oo 5% A .

FRE& LARLELSRERBETARM, FraiEk. £8H s ReHERER,
B KN EFRAB L FAE HLHTEFRMEETE FORETH, FrERE
EHBEEHAEENTRARZCALREALE, HREZFQAFXEACELFE, FINT
R R S R



Fth LHaREFEANARIEF FRERNTIAES 6 RAN TN, F
FHRBRREREEES; FHTEN, FAARLLEH, ZHANELF 7 BT
GRS 2 8

FN\E CHEATRATRERTEREXEH, TURRELFTE, 65K E
F. WA, AESBENHARABEETTRAFREFTERATHILA.

FNE ERTAGEEEY, HEEATAFMEHTRUTREIARE, T
BRI R R eMRMERM AN, ZF 7HARNRFTESE, FHELRKIET
Bl A AER K.

(Z) ARIMNEE. BERMF LR

F+4& SEWNEESRMR, FEGENETHE -8, HEFHEX .
F+—% RETIHRRZ -8, HFALTNIME X ESMER 6 F:
(1) BT ATRARREINFRTHAF T & BAT IS T % BAT
(2) BTHHEERCHMAZTENL, ARARCEFFLTARLNT, REE
TeEELAE;
B MTLAAEARAERETEH, RamTHEMER, FHUEARLER
VA B KN
Fr=&% eE—FAREGH. FUKELEN, HEXERHNEMRTRY A RZE
E— 77 15 B EACR X 4
F+=4% ARERTIEFRESFNN, HFL42E 77 MR KT E 7M.
WP T BB, 4 A& TR A e A R R AR S B AL R, (B K E k.
BRERENZH, LHAAXSHERTFFERBERTRELLEBTAEF,

() o W

FrW%& BEESH. TAERIERSEN RN REWFRER (B5H
F) RS, L7 MASITAS B 5H K £ 6FE 5 m iR = o B4 5] 7 &
A KREREBN (RELEMECHTEARE . R USRS D &5 8 R
B TR ILER AN, [ B 1R A6 [F B

F+a% FREFANAREE, #REX. 27 AR ELFEENIA TR

Ft% RKEREA—AAH (F. 2. AAER2H), BHFNETEERE
o

F+t& AEGRWHENEIRATEH.

£, Mk

FH/\&% AEAMFESFHFEALTMEATACTMIZRTMEWN, XA REH
AERFRFZEZZMBARITE (GERER/RFELTEH). &M, — %A, &
FEEBAE, BUHZIE LI, FEXTEATA. AERMMAREE ML,



ﬁﬁfﬁﬁéhiﬁﬁ



I\s ZVTREER

Cily
FEERRAREILREA (&F)

MEEEAXZERTA (EF)

TEHEEREZGHAAN (BF) N E

TH e
AEEMERARARZEREA (£F)

BH A (&F)

TP RAT. KT £ A

WA
EEREARZIEREA (EF)



HAR:

I RSFEAT AR, FHECE, ARERRE. ALLE,
BRI A . SRR AL

2. ARAKEFAETAFREEST, HEIRH, HETR ST
)7 BEZERT “Es

3. LHHEXNEEANE, HITFELK.



	Zfp207 is a Bub3 binding protein regulating meiotic chromosome alignment in mouse oocytes.pdf
	Melamine Impairs Female Fertility via Suppressing Protein Level of Juno in Mouse Eggs.pdf
	资助项目计划书-3.pdf
	项目合同.pdf

