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1. Introduction

Integrins are a long family of heterodimeric transmembrane glycoproteins consisting of
multiple combinations of noncovalently linked o and B chains, which generate different
complex receptors with different expression patterns and ligand binding profiles. The
integrins bind to extracellular matrix (ECM) or to cell-surface ligands, regulating numerous
downstream pathways (Hynes, 2002).

Each integrin binds to only a limited series of ligands, ensuring that cell adhesion and
migration are precisely regulated. The o subunit mainly determines the substrate specificity
with extracellular matrix molecules (ECM) (Yamada, 1991), while the intracytoplasmic tail
of the Pchain is predominantly responsible for the integrin interaction with the cell
cytoskeleton by binding to vinculin, talin and o-actin (Isenberg, 1991). Thus, this
heterodimeric association between o and P subunits allows the integrins to act as
bidirectional signaling molecules in the different tissues and cell types in which they are
widely distributed, mediating a variety of biological processes so diverse as embryogenesis,
haemostasis, tissue repair, migration, cell polarity, immune response and metastatic
diffusion of tumor cells (Hynes, 1987, 1992; Hemler et al., 1994).

Mammalian integrins have been divided into subfamilies according to their B subunit. The
most important B integrin subfamilies are [, B,and ;. Within a subfamily, the same
B subunit can associate with different o subunits. To date, 18 o and 8 B chains -whose
combinations provide up to 24 different integrins- have been described in mammal species
(Hynes et al., 2002; Alam et al, 2007).

IThe experiments and results showed in this chapter belong to the PhD by G. Esteso directed by J.J.
Garrido.

2Sequence data from this article has been deposited with the GenBank Data Libraries under Accession
Ne JF808665.
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The oun chain only associates with the 5 chain providing the ouB; (CD41/CD61) integrin
receptor which is the most abundant one in platelets. The main role of the ounf; receptor is
the binding of fibrinogen to the surface of the activated platelet, thereby resulting in the
platelet aggregation with significant consequences in the thrombosis and the homeostasis
attainment (Clark & Brugge, 1995; Schwartz et al., 1995). Although for a long time it was
thought that the our, integrin expression was limited to platelets and their precursors (the
megakaryocytes), several studies have revealed that the oy chains are also expressed in
myeloid and in hematopoietic cells (Ody et al., 1999; Corbel and Salaun, 2002). In
addition, ounP; integrin plays an important role in the progression and invasion of tumors
(Chen et al., 1992; 1997) and in the differentiation of cells from the myeloid lineage in bone
marrow (Chen et al, 1997; Wall et al, 1997). In humans, both subunits of the ouf; integrin
show a high level of polymorphism resulting in some cases in clinically important
hemorrhagic disorders (Weiss et al., 1996).

Consequently, o, has been involved in many, different and important functions related
with platelet activation and tumor progression. However, most studies related to oum
integrin have been carried out in humans, and little is known about the expression of o
subunit in porcine tissues and cell types, although pig is generally accepted as an optimal
experimental model which is used in different areas as immunology, xenotransplantation,
artherosclerosis, cancer or cardiovascular disease because of its similarity to humans
(Misdorp, 2003; Lunney, 2007).

In the present study we describe the cloning and molecular characterization of a cDNA
encoding the porcine o, (CD41) integrin, and the expression pattern of the oiy mRNAs in a
variety of porcine cells and tissues. In parallel, we use immunohistochemistry and flow
cytometry to accurately locate the porcine our, integrin protein in the same tissues and cell
types. For this, we produce a monoclonal antibody against a porcine recombinant oum
protein. We also study if any change is produced in the level of oy transcripts in thrombin
stimulated platelets. Additionally, we identify the chromosomal localization of the porcine
CD41 gene.

2. Material and methods

2.1 Tissues and cells

Fresh pig blood from approximately 1 year old healthy pigs was collected at the
slaughterhouse into sodium citrate to final concentration of 10% v/v of the anticoagulant.
Platelets isolation was carried out according to Garcia et al., 2005. Porcine platelets were
pelleted from plateled-rich plasma (PRP) obtained by centrifugation at 200g for 20 min of
blood after addition of ACD solution (117mMsodium citrate, 282mMglucose and
78mMcitric acid) to a concentration of 7%v/v. The upper third of the PRP was centrifuged
again after addition of prostacyclin (final concentration 2.5 mM) to avoid platelets
activation. For platelets activation, the cells were stimulated by the addition of 1 U of
thrombin for 3min at 37°C. Porcine tissues were recovered from adult pigs immediately
after slaughtering at the local abattoir and frozen in liquid nitrogen until use. Peripheral
blood mononuclear cells (PBMC) were isolated from heparinized whole blood using Ficoll-
Hypaque (density 1077 g/ml, Sigma) centrifugation at 900 g for 30 min. Mononuclear cells
(lymphocytes and monocytes) and granulocytes were collected by aspiration from their
respective gradient interphases and washed twice in PBS.
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2.2 RNA isolation, RT-PCR and RACE

Total RNA from platelets, cells or tissues was purified according to the M-MLV Reverse
Transcriptase system (Invitrogene) using the random primers pd(N)e-5"-POsNA*Salt (Pharmacia
Biotech). RNA samples were kept at -80°C after controlling the quality on a denaturing
agarose gel. 5 pg RNA, resuspended in 9.5 ul water, were heated for 3 min at 65°C in the
presence of random hexamers (7.5 uM final concentration), and then cooled in ice. RNA was
reverse transcribed using 1 pl Moloney murine leukemia virus reverse transcriptase (200
units/ul) (GibcoBRL) for 1 h at 42°C in a final volume of 20 pl containing 4 pl of 5X reverse
transcriptase buffer, 0,5 pl ribonuclease inhibitor (50 U/ul) (Roche), 1 pl 20 mM dNTP
(Pharmacia) and 2 ul 0.1 M dithiothreitol. After 10 min at room temperature, 1 h at 42 ° C, and
10 min at 95°C, DEPC H,0 were added until a final volume of 100 pl. 2 ul of this mixture were
subjected to PCR using 1ul Tth DNA polymerase (1U/ul) (Biotools) and 2,5 ul each CD41-
specific primer (20uM) (see Table 1) in a final volume of 50 pl containing 5 pl 10x buffer, 2 pl
MgCl, (50 mM), and 8 ul dNTP MIX (1,25 mM each) (Biotools). The amplification consisted in
35 cycles of PCR and each cycle consisted of incubations at 94°C for 1 min, Tm°C for 1 min, and
72°C for 1 min. The amplifications were electrophoresed on 1% agarose/1X TAE gel. RT-PCR
on RNA18S cDNA was used as a control. For RACE (Rapid Amplification of cDNA Ends), 1
pg total RNA from platelet was used to reverse-transcribe using 1 ul Moloney murine
leukemia virus reverse transcriptase (200 units/pl) (GibcoBRL) for 1 h at 42°C in a final volume
of 20 pl containing 4 pl of 10X reverse transcriptase buffer, 1,0 ul ribonuclease inhibitor (50
U/ul) (Roche), 4 pl 2,5 mM dNTP (Pharmacia) and 2 ul 3" RACE ADAPTER (20 uM) in a final
volume of 20 pL. 3" CD41 cDNAs were obtained by PCR using a specific porcine CD41 primer
and the anchor primer provided in the kit (Table 1).

2.3 DNA sequencing and sequences analysis

Sequencing was performed using ABI PRISM BigDye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems, Foster City, CA, USA) on a thermal DNA cycler GeneAmp
PCR System 2400 (Applied Biosystems, Foster City, CA, USA), according to the instructions of
the manufacturer, and analysed on an ABI PRISM 3100 Sequencer (Applied Biosystems, Foster
City, CA, USA). Porcine CD41 sequence has been deposited at GenBank under number
JF808665. Sequences were analyzed using the analysis software LaserGene (DNAstar, Londo,
UK) and the analysis tools provided by the expasy web site <http://www.expaxy.org>.
Primers design was performed with Oligo 6 (MBI, Cascade, CO, USA) and Amplify 3
(<http:/ /www .engels.genetics.wisc.edu/amplify/>). Multiple alignment among CD41
peptide sequences from Sus scrofa (GenBank accession no. JF808665 ), Homo sapiens (GenBank
accession no. AAI26443), Bos taurus (GenBank accession no. NP_001014929), Mus musculus
(GenBank accession no. NP_034705), Rattus norvegicus (GenBank accession no. XP001063315),
Canis familiaris (GenBank accession no. NP_001003163), Equs caballus (GenBank accession
no. NP_001075262), Oryctolagus cuniculus (GenBank accession no. Q9TUN4), Danio rerio
(GenBank accession no. AAQ82784) and Xenopus laevis (GenBank accession no. Q5XH72) was
performed by using MUSCLE program (Edgar, 2004).

2.4 Recombinant CD41 protein (rpCD41) expression and purification
DNAs encoding extracellular domains of the porcine CD41 were amplified by PCR. Primers
used for amplification contained restriction sites enabling ligation into the expression vector
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pET28b (Novagen) following digestion of the PCR product and the vector with BamHI and
HindIll. Two different pairs of primers were used: Flrp-EcoRI/Rlr-pXhol and F2rp-
BamHI/R2rp-Hindlll (Tablel). PCR product was ligated into the expression vector pET28b
and used to transform Escherichia coli strain BL21 (DE3) (Novagen). Recombinant proteins
(rpCD41-F1R1 and rpCD41-F2R2), expression and purification were carried out following
previously procedures described by us (Jiménez-Marin et al., 2000).

2.5 Antibodies production

A monoclonal antibody, GE2B6, against rpCD41-F2R2 and two polyclonal antibodies, anti-
rpCD41-FIR1 and anti- rpCD41-F2R2, were produced using previously described
immunization and cells fusion procedures (Arce et al., 2002; Jiménez-Marin et al., 2000).
Briefly, female BALB/c mice were immunized with 50 pg of rpCD51. Spleen cells from
immune mice were fused with Sp2/0 myeloma cells. Hybridoma clones were selected on
the basis of binding secreted antibody to rpCD61 by indirect ELISA. Antibody-producing
hybridomas reacting positively were cloned at least twice by limiting dilution.
Immunoglobulin classes and subclasses were determined in solid-phase ELISA using rabbit
antisera specific for mouse heavy and light chains and a peroxidase-conjugated goat anti-
rabbit immunoglobulin (Sigma).

2.6 Electrophoresis and immunoblottings

Platelets (108/sample) were lysated in NP-40 lysis buffer with PMSF 2 mM with vigorous
shaking for 1 h at 4°C, and then centrifuged at 12,000 rpm, 20 min. 100 pl supernatant were
mixed with 100 ul of sample treatment buffer, and 100 ul were loaded in the gel.
Electrophoresis was carried out in 5%-15% gradient polyacrilamide gels. For the 2D
electrophoresis, the platelet proteins pellet was resuspended in lyses buffer (7 M urea, 2 M
thiourea, 4% CHAPS, 1% DTT, 0,8% ampholytes). Inmobilized pH gradient strips (17 cm, 5-
8 linear pH gradient, Bio-Rad) were rehydrated with 300 ul (300 ug) of the protein solution
for 16 h, and focused in a PROTEAN IEFcell (Bio-Rad). Second dimension was performed
on 10% SDS-PAGE. For the immunoblottings, proteins were transferred from gels to PVDF
Inmobilon P membranes (Milipore). Membranes were blocked and washed three times in
PBS-T, and then incubated with 3 ml antibody or PBS as negative control, overnight at 4°C
in shaking. After three washing ups in PBS-T, the membranes were incubated with rabbit
anti-immunoglobulin-peroxidase (Sigma). Afterwards, they were washed up three times in
PBS-T, and finally reactions were detected with the ECL™ detection system (Amersham)
following the manufactures instructions.

2.7 Immunoprecipitation of platelet CD41 proteins

Platelets (108/sample) were incubated with 0.4 mg sulfobiotin (Pierce) with gently
shaking for 15 min at 4°C, and then centrifuged at 3,000 rpm, 15 min. Pellet was washed
three times in PBS, and then resuspended in lyses buffer (500 pl/sample) and PMSF 2
mM. After incubation in dark with vigorous shaking for 1 h at 4°C, it was centrifuged at
13,000 rpm, 20 min, and the supernatant was collected. 50 pl of protein G-Sepharose
(Pharmacia) were added per ml of supernatant and incubated with shaking overnight at
4°C, and then centrifuged at 2,000 rpm, 5 min. 500 pl lysate were incubated with 1 ml of
the anti-porcine CD41 antibody for 2 h at room temperature. At the same time, when
monoclonal antibody was going to be used, to increase its binding ability, the G protein is
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recovered with an anti-mouse immunoglobulin rabbit serum (Pierce) 1/10 in lyses buffer,
for 2 h at room temperature. Then, the G protein is washed three times in lyses buffer, and
centrifuged at 2,000 rpm, 2 min. This step was not needed when polyclonal antibodies
were used. 50 pl of the antibody recovered G-Sepharose were added to the lysate
containing the anti-CD41 antibody and incubated for 1 h at room temperature with
shaking, and then centrifuged at 2,000 rpm, 5 min. The supernatant was collected and
washed three times in lyses buffer, the first being in buffer and sucrose. Finally,
supernatant was subjected to SDS-PAGE in 5%-15% gels in reducing or not reducing
conditions. After electrophoresis, the proteins were transferred to PVDF, Inmobilon P
membranes, as described before, and, after be blocked, incubated with a solution of
Streptavidin-HRP (Amersham) solution 1/500 in PBS for 1 h in dark. Then, membranes
were washed three times in PBS-T and revealed with the ECL™ detection system
(Amersham) following the manufactures instructions.

2.8 Immunohistochemistry

Expression of CD41 protein from healthy animals was studied following previously
procedures described by us (Jiménez-Marin et al., 2008) using monoclonal antibody GE2B6
supernatant or polyclonal antibodies (1/3000 dilution in PBS) or an irrelevant mAb (as
negative control). Briefly, all tissue specimens were fixed in Bouin liquid for 16 hours.
Tissues were dehydrated in ascending concentrations of ethanol and xylene and embedded
in paraffin. Sections of 5 um were placed on slides coated with Vectabound (Vector
Laboratiores, Inc.). The tissue slides were kept at 55°C for 45 min to improve the adherence
of sections to glass. The sections were deparaffinized and rehydrated in xylene and
descending concentrations of ethanol, respectively. Endogenous peroxidase activity was
inhibited with 3% hydrogen peroxidase. The sections were incubated with normal goat
serum (1:10 dilution in PBS) (Vector) for 30 min at room temperature. After removing the
serum, anti-porcine CD41 antibodies or an irrelevant mAb (as negative control) were added
for 18 hours at 4°C in a wet chamber. The sections were incubated with biotinylated anti-
mouse Ig (Dako) diluted 1/50 in PBS for 30 min at room temperature. Tissue sections were
covered with avidin-biotin-peroxidase complex (Sigma) diluted 1/50 with PBS for 1 h in a
wet chamber at room temperature, washed and then developed with 3, 3’-diaminobenzidine
(Sigma) (5 pug in 10 ml PBS). Sections were counterstained with Mayer hematoxylin and
mounted with Eukitt.

2.9 Flow cytometry

100 pl of platelets (106 cells/ml) and 100 pl of the antibody (or PBS as a control) were
incubated 30 min at 4°C. After washing with PBS, tubes were centrifuged at 3,000 rpm, 6
min, and the platelets resuspended in 50 pl of a rabbit FITC-anti-immunoglobulin (1/160 in
PBS) (Sigma). After incubation at 4°C 30 min in dark, the platelets were washed three times
in PBS and the fixed in 1% PFA/PBS. Samples were analyzed in a FACsort cytometer
(Bencton Dickinson) equipped with a CellQuest v 1.2software.

2.10 Chromosome localization

The INRA somatic cell hybrid panel (Yerle et al., 1996) was screened with porcine primers
(VARP1 and VARP2), which specifically amplify a 212 bp fragment (Table 1). For
genotyping of the hybrid panel, 10 ng of DNA from each cell line and control sample (pig,
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hamster, and mouse) were amplified. PCR products were evaluated on a 1% agarose gel and
individual cell lines were evaluated for the presence or absence of a fragment of the correct
size. Statistical calculations of the assignment were performed using the software developed
by Chevalet et al (1997) (<http://www.inra.toulouse.fr>). The INRA-Minesota porcine
radiation hybrid (IMpRH) panel (Yerle et al., 1998; Hawken et al., 1999) was screened with
the same porcine specific primers in the same PCR conditions (Table 1). Statistical
calculations of the assignment were performed using the IMpRH mapping tools
(<http:/ /www.imprh.toulouse.inra.fr>).

2.11 Quantitave real time RT-PCR

CD41 cDNA was quantified by real time quantitative PCR (RT-Q-PCR) relative to B-
actin cDNA reverse transcribed from total RNA from platelets. The PCR reaction was
carried out with 0.5 ul of each VARP1/VARP2 and B-actinF/ B-actinR primers (Table 1)
(20uM), 12.5 pl of iQ™ SYBR1 Green Supermix (Bio-Rad), and 1.5 pl of the cDNA
sample. The PCR conditions included 40 cycles of 30s at 94°C, 30s at 60°C and 30s at
72°C. All experiments were performed three times to confirm accuracy and
reproducibility of real-time PCR. The efficiency of the primers (E) was calculated
according to the equation (1).

E = 101-1/¢] 1)
being p the slope of the standard curve log(fluorescence)/Ct.

The relative abundance of CD41 gene expression was determined by the ratio (R)
equation (2)

R:z[ACt (target)—ACt (control)] (2)

being Ct = threshold cycle (cycle at with PCR amplification reaches a significant value).

3. Results

3.1 Cloning and sequence analysis of the porcine CD41 cDNA

The porcine full length CD41 cDNA was obtained by a combination of PCR and RACE
(Rapid Amplification of cDNA Extremes). A partial sequence that lacked the 3" cDNA
extreme, including part of the coding sequence, was deposited in GenBank (AF170526).
So, we first amplified the pig CD41 5 cDNA using forward and reverse primers
designed from this sequence. Three pairs of primers were used P3/R4, P1/R2 and F1/R1
(Tablel).

Three 1352, 870 and 677 bp long overlapping fragments were produced, respectively.
Altogether, the three fragments provided a 2701 bp long sequence that belongs to the 5’
extreme of the CD41 ¢cDNA (Figurel). To obtain the remaining 3’ sequence of the CD41
cDNA we carried out a RACE by using the RACE-out and the RACE-P5 primers shown in
Tablel. This allowed us to obtain an additional 622 bp long 3" sequence (Figurel). Finally,
we obtained the full length CD41 cDNA molecule amplifying RNA from platelets by RT-
PCR by using the FcDNA5 and ReDNA3 pair of primers (Tablel and Figurel) and MBLong
polimerase.
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. . ) oy Template, Product Tm
Primers Primer sequences 5'- 3 localization (5-5') size (bp)  (°C)
FP3 TGTGGAAGAAGGAAGATGG
cDNA, 2-1353 1352 58.1
RP4 GCAGAGCCTGCGGCAAAGG
FP1 GGGCCAAGTATCGGTGTTC
cDNA, 1264-2133 870 60.0
RP2 TGGGTACAGATGAGCCTCTCTAAG
F1 CCCCAGGTGCTCACTACA
cDNA, 2066- 2742 677 60.0
R1 TCGGCAGCTCAGGAGAATTGGA
GCGAGCACAGAATTAATACGACTCACT
RACE-adapter ATAGGTn
RACE-outer GCGAGCACAGAATTAATACGACT
cDNA, 2638-3’ 622 60.0
RACE-P5 CTCCCCTGTGTACCCAGCTCATCA
FCDNAS ggTAAGCTTAAGATGGCCAGAGCTTTGT
cDNA, 13-3125 3113 59.2
ReDNA3 GCAAAGCTTTCACTCCTCCTCTTCATCA
GA
VARP1 GAGGCATGACCTCTITGGTGG Genomic DNA
DNA, 1012-1223 212 59.0
VARP2 CATTGTAGCCATCCCGGTTC ¢ ! ;
CGACGAATTCCCCCAGGTGCTCACTAC
Flrp-EcoRI A
cDNA, 2066- 2742 677+20 60.0
CGACTCGAGGCAGCTCAGGAGAATTGG
Rlrp-Xhol A
GGTCGGATCCTTGAACCTGGACCCAGT
F2rp-BamHI

GCAT

cDNA, 110-1105  996+20 59.0
GGTAAGCTTCTGCAGGAACAAGTAAAC
ACG

R2rp-HindlIl

Table 1. Primers used in PCRs and RACE.
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P3 P1 F1 P5-RACE
—D — )y
1352 bp 870 bp
<& &
P4 P2 R1 RACE-OUTER
[ 2701 bp 622 bp
FcDNA53
—
CD41 cDNA 3336 bp/1036 aa
<
RcDNA3

Fig. 1. Strategy and localization of the primers used for cloning the porcine full length CD41
cDNA.

The full CD41 cDNA was 3336 bp long and contained an open reading frame of 3111 bp
(Figure2) which encodes a CD41 polypeptide of 1036 amino acid residues, and a 198-bp long
untranslated 3’ flanking region. The nucleotide sequence encoding the full length CD41 pig
cDNA was submitted to GenBank (Accession number JE808665).

The first 31 amino acid residues of CD41 are predominantly hydrophobic and correspond to
the signal peptide sequence. So, the pig mature pre-CD41 molecule consists of 1005 amino
acid residues, and, as this amino acid sequence has a proteolytic cleavage site (KR/D)
located between amino acids residues 899 and 900 in pre-CD41 (Takada et al., 1989), the
mature porcine CD41 polypeptides -lacking the signal peptide- must be composed by two
different chains (914 and 91 amino acid residues) linked by disulfide bridges, similar to
those reported in homologous CD41 integrins. Other sequences and structural domains
contained in other CD41 proteins are also presents in the porcine CD41 chains (Figure2).

The seven FG-GAP tandem repeats are shown as W with arrows marking their initial and
final limits. An o helix is shown in red. The long extracellular domain of the porcine CD41
integrin consists of 869 amino acids residues. It contains 8 consensus N-glycosylation sites
(Asn-X-Ser/Thr, where X is not Pro) identified by the NetNGlyc 1.0 program
(www.expasy.org), and 18 -from 19- cystein  residues. As in other o integrins, the
extracellular domain of the porcine CD41 contains four Ca** binding domains
(DX(D/N)XDGXXD) and seven FG-GAP tandem repeats -which are identified by the
SABLE 2.0 program (http://sable.cchmc.org/)- each one containing four helixes similar to
those previously described (Springer, 1997; Xiong et al., 2001). The secondary structure of
CD41 molecule is shown in Figure3 and the tertiary one, obtained with the Swismodel
(www.expasy.org), is shown in Figure4.

The stretch sequence of 26 hydrophobic amino acid residues located in the carboxy-terminal
portion of the polypeptide must constitute the transmembrane domain. Following it there is
a short 20-amino acid sequence that must represent the cytoplasmic domain of the molecule.
It contains a GFFKR (1019-1023 in pre-CD41) domain, which is conserved in all human o
integrin chains and is involved in the link of both o and B chains of the heterodimeric
complex (Rojiani et al.,, 1991). It also contains a B-like turn (PPLEE) (1026-1030), that in
comparison to the o, chain (PPREE) could aid in the ligand interaction of fibronectin and
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vitronectin with the intact ounf; heterodimer which is essential for various transductional

processes during mammalian organogenesis (Filardo & Cheresh, 1994).

P3
ﬁﬁﬁﬁiiﬂﬂiﬂﬂgﬁﬂﬁgliIiGCKJKBMHSTTTGTGTCTAC CATGCCCTCTGGCT TCTGGAGT GGGT GCAACTGCTCTTG 79
21

F2
GGACCCGGT GCTGOCCCT CCAACCT GEECIEENAC S E EXC S PNEIEwN| CT CACCAT CTACACAGBCOCCAAT GGCAGCCACT TTGEG

L NL DP V HL T1 Y T G P . G S H F G

A
TTTTCATTGGACT TCTACAAGAAGAGCCAT GBGCAGCGT AT CCAT CGT GGT GGEEECCCCGCGGACCT TGEECCGECAACCT GGAGGAGACC
F S L DFY KKSHGSVSI VVGAPRTILGRNILETET

GGCGECGT TTTCCTGT GT CCCT GGAAGGCCAAGAGCGT CCAGT GCGTCGCGCT GTCCT TCAACCT CGAT GAT GAGACGCGAAACGTAGEC
G GV FLCPWKAKS SVQCVAL S FNULDUDETRNVG

GCCCAAACT TTCCAAACCT TCAAGGCCCGT CAAGGACT AGGGGOGT CGGT CTTAACT TGGAGAGACAACGT TGT GGCCT GCGCCCCCT GG
A QTF QTFKAROQGLGASVYVY L TWRUDNVVYVAZCAUP W

CAGCACT GGAACGT CCTAGAAAAGAACGAGGAGGCT GAGAAGACACCT GTAGGT GGCTGCT TCGT GGCT CAGCT CCAGAACAGCGECCGC
Q HWNV L E KNEEAEIKTWPV GG CFVAQL QNS GR

GCGGAGT TCTCGCCCT GT CGGECCAACCT CT TGAGCCT GGT TTACGT GGAAAGT AAAT TCAAT GACAGGCGCTATTGCGAGGTCGECTTC
A EF S PCRANLIL SL VYV ESIKTFNDRRYZ CEV GF

AGCT CTGCGGT CACT CAGGCT GGGGAGCT GGTGCT TGEGEGECT CCTGEGEEECTACTA CTTAAGT CTCATGGCACGGGCTCCAATTGCC
S S AVTQAGELVL GAPGGY Y FL SL MARAWPI A

GATATCATCTCGAGT TACCGCCCAGGCACCCT CT TGT GGCACGT GCCCACCCAGAAGCT CACCT TCGACTCCGACCT TCCTGAGTACTAC
D | I S S YRPGTL L WHVPTOQKILTZFDSDULPE Y'Y

GAGAGCTACT TGGGGTACT CGGT GCCT GT GGGECGAGT TCGACCGGAAT CCCAACACCACAGAGT ACAT CCTCGGT GBGCCCCACCTGGAGC

ES Yy Loy svavoc s - c C P T WS
AT(?“XJZTCXX;K}X}STC(}VMNTT A(XHYI9VV“3MJ}K}“}XDTXJKIHTIHTIIVJJBNEAC{J“}STCX}ZTT()YTATTT(X}}}DAT
L G A V E I F T S K H QR L H L Q G E QV A S Y F G H

TCAGTEIX}JSTCACII%MJSTCAACIZKKBK}Z}BKZB:NTGACCTCTTGGTGGSNBJZJ:N:TGTACATEI;MPKBJJSTGCTGACCACAAG
SV AV T DEMSEENCERNENSY G A P L Y ME S R A D H K

R2
CTGGCCGAGGT GEGAS e SR RTASRECIRISSIIE SAT€ T CT CGAGGT CACCACT CGCT GGGCACCCCCAGCCT CCTGCTGACAGGCACACAG
L AEVGRVYVYLFLOQSRGHHSLGT®PSLLLTGT Q

CTCTATGGACGA GGJTJKXIATCIXXKIWCWGXIIF(7TGAA(IXXX;“TXXTACAATGATGTTGQXHTZKXXIXXIITATGGG
LYGRFGSAI AP L G DESGSECEINNSNVEY A A P Y G

GGTCCCACCGGTCAEEeeoVelVN[eeelfelgieC T GGGT CAGAGT GAGGGGCT TAACT CGCAGOOCT COCAGGT CCTGCACA(
GPTGQGQVY SV FLG QSEGLNSI QPSSO QVLUHSPF

4
eC ‘GGCTTCTCCCT TCGAGGT GCCACAGACAT CGAT GACAAT GGATACCCAGACCT GCTGGTAGGAGCT TACGGG
AA G S A F GF S L RGAT IIINNNDNNECINSNPNNNNEN G A Y G

GCCGACAAGGT TGT CGT GTACCGAGCT CAGCCGGT GGT GACCGCCACT GT CCAGCT GATGGT GCAAGAATCCCTGAATCCTGCTGTGAAG
A DKV VVYRAQPVVTATUVQL MV QE S L NPAV K

AATTGT GT CCAGCCCCAAACCAAGACACCAGT GAGCTGCTTTACCAT CCAGATGT GT GT GGGAGCCACT GGGCACAACATTCCTGAGAAG
N CV QP QT K TPV S CF TI Q M C V GA T G H N I P E K

CTGOGOCT AAAT GCOGAGCT GCAGCT GGACCGGCAGAAACCCCACCAGAGCCGGCGGGT GCT GCT GCT GGCT TCCCAACAGGCGAGCACT
L RLNAETLG QLU DRI QKTPH QSR RRVYVYILILLASGO QQAST

GTCCTGGACGT GGAT CTGACCT GGAGGCAGAGCCCCACCT GCCACAACACCACGGECCT TCCTCCGGGAT GAGGCT GATTTCCGGGACAAG
VL DV DL T WRQS P TCH . T T A F L RDEADTFRDK

CTGAGCCCCAT CGT GCTCAGCT TCAAT GTGT CCCT GCAGCCGGAGAAGAAT GGAGACGCCCT CACGT TCATGCT GCAT GGAGACACCCAC
L S P11 V L S F l VS L Q P E KNG GDALTFMLHGTUDTH

GTTCAGGAACAGACCCGCAT CATCCT GGACT GT GGGGAAGACCAAGT GT GOGT GCCAAAGCT CCAGCT CTCGGCCAACACGACAGECTCC
VQEQTRI I LDCGEDI QV CVPKLOQLSsARNTTGS

CCACTCCTAGT TGGAGCTGATAAT GT GCTGGAGCT GCACGT GGT CGCGGCCAAT GAGGGECGAGGGAGCCCAT GAGGCCGAGCTGGT TGTG
P L LV GADNVLELMHVVAANEGEGAMHEAETL VYV

CACCT:! a T GCAGGCCCT CAGCAACACCAAGAGO s e YeYcew (o N (e [V C¥VN3AA(X;K3VNFGAG
H L PP GAHYMQAL S NTKSF ERL I C T Q K K E

ACCAAAGT GGT GCTGT GT GAGCT GGGCAACCCCAT GAAGGGGEGACACCCAGATAGAAAT CACGAT GT TGGT GAGT GTGGGGAACCT GGAA
T K V VvV L € EL GNZPMKGDT QI E I T ML V S V G N L E

GAGGCTGGGGAGCACGT GTCCT TCCGGCT GCAGAT CAGGAGCAAGAACAGCCAGAAT CCAAACAGCGAGACAGT GGT GCTGGATGT GCAA
E A GEMHV SFRL QI RS KNJSQNWPNSETV VL DVOQ

169
51

259
1
349
111

439
141

529
171

619
201

709
231

799
261

889
291
979
321

1069
351

1159
381

1249
411

1339
441

1429
471

1519
501

1609
531

1699
561

1789
591

1879
621

1969
651

2059
681

2149
711

2239
741

2329
771



118 Molecular Cloning — Selected Applications in Medicine and Biology

GTCCGGGCAGAGGECCCACCT GGAGCT GAGAGGGAACT CCTTTCCAGCCT CCCTGT TGAT GGCGGECAGAAGGOGATTGGGAGAACAGCTCG 2419
VRAEAHLELRGNSFPASLLMAAEGDWE.SSBOI

GACAAT TTGGGECCCCAAAGT GGAGCACACCT AT GAGCT CCACAACAAT GGCCCTAGTACCGT AAGT GECCT CCACCT CAGGCTCCACCTG 2509
DNL GPKVEHTYELWHNNGPSTVSGLHLRLHL 831

COCGGCCAGT CCCAGACCT CCGACCT GCTCTACATCGT GGACATACAGACCCAGGGAGGECCT TCAGT GCTCOCCGCAGCCCTCTCCCAAC 2599

P GQSQTSsSDLULY!l VDI QT QGGL QCs P QP S P N 861
P5 RACE

COCCGCCAGCTGGACT GBEGEECTGCACAGCCCCACACTg oo [e fely Yoo e [o (o2 CAAGCGGAATCGCAGACAGGECAGT CCTG 2689

P RQLDWGLHSPTWPSPVYPAHHEKI RNIRRIOQAVL 89

CCAGGGCAGAAGCAGCCGT TGAGT CTTCAGGA[ee YN gefev ferYeei[e e e’ CTCCGOGOCCT GCACCGT GGT GCACTGTGACCTTCCG 2779
P GQKQPL SEQDZPI LL S CDSAPCTVVHTCDTL P 921
A

GAGATGGEOGCGT GEECAGCGEGECCATGGTCACCGOGCAGCECT TTCCTGT GECTGCCCAGCCT COGCCAGAGACCCCTGGATCAGTTTGTG 2869
EMARGOQRAMVYVYTAQAFLWLUPSLRQRPLDAGQTF V 91

CTGCGGTCGCACGCTTGGT TCAACGT CTCT TCCCTTCCCTACGCCGT GCCCGCCCT CAGCCT GOCCAGCGGEGEEAAGCTCAGGT GCAGACA 2959
LRSHAWF.VSSLPYAVPALSLPSGEAQ\/QTQBI

CAGGTGCTTCGGGT CTTGGAGGACAGAGAGGT TCCACT CTGGT GGAT GCTGGTAGECGT GCTGEGECEECCTGCTGT TGCTCACACTGCTG 3049
QV LRV LEDR ENEEWNEEECHVANCHCHN T 1011

GTCCTGGCCATGT GGAAGT GTGGCT TCTTCAAGCGGAAT CGGCCACCCCTGGAAGAATCT GATGAAGAGSAGEAC-@CT GCAGCCCA 3139

VLAMW g 1036
CACATCTCTGT TCCTGCAGAAAGGCT GCAT GTGGTGACT GCCCTGT CCCTCT TCTCCAGCCAGT GCCCTGCGAGCT CTGCTCGCCCATGA 3229
ATTGGAGCT GT TCCCTGGAGGCCT CCCGATGTCCTCCT GCTCCCAT CAGAGCT GGCT CACCCCCCT TCCTGCT COQEAYANAYAAGAGECTG 3319
AACCCCAAAAAAAAAAA 3336

Fig. 2. The nucleotide and deduced amino acid sequences of pig CD41 cDNA. The predicted
signal peptide is remarked in light green, the transmembrane domain in dark green, and the
cytoplasmic region, containing the GFFKR sequence, in purple. The putative
polyadenylation sequence is remarked in a black box. Potential N-glycosylation sites are
indicated in red. Cysteine residues are marked as C in yellow. Putative cleavage sites are
shown as A. Ca++ binding domains are remarked in pink. Primers used for cloning are
marked with arrowheads.
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Fig. 3. Secondary structure of the porcine CD41 molecule. Sequences in B antiparallel sheets
are shown in green.

Fig. 4. Three-dimensional structure of the porcine CD41 molecule. The seven FG-GAP
tandem repeats are shown as W, each one composed by four B antiparallel chains.
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3.2 Comparative analysis

The deduced protein sequence of the porcine CD41 was compared to their orthologous
proteins from six different species: humans, cattle, horses, dogs, rats, rabbits, mice, zebrafish
and xenopus (Figure5 and Table2).

PIG MARAL CL L HAL WL EW/QL L L GPGAAPPTWAL NLDPVHLTI YT HFGFSLDFYKKS 60
HUMAN MARAL CPL QAL WL EW/L LLL GPCAAPPAWAL NLDPVQL TFYA( Q-GFSLDFHKDS 60
HORSE MARAL RPL HAL WL EWVQL L L GPGTAPQAVAL NLDPVRL TFYT HFGFSLDFYKDS 60
RABBI T MARAL GPL PAFWFL EWAL L LL GPGAGPPAWAL NLDPVQL TI YTGLNGSHEGFSLDFYKDS 60
DOG MARAVCPL NALW.L EW/QL FLGPGAI PLGWALNLDPVQLTFYT HFGFSLDFYKDN 60
CON e PTWALNLDSVQETVYT HFGFSLDFYKNS 33
RAT MARASCAVINTL WL QATPL FLGPSAAPPAVAL NLDPVKFSVYT HFGFSVDFHKDS 60
MOUSE MARASCAWHSL WL QATPL FL GPSAVPPVWAL NLDSEKFSVYA( HFGFSVDFHKDK 60
ZEBRA FI SH - - - - MDKKLEFSLLFLSI LI FT- - - - NHl RGFNLDLNQYTVFSGPEDSYFGFSVDFYGQSS 52
XENOPUS ~ cememememae- M/PW.LLLLP- - - - AFl QNLNLDK- KPQTLSGPPGSHFGESMDEYNTA 43
PIG HGSVSI VWGAPRTLG = RNLEETGGVFLCPWKAKSVQCVAL SFNLD- DETRNVGAQTFQT 117
HUMAN HGRVAI WGAPRTL G- - PSQEETGGVFL CPWRAEGGQCPSL LFDLR- DETRNVGSQTLQT 117
HORSE RGSVS| WGAPRTL G - RSQEEMGGAFL CPWKAEGGQCTSLSFDLN- DETRNTSSQ FQT 117
RABBI T HGSVAI WGAPRTLG- - L GQKETGGVFL CPWKAEGSPCSLLSFNLS- DEYRKTSSQLFQT 117
PERRO HGRVAFWGAPRTL G- - RSQEETGGVFL CPWRAEGGQCTSLPFDLN- DETRHI GSHTFQT 117
cow NGSVYVWWGAPRTL G- - HSEEETGGVFL CPWKAEGGQC! SLPFDLY- DETRSI GTQTFQT 090
RAT HGSVSI WGAPRALN- - ANQEETGGVFL CPWKANNGTCTSLLFDLR- DETRKLSFQTFQT 117
MOUSE HGSVSI WGAPRALN- - ASQEETGAVFL CPWKANGGKCNPL LFDLR- DETRNLGFQ FQT 117
ZEBRA FI SH SKSVSVVVGAPRANTNQSGVSHGESVFMOPWATRGQSCQTL NFDQKGDENI TFGNMLLMA 112
XENOPUS DQGVBI WGAPRMIT SQRNVTMGEGGVFL CPWKPKGSSCVNI KFDSTGDRS! PFAGYTMKI - 103
PIG FKARQGL GASVL TWRDNVWACAPWOHWKVL EKNEE- AEKTPVGGECEVAQLQNSGRAEFSP 176
HUMAN FKARQGL GASVVSWEDVI VACAPWOHWAVL EKTEE- AEKTPVGSCFLAQPESGRRAEYSP 176
HORSE FKAQQGL GASVVSWEDYVVACAPWOHWKAL EKTDE- AEKTPVGGCFVAQLENGRRAEYSP 176
RABBI T FRARQGL GASVVSWKDI | VACAPWQQWAVL EKAAE- AEKTPVGGCFVAHLPSGRRAEYSP 176
DOG FKSRQGL GASVVSWKDNI VACAPWOHWAVL EKTEE- AEKTPVGGCFVAQLRNGHRAEYSP 176
cow FKAGQGL GASVVSWRDS| VACAPWOHWAVL DRNEEEAQKTPVGGCFVAHL QNGDRTEYSP 150
RAT FKTGQGL GASVL SWKDVI VACAPWOHWAVL EKYDE- AEKTPVGGCFVAEL QSGGRAEYSP 176
MOUSE FKTGQGL GASVVSWKDVI VACAPWOHWAVL EKRDE- AEKTPVGGCFLAQLQSGGRAEYSP 176
ZEBRA FI SH HKSNQW. GASVRTYNNYI LACAPL FHWKVL VDQEE- AMNTPVGNCQLLNVKTGELANYAP 171
XENOPUS FKSNQWEGATVRTWKTAI VACAPFQQWAWWMKL GSE- SGTTPTGTCYI TNN- LEDI YEFAP 161
PIG CRANLL SLVYVESKFND- RRYCEVGFSSAVTQAGEL VL GAPGGYYFLSLMARAPI ADI | S 235
HUMAN CRGNTLSRI YVENDFSWDKRYCEAGFSSVWTQAGEL VL GAPGGYYFLGLLAQAPVADI FS 236
HORSE CRDNI MBHVYSKTYLGD- KRYCEAGESSAVTQAGEL VL GAPGGYYFLGLLARAPI ANI VS 235
RABBI T CRGNTMBHVYEKMYLRD- LRSCEAGESSVI TQEGEL VL GAPGGYYYLGFLVRAPI ANI | S 235
DOG CRANTMBSVYVKNRFNQDKRYCEAGESAAVTQAGVL VL GAPGGYFFLGLLVRTPI DNI | S 236
cow CRDNKMBQFYERNHFRDDRRYCEAGESSVWTXAGEL VL GAPGGYYFVSLLARAPI ADI | S 210
RAT CRSNTMBSVYSQGFSGD- KRYCEAGESLAVTQAGEL VL GAPGGYFFLGLLVRVPI ENI I S 235
MOUSE CRANTMBSVYAESFRGD- KRYCEAGFSLAVTQAGEL VL GAPGGYFFLGLLARVPI ENI | S 235
ZEBRA FI SH CREEYVYAI YTRG - YPDRRYCEAGETTDI TKNGRVLGAPGGYYFQGQ | TASLVNI MS 229
XENCPUS CRESKMERHYEA: - - - - DRRFCEL GFSTDI NKDGTLLAGAPWG- YFQGLYVTAGLPNI LA 215
PIG SYRPGTLLW-NPTQ(LTFDSDLPEYYESYLGYSVA\/*LGBPT\ASMTLG 295
HUMAN SYRPG LLWHVSSQSL SFDSSNPEYFDGYWGYSVAVGEFDGDLNT TEYWGAPTWEWILG 296
HORSE SYRPGTLLWBVPTQRFTFDSMKPEYFDGYRGYSVAVGEFDEDL STTEYVFGAPTWBWILG 295
RABBI T SYSPGVLLWIVPNQNFTFDYSNRKYFDGYRGYSVAVGEFDGDL STTEYVL GAPTWEWTMG 295
DOG SYRPGTLLWHVSSQSFTYDYSKPEYYDGYRGYSVAVGEFDGNLNTTEYVLGAPTWECTLG 296
cow SYRPSTLLWHVPTQ FTYDQSHL QYYDGYRGYSVAVGNFDGNPNTTEYVFGAPTWEWILG 269
RAT TYRPGTL L WHVSNQRFSYDSSNPVYFHGYRGYSVAVGEFDGDL STTEY! FGAPTWBWILG 295
MOUSE TYRPGTLLWHVSNQRFTYDNSNPVFFDGYRGYSVSVGEFDGDPSTTEYVSGAPTWBWILG 295
ZEBRA FI SH SGSSFTPKHSMNGETKTPQRRD- - YYDL YL GYSVAAGKFNND- li PDYWWGVPNDLHTAG 286

XENOPUS RPASSSLLQSYPGQQ SPYI GS- - SFDSYKGFSVAYGEFTGD- NTPEI WGSP- KYQDRG 271
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PIG AVE! ET- - = SKHQRLHLLQGEQVASYFGHSVAV TDVNGDERADEIYGAPL YVESRADHKL 352
HUMAN AVE! LD- - - SYYQRLHRLRAEQVASYFGHSVAVTDVNGDGRHDL L VGAPL YMESRADRKL 353
HORSE AVE! LD- - - SNFQWL HRL HGEQVASYFGHSVAVTDVNGDRRHDL L VGAPL YVERRADRKL 352
RABBI T AVE! LD- - - SYFYRLHRLQGEQVASYFGHSVAVTDVNGDGRHDL L VGAPL FIMASQADHKL 352
DOG AVE! LN- - - EYHQTLHRLHGEQVASYFGHSI AVTDVNGDGRHDLLVGAPLFIVESRADRKL 353
cow AVEI LD- - - SYHQVL HRLHGEQVASYFGHSVAVTDVNGDGRHDL L VGAPL YMESRADRKL 326
RAT AVEI LD- - - SYYQTLHRLHGEQVASYFGHSVAVTDVNGDGRHDL L VGAPL YMESRVDRKL 352
MOUSE AVEI LD- - - SYYQPLHRLHGEQVASYFGHSVAVTDVNGDGRHDL L VGAPL YMESRADRKL 352
ZEBRA FI SH SVKI | NGATVPLQ MKAI SGTQ ASYFGHSVAVTDI NRDGADD! LI GAPLFVEQLSTQKF 346
XENOPUS LVDI YT- VSNPVKTFI SFLGKQVASYFGHSVAVTDVNNDGRDDVLVGAPLFMERRTRGKL 330
PIG AEVGRVYLFL QSRGHHSLGTPSLLL TGTQLYGRFGSAI APL CDENRDGYNDVAVAAPYCG 412
HUMAN AEVCRVYLFLQPRGPHAL GAPSLLLTGTQLYGRFGSAI APLGDLDRDGYNDI AVAAPYGG 413
HORSE AEVCRVYLFLQPRSPQPLGPASLLLTGTRI YGRFGSAI APLGDLNRDGYNDVAVAAPYGG 412
RABBI T AEVCRVYLFLQLQGPHLLGAPSLLLTGTQLYGRFGSAI APLGDLNRDGYNDVAVAAPYGG 412
DOG AEVCRVYLFLQPRGHQAL GAPSLLLTGTQLYGRFGSAI ASLGDL DRDGYNDVAVAAPYGG 413
cow AEVCRVYLFLQTRGARM.GAPNLLLTGTQL YGRFGSAI APL GDLNRDGYNDVAVAAPCGG 386
RAT AEVGRVYLFLQPKGL QAL SSPTLVLTGTQVYGRFGSAI APLGDLNRDGYNDVAVAAPYGG 412
MOUSE AEVGRVYLFLQPKGPQAL STPTLLLTGTQLYGRFGSAI APLGDLNRDGYNDI AVAAPYGG 412
ZEBRA FI SH REVGQVYVYLQRNDFSFASRPNQ LAGTYAYGRFGSAI APL GDL DHDGFNDVAVGAP- - G 404
XENOPUS QEFGQVYVYLQRENRKFSFN- HPVL TGSQVYGRFGSS| APLGDI DQDGFNDVAVGAPFGG 389
PIG PTGQGQVSVFL GRSEGL NSQPSQULHSPFA- - - AGSAFGFSL RGATDIIDDNGYPDELVGA 469
HUMAN PSGRGQVL VFL GQSEGLRSRPSQVL DSPFP- - - TGSAFGFSLRGAVDI DDNGYPDLI VGA 470
HORSE PDGRGQVL VFL GQSEGL SSHPSQVL DSPFS- - - TGSAFGFSLRGATDI DDNGYPDLLVGA 469
RABBI T PSGRGQVL VYL GQSEGLNPHPSQVL DSPFP- - - AGSAFGFCLRGATDI DDNGYPDLLVGA 469
DOG PSSLGQVLVYLGQSEGL SSRPSQ LDSPFP- - - AGSGFGFSLRGATDI DDNGYPDLLVGA 470
cow PNGQGQVL VYL GQSEGLNPSPSQVL DSPFP- - - TGSGFGFSLRGATDI DDNGYPDLLVGA 443
RAT PSGQGVLI FLGQSEGL SPRPSQVLDSPFP- - - TGSGFGFSLRGSVDI DDNGYPDLI VGA 469
MOUSE PSGQGEQVLI FLGQSEGL SPRPSQVLDSPFP- - - TGSGFGFSLRGAVDI DDNGYPDLI VGA 469
ZEBRA FI SH SVDGEKVFI YLGKSGELSTQYVQVI ESPFRSLI DPPMFGFSI RGGTDI DDNGYPDLI | GA 464
XENOPUS ESGGGCVFI YRGSPAGLSPQPSQ LESPLP- - - PPAQFGFALRGGVDI DNNGYPDLLVGA 446
PI G YGADKVWWYRAQPVVTATVQLWQ- ESLNPAVKNCVQPQTKTPVSCFTI QVCVGATGHNI 528
HUMAN YGANQVAVYRAQPVVKASVQLLVQ DSLNPAVKSCVLPQTKTPVSCENI QUCVGATGHNI 529
HORSE YGANKVAVYRAQPVWMWSVQLLVN- DSLNPAVKNCVL PQKKTSVSCFDI QUCVGVTGHNI 528
RABBI T YGADKVWVYRAQPVVMADVQLLVQ- DSLNPAVKNCVL HQTNTPVSCFNI QVCVGVTGHNI 528
DOG YGASKVAVYRAQPVVWANVQLLVQ DSLNPAVKNC! LPQTKTPVSCENI QVCVGATGHNI 529
cow YGASKVWVYRAQPVWM/TVQLMVGQ- DSLNPAVKTCVL SQTKTPVSCENI QVCVGATGHNI 502
RAT YGASKVAVYRAQPVVMATVQLMVGQ- DSLNPTLKNCVL EQTKTPVSCFNVQVCVGATGHNI 528
MOUSE YWASKVAVYRAQPGVMATVQLMVGQ- DSLNPTLKNCVL DQTKTPVSCFNI QVCVGATGHNI 528
ZEBRA FI SH WGASKVWTYRAQAVVRTQARL SFFPDLLNPEDKFCQLQQSGTY! TCFTI MACI RVSGHRI 524
XENOPUS FHADKVFI FRTQPVVVL QASL FFNPEALNPDEKL CNFPQSGPAVSCFTI RVCAQASGRSL 506
Pl G PEKLRLNAEL QL DRQKPHQSRRVLL L ASQQASTVL DVDL TWRQSPTCHNTTAFLRDEADF 588
HUMAN PQKL SLNAEL QL DRQKPRQGRRVL L L GSQQAGT TLNL DL GGKHSPI CHTTMAFLRDEADF 589
HORSE PEKL RLNAEL QL DRQKPRQGRRVLL L SSQQAGT TLHL DL GGRTSPNCRT| EAFLRDEADF 588
RABBI T PQGL YL QAEL QL DRQKPRQGRRVLL L GSQQASTTL SMDL GGRQSRLCHNTTAFLRDEADF 588
DOG PQQL SLNAEL QL DRQKPRQGRRVL L LNSQLASSTL HL DL GGRHSPI CHTTTAFLRDEADF 589
cow PEKL HLNAEL QL DRQKPRQGRRVL L L DSQQAGT! LNL DL RGRHNPNCSTATAFLRDEADF 562
RAT PQKLHLKAEL QL DL QKPRQARRVLLLASRQASL TL SLDL GGRNKPI CHTI KAFLRDEADF 588
MOUSE PQKLHLKAEL QL DL QKPRQGRRVLLLASQQASL TL SL DL GGRDKPI CHTTGAFLRDEADF 588
ZEBRA FI SH PQQ VFNTELQLDRVKQSMARRTLLL DSNQPYTNFQ SVDRNSRDVCRNFTAYLLP- - EF 582
XENOPUS PKKI SLSAELQLDRLKSRFARRTFFLDSSQPSKTI DVEL QSNSAQLCQNL TPYLRGESEF 566
Pl G RDKLSPI VL SFNVSL QPEKNGDAL TFM. HGDTHVQEQTRI | LDCGEDQVCVPKLQLSANT 648
HUMAN RDKLSPI VL SLINVSL PPTEAGMAPAVL HGDTHVQEQTRI VL DSGEDDVCVPQLQLTASY 649
HORSE RDKLSPI VL SLINVSLQPEKDG APALVLHGDTHVQEQTRI | LDCGEDDLCVPQLHLTARV 648
RABBI T RDKLSPI VL SFNVSL QPKEAGVAPAVWLHGNTHVQEQTRI | LECGEDDVCVPQLHLTASL 648
DOG RDKLSPI VL SLINVSL QPRKDGVAPAI VLHGDTHVQEQTRI | LDCGEDDLCVPQLQLTAI V 649
cow RDKLSPI VL SFSVSLPPEKDGGAPALVLHGNTHVQEQ- - - - - - - - - - - - - oo e - - 599
RAT RDKLSPI VL SLEVSLPPEETGVAPAWLHGVTHVQEQTRI | LDCGEDNLCVPQLQLTATA 648
MOUSE RDKLSPI VLSLNVSL PPEETGGAPAWLHGETHVQEQTRI | LDCGEDDLCVPQLRLTATA 648
ZEBRA FI SH KDKLSPI FI SVNYSLADSQ - - - - NAVLHGQSVAVGQTRI | LNCGPDNVC! PDLQLKAVT 637
XENOPUS KDKLSPI AVBVINFSL VRAQSMDTVQPTLHGTTFLQEQTNI LLDCGDDNVC! PNLHLTARW 626
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PI G TGSPLLVGADNVL EL HVWAANEGEGAHEAEL VWHL PPGAHYMQAL SNTKSFERLI CTQKK 708
HUMAN TGSPL LVGADNVL EL QUDAANEGEGAYEAEL AVHL PQGAHYNMRAL SNVEGFERL | CNQKK 709
HORSE TGSPLLI GADNVL KL QUDATNEGEGAYEAEL AVQL PPGAHYMOAL SNI EGFERLI CDQKK 708
RABBI T KGSPLL| GADNVL EL QWAANDGEGAYEAEL WHL PL GAHYMRAVSTMEGLERLI CNQRK 708
DOG MGSPLL| GADNVL EL QVDAANEGEGAYEAEL AVHL PPGAHYMRAI SNI EGFERLI CNQKK 709
o 72 GFERLI CNQKK 610
RAT GDSPLLI GADNVL ELKVNASNDGEGAYEAEL AVHL PPGAHY! RAFSNVKGFERLVCTQKK 708
MOUSE GDSPLLI GADNVLELKI EAANDGEGAYEAEL AVHL PPGAHYMRAL SNI EGFERLVCTQKK 708
ZEBRA FI SH STEPI LI GDENPALLI | EAENQGEGAYETEL Yl SPPANTHYQGVL SNHEDFSALVCGQKK 697
XENOPUS SADPLLI G DNLVHVQFNAANL GEGAYEAEL YVW. PNGAHYMVL G- - EAEEKI LCSPKK 684
PI G KWL CEL GNPNKGDTQ! El TMLVSVGNL EEAGEHVSFRLQI RSKNSQNPNSETWL 768
HUMAN ETRVVLCELGNPMKKNAQH G AMLVSVGNLEEAGESVSFQLQ RSKNSQNPNSKI VLL 769
HORSE ETKVVLCELGNPMKRNAQ El TMLVSVENLEEAGETVSLQLQ RSKNSKNPNSETLRL 768
RABBI T KAVLCELGNPNK- QAR G TMLVSVGNLEDAGESVSFQLQ RSKNSQNPNSEAVLL 767
DOG ETKI VLCELGNPMKRNARI G TMLVSVENLEEAGEHVSFW. QI RSKNSQNPNSEAVLL 769
cow ETKVVL CELGNPVKSNAQN EVMWWSVEKLEEAGEQVSFLLQ RSKNSQNPNSEMVEL 670
RAT ESRLAL CELGNPMKKDTRI GI TMLVSVE! LEEAGDSVSFQLQ RSKNSQNPNSEAVLL 768
MOUSE ESRVAL CELGNPMKKDTRI G TMLVSVENLEEAGESVSFQLQVRSKNSQNPNSKVWML 768
ZEBRA FI SH V1 VWCDL GNPL EAGQQL KAGL YFSMEDLEQVENH TFQV RSKNSQNSDSNLVQL 757
XENOPUS ESE| VWCEL GNPMKNGAE! HADL QL SFSNLEDSGSTVTFQVIY KSRNTVNSASSLFLY 744
PI G DVQVRAEAHL EL RGNSFPASLLMAA- EGDVE- - - NSSDNL GPKVEHTYEL HNNGPSTVSG 824
HUMAN DVPVRAEAQVEL RGNSFPASL VWAAEEGEREQ: - NSL DSWGPKVEHTYEL HNNGPGTVNG 827
HORSE HVPVRAEARVEL RGNSL PASL VWAAEEDDRK- - - NSSDSWGPKVEHTYEL HNNGPGAVRG 825
RABBI T AVPVRAAAQVEL RGNSFPASL VL AEEGDQEQ - - - - - NSL DLKVEHTYELHNNGPGTVRG 821
DOG DVPVRAEAHVKL RGNSFPASL VWVAEEDNRE- - - BSSESWGPKVEHTYELHNNGPGTVSG 826
cow DVPVRAVAHVEL RGNSFPASL VWAAEEGNGR - - NSSDSWGPKVEHTYEL HNNGPGAVSG 727
RAT PVAVRAEAAVEL RGNSFPASL VWAAEEVDKEQ: - DGL DSW/SRVEHTYELHNNGPGTVNG 826
MOUSE PVAI QAEATVEL RGNSFPASL VWAAEEGDREQ- - EDLDSW/SRLEHTYELHNI GPGTVNG 826
ZEBRA FI SH QVNVTAVASL EVRGVSSPVDCVLPI SKWESKDYPEDL DEVGPLI EHVYELRNRGPSPVN- 816
XENOPUS TMAVKVTASL ELRGSSHPAEVI LPLPNWEPREEWRKAQDYGEEVTHVYELHNSGPGSVH 803
PIG LHLRLHLPTGQSQTSDLLY! VDI QTQGGE.QCSPQPSPNPRQLDWG: - LHSPTPSPVYPAH 882
HUMAN LHLSI HLPG- QGSQPSDLLY! LDl QPQGGLQCFPQPPVNPLKVDWG- - LPI PSPSPI HPAH 884
HORSE LRLSLHLPS- QGSQPSDLLY! LDl QPQGGLQCSPQPSPNPLKLDWG - LPTPSPSPVYHPR 882
RABBI T LHLTI HLPG- QSQPSDLLY! LG EPQGGLQCSPQPSPNPLKI NWR- - LPTPSPSPVHPGY 878
DOG LHLHLCFPG- ESQPSDLLY! LDI QPEGGLQCSPQPSI NPFKLDWR- - QPTPSPSPTSPGY 883
cow LRLNLYLPS- QGSQPSDLLY! LDl HPQGGLQCASQPSPNPLQLEVR- - LPTPSPS- - - PAH 781
RAT LSLI | HL.PG- QSQPSDLLY! LDVQPKGGLLCSTQPPPKLLKVDRS- - LTTPSPSSI RRI H 883
MOUSE LRLLI H PG QSQPSDLLY! LDVQPQGGLLCSTQPSP- - - KVDVK- - LSTPSPSSI RPVH 880
ZEBRA FI SH VKLTLEFPV- SQNESYLLYVFANASEEL | SCQTDYAN- - - - | DPRRLVKQESTNI TVAEV 871
XENOPUS VQLLLGQSPE- MYHGDYFLYPLRLEVDDGMICDNQSALNPLKLDI LTSTEEPANYSSRSGD 862
P| G HKPNRROAN/L - - - - - o - oo - - - Dme 927
HUMAN HKRDRRQI FL- -~ = == === = - - PEPEQPSRL QDPVLVSCD- SAPCTVWQCDLQEMARG 929
HORSE HQRERREAFL- - - - === === == - - PGPMOPSRL QDPVLVNCD- SAPCTW(QCELEEMARG 927
RABBI T RRERRHADLLE- - - === === == - - PQPSSAAGPRDPVLVSCD- SAPCTVWQCELQEMARG 924
DOG HKRERRQASL- - = = = == == = == - - PGSSQPSGLQDPVLLSCK- SGPHTVWQCELQEMARG 928
oow HKRDRRQAVL- - = - - = = = = = = = - - PEEKQPSRLQDPI LVSCD- SAPCTVWQCEL GEMARG 826
RAT HDRDRREASP- - = = = = = == == = = = = QGSKQTEQQDPVLVSCNGSAPCTWECEL QGEMVRG 928
MOUSE HORERRQAFL- - = - === == === - = QGPK- PGQQDPVLVSCDGSASCTVWECELREWRG 924
ZEBRA FI SH HHFNKRDLS- - - = = = = = == = == - - QKTENEQOWOHTVHVNCSSSEQCVWIDCVAAGLQRD 916
XENOPUS HRL ERRDL RRWGADEGVQEDGVNI TKKDEKPPRNHTVLLNCSSFP- CVEVQCSVONLERG 921
PIG QRAMVTAQAFLW.PSL RQRPL DQFVL RSHAWFIIVSSL PYAVPAL SLPSGEAQVQTQULRY 987
HUMAN QRAMVTVLAFLW.PSL YQRPL DQFVL GSHAVFINVSSL PYAVPPLSL PRGEAQAMIQLLRA 989
HORSE QRAMVTVRAFVW. PSLRQKL L DQFVL GSRAVFINVSSL PYAVPTLSLPSGEALVQTQLLRY 987
RABBI T QRAMVTVLAL LGL SSLRERPL DQFVL GSQAVWFNVSSL PYAVPAL SLPSGEALVQTQLLRV 984
DOG QRAMVKVLAFL QL PSLQQRPL DQFVLESQAVWFNVSSL PYAVPSL SLPSGETLVQTHLLRA 988
cow QRVMVTVLALLSRS! LQERPLDQFVL QGSHAWFNVSSFPYSVPAL SLPSGEALVQTQLLRY 886
RAT QRAMVTVQATLGLSI LRQRPQEQFVL QSHAWFNVSSL PYSVPVWSLPSGKALVQTHLLRA 988
MOUSE QRAMVTVQAM. GL SSLRQRPQEQFVL QSHAWFNVSSL PYSVPVWSLPSGQARVQTQLLRA 984
ZEBRA FI SH ERAI VRVVBRLWQTFLKRPYVNYVLHSTAHYEVMNVPSKI QPDVLPTGKAETHTKI | WR 976

XENOPUS GRATVKLHSI LWPSFLKRQQQQFVLL SQGSFWTSVPYKI QPAVLLYGNATANTTVLW 981
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.____________________________________________________ 1
PIG RVLEDREVPLEVWWIVGVIEGG. L L L TEEVIEAMAR OBERKREREPIEESDEEEE. - - - - - - 1039
HUVAN L- - EERAI Pl WAWLVGVLGGLLLLTI LVLAMAKVGFFKRNRPPL EEDDEEGE- - - - - - - 1039
HORSE L- - EDRAI Pl WAVLVGVL GGLLLLTLLVWAMAKVGFFKRNRPPL EEDEEDE: - - - - - - - 1036
RABBI T L- - EEKAVPI WAWLVGALGGLLLLI LLVLAMAKVGFFKRNRL PLEEEDEDEE- - - - - - - 1034
DOG L- - EERDI Pl WAVLVGVLGGLLLLM.LVLAMAKGGFFKRNRPPLEEEEEE- - - - - - - - - 1036
cow S- - EEREl PMAW/LVGVLGGLLLLTFLI LAMAKVGFFKRNRPPLEEDDEEE- - - - - - - - - 0935
RAT L- - EERDI PVWWAWLVGVL GGLLLLTLLVLAMAKAGFFKRNRPPL EEEEEEE- - - - - - - - 1037
MOUSE L- - EERAI PVWWAWLVGVL GGLLLLTLLVLAMAKAGFFKRNRPPL EEDEEEE- - - - - - - - 1033
ZEBRA FI SH SPDGQEEVPLWA' WSI VAGLLLLAAL STI FWKMGFFKRNRPPSDNDDDDDDDVTQQLN 1036
XENOPUS SPDGQKEI PLWAY | VGALGGLLLLAL FVFVMAKL GFFRRTRPPSDDQEDLTSD- - - - - - 1034

Fig. 5. Comparison of the porcine CD41 amino acid sequence to other homologous
molecules. The sequences were derived from GenBank entries with accession numbers
shown in materials and methods. Signal peptide is in green. Heavy and light chains are
shown by orange and black lines, respectively. Ca** binding domains are remarked in pink
boxes. Potential N-glycosylation sites (N) and cysteine residues (C) are respectively marked
in red and yellow in the respective sequences. Amino acids residues conserved in all the
sequences are shown in light grey.

As shown in Table2, the longest porcine CD41 protein shares a 78% amino acid residue
identity with those of humans, cattle and horses, 77% with dogs, 75% with rabbits, 73% with
rats, 71% with mice, 42% with Xenopus laevis and 40% with zebrafish. Table2 also shows the
percentages of amino acid residue identities of the different regions of the CD41 molecule.
In general, both transmembrane and cytoplasmic domains are more preserved compared to
the extracellular one. The phylogenetic tree of CD41 proteins shows that the counterpart
closet to porcine CD41 was that of cows (Figure6).

cow
HORSE
DOG

RAT

MOUSE

RABBIT

ZEBRA FISH

XENOPUS

Table 2. Percentages of amino acids identities between the porcine (Po) and its constitutive
blocks with those from humans (Hu), cow (Ca), horse (Ho), dog (Do), rat (Ra), mice (Mi),
rabbit (Rb), zebrafish (Zf) and Xenopus laevis (Xe).
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Fig. 6. Phylogenetic tree of the CD41 protein family.

3.3 Chromosome localization of porcine CD41 gene

Chromosomal localization was carried out screening a pig-rodent somatic hybrid cell panel
by PCR, using specific porcine CD41 primers (Tablel). A specific amplification was
observed in 9 (16, 20, 21, 22, 23, 24, 25, 26 and 27) of the 27 hybrid cells (Figure?7), which
enabled us to localize the porcine CD41 gene in region p11-2/3p13 of chromosome 12 (Sscr
12) with a probability of 0.90 and an error margin lower than 0.1% (Chevalet et al., 1997,
www.toulouse.inra.fr/1lqc/ per.htm).

The chromosome localization of the gene was confirmed by screening the INRA Minnesota
porcine Radiation Hybrid (IMpRH) panel. The IMpRH mapping tool (Milan et al., 2000;
www.imprh.toulouse.inra.fr) revealed that porcine CD41 gene is closely linked to the SW957
marker (47cM; LOD=9) on the Sscr 12, p11-p13 region (Figure8).

Fig. 7. Diagram showing results for the presence/absence of the CD41 gene in the INRA
somatic hybrid cell panel.
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Fig. 8. Diagram showing the chromosomal localization of the CD41 gene using the INRA
Minnesota porcine Radiation Hybrid (IMpRH) panel.

3.4 Cell and tissue expression of porcine CD41 transcripts

To investigate the pattern of the porcine CD41 mRNA expression, RT-PCR analysis was
conducted with a variety of pig adult tissues and cell types using VARP1/VARP2 gene-
specific primers (Tablel). The highest level of CD41 transcripts was detected in platelets,
although a moderate level was detected in bone marrow and a low level in ganglions and
lungs. No CD41 transcripts were detected in the rest of tissues and cells analyzed (Figure9).

CD41 mRNA expression
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Fig. 9. RT-PCR expression patterns of CD51 transcripts in different pig cells and tissues. RU:
Relative units. 185 RNA amplification was used as control.
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3.5 Cell and tissue expression of porcine CD41 proteins

The precise localization of the CD41 protein was studied by immunohistochemistry and by
flow cytometry with antibodies developed against two different porcine CD41 recombinant
proteins.

3.5.1 Expression and purification of porcine recombinant CD41 proteins

Two different cDNA fragments belonging to the functional region of the porcine CD41
protein were amplified and subcloned in the pET-28b expression vector. One, 996 bp long
and amplified with primers CD41-F2 and CD41-R2 (Tablel), contained the coding
sequence for amino acids 32 to 363, and the other one, 677 bp long and amplified with
primers CD41-F1 and CD41-R1, contained the coding sequence for amino acids 684 to
909, a highly antigenic region selected by the Jameson-Wolf method (Jameson & Wolf,
1988). The recombinant constructions, named respectively pET-F2R2 and pET-FIR1,
were transfected and expressed in E. coli (DE3). Two different recombinant CD41
proteins were purified: rCD41-FIR1 (about 26 kDa) and rCD41-F2R2 (about 46 kDa)
(Figurel0).

116 116 .
v = A e B
65 65
a5 45 —-— -y w—w = 46kDa
30 30
— — =26kDa
20 20

Fig. 10. Purified CD51 recombinant proteins. A: rCD41-F1R1. B: rCD4-F2R2.

3.5.2 Production of antibodies against porcine rCD41 proteins

An anti-rCD41-F2R2 monoclonal antibody (GE2B6), and two anti-rCD41-F2R2 and anti-
rCD41-F1R1 polyclonal antibodies were produced, and their specific reactivity against the
rCD41 proteins tested in immunoblottings. Before being used in immunohistochemical
assays, their ability to specifically recognize the platelet CD41 molecules were carried out
through immuno precipitations of platelets lysates in non-reduced conditions. An anti-
porcine CD61 (JM2E5), previously produced by us (Pérez de la Lastra et al., 1997), was
used as a positive control. Results are shown in Figurell in which both polyclonal
antibodies, the same as JM2E5, identified two proteins of 110 and 90 kDa, corresponding
to the oo and B chains of the receptor ounPs. The antibodies our, specific recognition was
demonstrated through an immunoblotting of platelet lysates in non-reducing conditions
(Figurel2).
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Fig. 11. Immunoprecipitation results of platelet lysates with anti-rCD41-F1R1 and anti-
rCD4-F2R2 in non reducing conditions. JM2E5 anti-CD61 antibody was used as a control
(C).

~110Kd

9% Kd

A

Fig. 12. Immunoblotting results of anti-rCD41-F2R2 and JM2E5 against a porcine platelet
lysate.
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3.5.3 Immunohistochemical detection of CD41 proteins

The reactivity of the anti-CD41 monoclonal and polyclonal antibodies was tested by
immnohistochemestry on a variety of porcine tissues and cells types. Results are shown in
Figures 13 and 14. Immunoreactivity was only detected in the membranes of
megakaryocytes from bone marrow. No reactivity was detected in any of the tissues
checked, including ganglion, in which a weak CD51 transcription was detected by RT-
PCR.

Fig. 13. Immunohistochemistry results with anti-rCD41-F2R2. A: Bone marrow (40X), MK,
megakaryocyte. B: Aorta (20X). C: Small intestine (10X). D: Large intestine (10X). E: Uterus
(10X).
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Fig. 14. Inmunohistochemistry results with anti-rCD41-F2R2. A: Spleen (2X). B: Ganglyon
(20X). C: Kidney (10X). D: Thymus (10X). E: Tonsil (10X).
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3.5.4 Detection of CD41 proteins by flow cytometry

In order to identify the possible PBL cells that express CD41 proteins we carried out a flow
cytometry analysis by using both anti-CD41 polyclonal antibodies. Figurel5 shows the
results in platelets, lymphocytes, granulocytes and erythrocytes with anti-CD41-F2R2. CD41
proteins were only detected in platelets by both polyclonal antibodies.

Furthermore, to test the platelet porcine specificity of the antibodies produced in this study
we test their reactivity with platelets from pigs, humans, dogs, horses, goats, chats, sheep
and cows by flow cytometry. Both anti-CD41-F2R2 and anti-CD41-F1R1only reacted with
porcine platelets (Figure 16), confirming the porcine CD41 specificity of both antibodies.

Fig. 15. Flow cytometry with anti-rCD41-F2R2 detecting expression in blood cells.
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Fig. 16. Flow cytometry with anti-rCD41-F2R2 showing no CD41 expression in platelets
from different mammals.

3.6 Effect of the platelet activation on the expression of porcine CD41

Previous results obtained in our lab using a two dimension differential in gel electrophoresis
(2D-DIGE) technique had shown that the proteome of thrombin activated porcine platelets
showed a reduced number of proteins affected in their expression level, among which CD41
was not found. Although CD41 is strongly expressed in platelets, the membrane proteins are
usually poorly represented in the gels as a consequence of their high hydrophobicity. As we
had produced specific anti-CD41 polyclonal antibodies, we used the anti-rCD41-F2R2 to
check, using immunoblotting, if CD41 was or not present in a similar gel than that used in
our previous study. Results are shown in Figure 17 in which CD41 integrin was clearly
detected.

In order to test if the CD41 transcripts level was or not modified in the platelets after
activation by thrombin, we carried out a real time quantitative PCR (rt-q-PCR) with RNAs
from unstimulated and stimulated platelets. Results are shown in Figurel8 in which a
higher but not significant change in the CD41 transcripts level was detected after the
activation by thrombin (the significant value is 1.5). Three replicates were assayed with very
similar results.
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O

Fig. 17. A: Two dimension gel electrophoresis showing the platelet proteome stained with
Comassie blue. B: Immunoblotting of platelet proteome with anti-rCD41-F2R2. Red circle
shows detection of CD41 protein.
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Fig. 18. Real time quantification of CD51 transcripts in unstimulated and thrombin
stimulated platelets. R: Ratio (relative abundance to B-actin mRNA). Results represent the
average of three replicates.

4. Discussion

In general, the study of genes expressed in platelets is difficult since platelets are enucleated
cells that show a reduced level of protein synthesis, and megakaryocytes, the platelets
precursors, represent only 0.1% of bone marrow cells (Bray et al., 1987). Nevertheless, in the
present study we describe for first time the cloning and characterization of the full-length
c¢DNA for the porcine CD41 (o) integrin chain.

The porcine CD41 proteins share common structural elements, including cytoplasmic,
transmembrane and extracellular domains and the position of the proteolytic cleavage sites
with the CD41 protein of other species. The porcine CD41 integrin showed an average of
75% amino acid identity with their mammal orthologous molecules, being the conservation
in the transmembrane and cytoplasmic regions higher than in the extracellular one in all the
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species compared. The phylogenetic tree of CD41 family of proteins showed that the closest
to porcine CD41 were those of cows and horses, and that the clusters of domestic mammals
showed the less divergence in evolution. However, compared with other o mammal
integrins, like o, which show 90% of identity (Yubero et al., 2011), oun, integrins show lower
level of conservation, which could be associated with the number of B chains with which
they can form receptors: only one (B3) for oun, and at least five for o,

Porcine CD41 conserves all the main structural characteristics that define their functions in
other species. The extracellular domain shows that porcine CD41 belongs to o integrins
lacking I domain, a domain present in the NH; extreme of some integrins, like oy, 0 or Bz,
which contains the functional sites to bind to ligands (Dickeson & Santoro, 1998;
Humpbhries, 2000). Porcine and human o, the same as o, ois and og ones, spreads the ligand
binding sites among the first 334 NH, amino acid residues (Loftus et al., 1996). One
characteristic of the o integrins lacking I domain is the presence of the seven FG-GAP
tandem repeat sequences (Wi to Wy, see Figures 3 and 4). Each FG-GAP sequence
determines four antiparallel § chains, and the folding of all the seven FG-GAP sequences
establishes the globular structure of the integrin, which contains the ligand binding sites.
Fibrinogen is the main ligand for oufB; complex. In humans, the binding of fibrinogen to
oumbP; receptor requires the o, chain Alays to Metsi4 residues, which are located in the third
FG-GAP repeat (D'Souza et al, 1990). Other experiments, including molecular
characterization of the Glanzmann thrombasthenia and mutagenesis analysis, have shown
that residues Alays, Aspies, Leuiss, Gluiss, Tyrige, Tyrioo, Pheior and Aspayg of the oup chain,
are also critics for the fibrinogen binding (Grimaldi et al., 1998; Honda et al., 1998; Tozer et
al.,, 1999). The comparison between human and porcine oun, integrin sequences showed that
all these critic residues are conserved in the porcine molecule.

On the other hand, the fibrinogen only binds to the activated ouf3 integrins, this activation
being mediated by Ca** (Bennett & Vilaire, 1979). The molecular characterization of oun
carried out in this study showed that all the four Ca** binding domains (consensus sequence
DX[D/N]XDGXXD) were also highly conserved in the porcine oup, integrin when compared
to that in humans.

The transmembrane region of the porcine o, integrin is also highly conserved when
compared to their homologous mammalian (80-84% of identity). The sequence GXXXG in
this region is essential for a high affinity association of the transmembrane helixes (Senes
et al., 2000). Changes as AXXXG or SXXXG in this sequence reduce significantly the
affinity between them (Mendrola et al., 2002; Schneider & Engelman, 2004). Our results
showed that the same GVLGG sequence was conserved in the oy integrins from all the
mammalian species compared, including that of the pig. It has been suggested and
supported a “push-pull” mechanism for apBs regulation in which the destabilization of
the hetrodimeric oy, and B3 transmembrane interactions push omPs to its activated state,
whereas processes that favor their homomeric association pull ounPs toward its active
conformation (Li et al., 2005; Yin et al.,, 2006). This is in concordance with the high
conservation of the GVLGG sequence in the transmembrane region of the porcine (and
other mammal) oy, chains, since fibrinogen binding to ounfs is a prerequisite for platelets
aggregation (Bennett, 2005). It is worthy to note that the porcine o, integrin, also present
in platelets membranes, contains an AVLGG sequence in the transmembrane region, as
well as in all their mammalian homologous with which it was compared (Yubero et al,
2011).



134 Molecular Cloning — Selected Applications in Medicine and Biology

The cytoplasmic region of the porcine ou, integrin is also highly conserved (80-89% of
identity when compared to their homologous mammalians). A short GFFKR motif, which
was involved in the activation of the integrin receptors, is present in the cytoplasmic region
of all the human o integrins. In humans, mutations in the GFFKR motif of the oumf2 integrin
receptor induce a permanent activation of the integrins. As expected, in all the species
compared in this study, the porcine oup integrin contains this motif near to the
transmembrane region. The porcine ouy, integrin also contains in the cytoplasmic region the
PPLEE motif, present in all the mammalian oy integrin compared in this study, whose
modifications determine changes that interfere with the specific recognizing of the ligands
(Filardo & Cheresh, 1994).

Once the porcine o, integrin was characterized, we used a porcine radiation hybrid panel
and a somatic cell hybrid panel to map the pig CD41 (oi) gene into swine chromosome 12
(Sscr 12), region p11(2/3)-p13. This chromosomal localization is in total concordance with
heterologous painting data that demonstrate the correspondence between the swine Sscr 12
and the human Hsap 17 chromosomes (Rettenberger et al., 1995), where CD41 (o) gene
maps in the human Hsap 17 q21 region (Bray et al., 1987), homologous to the porcine Sscr 12
p11-p13 one (Figure 19).

Fig. 19. Chromosomal localization of porcine and human CD41 genes showing the
correspondence between porcine Sscr 12 and human Hsap 17 chromosomes.

It is interesting to note that the swine CD41 (o) and CD61 (%) genes are closely located -
which confirms our previous results (Morera et al., 2002)-, the same as in humans, where
both genes map together in chromosome 17, q21 region (Thornton & Poncz, 1999). This is
exceptional for genes coding for o. and B integrins belonging to the same receptor, and it
must have a functional significance, as both genes are simultaneously expressed in human
megakaryocytes (Bennett et al, 1983). Therefore, the chromosomal assignment of pig
CD41(can) gene provides additional evidence of the conserved linkage homology in these
chromosome regions among pigs and humans.

We also checked in this study the porcine auy expression profile in different cells and
tissues. When we used RT-PCR to detect the ouyp transcripts level, we observed, as
expected, a strong expression in platelets and in bone marrow. However, we also detected
a lower expression in lymphatic ganglion and lung, which we explain by the probable
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presence of platelets or blood cells in them. When we used immnunohistochemisty and
flow cytometry to locate accurately the CD41 (oun) protein expression with specific
antibodies produced by us, we confirmed that the presence of CD41 proteins was
restricted to platelets and megakaryocytic membranes. The same restricted expression
pattern of o, proteins have been detected in other species, like humans and mice,
although some studies suggest that am, could be a differentiation marker expressed in
early stages of the cellular hematopoietic differentiation (Mitjavila-Garcia et al., 2002) or
to be over expressed in tumor cells (Raso et al, 2004). In fact, the ouw/P; integrin
expression in tumor cells has been controversial as oy and o integrin have similar
structures, and although the role of the CD51 integrin in tumor metastasis and
angiogenesis is well documented (Chen, 1992, 1997; Mitjans et al., 2000), these studies
have been carried out using antibodies that could cross react with the o./B; receptor (Chen
et al.,, 1992; Chen 2006). However, some studies have revealed that the oyp/B, receptor
mediates interactions between platelets and tumor cells, detecting an over expression in
the filopodia emitted by the platelets in the focal adhesion plates, with the filopodia
being the first contact sites between tumor cells and platelets (Chopra et al., 1992).

In this sense, it is worthy to note that in our study we have produced the two first specific
anti-porcine o, antibodies, whose specificities we have demonstrated by flow cytometry in
cross reactions against platelets from humans, dogs, horses, goats, cats, sheep and cows.
Finally, as ou/Bs is involved in adhesion and aggregation of platelets after their activation,
we checked if the platelet activation was or not associated with changes in the
o transcripts level. Changes in the proteome of platelet activated by thrombin, the
strongest platelet activator, was previously studied in our laboratory, detecting some
differential modification in only a small number of proteins, among which the CD41lintegrin
was not included, even though a very sensitive two dimension differential in gel
electrophoresis (2D-DIGE) technique was used (Esteso et al., 2008). As CD41 is strongly
represented in platelets and it plays an essential role in their activation, we took advantage
of the specific anti-porcine oy, antibodies produced for the studies presented in this chapter
to check if CD41 integrin was or not present in the gels used to carry out those studies.
Immunoblotting results clearly showed that CD41protein was detected in the platelet
proteome, which confirmed our previous results that showed that platelets did not modify
their CD41 protein level after thrombin activation. Moreover, although platelets are
enucleated cells that lack their nucleus during the megakaryocytic cells cytoplasm
fragmentation, it is well established that they conserve ribosomes, mRNAs, as well as the
post-translationally modifying protein mechanisms (Dittrich et al., 2005). For this, we used a
real time PCR to check if some change was produced in the o transcripts level as a
consequence of the platelet activation by thrombin. Results showed that although a small
increase was detected, this was not statistically significant. It is well established that most
changes produced after platelets activation involve post-translational modifications that
affect the interactions between transmembrane and cytoplasmic domains of ocand  chains
(Russ & Engelman, 1999). So, our results support that the changes produced after thrombin
platelet activation, which seems to disrupt the helical interface between the integrin a and f
subunit transmembrane domains, favoring homomeric oup (and B3) transmembrane domain
interactions in the oumPs receptor (Luo et al., 2004; Li et al., 2005; Partridge et al., 2005; Yin et
al., 2006), must be produced by post-translational regulation, without affecting neither the
transcript nor the protein level in the oump.
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5. Conclusion

Integrins are a family of heterodimeric transmembrane glycoproteins consiting of varying
combinations of noncovalently bound o and B chains that generate several receptors with
different expression patterns and ligand binding profiles. oufs (CD41/CD61) integrin is the
most abundant platelet receptor being responsible for the platelet aggregation. Most of the
studies with oupPs integrin have been carried out in humans and mice but little is known
about the expression of ouBs integrin in porcine tissues, although pig is generally accepted
as an optimal experimental model for different areas, as cardiovascular diseases, because of
its similarity to humans. We have previously cloned and characterized the porcine gene
coding for the B; (CD61) chain of the oupfBs integrin; however, the one coding for oun, (CD41)
chain -the only o subunit for the B3 one- remained to be characterized.

We describe in this chapter the molecular cloning, the structural and comparative analysis,
and the expression patterns of the porcine gene coding for the oup integrin chain.
Additionally, we also describe the chromosomal localization of the gene.

We used a combined strategy of PCR and RACE reactions to obtain a full porcine aq cDNA
sequence from platelet RNA. The pig om cDNA was 3336-pb long and contained an ORF
3111 b long that encodes a pre-ounp protein composed by 1036 amino acid residues, from
which, 961, 26 and 10 belong to the NH2-extracellular, the transmembrane and the
cytoplasmic-COOH domains, respectively. The porcine o, shares with om, from other
species: identical structure, a high % amino acid identity, common domains (oI, Ca**
binding, MIDAS), N-glycosylation sites, and the seven FG-GAP tandem repeats. However,
in relation to other mammalian o chains, the porcine o, shares lower identities with those
homologous in mammals (78% with humans, horses and cows, 78% with dogs, 75% with
rabbits, 73% with mice and 71% with rats). A phylogenetic tree identifies cows CD41 as the
closest to pigs.

By using both somatic cell hybrid and irradiated cell hybrid panels, we localized the gene
coding for the porcine o, integrin in chromosome Sscr 12 region p11-(2/3 p13), in the same
region where we previously localized the porcine £ integrin gene, region that corresponds
to the human homologous Hsap 17(q21) in chromosome 17.

As expected, the porcine oy, mRNAs were predominantly detected in platelets, but they
were also detected in bone marrow and ganglion, in which platelets or megakaryocytes -the
platelets precursors- were probably presents. To locate accurately the pattern expression of
the o, protein, immunohistochemical, immunocytochemical and flow cytometry analysis
were carried out. For this, monoclonal and polyclonal antibodies against porcine
recombinant oqy, integrins (roum,) were previously produced. Citometry flow analysis
determined the antibodies specificity for porcine platelets, being the first antibodies
described with this characteristic. Immunohistochemical assays confirmed that the am
expression is restricted to the membranes of megacariocytes present in bone morrow. Flow
cytometry analysis of PBC confirmed the o, expression in platelet but not in lymphocytes,
erythrocytes or granulocytes.

Finally, we checked by RT-Q-PCR if any change was produced in the level of allb
transcripts in thrombin activated platelets, no detecting significant ones. This result,
together to previous ones obtained by us, support that no change were produced in neither
the transcript nor the protein level of allb, supporting our, post-translational changes in the
ouPs platelet receptor after thrombin activation.
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In conclusion, our results are of particular interest because the pig is an animal model
system for a variety of immunological, developmental and pathological studies, and because
omp integrin plays an essential role in phenomenons so significant as thrombosis,
homeostasis, tumors progression and invasion, and differentiation of cells from the myeloid
lineage in the bone marrow.
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