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ABSTRACT: PAG-1 gene has been identified as a prenatal 
marker for pregnancy diagnosis in cattle. This study 
therefore, was undertaken to characterize and analyse it. 
Nucleotide and amino sequences of PAG-1 in cattle, other 
PAG gene family members and some species were retrieved 
from GenBank and UniProt database and used for this 
purpose. Percent identity and similarity between bovine 
PAG-1 and PAG-1 genes of other species ranged from 29-
83% and 44-87%, respectively. The highest sequence 
identity (83%) and similarity (90%) was observed between 
bovine PAG-1 gene and bovine PAG-16 gene. Prediction of 
protein structure of cattle PAG-1 gene revealed that the 
protein contained alpha helix, extended strand and random 
coil. Phylogenetic tree constructed between cattle PAG-1 
gene, PAG-1 gene of other species and PAG family 
members showed that PAG-1 gene was closely related to 
some family members. It was observed that PAG-1 protein 
was stable, hydrophilic and extracellular in nature. 
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INTRODUCTION 
The Pregnancy-associated glycoproteins (PAGs) are 
multigene family of a larger family of aspartic peptidases 
expressed in placenta of eutherian mammals and their 
expression varies spatially as well as temporally during 
gestation (Butler et al., 1982). In cattle, the PAG gene 
family is comprised of at least 22 transcribed genes, as well 
as some variants. Phylogenetic analyses have shown that 
the PAG family segregates into 'ancient' and 'modern' 
groupings. The first member of the family was isolated by 
Butler et al. (1982) from bovine placenta and named 
pregnancy specific protein B (PSPB). These proteins are 
detectable in maternal blood and are reported to be useful as 
prenatal markers for pregnancy diagnosis in various 
domestic and wild ruminants.  
Pregnancy associated glycoprotein-1 (PAG-1) gene is a 
trophoblastic protein belonging to the aspartic proteinase 
super family secreted by different placental cell of many 
mammalian species. The gene plays a vital role in 
placetogenesis, foetomaternal unit remodeling and 
implantation (Jerome et al., 2011). PAG-1 can be detected 
in maternal blood 3-4 weeks after conception (Zoli et al., 
1992) and hence it is considered as a potential signal from 
the conceptus (Garbayo et al., 2008). The identification and 
understanding of the characteristics of the genes encoding 
those proteins according to Roberts et al. (2008) therefore, 
will be helpful in unravelling the intricate embryogenomic 
functions during pregnancy establishment to improve or 
increase the rate of fertility in bovine species, which is of 
economic importance. Therefore, this study was designed to 

characterize and analyse the phylogenetics of the bovine 
PAG-1 gene. 

 
MATERIALS AND METHODS 

Nucleotide and amino acid sequences of PAG-1 gene of 
cattle, other family members of PAG genes of cattle and 
other species were retrieved from National Center for 
Biotechnology Information and Universal Protein 
Resources databases. The percent identity and similarity 
among bovine PAG-1 gene amino acid sequence, PAG-1 
amino acid sequences of other homologous species and 
amino acid sequences of other family members of PAG-
gene in cattle was determined by conducting a pair wise 
comparison of the sequence using Comparing two or more 
sequences options of BLAST. Protein structure of bovine 
PAG-1 gene was predicted using phyre2.  
Evolutionary relationship among bovine PAG-1 gene, 
PAG-1 gene of other homologous species and other family 
members of PAG-gene in cattle was determined by 
constructing phylogenetic tree using Molecular Evolution 
and Genetic Analysis (MEGA5) software. The evolutionary 
relationship was inferred using Maximum Likelihood 
statistical method. Physicochemical properties of bovine 
PAG-1 gene was determined using the Swiss Prot and 
Expert Protein Analysis System (ExPASy) which is the 
proteomic server of Swiss Institute of Bioinformatics.  

 
RESULTS 

PAG-1 gene nucleotide sequences were retrieved for cattle 
(NM_174411), water buffalo (EU815059), white-tailed 
deer (AY509865), goat (AF191326) and sheep (M73961). 
The length of the nucleotide sequence of bovine PAG-1 
gene and PAG-1 gene of other species varied from 1143 
base pairs to 1295 base pairs. The length of the nucleotide 
sequence of cattle PAG-1 gene was 1295 base pairs. 
Comparative sequence analysis revealed that the percent 
identity and similarity between bovine PAG-1 and PAG-1 
genes of other species ranged from 29-83% and 44-87%, 
respectively. The highest sequence identity (83%) and 
similarity (90%) was observed between bovine PAG-1 gene 
and bovine PAG-16 gene. 
Prediction of protein structure of bovine PAG–1 gene 
revealed that the entire bovine PAG-1 gene molecule had 
distinct regions of alpha helices and extended strands 
separated by random coils (Figure 3). Bovine PAG-1 
protein had an isoelectric potential of 8.98, molecular 
weight of 42847.0 Dalton, instability index of 38.91 and 
grand average hydropathicity of -0.109. The total number of 
negatively charged residues (aspartate+glutamine) and 
positively charged residue (arginine+lysine) in bovine 
PAG-1 protein were 38 and 43 respectively. Analysis of 
bovine PAG-1 revealed that the protein has an atom 
composition of Carbon (1925), Hydrogen (3002), Nitrogen 



(532), Oxygen (550) and Sulphur (14) with a molecular 
formula of C1925H3003N532O550S14 and 6023atoms. The 
extinction coefficient of bovine PAG-1 was 1.008m-1cm-1 at 
280nm measured in water and estimated half-life of 30 
hours (mammalian recticuocytes, in vito), >20 hours (yeast, 
in vivo) and >10 hours (Escherichia coli, in vivo). 
Phylogenetic analysis (Figure 1) of bovine PAG-1 gene 
revealed that bovine PAG-1 gene has the same lineage with 
B.tarus, B.bubalis, C. hirus, Ovis and O. virginianus while 
C. floridanus, B. mutus, S. scrofa and C. sinessis are placed 
in another clade. Evolutionary relationship between cattle 
PAG-1 gene and other PAG family members (Figure 2) 
revealed that bovine PAG-1 gene has the same lineage with 
PAG-4, PAG-14, PAG-6, PAG-16, PAG-20, PAG-7, PAG-
21, PAG-15, PAG-19, PAG-18, PAG-17, PAG-9 and PAG-
5 while PAG-11, PAG-10, PAG-8, PAG-12, PAG-22, 
PAG-13 and PAG-2 were placed in another clade 

Discussion 
Differences in the sequence length of cattle PAG-1 gene 
and those of other species might have resulted from 
evolution and differentiation. Sequence length variations 
are caused by insertions and deletion (Kang et al., 2008). 
Above 70% sequence identity observed between bovine 
PAG-1 gene of water buffalo, white tailed deer, sheep and 
goat implies that amino acid sequence of PAG-1 gene of 
cattle, water buffalo, white tailed deer, sheep and goat had 
similar pattern of evolution. It also shows homology, 
function similarity and conservation of PAG-1 gene in these 
species. The chance of functional conservation increases 
with increasing sequence conservation. If two sequences 
have sequence identity more than 70%, they have about 
90% probability or more to share the same biological 
process and function (Joshi and Xu, 2007). More than 40% 
amino acid sequence similarity shared by bovine PAG-1 
gene and PAG-1 gene of other species examined showed 
that their protein belong to the same family. Previous 
research have showed that individual proteins are generally 
assigned to families by degree of similarity in amino acid 
sequence and proteins in the same family usually share at 

least some structural characteristics (Lehningher et al., 
1993).  
Isoelectric potential of 8.98 deduced for bovine PAG-1 
protein implies that the protein has no net charge at pH of 
8.98. At pH below 8.98 bovine PAG-1 proteins carries a 
positive charge, whereas if the pH is above 8.98, bovine 
PAG-1 protein carries a negative charge. The isoelectric 
potential values gotten for bovine PAG-1 protein can be 
used in the laboratory when running electrophoretic gels to 
separate bovine PAG-1 protein from other proteins using 
isoelectric focusing. GRAVY score of -0.109 indicates that 
bovine PAG-1 protein is relatively hydrophilic. GRAVY 
values greater than zero indicate a relatively hydrophobic 
protein, negative value indicate a relatively hydrophilic 
protein (Kyte and Doolittle, 1982). Bovine PAG-1 protein 

 

Figure 1: Phylogenetic tree showing the evolutionary 
relationship between amino acid of bovine PAG-1 gene 
and PAG-1 gene of other species. 
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Figure 2: Phylogenetic tree showing the evolutionary 
relationship between amino acid of bovine PAG-1 gene 
and PAG gene of other family members. 

 

Figure 3: Tertiary structure of bovine PAG – 1 gene in 
cartoon model. The alpha helix is depicted as pink 
coloured spiral sheet and the random coil as blue coloured 
strand. 



had higher fraction of positively charged residue than 
negatively charged residues. Previous findings has shown 
that extracellular proteins have higher portion of positively 
charge residue than negatively charged residue (Andrade et 
al., 1998). Half-life value obtained for bovine PAG-1 
protein revealed that it takes 30 hours for the protein pool to 
be reduced by half in mammalian recticulocytes, more than 
20 hours to be reduced to half in yeast and more than 10 
hours to be reduced to half Escherichia coli. The instability 
index value of 38.91 classifies the protein as stable in vitro. 
Instability index is the measure of in vitro stability of 
protein and values greater than 40 indicate that the protein 
may be unstable in in vitro (Guruprasad et al., 1990).  
The structural elements observed in bovine PAG-1 gene are 
responsible for folding, stability and overall functions of the 
protein. The predicted 3D structure of bovine PAG-1 gene 
in the cartoon model emphasizes its constituent secondary 
structure elements (Dantas et al., 2007). The 3D structure of 
bovine PAG-1 gene predicted by phyre2 was the most likely 
structure of bovine PAG-1 gene protein because of the 
ability of the software to find appropriate protein of known 
structure as template for the modeling of bovine PAG-1 
gene in the protein data bank.  
Evolutionary relationship between bovine PAG-1 gene and 
PAG-1 gene of other species revealed that PAG-1 gene was 
more closely related to water buffalo, goat, sheep and white 
tailed deer. More also, evolutionary relationship between 
bovine PAG-1 gene and other PAG family members 
showed that bovine PAG-1 gene is more closely related to 
PAG 4, PAG 14, PAG 6, PAG 16, PAG 20, PAG 7, PAG 
21, PAG 15, PAG 19, PAG 18, PAG 17, PAG 9, PAG 5. 
There was a clear separation of the PAG gene family into 
two groups, the modern and the ancient PAGs. The relative 
shorter branch length in the modern PAGs correspond to 
difference in the pattern of the distribution of their message 
within the bovine placenta. Those members that are 
expressed by all trophoblast are relatively ancient having 
risen more 87 million years ago (Hughes et al., 2000) while 
PAGs whose expression is related to binucleate cells are 
relatively recently evolved gene that are predicted to have 
risen 50-55 million years ago (Hughes et al., 2000). 

 

Conclusion 
The highest sequence identity and similarity was observed 
between bovine PAG-1 gene and bovine PAG-16 gene. The 
protein structure of bovine PAG-1 gene is a mixed folding 
structure which contained alpha helices, extended strands 
and random coils. Evolutionary relationship determined in 
this study showed that PAG-1 gene is more related to some 
family members and some species as compared with others. 
PAG-1 protein was observed to be stable, hydrophilic and 
extracellular in nature. 
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