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Abstract
development, SELDI-TOF-MS was used to find the protein candidates that are specifically or prominently

The present study was conducted to gain insights into oocyte maturation and early embryo

expressed in mouse oocytes at the in vitro matured metaphase II (MII) and germinal vesicle (GV) stages. By
using selected CM10 chip, found 16 candidates which were up-regulated in GV stage oocytes compared with in

MII stage oocytes, molecular weight are 8180 (2 candidates), 10226 (5 candidates), 15767 (5 candidates) and
16770 (4 candidates) Da respectively. And 29 candidates were higher in MII than in GV stage oocytes,
molecular weight are 10832 (3 candidates), 17744(8 candidates), 20122 (3 candidates), 22131 (3 candidates),
24857 (7 candidates) and 33507 (5 candidates) Da, respectively. All (45) candidate (0.2 and 1.0 % error
tolerances) were performed real time RT-PCR analysis and further selected 13 more potential candidates.
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1. Introduction

Oocyte maturation is an important process that
prepares the egg for fertilization by spermatozoa. During
oogenesis, the mammalian oocyte enters the prophase of
the first meiotic division and then progresses to the
diplotene stage of prophase I, which is defined as the
germinal vesicle (GV) stage. During the following the

resumption of first meiosis, chromatin starts to condense,

germinal vesicle breakdown (GVBD) is initiated, the
metaphase I spindle is organized and the first polar body
is extruded. Immediately thereafter, the oocytes enter
meiosis Il and are then arrested again at the metaphase 11
(MII) stage.

The classic proteomics approach involves
two-dimensional polyacrylamide gel electro- phoresis,
which has limited success in the field of embryology [1].

This approach is straightforward but labor intensive and
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requires large amounts of starting material. In addition,
the technique lacks robustness; proteins with low or high
molecular masses or high or low isoelectric points can be
difficult  to

Consequently, protein-based research in embryology has

under represented  and distinguish.
concentrated on identifying and localizing individual
proteins by western blot analysis [2].

Surface-enhanced laser desorption - ionisation time of
flight mass spectrometry (SELDI-TOF MS), an alternative
proteomic technology based on capturing proteins and
peptides by chemically modified surfaces, is highly
sensitive for the analysis of complex biological
Katz-Jaffe et al. [4]
candidate proteins in human blastocyst using SELDI-TOF
MS, they have

significantly

samples[3]. Recently, reported

found several protein candidates

upregulated in degenerating embryos
compared to expanded blastocysts.

Given how little is known about mammalian oocyte
maturation compared to oocyte maturation in xenopus. In
the present study, we take a proteomic (SELDI-TOF MS)
approach to identify molecules that are differentially
expressed during mouse oocyte in vitro maturation.
Furthermore, we used real-time RT-PCR analysis of the
oocyte at different stages of maturation to characterize
more potential candidate proteins that are differentially

expressed during in vitro maturation.

2. Materials and methods

2.1 Generation of embryos

To obtain GV stage oocyte, S5-week-old B6C3 F1
female mice (C57BL/6 female x C3H/He male) were
superovulated by 5 U pregnant mare serum gonadotropin
(PMSG, Sigma, St. Louis, MO), GV stage oocytes were
collected 45 h after the PMSG injection from ovary by
slicing. The GV oocyte collection medium was M2
(Sigma) supplemented with 300 M dibutyryl cyclic
adenosine monophosphate (dbcAMP, Sigma) to inhibit
germinal vesicle breakdown (GVBD) during oocyte
collection. GV stage oocytes were then cultured in M16
(Sigma) medium supplemented with 0.4% BSA at 37°C in
a humidified atmosphere of 5% CO2 and 95% air to

examine rates of maturation (MII). Harvested GV or MIIL

stage oocytes were snap frozen in liquid nitrogen for 100
or 50 oocytes in each group and stored at -70 Cuntil

mRNA or protein extraction.

2.2 Extraction of Protein

Proteins from 100 zona-intact GV oocytes and MII
arrested eggs buffer
(containing 2% (v:v) NP-40, 9.8 M urea, 100 mM
dithiothreitol (DTT), 2% ampholines (pH 3.5 - 10), and

protease inhibitors) for 30 min at room temperature as

were extracted in Celis lysis

previously described [5].

2.3 Protein profiling using SELDI-TOF—-MS

To determine the best condition for the discrimination
between immature and mature oocyte, each four (n=4)
from sample groups were analyzed on four ProteinChip
(NP20, H4, CM10 and SAX10) array and resulted in the
selection of weak cation exchange ProteinChip Array
(CM10 ProteinChip Array) as the most
ProteinChip Array.

The reminder (GV oocyte: n=10%100, MII oocyte:
n=10¥100) was analyzed using CM10 Chip.

effective

2.4 Data and statistical analysis

The data were analyzed with the ProteinChip software
3.1 (Ciphergen Biosystems). The peak intensities were
normalized by using the total ion current of m/z between
1,500 and 150,000 Da. To characterize protein peak of
potential interest, peaks of similar molecular weightfrom
each sample group were clustered, and then the mean and
standard deviation of each sample group was reported,
compared, and visualized by Biomarker Wizard.

2,5 Real—time

reverse transcription—

polymerase chain reaction (RT—PCR)

Frozen-thawed GV and MII stage oocytes were used to
determine the expression of 14 genes during the oocyte
maturation. The mRNAs from three sets of 50 GV or MII
stage oocytes were extracted by using the Dynabeads
mRNA Direct Kit (Dynal Asa, Oslo, Norway) according
to the manufacturer’s instructions and converted into
cDNA by reverse transcription of the RNA by using the
Oligo (dT)12-18 primer and the Superscript reverse

transcriptase enzyme (Invitrogen Co., Grand Island, NY).
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[Table 1] Primer sequences and conditions used for real time RT-PCR

Genes Primer sequence (A(-,/r) BP Genes Primer sequence (ACT) BP

F: tgctggaggtcaaattaggg F: tgcccttgcagggttactta

Atok 60 242 Nudim 55 222
R: gcgecatcettcagtggtatt R: tcggtaccgtatgtgtigga
F: aacagcccaaattctgecate F: agcactggggagaaag

Rs23 55 152 Ppia 60 220
R: atgacctttgcgaccaaatc R: aaaactgggaaccatttgt
F: gcccaagatcgtcaaaaaga F: ccggcagattaccaaag

RI32 55 153 Ppac 60 190
R: taaccaatgttgggcatcaa R: gtcggagtcgttgccataa
F: tggtaaatgctgatggcaaa F: atgtccgaaaggccgatg

Myl 60 250 Csk2b 60 101
R: gagatccggceatgttcttgt R: atcgcccagatgttggaa
F: cctgagagcatgtggtttga F: ctattcccaacacccaaa

Apda 60 195 Atp6 55 196
R: gcatctatgectgcttecte R: tgggtgtgaatgagtgtggt
F: ctggacgtggagaagtggat F: gattaacccggagat

Pplda 60 172 Uchlt £ seagrs 55 242
R: agttctetgtggegttcgatg R: tgccaatggtctgctte
F: ctgaaccgaggtctgaggag F: acaacaagaagacccgc

Rs15 55 187 H2a 60 167
R: tctccacctggttgaaggte R: cttggecttgtggtgactct

Real time RT-PCR was then performed using the 14

primer sets shown in (Table 1).

3. Results

3.1 SELDI-TOP—MS results from GV and
MIl stage oocytes

To identify proteins that are specifically or
predominantly expressed in MII oocytes, we compared the
protein expression profile of mouse GV and MII stage
oocytes. To do this, the proteins of both types of oocytes
(n=1,400 for both) were extracted and subjected to
SELDI-TOF-MS analysis as described above.

After normalization of the data to total ion current,
statistical analysis was performed to determine any
significant difference in protein expression related to
mature situation (immature or mature) on this protein
chip type. Comparison of GV stage with MII stage
oocytes revealed 29 protein candidates were significantly
highly expressed in MII stage oocyte, at approximately
10831.79, 17743.78, 20122.1, 24857.48, 22131.43 and
33507.95 Da, and 16 protein candidates were highly
expressed in GV stage oocytes, at approximately 8175.57,
15767.13, 10226.24 and 16770.37 Da.

When GV stage oocytes were compared by statistical

analysis with MII stage oocytes, a significant number of
differences were observed among the negatively charged
proteins. The fold change in expression is illustrated in
Fig. 1 for the
differentially (P<0.05) expressed between the oocytes.

45 proteins/ biomarkers that were

Tagldent tool in the Swiss-prot database was used to

search for candidate identifications(IDs) for these

differentially expressed proteins, using m/z and an

approximate isoelectric point range (Table 2 & 3).

3.2 Confirmation of differentially expressed
protein candidates by real—time RT—PCR
time RT-PCR to confirm mRNA

expression of the differential

We used real
expression of protein
candidatesin GV and MII oocytes. We first analyzed
genes that the SELDI-TOF-MS analysis revealed were
more highly expressed in GV oocytes, 7 (Atpk, Rs23,
RI32, Myl6, Ap4a, Ppl4a and Rsl5) of these genes were
found by real time RT-PCR analysis to be up-regulated in
GV compared with their expression in MII stage oocytes
Fig.(2a).

We also subjected protein candidates revealed by the
SELDI-TOF-MSanalysis to be upregulated in the MII
stage compared to the GV stage to verification by real
time RT-PCR. These genes were Nu4lm, Ppia, Ppac,
Csk2b, Atp6 and Uchll Fig. (2b).
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4. Discussion

Until now, the analysis of the message, i.e., mRNA or
cDNA, has represented the strategy for rapid, sensitive,
and high-throughput study of gene expression in various
biological systems.

While this approach will remain important, mRNA
molecules are intermediated on the pathway to the
ultimate gene products, proteins that are responsible for

cellular behavior and plasiticity. Furthermore, it is

(@

necessary to consider that the correlation between mRNA

and protein levels is usually very low and mRNA level

Oochtes)
>

o

Signal/Noise (Up—Regulated in MIl Stage

1083kDa 17.74kDa 20.12kDa 22.13kDa 2486kDa 3351kDa

alone does not provide information about the presence of
different  protein isoforms or post translational
modification of proteins.

In the present study, time-of-flight mass spectrometry
was used to successfully analyze the proteome of mouse
oocyte. This study has shown that mature (MII) oocyte
have differential protein profile compared to the immature
(GV)oocyte. Preliminary identification through database
searching highlighted 16 and 29 interesting potential

(b)

[Fig. 1] Negatively charged proteins showing significantly
differential expression related to oocyte stages.
(A), Protein candidates up- regulated in GV stage
oocytes. (B), Protein candidates up-regulated in
MII stage oocytes. Open bars, GV stage oocytes;
solid bars, MII stage oocytes. Bars with different
letters differ statistically.
*:P<0.05, **:P<0.01, ***:P<0.005

[Table 2] Candidates for highly

candidates down and upregulated in MII stage oocyte
respectively. All (45) candidate (0.2 and 1.0 % error
tolerances) were performed real time RT-PCR analysis and
further selected 13 more potential candidates.The potential
candidate of NADH- ubiquinone oxidoreductase was
identified as a MII stage specific protein. NADH-
ubiquinone oxidoreductase is the most intricate membrane

-bound enzyme of the mitochondrial respir -atory chain.

expressed proteins in GV stage oocyte

T T T T

Molecular 1 frror MW | Symbol 1
___Weight _ \ ce |\ ________ o __ ‘
! ! 8136.85 I GLUC !

8179574 Da | 1% L--I=T=—-— L2 -
_________ Lo___L__ 84127 | _IACS _ |
1 L__lossrs_ L ___ 4

1 L__1019560__, _UPTL _ |

1022624 Da | 1% | _ 1016286 | CASP1

! | 1025943 |  MGP |
_________ | ____1 __1018036__T__ATPK _ |
om0 1 ___ ‘

D[ __is77ioA 1 TMMIO_

15767.13 Da ! l———1§9—199—4——-l-——PE1—4§— I

| 1% | _ 15685371 RS23
_________ | ____l _ 1572861 _ | RL3%2
e e =

16770.37Da | 1% L-—--——C> 12X <
" [ Teeriee PRl

! I 16908.91 ! RS15 |

Candidate protein pl
___________________________ —_———— .
Glucagon_ _ _ _ _ _ _ _ __ __ ___________ 678 _
Sperm-associated _acrosin_inhibitor _ __ _ _ __ _ J_519
WAP four-disulfide core domain protein 2 _ _ __ _ __ 439 _

Uterine plasmin/trypsin inhibitor 8.87

Matrix Gla-protein ____ 1 920 _
ATP synthase f chain, mitochondrial 98
Superoxide dismutase ____ ___________ _604
Transmembrane protein 10___________~ IE
Protein phosphatase 1 regulatory_subunit 14B __ _ | 475 _
40S ribosomal protein 823 _ | 1_1050
60S ribosomal protein L32 4132
Myosin light polypeptide 6 4.56

|
|
Bis (5'-nucleosyl)-tetraphosphatase | 574
|
|
|
|

40S ribosomal protein S15
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[Fig. 2] Real time RT-PCR analysis of candidate proteins that are differentially expressed in GV(a) or in MII(b) compared
with MII(a) or GV(b) stage oocyte in mouse. Mouse H2a mRNA expression was used as an internal standard.

Peptidyl-prolyl

cis/trans isomerase A (PPIA) is a

potential candidate for the 17738 Da which is highly

expressed in MII

stage oocyte. PPIA is a member of the

peptidyl-prolyl cis/trans isomerase activity and, therefore,

are believed to be involved in protein folding and/or

intracellular protein transport. PPIA shows stable mRNA

immunophilin class of proteins that all possess expression across the different stage of preimplantation
[Table 3] Candidates for highly expressed proteins in MII stage oocyte
T T T T T
Mvcileﬁgtﬁltar % tc?lle?n % MW % Symbol % Candidate protein % pl
| opo, L1085027 1 _ICTL L Caheln 1511
1083179 Da Lo 11082430 I'NUAM | NADH-ubiquinone oxdoreduciase chain 4L | 527
e T B . A Rl
1 L1772146___ | __ENAM ____| Enamelin precursor | 1490
1 02% 1 1773816___ i PPIA _______| Peplidyl-prolyl cis-trans isomerase A________ | 837 __
| | 17718.68 | RS18 | 40S ribosomal protein S18 | 10.99
P 11787056 1 MMP1 | Interstitial collagenase precursor 1475
wiormoa | s TosP | Odountondng o T4is
| o, 11786351 TLACB | Beta-lactoglobulin-1A/1C precursor -~~~ 1460 _
i i 17904.28 i PPAC i ;%ﬁ\évs&(;lgégar weight phosphotyrosine protein i 700
Y U | 1757529 | IL1B_______ | Interleukin-1 beta precursor _ 841 _
i i 20014.69 i CD3E i g;:ctedlrssgjrﬁace glycoprotein CD3 epsilon chain i 562
022108 1% aaE TGN Germa gulsryianssspidee | penuser 1647
e Lo | 2008109~ LRLIL | 60S ribosomal protein L11__ 1960 _
l L2219366_____ L S L Interleukin—12_alpha chain precursor _________ 612 __
2213143 Da | 1% [ 2227939 | KCY | UMP-CMP kinase _____________________ 602 __
R S | 2205887 LHIT __HistoneH 1158
i 0.2% i 24859.29 i UCHIL1 i Ubiquitin carboxyl-terminal hydrolase isozyme L1 i 5.22
S Vodgwap T roskes I Casein kinase I subunit beta | 153
| | 2478561 LHMGBY . High mobility group protein B1 _____________ YA
248748 Da 1 12508518~ MYOG - | Myogenin._—~~~"TTTTTTTTTTTTT T 655
T 2501842 LFAO  Coagulation factor IX __ | | 665 __
1 12506974 1 CD9__ 1 CD9antigen _ ______________________ 714
S S | 2508926 LATPE . | __ATP synthase a chain 1999 _
| | 3368982 ___ | CDK4______ i Gell division protein kinase 4 _____________ 676 __
| | 33282.98 | ACTHR | Adrenocorticotropic hormone receptor | 843
woorosa | 1% {3647 T LONNI o Gaponnt 1w
| 13326038 [UCP2 _~ I Mitochondrial uncoupling protein 2~~~ | 986
I 1 33772.25 1 UCP3 1 Mitochondrial uncoupling protein 3 1 9.51

141
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embryo development in mouse [6].

A potential candidate for the 24942 Da (upregulated in
MII stage oocyte) is a casein kinase 2 (CK2) subunit beta.
CK2 is present in the nucleolus, the site of ribosome
biogenesis and copurifies with mammalian Pol 1 [7].
Interestingly, increasedlevel and activity of CK2 correlate
with cell growth and proliferation [8], therefore an
upregulation of CK2b in mature oocyte might contribute
to the early cleavage of preimplantation embryos.

We found that mitochondrial uncoupling protein (UCP)
2 and 3 are abundant in mature oocytes. UCP 3 is a
member of the uncoupling protein family can uncouple
respiratory chain from oxidative phosphorylation [9].

Over-expression of UCP3 in several cell lines and
tissue systems reduces mitochondrial membrane potential,
whereas mitochondria from UCP3 gene-null mice exhibit
high mitochondrial membrane potential [10].

In addition, MII stage oocytes exhibit a low expression
of protein profile than GV stage oocytes. We found that
many of the protein candidate highly expressed in GV
stage are ribosomal proteins. It is known that
thetranslation of ribosomal protein may be associated with
a characteristic maturation of the both nuclearand
cytoplasm in mouse oocyte. Although it is not clear what
role ribosomal protein plays in specific protein translation,
the expression of various types of ribosomal protein in
oocye maturation suggests that they may play critical
roles in specific protein synthesis for oocyte maturation
andfor further fertilization and early preimplantation
embryo development.
research is now focused on

Onging protein

identification involving a variety of methods for
purification and peptide sequencing. The selective surfaces
of the protein chips will assist in protein purification by
providing information on the biochemical properties of
proteins. The definitive identification of differentially
expressed proteins will assist in determining cellular
function during mouse oocyte in vitro maturation.
Identification of differentially expressed proteins of
mammalian oocytes may lead to an improved
understanding of mouseoocyte physiology and its affect to
fertilization and preimplantation embryonic development,
and the critical events occurring immediately before

implantation.
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