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Messenger RNA expression of Pabpnl1 and Mbd3l2
genes in oocytes and cleavage embryos
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Objective: To identify genes specifically expressed in mammalian oocytes using an in silico subtraction, and to
characterize the mRNA patterns of selected genes in oocytes, embryos, and adult tissues.
Design: Comparison between oocyte groups and between early embryo stages.
Setting: Laboratories of embryo manipulation and molecular biology from Departamento de Gen�etica (FMRP) and
Departamento de Ciências B�asicas (FZEA) - University of S~ao Paulo.
Sample(s): Oocytes were collected from slaughtered cows for measurements, in vitro fertilization, and in vitro em-
bryo culture. Somatic tissue, excluding gonad and uterus tissue, was collected from male and female cattle.
Main Outcome Measure(s): Messenger RNA levels of poly(A)-binding protein nuclear-like 1 (Pabpnl1) and
methyl-CpG–binding domain protein 3–like 2 (Mbd3l2).
Result(s): Pabpnl1 mRNA was found to be expressed in oocytes, and Mbd3l2 transcripts were present in embryos.
Quantification of Pabpnl1 transcripts showed no difference in levels between good- and bad-quality oocytes before
in vitro maturation (IVM) or between good-quality oocytes before and after IVM. However, Pabpnl1 transcripts
were not detected in bad-quality oocytes after IVM. Transcripts of the Mbd3l2 gene were found in 4-cell, 8-cell,
and morula-stage embryos, with the highest level observed in 8-cell embryos.
Conclusion(s): Pabpnl1 gene expression is restricted to oocytes and Mbd3l2 to embryos. Different Pabpnl1 mRNA
levels in oocytes of varying viability suggest an important role in fertility involving the oocyte potential for embryo
development. (Fertil Steril� 2010;93:2507–12. �2010 by American Society for Reproductive Medicine.)
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Messenger RNA synthesis and storage in mammalian oocytes after
the resumption of meiosis is closely related to the ability of the
oocyte to sustain proper early embryo development, both in vivo
and in vitro. The correct equilibrium of mRNA synthesis and decay
from diverse functional and structural genes is essential for the
proper activation of the embryonic genome (1) and the further devel-
opment of a healthy animal. Using the bovine model, some genes
have been reported to have variations in their mRNA abundance ow-
ing to different parameters previously recognized as oocyte quality
predictors (reviewed by Wrenzycki et al. [2]).

Genes preferentially expressed in oocytes (such as Mater, Zp1,
Zp2, Zp3, Figa, and Gdf9) are expected to regulate most of the path-
ways required for oocyte growth, follicle formation and embryo
cleavage (3). However, these oocyte-exclusive genes and their func-
tions have not yet been extensively characterized. To this end, the
mining of public sequence and library databases has been of great
value for discovering gene expression patterns (4, 5), as well as
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new genes or gene variants (6, 7). The genes Oogenesin-2 and
Oogenesin-3 were previously characterized as being specifically
expressed in mouse oocytes (8). Further analyses were conducted
on the same dataset and identified other genes (SpeerA, Fbxo12B,
Tcl1, Fbxo12D) that were proposed to be specific expressed in
mouse oocytes (9). However those studies could represent an under-
estimation of genes with this expression pattern, because a noncus-
tom tool was used. The identification and comprehension of genes
specifically expressed in oocytes may provide a better understanding
of how the cytoplasm of the oocyte is able to reprogram the nucleus
of a differentiated cell toward that of a totipotent cell.

We tested the hypothesis that the abundance of gene transcripts
expressed specifically in oocytes varies according to the potential
of the oocyte for sustaining early embryonic development. To ad-
dress this hypothesis, the present study aimed to identify genes spe-
cifically expressed in oocytes applying an in silico approach using
UniGene as a source database. After identification of candidate
gene clusters, we aimed to characterize the mRNA expression pat-
terns of poly(A)-binding protein nuclear-like 1 (Pabpnl1) and
methyl-CpG–binding domain protein 3–like 2 (Mbd3l2) genes in
bovine oocytes and early developing embryos and tissues.

MATERIALS AND METHODS
In Silico Search for Oocyte-Specific Transcripts
The files containing the bovine (Bos taurus, build #93) and mouse (Mus

musculus, build #177) UniGene cluster data (ftp://ftp.ncbi.nih.gov/reposi-

tory/UniGene/ [10]) were used as the information source for in silico gene

identification. The search for putative oocyte-specific transcripts was per-

formed in each UniGene entry based on information contained in the
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RESTRICTED EXPRESSION and SOURCE lines. A Perl program was de-

veloped to identify clusters with ‘‘egg’’ as a term in the RESTRICTED

EXPRESSION information and no tissues or cell lines listed in the SOURCE

line other than eggs or oocytes. This program is available from the author

upon request.

Oocyte Collection and in Vitro Maturation
The chemicals used for medium supplementation (for in vitro maturation

[IVM], fertilization, and embryo cultures) were obtained from Sigma

(St. Louis, MO) unless otherwise specified.

Oocytes were obtained from bovine (Bos taurus) ovaries collected at

a slaughterhouse. Cumulus oocyte complexes (COCs) were manually aspi-

rated from follicles with a 3–5 mm diameter using an 18-gauge needle. Under

a stereomicroscope, COCs were morphologically classified and separated

into two groups according to previous descriptions (11): COC-A) homoge-

neous ooplasm surrounded by R5 layers of compact cumulus cells; and

COC-B) ooplasm that was nonhomogeneous and surrounded by <5 layers

of noncompact cumulus cells. The morphology described above reflects a dis-

tinction in the competence of an oocyte to develop early embryos in an in

vitro culture, where COC-A is representative of oocytes with higher compe-

tence than oocytes from COC-B [blastocyst development rate for grade A oo-

cytes ¼ 20.6%; for grade B oocytes ¼ 12.9% (F. V. Meirelles, unpublished

observations)]. Immediately after aspiration, the COCs of different morphol-

ogies were matured separately in vitro in TCM199–sodium bicarbonate me-

dium (Gibco-BRL, Grand Island, NY) supplemented with 10% fetal bovine

serum 50 mL of gentamycin, 50 mg/mL LH, 22 mg/mL pyruvate; 0.5 mg/mL

follicle stimulant hormone; and 1 mg/mL E2 in air atmosphere with 5% CO2,

100% humidity, and temperature of 38�C.

The COCs were sampled at the time of recovery from ovaries [oocytes-GV

(germinal vesicle)] and after 18 hours of IVM [oocytes-MII (metaphase II)].

Cumulus cells were removed from oocytes by vortexing in sterile phosphate-

buffered saline solution. Groups of 20 immature and 20 mature oocytes of

each COC morphology group (A or B) were collected in three different

experiments, snap frozen in liquid nitrogen, and stored at �80�C.

In Vitro Fertilization and Bovine Embryo Culture
Groups consisting of 30 high-quality matured COCs (morphologically clas-

sified as grade A) were fertilized in vitro in 100 mL IVF medium [TALP, sup-

plemented with heparin (10 mg/mL), pyruvate (22 mg/mL), gentamicin (50

mg/mL), bovine serum albumin (BSA) fraction V (6 mg/mL), penicilin (2

mmol/L), hypotaurin (1 mmol/L), and epinephrine (0.25 mmol/L)] (12) con-

taining 2 � 106 spermatozoa/mL. After 18 hours, the presumptive zygotes

had the cumulus cells removed by manual pipetting and were then cocultured

with a cumulus cell layer in a 100-mL microdrop of IVF medium under min-

eral oil. In vitro fertilization and embryo cultures were incubated at 38.0�C in

water-saturated atmosphere containing 5% CO2. Embryos were collected at

27 (2 cells), 42 (4 cells), 48 (8 cells), 120 (morula), 160 (blastocyst), and 210

(hatched blastocyst) hours after insemination (hpi), snap frozen in liquid ni-

trogen, and stored at�80�C. Twenty embryos of each stage were collected in

three independent IVF proceedings.

Oocyte and Embryo mRNA Extraction and Reverse
Transcription Reactions
Messenger RNA from pools of 20 oocytes or embryos was extracted using

the QuickPrep Micro mRNA Purification kit (Amersham Biosciences, Buck-

inghamshire, U.K.) according to the manufacturer’s instructions. Briefly, ex-

traction buffer was added to the tube containing the oocytes or embryos and,

after mixing, an elution buffer was added. The mixture was centrifuged in

a column containing oligo(dT) cellulose. After successive washings with

salt buffers, the mRNA was recovered by centrifugation with elution buffer.

The mRNA was concentrated by ethanol precipitation (using glycogen, so-

dium acetate, and an ethanol solution), and the pellet was resuspended in

10 mL of RNase-free water.

Immediately thereafter, 1 mL RNase-freewater containing oligo(dTTP(12–18))

(1 mg) was added to each mRNA-containing tube. The tubes were heated to

70�C for 5 minutes and then cooled to 4�C for the addition of a mix of reagents
2508 Biase et al. Pabpnl1 and Mbd3l2 mRNA levels in cattl
(supplied buffer, 250 mmol/L; Tris, 375 mmol/L; KCl, 50 mmol/L; DTT, 50

mmol/L; MgCl2, 3 mmol/L; dNTP, 10 mmol/L each; RNase inhibitor, 1 U/

mL) and enzyme (ImProm-II Reverse Trascriptase; Promega, Madison, WI)

to a final volume of 20 mL. The cDNA synthesis was performed at 50�C for 1

hour, followed by enzyme heat-inactivation at 70�C and storage at�20�C.

RNA Extraction From Different Tissues and Reverse
Transcription Reactions
Total RNA was extracted from the following somatic and gonad tissues or

cells: brain, corpus luteum, cumulus cells, fibroblast, heart, kidney, leukocyte,

liver, lung, muscle, ovary stroma, spleen, stomach, testis, and uterus. For the

evaluation of transcript expression in the ovary, oocytes were dissociated as

much as possible through manual separation under a microscope. Therefore,

it was considered that the tissue evaluated was composed mostly of cells from

the stroma. RNA extraction was performed by homogenizing 100 mg of each

tissue or cells with Trizol reagent (Invitrogen, Carlsbad, CA). After the addi-

tion of chloroform (0.2 mL), the tubes were centrifuged. The aqueous phase

was transfered to a new tube, and RNA was precipitated with isopropyl alco-

hol (0.5 mL) and centrifugation. The RNA pellet was washed with 75% eth-

anol (1 mL) and then air dried, resuspended in RNase-free water, and stored at

�85�C until further use. Reverse transcription from these tissues was per-

formed using 1 mg of RNA as the template using the same procedures des-

cribed above for oocyte and embryo mRNA reverse transcription.

Real-Time Polymerase Chain Reactions and Analysis
The genes chosen to validate the in silico subtraction results were Pabpnl1

and Mbd3l2, and glyceraldeyde 3-phosphate dehydrogenase (Gapdh)

was used as a reference gene for polymerase chain reaction (PCR) data

normalization.

The reactions were performed in a real-time PCR thermocycler (7500 Real

Time PCR System; Applied Biosystems, Foster City, CA) using Sybr Green I

as the double-strain DNA dye. Reactions were carried out using the LightCy-

cler FastStart DNA Master Sybr Green I reaction mix (1�) (Roche Diagnos-

tics Corporation, Indianapolis, IN), supplemented with MgCl2 (5 mmol/L),

and a specific pair of primers (Table 1) in a final volume of 20 mL. The cycle

protocol initiated with denaturation at 95�C for 10 minutes, followed by 45

cycles at 95�C for 10 seconds, at a primer specific annealing temperature for

30 seconds and at 72�C for 45 seconds, and then finished with a standard dis-

sociation curve. The cDNA equivalent of one oocyte or embryo was used as

a template for triplicate reactions for each gene. The reactions for target and

normalization genes were performed separately. For three different extracted

pools of mRNA, a mix sufficient for nine reactions was set up with the pro-

duced cDNA. Each reaction mix was separated into three sets for the addition

of gene specific primers with a subsequent separation for technical tripli-

cates. Amplicons for both target genes were sequenced to assure the specifi-

city of the primers.

The PCR efficiency was estimated for each sample reaction and each gene

using the window-of-linearity method (13). For each pair of primers, the fluo-

rescence threshold line was fixed at the average of the lower and higher fluo-

rescence values used by the software to estimate the PCR efficiency.

Quantification of relative Pabpnl1 and Mbd3l2 levels between samples was

calculated using the method described for different primer efficiencies (14),

and the significance of the differences was estimated using a pair-wise fixed

reallocation randomization test in the Relative Expression Software Tool

(15). The hypothesis of ‘‘no difference between groups’’ was considered to

be null (H0), and the differences were regarded to be statistically significant

when the probability of the alternative hypothesis (P(H1)) was < .05. Results

are shown as the average rate of expression and standard error of the three

replicates.

RESULTS
The Perl routine developed for this study produced consistent results
after sequential analysis, making it possible to identify UniGene IDs
containing the term ‘‘egg’’ in the first information field (RE-
STRICTED EXPRESSION) and no other types of specific tissues
in the second (SOURCE). The program retrieved 19 mouse UniGene
e Vol. 93, No. 8, May 15, 2010



TABLE 1
Oligonucleotides and annealing temperatures used in polymerase chain reactions (PCRs), amplicon lengths, and melting

temperatures.

Gene
symbol Primers 50[>30 GenBank gi

Annealing
temperature

Fragment
length Tm

a

Pabpnl1 AGCCGAGAAGACCCATCTGG CCTTCATCCAGGTTCTGCACC 76648613 62�C 231 89�C
Mbd3l2 TGGATTCAAGGACACCAGCATGTG TCTGTCACGACGCCTCTGCTTG 119894802 66�C 175 84�C
Gapdh GGCGTGAACCACGAGAAGTATAA CCCTCCACGATGCCAAAGT 28189708 62�C 118 87�C

Note: Gapdh ¼ glyceraldeyde 3-phosphate dehydrogenase; Mbd3l2 ¼ methyl-CpG–binding domain protein 3–like 2; Pabpnl1 ¼ poly(A)-binding protein

nuclear-like 1.
a Melting temperature of PCR products.

Biase. Pabpnl1 and Mbd3l2 mRNA levels in cattle. Fertil Steril 2010.
IDs, of which eight were annotated in GenBank (Astl, Mbd3l2,
Obox1, Omt2b, Oog2, Pabpnl1, Tcl1b1, Tcl1b2). No cluster was
found in the bovine database.

Sequences of the eight annotated UniGene IDs for mouse were
compared against the bovine RefSeq and Genome sequences using
a web-based BLAST tool (16). Functional prediction analysis using
the protein Motif database (17) and a review of the literature were
performed after identification of the corresponding bovine genes
FIGURE 1

Representative reverse-transcription polymerase chain reaction detecti
CpG–binding domain protein 3–like 2 (Mbd3l2) transcripts in bovine tiss

amplified fragments for the (A) Pabpnl1, (B) Mbd3l2, and (C) glyceraldeyd

2) immature and in vitro–matured oocytes; 3) preimplantation embryos;

kidney; 10) leukocyte; 11) liver; 12) lung; 13) muscle; 14) ovary; 15) sple
cDNA template.

Biase. Pabpnl1 and Mbd3l2 mRNA levels in cattle. Fertil Steril 2010.

Fertility and Sterility�
and sequences. We characterized mRNA expression of two genes
in bovine oocytes, embryos, and other tissues.

Transcription profiles of the genes Pabpnl1 and Mbd3l2 were
characterized in bovine tissues, oocytes, and embryos by real-time
PCR. No mRNA expression of either gene was detected in somatic
and gonad tissues. Transcripts of Pabpnl1 were observed in oocytes
both before and after IVM, whereas Mbd3l2 transcripts were
detected only in early embryos (Fig. 1).
on of poly(A)-binding protein nuclear-like 1 (Pabpnl1) and methyl-
ues and cells. Agarose gel containing ethidium bromide showing the

e 3-phosphate dehydrogenase genes. Lanes: 1) 50-bp DNA marker;

4) brain; 5) corpus luteum; 6) cumulus cells; 7) fibroblast; 8) heart; 9)

en; 16) stomach; 17) testis; 18) uterus, 19) control reaction without
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FIGURE 2

Relative quantification of poly(A)-binding protein nuclear-like 1

(Pabpnl1) and methyl-CpG–binding domain protein 3–like 2
(Mbd3l2) transcripts. (A) Pabpnl1 expression in oocytes before

maturation with germinal vesicle (GV), after in vitro maturation at

metaphase II (MII) stage of high-quality (A) and low-quality (B)

oocytes; ND¼transcripts not detected. (B) Mbd3l2 expression in
early bovine embryos. The vertical lines are the standard error;

different letters above the numbers indicate statistical significance

(P< .05).

Biase. Pabpnl1 and Mbd3l2 mRNA levels in cattle. Fertil Steril 2010.
A detailed analysis of expression of the Pabpnl1 gene was per-
formed in oocytes with different developmental potential, before
and after IVM (Fig. 2A). The transcript of this gene was detected
in oocytes from grade A and B COCs before IVM; however, after
IVM, it was detected only in oocytes from grade A COCs, and it
was not found in poor-quality oocytes. Relative Pabpnl1 expression
was not significantly different between oocytes recovered from
grade A and B COCs before IVM, and the same was observed for
oocytes recovered from grade A COCs before and after IVM.

The analysis of Mbd3l2 gene expression in embryos fertilized in
vitro was performed at different hours after insemination (Fig. 2B).
Transcripts for this gene were first detected in 4-cell embryos (42
hpi) and were up-regulated in 8-cell embryos (48 hpi, 17.9-fold;
P<.01), and they then decreased in embryos at the morula stage
(120 hpi, 0.08-fold; P<.01). No PCR amplification was detected
in 2-cell embryos (27 hpi), blastocysts (160 hpi), or hatched blasto-
cysts (210 hpi).

DISCUSSION
A computational approach was developed using a Perl routine to ex-
tract information about clusters of sequences expressed in different
tissues from an organism of interest. This program was written to
read and extract information from UniGene files (for example:
2510 Biase et al. Pabpnl1 and Mbd3l2 mRNA levels in cattl
Mm.seq.all.gz), independent of the species of interest. The results
obtained from this Perl routine contained three UniGene identifica-
tions previously reported to be specifically expressed in mammal oo-
cytes: Tcl1b1 (18, 19) and Oog2 and Tcl1b2 (18). However, our
search did not find other genes previously described as specifically
expressed in oocytes: Mater (20), Oosp1 (21), and Zar1 (22). This
divergence between the description of genes in the literature and
the UniGene databank may be caused by the high sensitivity of
cDNA library construction and increases in sequence deposition to
the databank by different laboratories, which leads to a better qual-
itative representation of a gene in a tissue. Although the script was
written to investigate oocytes in this study, it is possible to retrieve
information regarding other tissues with simple modifications. The
lack of information in the bovine database compared with the mouse
counterpart might be related to the extensive research that has been
done with the murine model since the sequencing and analysis of the
mouse genome to understand mammalian reproduction (23). How-
ever, the sequencing and analysis of the bovine genome revealed
that the chromosomal arrangement is more similar between cattle
and humans than between humans and rodents (24).

After a search regarding function in a protein motif database and
a review of the literature, two genes putatively expressed only in oo-
cytes were experimentally tested to address our hypothesis regard-
ing developmental competence; however, we characterized mRNA
expression of its orthologues using the bovine model. Transcripts
of Pabpnl1 were detected in oocytes, but not in 16 tested bovine so-
matic tissues, testis, or early developing embryos. The expression in
bovine oocytes confirms the previous findings for Xenopus and
mouse oocytes (25, 26).

Expression of Pabpnl1 mRNA was also observed in mouse 2-cell
embryos (27) and in Xenopus embryos and testis cells (25); however,
no transcripts were detected in early developing bovine embryos or
testis cells. This might be caused by an evolutionary discrepancy in
expression patterns between amphibians and amniotes and between
rodents and artiodactyla.

Transcripts of the Pabpnl1 gene were not detected in low-quality
oocytes after IVM. In previous reports, we showed that low-compe-
tence oocytes had �79% less global mRNA content compared with
high-competence oocytes, and this global variation also reflected the
difference in Gapdh mRNA levels (�84%, [28]). The absence of
Pabpnl1 mRNA detected in low-quality oocytes is in accordance
with the small amount of mRNA in these oocytes.

The degradation or translational repression of mRNA is highly
associated with the adenylation status of the transcript, and polyA-
binding proteins (PABP) have important functions in this process
because they are protective against RNA deadenylation (29, 30).
The Pabpnl1 protein was observed in mouse oocytes (25), where
it has a function in mRNA protection (31) and may stimulate trans-
lation, as ePAB does (32). In bovine oocytes, the pattern of adenyla-
tion varies among genes; in some cases, however, mRNAs are highly
adenylated in oocytes with high developmental competency com-
pared with those that have low developmental competency (33).
The down-regulation of the Pabpnl1 gene in low-competence
oocytes reinforces the importance of the PABP family in mamma-
lian oocytes and shows that the Pabpnl1 gene may be regulated in
response to the developmental potential of the oocyte in bovines.

Transcripts of Mbd3l2 were not observed in bovine somatic tis-
sues and oocytes, but they were detected in embryos at the 4-cell,
8-cell, and morula stages. The expression of Mbd3l2 in bovines,
however, is not in accordance with the observed expression in hu-
man testis, prostate, thymus, and spleen tissues (4), the human ova-
rian teratocarcinoma cell line PA1, and the mouse embryonic
e Vol. 93, No. 8, May 15, 2010



carcinoma cell line P19 (34). Microarray studies have detected its
expression in mouse oocytes (26, 35), but this expression was re-
stricted to the small and large antral follicle stages and was not found
in the primary follicle stage (36). In the present experiment, the pres-
ence of Mbd3l2 transcripts was not detected in three replicates of 20
oocytes each, either because it is present at low frequency or because
it was not present. The expression in embryos was considered to be
a positive control reaction.

The presence of Mbd3l2 mRNA in bovine embryos was detected
during the transition between maternal to embryonic control of de-
velopment (embryonic genome activation [EGA] [37]). The mRNA
expression of Mbd3l2 does not follow the major pattern of mRNA
accumulation and degradation observed previously for in vitro–pro-
duced bovine embryos (28); however, it has been demonstrated that
gene expression during cleavage is cell-stage dependent (38), and
this gene showed a marked transient upregulation in transcription
between the 4-cell stage and morula stage.

In mouse, EGA is programmed during the transition from 1- to
2-cell embryos (39), when Mbd3l2 is up-regulated (26). It was
reported that in the CpG-methylated DNA binding complex
(MeCP1), the protein Mbd3l2 interacts with the nucleosome remo-
deling and histone deacetylase complex (Mi2-NuRD) via substitution
of methyl-binding domain 3 (MBD3) protein and release of the
MBD2 of the CpG-methylated promoter. This finding led to the un-
derstanding that Mbd3l2 has a key function in reactivation of gene
transcription (40). The temporally limited expression of Mbd3l2
Fertility and Sterility�
transcripts is coincident with EGA in bovine and mouse (37), and
it could indicate that this protein also promotes MeCP1 release
from repressed genes during maternal to embryonic transcript
transition.

In summary, a Perl program was written to analyze public infor-
mation in the UniGene database and identify putative genes specif-
ically expressed in oocytes compared with every other tissue
represented in the database. One bovine oocyte-specific gene was
identified (Pabpnl1) that showed differential expression in oocytes
matured in vitro that had different competence for embryonic devel-
opment. Because the Pabpnl1 mRNA was not detected in oocytes at
the meiosis II stage, it is likely that Pabpnl1 is one of the important
factors regulating gene expression at the translational level in
oocytes. These results also suggest that measuring gene expression
as temporally close as possible to the moment of fertilization may be
more informative in elucidating the maternal cytoplasmic inheri-
tance factors that drive the proper early development of the embryo.
The gene Mbd3l2 showed an embryonically restricted transcription
in bovines, as well as a temporally regulated expression during the
early cleavages. Both genes, Pabpnl1 and Mbd3l2, should be consid-
ered for further functional studies to identify RNA and proteins that
affect fertility through oocyte quality and the promotion of embry-
onic development.
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