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PROTEOMICS IN STUDY OF PLACENTAS AND EMBRYONIC
AND FETAL MEMBRANES
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REVIEW

SUMMARY

Proteomic approaches have revolutionized the analysis of biological samples by allowing the identification of non-
characterized protein expression and its role on protein interactions and post-translational modifications during
embryonic development or as a consegquence of pathological states. This new frontier of knowledge is, nowadays, an
essential contribution to the elucidation of biological problems, by providing information that can not be obtained by
other target driven methods. This review highlights the new perspectives of proteomics studies based on bidimensional
eletrophoresis (2D-PAGE) associated to mass spectrometry (MS) analyticad methods of placenta, embryonic
membranes and embryo evaluation, with emphasis on comparisons between normal and diseased tissues consequence of
reproductive biotechnology manipulation.

KEY-WORDS: Protein analysis. Mass spectrometry. Bioinformatics. Bidimensiona eletrophoresis.

RESUMO

Abordagens protedbmicas revolucionaram a analise de amostras biologicas por permitir a identificagdo de padrdes ainda
ndo caracterizados de expressdo de proteinas e/ou suas interagdes ¢ modificagdes pds-traducionais em diferentes
tecidos, como a placenta ou em embrides e fetos em diferentes estagios de desenvolvimento. Esta nova fronteira de
conhecimento se congtitui atualmente numa ferramenta fundamental para a elucidagdo de problemas bioldgicos, por
fornecer informagdes que ndo podem ser obtidas por métodos mais focalizados, ou com alvos especificos. Essa revisao
sdlienta as novas perspectivas geradas pela contribuigdo da protedmica baseada na eletroforese bidimensional (2D-
PAGE) associada a espectrometria de massas (MS) para o estudo da placenta, das membranas embrionarias e do
embrido, com énfase nas comparagdes entre condigdes normais ¢ aqueles provenientes de estados patologicos ou
conseqiientes ao uso de biotecnologias reprodutivas.

PALAVRAS-CHAVE: Analise de proteinas. Espectrometria de massas. Bioinformatica. Eletroforese bidimensional.
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INTRODUCTION

While the genome represents the sum of al genes
of an individual, the proteome, in contrast, is not a
fixed characteristic of an organism. Proteome is the
protein expression of the genome of a particular
organism or tissue, changing according to tissue
development stage or to environmental conditions in
which the organism is. Thus, phenomena such as
aternative splicing of RNA and protein post-
trandational modifications lead to the presence of more
proteins in the proteome than genes in the genome,
especially eukaryotes (DI CIERO & BELLATO;
2003).

The term proteome was coined by WILKINS &
WILLIANS (1994) to describe the entire set of proteins
expressed by a genome, or in the case of multicellular
organisms the protein complement expressed by a
tissue or differentiated cells (WILKINS et al., 1996).

After the euphoria caused by genome sequencing of
several organisms, the scientific community realized
that in order to understand the genes in all its fullness,
an in depth study of the proteins expressed by them
was mandatory. It was understood, that although very
important, nucleotide sequencing do not always reflect
a direct relationship with its protein expression and
thus biological activity (GYGI et al., 1999).

The understanding of the proteome alows to
identify, characterize and understand the functional
interactions between proteins that are essential to the
cell. Further on, this type of study was extended to
other biomolecules. These efforts have led to
approaches called “omics” a suffix used to denominate
several areas such as transcriptomics, lipidomics and
metabolomics, respectively, the study of transcripts,
fatty acids and metabolites of a cell. Nowadays,
metabolomics subsets such as lipidomics, glycomics
and fluxomics are evolving to an integrated omics
picture of the genes, the interactome (transcripts,
proteins and metabolites) to fully describe the
complexity of cellular functions (DENNIS, 2009).

The initial goa of a proteomic study is to identify
al proteins present in a cell or tissue. Currently,
proteomics has been used to anayze increasingly
complex mixtures of proteins from cell lysates and
tissue extracts, in order to detect quantitative and
qualitative differences in global protein expression
(WESTERMEIER & NAVEN, 2002).

In this context the study of the proteome of
embryos and embryonic annexes using analytical
methods such as bidimensional electrophoresis (2D)
and mass spectrometry (MS) is unraveling the
complexity of the embryo and unknown aspects of
embryogenesis. The interest in these studies is due to
several aspects. In ruminants, about 40% of early
embryonic death occurs during pre-implantation, that
is, between 8 and 17 days of gestation (HUMBLOT,
2001; THATCHER et a., 2001), period in which
mother-fetus communication with the participation of
interferon tau is essentiad (BAZER et al.,1997). Thus
the proteome at this stage of the pregnancy, that is,
analysis of protein post-trandational modifications,

protein-protein interactions, existence of isoforms,
activity and structure of the proteins in embryonic
tissues, and in embryonic and fetal membranes as well,
contribute to the understanding of materno-fetal
relationship and  certainly, for  advancing
biotechnologies such as artificial insemination, embryo
transfer, IVF and cloning. Therefore, proteomics
should rapidly impact fertility assessment methods,
infertility diagnosis in animals and humans, and lead to
optimization of protocols related to the culture of
embryos and oocytes, selection of oocytes for IVF and
embryo transfer , and the use of biomarkers to diagnose
infertility (FERREIRA et al ., 2010).

In the study of embryonic placenta and membranes,
this approach has shown the complexity of the
structures responsible for embryo maintenance and
development, from pre-implantation to the end of the
pregnancy. The formation of the placenta, which
connects the developing fetus to the mother's body, is
an essentia feature of pregnancy in mammals. Placenta
development and its function are precisely regulated
and coordinated to promote the exchange of nutrients
and waste products between the maternal and fetal
circulatory systems (WOODING et al., 1994). At the
end of pregnancy, placenta undergoes rapid changes to
prepare for birth, among these, placental maturation is
seen as a prerequisite for partial separation and sub-
release of fetal membrane (WILLIAMS et a., 1987;
STALLMACH et a., 2001). Therefore, placentation
plays an important role in the pathogenesis of some
inherited  disorders, it promotes teratogenic
transplacental transmission of microbial agents, and
contributes to failure in the gestation of cloned calves
(HILL et al., 1999). Proteins control most cellular
processes, which occur in great diversity, acting as
enzymes, antibodies, hormones, structural components
and cellular receptors (AEBERSOLD & MANN,
2003), certainly involved in understanding the
pathogenesis of several processes such as those
mentioned above. Moreover, understanding the
involvement of proteins in organogenesis and cell
differentiation should have application in the field of
cell therapy, with the identification of involved
proteins and transcription factors, which can also be
used as biomarkers of this process (POTTEN et al.,
1997).

EMBRYO PROTEOME

Contrary to what occurs with the relatively static
and identical genome of somatic cells of an organism,
embryo proteome is in a dynamic state, responding to
external and internal  stimuli (GODOVAC-
ZIMMERMANN & BROWN, 2003). The great
diversity of proteins controls cellular processes in the
form of enzymes, antibodies, hormones, structural
components, transcription factors and cell receptors
(D’SOUZA et al.,, 2000, AEBERSOLD & MANN,
2003). Thus, studying the proteome of these biological
samples from embryos would help ascertain the
regulation effect of the gene expression that happens
post-transcription and  post-trandation, providing
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numerous explanations as to its biological functioning
and involvement in the intracellular metabolic
processes involved in  tissue differentiation
(HOOGLAND et da., 1999; FEY & LARSEN, 2001,
ISFORT, 2002; WOLF et al., 2003; CHAZE et a.,
2008; SUTOVSKY, 2009), which very often cannot be
detected by quantitative analysis of mRNA (GYGI et
al., 1999). It is expected that proteomics tools will
provide a comprehensive characterization of
biomarkers indicative of the status of embryonic
development and relative to the health of the maternal-
fetal environment (WOLF et al., 2003; RIDING et a.
2008 a; DEGRELLE et a., 2009; BELLIDO et 4.,
2010), to congenital diseases (NATH et a., 2009),
embryotoxicity (USAMI et a., 2008) and embryo
viability (KATZ-JAFFE et d., 2009; ROYERE et al.,
2009, DEGRELLE et al., 2009).

PROTEOMICS

This article will be restricted to the description of
proteomics strategy by using hbidimensiona
polyacrylamide gel  electrophoresis (2D-PAGE)
combined with mass spectrometry (MS) with
electrospray ionization source (ESI) and desorption
ionization and laser assisted matrix (MALDI)
(HAGER, 2004). The ESI and MALDI techniques are
considered soft ionization forms of high molecular
weight biological molecules. The term “soft
ionization” means that the ions formed have low
internal energy, which allows the observation of
molecular ions with little or no fragmentation. After
ionization, the charged molecules are separated
according to their mass-charged values (m/z) in one or
more mass anayzers such as time-of-flight (TOF) or
quadrupolo (ROCHA et al., 2005).

Briefly, in MALDI type ionization, the solution
containing the sample is mixed with a supersaturated
solution of the organic matrix, placed on a metal plate
and bombarded by a beam of high power laser with
wavelength corresponding to the maximum absorption
matrix, resulting in gas phase ions that will go to the
mass analyzer (KNOCHENMUSS & ZENOBI, 2003).
After that, the desorbed matrix ions are accelerated
under high vacuum by applying a potential difference
(15-30 kV). In the TOF analyzer, the time required to
reach the detector is proportional to both applied
voltage and ion m/z ratio (PIELES et a., 1993;
DATTA; PIHUR, 2010).

In ESI ionization, the analytes solution is passed
through a metal capillary where voltage is applied.
Then, a spray containing highly charged (positive or
negative) droplets is formed, which is then evaporated
using a heated flow of nitrogen. After the solvent
contained in the droplets is evaporated, the high charge
density culminates in a couldmbica explosion event
that “ejects” the ions to the gas phase (GROSS, 2004).

The 2D-PAGE electrophoresis is a traditional tool
in proteomic studies that works by isolating protein
spots according to their isoelectric point and molecular
weight, in order to identify and further relate these
proteins to their biological activity (O’FARRELL,
1975; ROCHA et a. 2005; GORG et d., 2004). The

2D-PAGE has a great resolution power when dealing
with intact proteins and has also been used to
distinguish isoforms and protein atered states
(MOTOYAMA,  2008). In general, liquid
chromatography is used as protein separation method
prior to MS and ESI (THIEDE et a., 2005). Therefore,
after protein separation using 2D-PAGE, the protein
spots on the gel are cut out, purified and submitted to
tryptic digestion to obtain peptides, which are further
analyzed by MS, to identify and quantify accurately
these proteins (PANDEY; MANN, 2000; GYGI et 4.,
1999; TYERS, MANN, 2003; DEGRELLE et 4.,
2009). Besides HPLC, new strategies for faster and
more efficient separation have emerged, mainly due to
the need to analyze complex samples, where a mixture
of many proteins is present (THIEDE et al., 2005,
MOTOYAMA, 2008).

One of the most efficient chromatographic
separation techniques is ultra-performance liquid
chromatography (UPLC), that allows efficient
separation of small protein fragments for further MS
anaysis (WASHBURN et.a., 2001; PENG etal.,
2003). For UPLC ESI-MS, a complex mixture of
peptides is loaded directly into a biphasic
microcapillary column with an array of strong cation
exchange and in sequence ancther reverse phase. The
biphasic microcapillary column is placed directly in
line with the mass spectrometer, featuring the
fragmentation into peptides in MS tandem
(HERNANDEZ, 2009). This is called shotgun
proteomics (MOTOY AMA, 2008).

Sometimes the detection of mas spectra is made
more than once, and then called UPLC MS/MS,
MALDI-TOF MS/MS, or sometimes when the probes
are repeated n times, it is called MS". The objective
here is to further increase the accuracy of the method,
especially for complex and small quantity samples.

PROTEOMICS OF EMBRYONIC AND FETAL
PLACENTAS AND MEMBRANES

The proteomic analysis of placenta, embryonic
annexes and the reproductive tract itself has been used
for different purposes. There are several examples in
the literature.

In cattle, the analysis of the protein contained in the
amnictic fluid might be important to assess the
maternal-fetal  environment and the state of
development of the fetus resulting from natural mating
or from in vitro fertilization (IVF) protocols and
nuclear transfer. Increased levels of bovine cathelicidin
antimicrobial protein (CAMP) were identified and
quantified by 2D-PAGE associated to mass
fingerprinting MALDI-TOF MS in samples of fetuses
resulting from IVF. This fact could be related to
changes in placental function or fetal development
(RIDING et al., 2008).

The proteomic approach was used to examine the
differences in protein expression in samples of human
placenta from fetuses generated by assisted
reproductive technology procedures (ART) compared
to normal fertilization. A total of 20 proteins were
identified by MALDI-TOF MS, including proteins
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involved in membrane transport, nucleic acid
metabolism, stress response and cytoskeleton. In the
ART group, it was identified anexina 3, heterogeneous
nuclear ribonucleoproteins  (hnRNP) crcz,
nucleosome assembly protein 1 (SNAP 1), ferritin light
polypeptide-like (FTL) and ATP synthase apha
subunit gene (ATP5A) and related to changes in
placental functionsin this group (ZHANG et al., 2008).

In another study, an increase of 12 proteins in
human placental villi in early pregnancy loss (EPL)
was identified. These proteins appear to be related to
the processes involved in network signaliing and
regulation of cellular activity, such as cell defense
against reactive oxygen species (ROS), differentiation,
proliferation, metabolism, transcription, apoptosis and
proteolysis. Significant anomalies in the three-
dimensional structure of some of these proteins were
also observed (LIU et d., 2006).

Some results suggest that placenta malformation in
cloned pigs may be caused by apoptosis of the placenta
cells. A differential expression of 43 proteins was
found, many of them related to apoptosis, showing the
importance of proteomics to understand the
pathophysiology of this condition (LEE et a., 2007).

In another study, neurokinin B NKB) was increased
in the placenta in cases of pre-eclampsia. High NKB
was able to reduce the expression of 20 proteins in
cytotrophoblast cultures. Four of these proteins were
involved in the antioxidant defense processes, while
two work to inhibit intravascular coagulation, leading
to the conclusion that NKB may contribute to the
pathogenesis of pre-eclampsia (SAWICKI et al., 2003).

Samples of normal human placentas and of patients
with pre-eclampsia were studied using 2D-PAGE and
2D-immunablotting. From the results, dynactin p-50
protein related to cell turnover was identified and
related to pre-eclampsia and its severity levels (MINE
et a., 2007).

The practical application of anima cloning by
somatic cell nuclear transfer (SCNT) has shown low
success rate. A proteomic approach using 2D-PAGE
and MS was used to evaluate a possible placental
dysfunction in SCNT. Placentas SCNT that originated
from post-natal death of the fetus were compared to
norma placentas that originated from artificia
insemination. From the comparison, 33 protein spots
were differentially expressed in SCNT placenta. The
protein TIMP-2 ( Metalloproteinase inhibitor 2) was
present in higher quantity in SCNT placenta, and this
protein is related to the extracellular matrix and tissue
remodeling during pregnancy. The results showed
modified protein profiles in SCNT placentas, which
resulted in fetal loss (KIM et al., 2005).

FINAL CONSIDERATIONS

Building a database of placenta proteomics at
several stages of fetal development, as well as the
characterization of the proteome of the embryo in early
pregnancy are critic to understand the
morphophysiological differences between normal
placentas and those found in fetuses generated by
assisted reproductive techniques, and should improve

the latter. Although proteomic analysis is highly
complex in cells and eukaryotic tissues, this approach
has spread and contributed to the understanding of
protein role in the placenta and embryo. The “omics”
approach can relate to, reflecting cellular complexity
and leading to elucidation of complex integration
networks of metabolic pathways and the interactome of
transcript genes, proteins and metabolites that are part
of the cellular function.
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