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Correlation between CDK1 protein and CDK1 mRNA  
during oocyte maturation in vivo in mouse
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ABSTRACT The aim of this study was to investigate the correlation between CDK1 protein and CDK1 
mRNA during oocyte maturation in vivo in mouse. GV, GVBD, MI and MII oocytes were obtained from 
mice, respectively. Western blot validated that the CDK1 protein expression increased continuously 
and significantly with oocyte maturation in vivo (P<0.05). Real-time qRT-PCR showed that CDK1 mRNA 
expression was down-regulated significantly during transformation from GV to MI stages (P<0.05), 
and up-regulated significantly during transformation from MI to MII stages (P<0.05). The level of CDK1 
mRNA peaked at MII stages. Spearman correlation analysis indicated that CDK1 protein expression was 
poor correlation with CDK1 mRNA expression during oocyte maturation in vivo (R=0.200). This finding 
suggested that the increase of CDK1 protein during oocyte maturation in vivo was not entirely caused 
by the change of transcription level. The results provide new food for thought for further research on the 
molecular mechanism of oocyte maturation in vivo.
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Introduction

in assisted reproduction, oocyte maturation in vitro (iVM) 
serves as an alternative therapy to avoid ovarian hyperstimulation 
syndrome (OhSS). however, due to the lack of understanding of 
oocyte molecular level, iVM does not fully implement change of 
nucleus and cytoplasm as physical ovulation stimulation. Studies 
have shown that maturation in vitro affects gene expression profile 
of human oocytes, involving several genes that participate in tran-
scriptional regulation, embryogenesis, epigenetics, development 
and cell cycle (Virant-Klun et al., 2018). the meiotic maturation 
rates, fertilization rates and blastocyst formation rates of oocytes 
cultured in vitro were lower than those of oocytes matured in vivo 
(Khaliliet al., 2013). a number of oocytes cannot be matured in 
vitro. One needs to understand the regulatory mechanism of oo-
cyte maturation in vivo. Oocyte maturation refers to the meiotic 
process that takes place from germinal vesicle (gV) stage to 
metaphase II (MII) stage. The first indication of this process is 
the disappearance of germinal vesicle as observed under a light 
microscope, a phenomenon called germinal vesicle breakdown 
(GVBD). After GVBD, oocytes pass through metaphase of the first 

Abbreviations used in this paper:  CDK, cyclin dependent kinase; CDK1, de-
pendent cell cycle protein kinase 1; cyclinB, cell cycle regulatory proteins B; GV, 
germinal vesicle; GVBD,  germinal vesicle breakdown; HCG, human chorionic 
gonadotropin; IVM, maturation in vitro; MI, metaphase of the first meiotic division; 
MII, metaphase II; MPF, maturation-promoting factor; OHSS, ovarian hyperstimu-
lation syndrome; PMSF, Phenylmethanesulfonyl fluoride; PMSG, pregnant mare 
serum gonadotropin.

meiotic division (MI), followed by the first polar body extrusion 
and entry into the second meiotic division. thereafter, oocytes 
are arrested at metaphase of the second meiotic division until 
fertilization takes place. gVBD is regulated by the activation of 
maturation-promoting factor (MPF). MPF is a heterodimer com-
posed of catalytic subunit-dependent cell cycle protein kinase 1 
(CDK1, also known as p34cdc2 or cdc2) and regulatory subunit-cell 
cycle regulatory proteins B (cyclinB) (gavet and Pines, 2010). the 
catalytic subunit has the kinase activity, and the regulatory subunit 
decides the substrate specificity of catalytic subunit. 

CDK1, also known as p34cdc2 or cdc2, has a molecular weight 
of 34 kda and was the first member of the cyclin dependent kinase 
(CDK) family to be discovered. CDK1 protein plays a crucial role 
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Fig. 1. Change of CDK1 protein during oocyte maturation in vivo in mouse. (A) 
Expression of CDK1 protein in GV, GVBD, MI and MII oocytes was detected by Western 
blot. A total of 200 oocytes at GV, GVBD, MI and MII stages, respectively, were collected 
from mice, and beta-actin was used as loading control. The molecular weights of 
CDK1 and beta-actin were 34 and 42 kD respectively. (B) Densitometric quantification 
of CDK1 protein relative to beta-actin was shown. Data were presented as means 
and standard error of three replicates (*P<0.05: GVBD, MI, MII vs.GV; #P<0.05: MI, 
MII vs.GVBD; ▲P<0.05: MII vs.MI).

Fig. 2. Expression of CDK1 mRNA during oocyte maturation in vivo in mouse. (A) 
CDK1 real-time qRT-PCR products in GV, GVBD, MI and MII oocytes. A total of 50–100 
oocytes at GV, GVBD, MI and MII stages, respectively, were collected from mice, and 
beta-actin was used as loading control. (B) Quantification of CDK1 mRNA relative 
to beta-actin. Data were presented as means and standard error of three replicates 
(*P<0.05: GVBD, MI, MII vs.GV; # P<0.05: MI, MII vs.GVBD; ▲P<0.05: MII vs.MI).

in the acquisition of oocyte meiotic competence (adhikari 
et al., 2012). the relocation of CDK1 proteins associated 
with cyclinB from cytoplasm to geminal vesicle (nuclear) 
is closely related to geminal vesicle breakdown (gVBD) in 
oocyte maturation (Mitra and Schultz, 1996). as a catalytic 
subunit, CDK1 protein induces oocyte maturation by bind-
ing with its regulatory subunit cyclinB (Dedieu et al., 1998). 
in this study, CDK1 protein and CDK1 mRna levels in gV, 
gVBD, Mi and Mii oocytes, respectively, were detected to 
verify variation tendency and correlation of CDK1 protein 
and CDK1 mRna during oocyte maturation in vivo in mouse. 

    
Results

Change of CDK1 protein during oocyte maturation in vivo 
in mouse

a total of 200 oocytes at gV, gVBD, Mi and Mii stages, 
respectively. were collected from mice to study CDK1 pro-
tein expression. Beta-actin was used as loading control. 
Western blot showed that CDK1 protein was expressed 
at gV, gVBD, Mi and Mii stages. (Fig. 1a). CDK1 protein 
expression increased continuously and significantly with 
oocyte maturation in vivo (P<0.05, Fig. 1B).

        
Expression of CDK1 mRNA during oocyte maturation in 
vivo in mouse

a total of 50–100 oocytes at gV, gVBD, Mi and Mii stages, 
respectively, were collected from mice. CDK1 mRna was 
analyzed by real-time qRT-PCR. The amplified beta-actin 
mRna by real-time qRt-PCR was used as control. CDK1 
mRna was expressed at gV, gVBD, Mi and Mii stages. 
(Fig. 2a). CDK1 mRna expression was down-regulated 
significantly during transformation from GV to MI stages 
(P<0.05), and up-regulated significantly during transforma-
tion from Mi to Mii stages (P<0.05, Fig. 2B). the level of 
CDK1 mRna peaked at Mii stages. (Fig. 2B).

        
Correlation between CDK1 protein and CDK1 mRNA during 
oocyte maturation in vivo in mouse

Spearman correlation analysis was used to determine 
correlation between CDK1 protein and mRna changes. the 
results indicated that CDK1 protein expression was poor 
correlation  with CDK1 mRna expression during oocyte 
maturation in vivo in mice (R=0.200, Fig. 3). This finding 
suggested that the increase of CDK1 protein during oocyte 
maturation in vivo was not entirely caused by the change 
of transcription level.

        
Discussion

in the present study, gV, gVBD, Mi and Mii oocytes, re-
spectively, were collected from hyperovulatory mice in vivo. 
During transformation from gV to Mi stages, CDK1 protein 
expression increased continuously and significantly. in the 
meantime, CDK1 mRna expression was down-regulated 
continuously and significantly. During transformation from 
MI to MII stages, CDK1 protein expression increased signifi-
cantly, and CDK1 mRna expression was also up-regulated 
significantly. the accumulation of CDK1 protein and CDK1 
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Fig. 3. No significant correlation between relative CDK1 protein and mRNA levels dur-
ing oocyte maturation in vivo in mouse. 

mRna of oocytes peaked at Mii stage. Spearman correlation 
analysis showed that the increase in the amount of CDK1 protein 
during oocyte maturation was not consistent with the change of 
CDK1 mRna. We first demonstrate the dynamic changes of CDK1 
protein levels and mRna levels during oocyte maturation in vivo 
in mice. the downside of this study is that it does not compare 
differences between in vivo and in vitro oocyte cultivation.

Several previous studies have identified that CDK1 is essential 
to drive resumption of meiosis in mouse oocytes. CDK1 maintains 
the phosphorylation status of protein phosphatase 1 and lamin 
a/C in oocytes in order for meiosis resumption to occur, and the 
lack of CDK1 leads to female infertility due to a failure of the re-
sumption of meiosis in the oocyte (adhikari et al., 2012). Because 
of the loss of CDK1, Cyclin B1 is destroyed in late prometaphase, 
while CDK1-bound cyclin B1 is destroyed only during metaphase, 
ensuring a period of prolonged CDK1 activity sufficient to achieve 
optimal chromosome alignment and prevent aneuploidy (Levas-
seur et al., 2019). in 2021, Li et al., demonstrated that the cyclin 
B2/CDK1 complex conservatively regulates separase activity 
via inhibitory phosphorylation of separase in both meiosis i and 
meiosis ii of mouse oocytes (Li et al., 2021). 

as the oocyte progresses in growth and development, it ac-
quires maternal stores (mRnas and proteins) that are essential 
to support the development of the embryo during the early cleav-
age stages (Li et al., 2010; zhang and Smith, 2015). in mouse 
oocytes, the concentration of CDK1 protein increased with the 
ability to resume and complete meiosis. CDK1 was present at 
very low levels in incompetent oocytes (50-, 55-, 60-, and 65-mm 
diameter) and accumulated abruptly in competent oocytes (80-mm 
diameter) (de Vantéry et al., 1996). Firmani et al., found that the 
ability of oocytes to mature, and oocyte CDK1 protein levels, were 
dependent on follicle size, Real-time PCR showed that the levels 
of CDK1 mRna were similar in oocytes retrieved from follicles of 
different sizes (Firmani et al., 2018). Results from a previous study 

using immunoblotting indicated that the concentration 
of CDK1 in the incompetent oocyte (obtained from 
10-day-old prepubertal mice) was 17.5% of that in the 
competent oocyte (collected from 6-week-old, PMSg 
primed female mice). nevertheless, meiotically incom-
petent and competent oocytes contained essentially 
similar concentrations of transcripts, and the relative 
rate of synthesis of CDK1 in meiotically competent 
oocytes is approximately three times greater than 
that in meiotically incompetent oocytes, whereas 
the stability of newly synthesized CDK1 is essentially 
the same in each cell type (Mitra and Schultz, 1996). 
thus, these changes in protein concentration that 
occur during oocyte growth likely reflect changes in 
the translational efficiency of their mRNAs. However, 
these previous studies only elucidated the changes 
of CDK1 during gV oocyte growth. in mice, full-grown 
oocytes are transcriptionally quiescent and mRnas are 
remarkably stable in oocytes due to the Rna-binding 
protein MSY2, which stabilizes mRnas, and low activity 
of the 5' and 3' Rna degradation machinery (Svoboda 
et al., 2015). But the trend of CDK1 mRna change 
during oocyte maturation is still unclear.

We indicated that increased transcription is un-
likely to account for higher amounts of CDK1 protein 

in oocytes. Xing et al., reported that Knockdown of the tRna 
methytransferase nSun2 decreased the CDK1 protein level, while 
overexpression of nSun2 elevated it without altering CDK1 mRna 
levels. their studies also revealed that nSun2 enhanced CDK1 
translation by methylating CDK1 mRna in cells and promoted 
cell growth (Xing et al., 2015). Other regulation mechanisms of 
CDK1 translation level can be further analyzed. 

in conclusion, the accumulation of CDK1 protein and CDK1 
mRna of oocytes peaked at Mii stage, and CDK1 protein level 
may be not correlated with CDK1 mRna level during oocyte 
maturation in vivo in mouse. extensive and profound research 
is required to gain further insights into oocyte maturation in vivo 
and in vitro in mice. 

    
Materials and Methods

Acquisition of GV, GVBD, MI and MII oocytes
SPF Female iCR mice aged 6–8 weeks (Laboratory animal 

Center, Medical College, Xi'an Jiaotong university) were intra-
peritoneally injected with 10iu of pregnant equine serum gonado-
tropin (PMSg) (nanjing aibei Biotechnology Co., Ltd., M2620). gV 
oocytes were acquired as follows: 48h after being intraperitone-
ally injected with PMSG, the mice were sacrificed with cervical 
dislocation. their ovaries were exposed under sterile conditions. 
the entire ovary was placed into preheated M2 medium (nanjing 
aibei Biotechnology Co., Ltd., M1250), rinsed twice, and quickly 
torn into < 1 mm3 pieces using a sterile syringe needle. gV oo-
cytes with the correct size and regular shape were selected under 
the stereo microscope. impurities such as granulosa cells were 
removed mechanically, and gV oocytes were collected into a 1.5 
ml sterile centrifuge tube. gVBD oocytes and Mi oocytes were 
acquired respectively as follows: 48h after being intraperitone-
ally injected with PMSg, the mice were intraperitoneally injected 
with 10iu of human chorionic gonadotropin (hCg) (nanjing aibei 
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Biotechnology Co., Ltd., M2520). Four hours later, gVBD oocytes 
were collected. eight hours later, Mi oocytes were collected. Mii 
oocytes were acquired as follows: 48h after being intraperitoneally 
injected with PMSg, the mice were intraperitoneally injected with 
10IU of HCG. Twelve hours later, the mice were sacrificed with 
cervical dislocation. their fallopian tubes were exposed under 
sterile conditions and placed into preheated M2 medium, rinsed 
twice, and quickly torn using a sterile syringe needle. Mii oocytes 
were selected under the stereo microscope. impurities such as 
granulosa cells were removed using hyaluronidase (nanjing aibei 
Biotechnology Co., Ltd., M2215), and Mii oocytes were collected 
into a 1.5 ml sterile centrifuge tube.

      
Western blot analysis

total protein was extracted from 200 gV, gVBD, Mi and Mii 
oocytes, respectively, using 150ul RiPa buffer (Beyotime Biotech-
nology, P0013B) containing 1 mM PMSF (Beyotime Biotechnology, 
ST506). BCA Protein Quantification Kit (Multi Sciences, PQ0012) 
was used to estimate the concentration of each protein sample. 
Approximately 10μg of protein extracts were fractionated using 
10% SDS-Page under reducing condition and then transferred 
into PVDF membranes (Merck Millipore Ltd., R0BB30223). the 
membranes were then blocked with 5% skimmed milk in tBSt 
(Beyotime Biotechnology, St673-500ml) for 1h at room tem-
perature. Primary antibodies were diluted in tBSt following the 
manufacturer’s instructions and incubated with the membranes 
overnight at 4°C. Secondary antibodies were diluted in tBSt and 
incubated with the membranes at room temperature for 30min. 
an eCL reagent, Meilunbio® fg super sensitive eCL luminescence 
reagent (Dalian Meilun biotechnology Co., Ltd., Ma0186) was used 
for chemiluminescence signal detection. images were acquired 
with the ChemiDoctM imaging System (Bio-RaD, chemidoc MP), 
and band intensities were quantified using ImageJ software and 
normalized to beta actin for each sample. each experiment was 
performed in triplicate using different biological replicates.

      
Antibodies

antibodies used for this study were purchased from Cell Signal-
ing technology and Proteintech. CDK1 antibody (Cat.no.77055) 
were purchased from Cell Signaling technology and used in 1:1500 
dilution. Beta actin Rabbit Polyclonal antibody (Cat.no.20536-1-aP) 
was obtained from Proteintech and used in 1:7500 dilution. hRP-
linked goat anti-rabbit igg antibody (Cat.no.7074) was purchased 
from Cell Signaling technology and used in 1:4500 dilution.

      
RNA preparation, reverse transcription, and real-time qRT-PCR

every 50–100 gV, gVBD, Mi and Mii oocyte was disrupted 
respectively by adding 350ul Buffer RLt Plus (Qiagen, 74034) in-
cluding 2mM Dtt (BBi, B645939) and 4ng/ul carrier Rna (Qiagen, 
74034). then total Rna was extracted using Rneasy Plus Micro kit 
(Qiagen, 74034) following the Qiagen official protocol. Total RNA 
was reverse transcribed into cDna following the PrimeScript™ Rt 
reagent Kit with gDna eraser (Perfect Real time) (takara, RR047a). 
Reverse transcription primers of CDK1 and beta actin were Rt 
Primer Mix. a negative control for reverse transcription reactions 
without the reverse transcriptase was carried out to confirm no 
genomic Dna contamination in cDna. Real-time qRt-PCR was 
performed as tB green® Premix ex taq™ ii (tli Rnaseh Plus) 
(takara, RR820a) using CFX96 Real-time PCR Detection System. 

CDK1 Primers (F:agt tca tgg att ctt cac tcg t, R:gtg tgt aca ctc gta 
tcg gta t) in real-time qRt-PCR were designed and synthesized by 
BBi, Beta actin primers as an internal reference in real-time qRt-
PCR were purchased from BBi (B661202). the cycling program 
was set as follows: 95°C, 30s (predenaturing), 1 cycle only; 95°C, 
5s (denaturing), 60°C, 30s (annealing and elongating), 40 cycles. 
expression of beta actin was used as an endogenous control 
for CDK1. the amount of mRna was normalized relative to the 
amount of beta actin by using the standard 2−ΔΔCt relative expres-
sion method. Samples were analyzed in triplicates from three 
biological replicates. Amplification bands of real-time qRT-PCR 
products adding InstantViewTM red fluorescence DNA loading 
buffer (6×, BeyoRed) (Beyotime Biotechnolog, D0081-1ml) were 
visualized in 2% agarose gel to confirm the specificity. 

      
Statistical analysis

each experiment was repeated three times using different bio-
logical samples which was plotted as mean±standard deviation 
(mean±SD). all statistical analyses were carried out using SPSS 
software (version26.0). Differences between four groups were 
compared by using one-way anOVa, and p<0.05 was considered 
to be significant. Spearman correlation coefficient was used for 
correlation analysis.
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