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Abstract.  Maternal effect genes produce mRNA or proteins that accumulate in the egg during oogenesis and control the
developmental program until embryonic genome activation takes place.  NLRP5 (NLR family, Pyrin domain containing
5), also called MATER (Maternal Antigen That Embryos Require) is one of the genes required for normal early
embryonic development, although its precise function remains to be elucidated.  The aim of the present study was to
analyze the NLRP5 gene expression pattern and protein distribution in somatic tissues and germ cells in the pig.
Reverse transcription was performed on mRNA from germinal vescicle (GV) oocytes and total RNA from spermatozoa
and tissues from different organs.  The transcript for NLRP5 gene was identified only in ovaries and oocytes.  The
presence of NLRP5 protein was detected only in ovaries by western blot analysis and immunohistochemistry.
Key words:  Maternal effect genes, NLR family, Pyrin domain containing 5 (NLRP5), Oocytes, Pig

(J. Reprod. Dev. 56: 41–48, 2010)

ver the past few years, a number of mammalian genes predom-
inantly or exclusively expressed in germ cells have been

discovered.  Functional studies have reported the essential role of
these genes during gametogenesis, folliculogenesis and early
embryonic development [1–7].  NLRP5 (NLR, pyrin domain
containing5), also called MATER (Maternal Antigen That
Embryos Require), is one of these genes.  However, its precise
function remains to be elucidated, although the transcription pat-
terns may suggest a role in embryonic genome activation.

Maternal mRNAs accumulated in the oocyte have a crucial role
for successful embryo development before activation of the embry-
onic genome (EGA) [3], and some of them are also required for
embryo development after EGA and implantation.  These genes,
which are called maternal effect genes and which include NLRP5,
Zygotic Arrest 1 (Zar1) [8, 9], Stella [10, 11] and Nucleoplasmin 2
(Npm2) [12], are all required for normal embryonic development
beyond the 1- and 2-cell stage in mice [13, 14].  Knock-out of these
genes leads to incapacity of the embryo to develop beyond the 2-
cell stage [15].

Developmental block in embryos produced in vitro remains the
main problem in assisted reproduction of farm animals, particularly
in cattle and pigs.  An increasing amount of data indicates that the
embryonic genome activation is crucial for the success of preim-
plantation embryo development [16].  To ensure maternal-embryo
transition (MET) of gene expression, oocytes have to reach a suffi-
ciently advanced level of developmental competence during

differentiation and maturation [17–19].  Maternally expressed
genes are implicated in this process, and some of them are associ-
ated with developmental competence [20, 21].  In domestic species,
MET occurs at the 4–16-cell stage [22], a stage in which enough
biological material is available to study the fate of maternal
mRNAs and their action in regulating embryo cleavages.  Studying
these genes in farm animals provides a model for understanding the
mechanisms that affect oocyte quality and their implication in the
success of embryo development and survival.

NLRP5 is an oocyte-specific maternal effect gene first identified
in the mouse, an animal in which it affects development beyond the
2-cell stage [15, 23].  More recently, the RNA and protein were
observed up to the 16-cell stage in bovine embryos [24, 25], the 8-
cell stage in a non-human primate [26] and in germinal vesicles in
humans [27].  The transcript can be detected during oocyte growth
from primary follicles, accumulates during oocyte development
and decreases after fertilization [28, 29].  NLRP5-null female mice
present a normal phenotype regarding folliculogenesis, ovulation
and fertilization; however, their embryos do not develop beyond
the 2-cell stage coincident with maternal-to-embryo transition [15].
The NLRP family is a subfamily of the newly described CATER-
PILLER (CAspase-recruiment domain (CARD) Transcription
Enhancer, R (purine)-binding, Pyrin, Lots of LEucine Repeats)
family, which comprises proteins with a nucleotide-binding
domain and a leucine-rich domain [30].  In humans, the NLRP gene
family is constituted of 14 members [31].  As these genes have only
been discovered recently, information about their expression and
functions in farm animals is still very limited.

The aim of this study was the identification and characterization
in a second farm species, swine, of one of these genes, NLRP5, an
oocyte-selective factor that may play an important role in oogenesis
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and preimplantation embryo development, thus confirming the data
produced so far only in bovine.

Materials and Methods

Oocyte collection
Ovaries from puberal gilts were collected from a local abattoir

and transported to the laboratory at 25–30 C in 0.9% saline.  Cumu-
lus  oocy te  complexes  (COCs)  were  i so la ted  under  a
stereomicroscope, recovered from each dish and transferred to a
Petri dish containing Tissue Culture Medium 199 (TCM 199).
Cumulus cells were removed using 3 mg/ml hyaluronidase in saline
and repeated pipetting.  Oocytes were collected in pools of 10 in 3
μl of washing medium, TCM 199, and stored at –80 C until use.

RNA isolation from oocytes
Extraction of mRNA from oocytes was performed using a Dyna-

beads mRNA DIRECT Micro-Kit (Invitrogen, Italy) according to
the manufacturer’s instructions.  Briefly, samples were lysed in 100
μl of Lysis Buffer for 10 min at room temperature.  Each sample
was transferred into a clean tube with 2μl of Dynabeads
Oligo(dT)25 and gently mixed for 5 min.  After two washes in
Washing Solution A (10 mmol Tris-HCl, pH 8.0, 0.15 mmol LiCl,
1 mmol EDTA, 0.1% (w/v) SDS) and three washes in Washing
Solution B (10 mmol Tris-HCl, pH 8.0, 0.15 mmol LiCl, 1 mmol
EDTA), Poly(A)+RNAs were eluted from the beads by incubation
in 8.5 μl Diethylpyrocarbonate (DEPC)-treated water at 65 C for 2
min.  Aliquots were immediately used for reverse transcription.

Tissue and spermatozoa collection and RNA extraction
Porcine tissues, which for these experiments included sample

of the heart, liver, ovary, lung, spleen, medulla oblongata, tongue,
muscle, subcutaneous adipose tissue and aorta, were collected at a
local abattoir and transported to the laboratory in phosphate buff-
ered saline (PBS), washed in fresh PBS and stored at –80 C.
Porcine sperm samples were purified by centrifugation through a
discontinuous Percoll density gradient (95:45, v/v) and swim-up
technique.  Pellets were gently overlaid with 1.2 ml PBS.  Tubes
were placed in an incubator at 39 C for 1 h.  The top 1.0 ml of PBS
was removed, sperm counts were performed and samples were
diluted to a concentration of 106 spermatozoa/ml.  The purified
spermatozoa were used immediately for the isolation of RNA.
Total RNA from somatic tissues and spermatozoa was extracted
using GenElute Mammalian Total RNA Kit (Sigma-Aldrich,

Italy) according to the manufacturer’s instructions.  RNA from
each sample was quantified using a NanoDrop Spectrophotome-
ter (NanoDrop Technologies, Wilmington, DE, USA) and stored
at –80 C until use.

Reverse transcription polymerase chain reaction and cDNA 
amplification

Reverse transcription polymerase chain reaction (RT-PCR) was
carried out in a total volume of 20 μl of reaction mixture containing
mRNA from pooled oocytes and total RNA from tissues and sper-
matozoa (1 μg total RNA), 1 μl of oligo(dT)18 (0.5 μg/μl) and
DEPC-treated water up to the final volume.  RNA was denatured at
70 C for 5 min.  Four μl of 5× reaction buffer, 1 μl of 10 mM
dNTPs and 1 μl of RiboLock Ribonuclease inhibitor (20 U/ml)
were added and the mixture was incubated at 37 C for 5 min.  RT
was performed with 1 μl (200 U) RevertAid H Minus M-MuLV RT
for 1 hour at 42 C.  Enzymes were inactivated at 70 C for 10 min.
All reagents were purchased from M-Medical, Italy.

The correct mRNA retrotranscription was assessed by PCR.
Primers for beta actin (EMBL DQ845171) and H2A histone family
member Z (EMBL NM_174809) were designed based on the swine
and bovine sequence respectively (Table 1), and the amplicons
were used as posit ive controls  in the following cDNA
amplification.

Five primer pairs were designed based on the complete NLRP5
coding sequence (EMBL NM_001007814) and are reported in
Table 1.  All primer pairs were designed using the prediction pro-
gram AmplifX 1.37.  A negative control was also included in the
analysis.

Polymerase chain reaction (PCR) was performed in a total vol-
ume of 15 μl of the following reaction mix: 0.6 μl 50 mM MgCl2,
0.3 μl Taq DNA polymerase (5 U/μl), 1.5 μl 10 × PCR buffer (200
mM Tris-HCl, pH 8.4, 500 mM KCl), 1 μl 10 mM dNTPs and 6.25
pmol of each sequence-specific primer (Invitrogen, Italy).  It was
carried out in an Eppendorf thermal cycler (Eppendorf, Italy), using
the following cycle: 94 C for 3 min, followed by 25 cycles of 94 C
for 30 sec, 59–60 C for 30 sec and 72 C for 45 sec, with a final
extension at 72 C for 5 min.

Genomic DNA extraction
Genomic DNA was extracted using a commercial kit (Quiagen,

Italy).  Two mg of porcine liver were frozen and ground in liquid
nitrogen in a mortar.  The ground tissue was suspended in 300 μl of
cell lysis solution.  Then, 1.5 μl of proteinase K (20 mg/ml) was

Table 1. Primer pairs used for correct mRNA retro-transcription and cDNA amplification

Forward 5’–3’ Reverse 5’–3’ Amplicon size Annealing temperature

Beta actin aatcctgcggcatccacgaaacta agaagcatttgcggtggacgat 318 bp 60 C
Histone H2AFZ aggacgactagccatggacgtgtg ccaccaccagcaattgtagccttg 208 bp 60 C
cds1 tccaattacggactgcagtggt gctcttcgagtccatctaccacaa 772 bp 59 C
cds2 ggctcttgattgtggtagatggac cgtagaacaaggccgcaaagaa 726 bp 60 C
cds3 aggagttctttgcggccttgtt acccgggcccctttaaatatcaga 697 bp 59 C
cds4 ggcagccagcctgtaaaatacaga tcgtgatcacgttggacagact 771 bp 59 C
cds5 agagtctgtccaacgtgatcacga taggacagcgcttcacagagaac 637 bp 60 C



43IDENTIFICATION OF A GENE ASSOCIATED WITH OOCYTE DEVELOPMENTAL COMPETENCE

added, and the sample was incubated overnight at 55 C, and then
for 30 min at 37 C with 1.5 μl of RNase A (4 mg/ml).  The sample
was cooled down to room temperature, and proteins were precipi-
tated by adding 100 μl of protein precipitation solution and
centrifuged at 13,000 × g for 3 min.  The supernatant was poured
into a clean tube containing 300 μl of 100% isopropanol, mixed
and then centrifuged for 1 min at 13,000 × g.  The tube was drained,
and the pellet was washed by the addition of 300 μl of 70% ethanol
and then centrifuged for 1 min at 13,000 × g.  The pellet was air-
dried at room temperature for 15 min, and DNA was rehydrated
using 50 μl of DNA hydration solution and quantified using a
NanoDrop Spectrophotometer (NanoDrop Technologies).  Finally,
each sample was diluted to a final concentration of 5 ng/μl and
stored at –20 C until use.

Genomic DNA amplification for RH mapping and sequencing
Primers for the complete sequence of each NLRP5 exon were

designed based on the bovine gene sequence (Ensembl
NP_001007815.1; Table 2) using the prediction program AmplifX
1.37.

PCR was performed in a total volume of 15 μl of the following
reaction mix: 0.6 μl 50 mM MgCl2, 0.3 μl Taq DNA polymerase (5
U/μl), 1.5 μl 10X PCR buffer (200 mM Tris-HCl, pH 8.4, 500 mM
KCl), 1 μl 10 mM dNTPs and 6.25 pmol of each sequence-specific
primer (Invitrogen, Italy).  It was carried out in an Eppendorf ther-
mal cycler (Eppendorf, Italy) using the following cycle: 94 C for 3
min, followed by 25–35 cycles of 94 C for 30 sec, 57–61 C for 30
sec and 72 C for 45 sec, with a final extension at 72 C for 5 min.

Sequencing of cDNA
PCR products were loaded onto a 2% agarose gel in 1X TAE

buffer (40 mM Tris-acetate, 1 mM EDTA) containing 0.5 μg/ml
ethidium bromide and run at 80 V for 45 min.  Fragments were
visualized with a Molecular Imager ChemiDoc XRS System (Bio-
Rad, Italy), and the image of each gel was recorded using the Quan-
tity One 1-D Analysis Software (Bio-Rad, Italy).  Amplicons for
each exon of NLRP5 gene were excided from the agarose gel and
eluted with a GenElute Gel Extraction Kit (Sigma-Aldrich, Italy).
The amplicons were purified according to the manufacturer’s
instructions and quantified using a NanoDrop Spectrophotometer
(NanoDrop Technologies).  PCR products were further purified

with ExoSAP-IT (USB, Cleveland, OH, USA) and sequenced in
both directions using a BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems, Italy).  DNA sequencing by capillary electro-
phoresis was carried out with a ABI PRISM 3100 DNA Analyzer
(Applied Biosystems).

Chromosomal mapping
The INRA porcine radiation hybrid (IMpRH) panel was used to

map the NLRP5 gene.  PCR reactions were performed as described
above (annealing temperature, 57 C) using the following primers
designed to amplify exon 6 and based on the sequence produced in
the present study (EMBL AM748274): Fwd 5’-cggattaacgc-
ccagctcttgt-3’ and Rev 5’-tagcttctgcagagtgcagtgtg-3’.  PCR
products of the expected size (157 bp) were visualized by agarose
gel electrophoresis and ethidium bromide staining.  Amplification
was repeated twice.  The marker was scored as positive (1) and
negative (0) for each hybrid.  The consensus data were uploaded
onto the INRA RH database [32] and analyzed using the IMpRH
web server (http://imprh.toulouse.inra.fr/).

Protein extraction, gel electrophoresis, western blot and 
immunostaining

Pig tissues (50 mg) were washed with PBS, and proteins were
extracted following homogenization in 1 ml of lysis buffer (10 mM
Tris-HCl, pH 7.4, 10 g/l Nonidet-P40, 150 mM NaCl, 1 mM EDTA
and protease inhibitor cocktails) at 4 C for 1 h.  Proteins from the
mouse ovary (50 mg), which was used as the positive control in
cross-reactivity studies, were extracted following the same proto-
col.  The supernatant was centrifuged at 10,000 × g for 3 min at 4
C.  Protein concentration was assessed using a NanoDrop Spectro-
photometer (NanoDrop Technologies).  Fifty μg of proteins were
separated by SDS-PAGE electrophoresis and then transferred onto
a nitrocellulose membrane.  The membrane was probed with a spe-
cific goat polyclonal antibody (diluted to 1:5,000) raised against a
peptide of NLRP5 of mouse origin (NALP5 F-19, Santa Cruz Bio-
technology, Germany).  A specific donkey anti-goat IgG
horseradish peroxidase conjugate (Santa Cruz Biotechnology) was
used as the secondary antibody (1:2,000), and the presence of
NLRP5 protein was visualized using an Immobilon Western HRP
Kit (Millipore, Italy).

Table 2. Primer pairs used for PCR amplifications of each exon

Exon Forward 5’- 3’ Reverse 5’- 3’ Amplicon size Annealing temperature

  1 acaggtcccattggcttcgtttac tctgccccaatctcactcacttt 380 bp 58 C
  2 gacacggtctcaactgttct tcacacacatccgtttccac 159 bp 55 C
  3 actctcttcacacccagtcccatt aggatgagtgcattctggagctct 1917 bp 61 C
  4 ggcagttgctcatgtcagaatcca atgacacagccacacaaaggga 277 bp 58 C
  5 tcacgttcccttttcccgtctgta gtaaaagcagtgacgccctgaa 251 bp 59 C
  6 ttgcctgtctctgcaggttggat ggagtaccgctcacattagcttct 201 bp 58 C
  7 tcttcaccgactgagctgtcatct cactgctctgcactcgctgta 281 bp 60 C
  8 tgtgtgccccgcagactaaac aaccgtgtggtagacttgatctcc 228 bp 59 C
  9 ccgcctatcgcagtttggtgaa aagaccctaccgagtctcgt 191 bp 59 C
10 gggtctttcttggctgtgctga accacaagtggtttggctggat 307 bp 59 C
11 tcccagagtaaggaagccccttt tcgtctgctcaggagtcaca 467 bp 59 C
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Immunohistochemistry
The localization of the protein was investigated by immunohis-

tochemistry.  Ten-μm cryosections of ovary were air-dried, fixed in
acetone for 3 min and stored at –20 C until use.  After removing
endogenous peroxydase activity in 1% H2O2 and blocking with
donkey serum, ovarian sections were incubated with a specific goat
polyclonal antibody (diluted to 1:100) raised against NLRP5 of
mouse origin for 2 h at 37 C, and then incubated for 2 h at room
temperature with the secondary biotinylated donkey anti-goat IgG
antibody (Santa Cruz Biotechnology).  Detection was carried out
using a Vectastain ABC kit (Vector Labs, UK) and 3,3’-diami-
nobenzidine (DAB) as  the substrate ,  according to  the
manufacturer’s instructions.  Sections were counterstained with
hematoxylin and eosin.  As the negative control, the specific anti-
body was omitted.

Results

Sequencing of cDNA and protein characterization 
Primers were designed based on specific bovine exon sequences

and on a bovine total cDNA sequence.  The 3567 bp-long sequence

produced in the present study and subsequent exon assembly was
submitted to Genbank (EMBL AM941716).

The ClustalW multiple alignment program was used to align our
sequence to the corresponding bovine (EMBL NM_001007814),
human (EMBL AY154460) ,  macaque monkey (EMBL
NM_001127631) and murine (EMBL NM_001039143) protein-
coding regions.  To provide insight into amino acid homology
among these sequences, the pig nucleotide sequence was converted
into amino acid sequence data and aligned to the other mammalian
NLRP5 protein sequences.  The predicted porcine protein, 1188
amino acid residues, displays a similar length to the human (1200
aa) and macaque (1199 aa) proteins, and is longer than the bovine
(1098 aa) and murine (1095 aa) proteins.  A search within the Inter-
Pro database (http://www.ebi.ac.uk/InterProScan) was performed
to investigate the protein structure.  The predicted molecular mass
is 130 kDa, and three major regions were identified, a DEATH-
Like domain at the amino terminus (aa 7–75), a DAPIN or Pyrin
domain (aa 11–112) and a NACHT nucleoside triphosphatase
domain (aa 542–992).  This global protein organization is typical of
the NLRP5 protein.  Furthermore, an aldehyde dehydrogenases
cysteine active site (aa 1132–1143) was also found.  This domain is

Fig. 1. Expression pattern of NLRP5 in porcine tissues assessed by
PCR: ovary (Ov), aorta (Ao), adipose tissue (At), heart (H),
muscle (M), tongue (T), medulla oblongata (Mo), liver (L),
spleen (S), lung (Lu) and negative control (–). Porcine genomic
DNA was used as the positive control for NLRP5 amplification
(+). PCR for beta-actin amplicon was performed as the positive
control for RT-PCR.

Fig. 2.  Expression pattern of NLRP5 in germinal vesicle oocytes (GV)
and spermatozoa (Sp). Negative control (–). Porcine genomic
DNA was used as the positive control for NLRP5 amplification
(+). Histone H2AFZ amplicon was used as the positive control
for RT-PCR.

Fig. 3. (A) Porcine NLRP5 domains and motifs identified in the protein. (B) Amino acid identity of DEATH-Like, Pyrin/DAPIN
and NACHT domains between porcine NLRP5 and bovine, human and monkey NLRP5. Overall amino acid identity is
indicated on the left. The mouse protein was not aligned because it does not show two of the three domains considered.
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not present in the NLRP5 protein found in the bovine, mouse,
human and non-human primates (Fig. 3A).  The highest degree of
homology was found in two functional domains, DEATH-Like and
Pyrin/DAPIN.  Moreover, it should be pointed out that the identi-
ties between amino acid sequences of identified domains are
dramatically lower in NACHT/NLRP5 (Fig. 3B).

Chromosome mapping
The IMpRH panel was typed for the NLRP5 gene and the exon 6

specific amplicon was obtained in 32 of the 118 hybrid cell lines
(retention frequency of 0.19).  In accordance with the work by Ma
et al. [33], the mapping results assigned NLRP5 to SSC6.  The
closest marker, in the present study was SW193 in a region of con-
served synteny with bovine chromosome 18, human chromosome
19 and mouse chromosome 7.

Tissue and germ cell expression of NLRP5
Semi-quantitative analysis of the expression patterns of NLRP5

in somatic tissues (heart, liver, lung, spleen, medulla oblongata,
tongue, muscle, adipose and aorta) and germ line tissue (ovary) was
carried out.  Beta-actin was used as the internal control to standard-
ize expression levels for reverse-transcription, as it is known to be
expressed in all tissues; Histone H2AFZ was used as the positive
control for germ cells.  A negative control was also included in the
analysis.  The presence of PCR products showed NLRP5 to be
strongly expressed in ovaries, but expression was not detected in
the other tissues (Fig. 1).  Further transcription analysis showed
NLRP5 to be specifically expressed in germinal vesicle oocytes but
not in spermatozoa (Fig. 2).

NLRP5 protein localization
NLRP5 protein expression was assessed by western blot using a

goat polyclonal antibody raised against NLRP5 of mouse origin as
the primary antibody.  The cross-reactivity of the antibody with
porcine tissues was validated by using mouse ovarian extracts as
positive controls (Fig. 4A).  After this first preliminary step,
NLRP5 protein expression was investigated in all the tissues sam-
pled, and the results showed that the protein was expressed in the
ovary alone (Fig. 4B).  This result is consistent with the transcrip-
tion data produced in this study and in previous studies in other
species [25].  The molecular mass of the porcine protein, 130 KDa,
corresponds to that of the mouse, which was used as the positive
control, and is in the range of all NLRP5 proteins characterized so
far in other species [24, 34]

To further localize the protein within the ovarian tissue, cryosec-
tions of pig ovaries were incubated with the same antibody specific
for NLRP5 peptide used in the western blot analysis.  The protein
was found to be present with a similar labelling intensity only in the
subcortex of oocytes in antral follicles (Fig. 5D–E).  The protein
was not detected in oocytes from primordial, primary or secondary
follicles (Fig. 5A–C).  Follicles larger than the antral follicles were
not observed in this study.

Discussion

Gametes are transcriptionally quiescent at the time of fertiliza-
tion, and activation of the embryonic genome does not occur until
the late one-cell to early 2-cell stage of preimplantation develop-
ment in mice [35], 4-cell stage in pigs [36, 37], 4–8-cell stage in

Fig. 4. Immunoblotting analysis. (A) Cross reactivity of NLRP5
antibody in mouse (M) and swine (S) ovarian cortex protein by
western blot. Molecular mass (MM). (B) Distribution of NLRP5
protein in porcine tissues: adipose tissue (At), liver (L), medulla
oblongata (Mo), lung (Lu), ovary (Ov), tongue (T), muscle (M),
spleen (S), aorta (Ao) and heart (H). Molecular mass (MM).

Fig. 5. Ovarian localization of porcine NLRP5 protein by
immunohistochemistry. Ovarian sections showing primordial
(A), primary (B), secondary (C) and antral follicles (D). Negative
control for immunohistochemistry showing an antral follicle (E).
The arrow indicates the protein localization in the subcortex of
the oocyte. Original magnification 20×.



PISANI et al.46

humans [28, 38] and non-human primates [39] and 8–16-cell stage
in cattle [40].  Processing of the sperm nucleus, organization of the
two pronuclei and the first cell divisions, as well as activation of the
embryonic genome are regulated by pre-existing factors in the egg
cytoplasm encoded by maternal genes [19].  The NLRP5 gene has
one of the earliest effects on embryogenesis; fertilized oocytes
from NLRP5 knock-out mice do not progress beyond the 2-cell
stage [15].  NLRP5 transcripts accumulate during oogenesis and
are translated into protein.  During meiotic maturation and ovula-
tion, NLRP5 transcripts are degraded, but the cytoplasmic protein
persists until the early blastocyst stage, suggesting a physiological
role beyond the first embryonic cleavage.

In this study, we assessed the expression patterns of pig NLRP5
in somatic tissues, oocytes and spermatozoa.  NLRP5 could not be
detected in any tissue except the ovary; the transcript was also
present in germinal vescicle oocytes, but not in spermatozoa.  The
tissue distribution of NLRP5 expression supports a role in repro-
ductive function as in mice and cattle.  Indeed, NLRP5 and Zar1
gene are the first germ cell-specific maternal effect genes identified
in pig so far [41].

The 3.57-kb ORF of the pig NLRP5 gene here assessed has a
size similar to those of mouse (3.46-kb) [23], bovine (3.54-kb) [42]
human (3.88 kb) [27] and macaque (3.88 kb) [26] transcripts.  The
primers used in the present study were designed based on the
bovine sequence (Ensembl ENSBTAG00000013247), and all 11
regions corresponding to bovine exons were satisfactorily ampli-
fied.  The different length of the pig coding sequence, though,
suggests that a different gene organization could exist.  Indeed,
human and mouse NLRP5 genes have similar ORF sizes resulting
from different number of exons; the human gene has 15 exons
(Ensembl ENSG00000171487), and the mouse gene 16 exons
(Ensembl ENSMUSG00000015721).

The pig ORF encodes for a putative protein of 1188 aa with a
predicted molecular mass of 130 kDa.  This protein is longer than
the bovine (1098 aa) and mouse (1111 aa) proteins, and shorter
than the human (1200 aa) and macaque (1199 aa) proteins.  Struc-
tural analysis of the NLRP5 protein in different species showed a
different distribution and the presence of different domains.  Two
domains characteristic of the NLRP family [31] are conserved in
the pig, bovine, human and macaque monkeys protein, but the
mouse protein has only the NACHT domain, as the authors of the
present paper ascertained by running in silico analyses in the Inter-
Pro database.  The N-terminal Pyrin/DAPIN domain, identified as a
putative protein-protein interaction domain, is thought to function
in the apoptotic and inflammatory signaling pathway.  This domain
is a member of the six-helix bundle death domain-fold superfamily
[43–46] and is followed by a NACHT domain, a predicted nucleo-
side triphosphatase (NTPase) domain, which is found in animal,
fungal and bacterial apoptotic proteins [47].  These two domains
are often associated with a DEATH-Like domain, a homotypic pro-
tein interaction module related to the Death Effector Domain
(DED) and the Caspase Recruitment Domain (CARD) [48].  Fur-
thermore, an aldehyde dehydrogenase cysteine active site was
identified for the first time in the present study, as it has not been
previously identified in the NLRP5 proteins of other species.  Alde-
hyde dehydrogenases (ALDHs) are a group of enzymes that

catalyse the oxidation of aldehydes and are largely conserved
throughout the different classes of the enzyme.  If supported with a
validated ALDH enzyme activity of pig NLRP5, this finding may
suggest a possible role for this protein in detoxification of alde-
hydes as previously shown in preimplantation mouse embryos [50].

In the present study, the pig NLRP5 gene was assigned to chro-
mosome SSC6q11–21 by RH mapping, the closest marker being
SW193.  Recently, Ma et al. [33] assigned the NLRP5 gene to the
long arm of chromosome 6 (SSC6q21–22) linked to marker
CL388309.  To investigate the discrepancy in map position, the
pairs of primers designed and used in the two studies were aligned
t o  t h e  b o v i ne  ge no m i c  s e q u e n c e  ( E n s e m b l
ENSBTAG00000013247).  The primers used by Ma et al. corre-
spond to bovine exon 3, whereas the primers used in the present
study amplify exon 6. Unfortunately, no pig genomic contig
sequence including the SW193 and CL388309 markers and the
fragments amplified in both studies is available.  Therefore, the
actual distance between the two regions cannot be precisely
assessed.  Furthermore, partial alignments of the NLRP5 sequence
on unfinished genomic contigs revealed differences in intron
length, with the pig intron sequence being longer than that of the
bovine.  Previous studies have identified in this chromosome 6
region, QTLs for “total newborn” [51], “newborn alive” and
“mummified piglet” [52] traits.  In humans, the corresponding
region in chromosome 19 is known to carry six NLRP genes
(NLRP 9, NLRP 11, NLRP 4, NLRP 13, NLRP 8 and NLRP 5).
Finally, the syntenic region in bovine chromosome 18 contains a
QTL region for stillbirth (maternal effect) and nonreturn rate at 90
days (maternal and paternal effect), as well as dystocia (direct
effect) [53].

In the present study, the tissue distribution of the NLRP5 protein
was assessed by western blot.  To further characterize the localiza-
tion of this protein, immunohistochemical staining was performed,
which showed that NLRP5 is a cytoplasmatic protein present in the
ovaries, specifically in the subcortex of oocytes of antral follicles,
which has also been recently shown in mice by Li et al. [54].  We
showed that the expression of this gene is restricted to gonad cells
and female germ cells, confirming data previously reported in other
species [1, 3, 15, 27, 42].  Moreover, the protein identified in the
present study has a molecular mass (130 kDa) in the range of the
NLRP5 proteins that have been sequenced in other species [24, 27,
29].

The genomic sequence, the expression in female gonads and
germ cells and assignment to a QTL region affecting reproductive
traits in SSC6 confirmed NLRP5 as a candidate gene for fertility
traits related to gametogenesis, oogenesis and preimplantation
development.

Although little is known about maternal effects in pigs, increas-
ing evidence in different mammalian species indicates that
maternal factors present in oocytes perform a critical role in biolog-
ical events following fertilization [13, 20, 55, 56].  Biological
evidence for impact on early embryonic development has been
obtained using NLRP5-null female mice, which show a block in
embryonic development [15].  The spatial expression shown in the
present study suggests the functional relevance for maternal effects
on female gametes in pigs.
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Further characterization of the oocyte-selective NLRPs in multi-
ple species along with signaling pathway/interactive protein
analysis may eventually unravel an oocyte-specific genetic net-
work crucial for preimplantation development of embryos.
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