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ABSTRACT. In this study, we comparatively assessed multiple 
sequences of the leptin protein from different animal species to 
establish new insights into conservation degree of biological sequences 
and evolutionary biology among mammals using computational 
biology tools. First, amino acid sequences of the leptin protein from 
Homo sapiens (human, P41159), Sus scrofa (wild pig, Q29406), 
Felis catus (domestic cat, Q29406), Rattus norvegicus (rat, P50596), 
and Mus musculus (mouse, P41160) were randomly searched in the 
high-quality annotated and non-redundant protein sequence database 
UniProtKB/Swiss-Prot. A dendogram showing the evolutionary 
relationships among specimens was constructed from the sequences 
of interest using the Mega 6.0 software with the neighbor-joining 
method. The resulting tree presenting the evolutionary relationships 
among specimens inferred from amino acid sequences of the leptin 
protein in mammals demonstrated 2 main branches: 1 cluster including 
the rat and mouse species (0.02) and a second cluster containing both 
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wild pig and domestic cat species grouped in a sub-branch (0.04 and 
0.06, respectively), linking them to the human sequence (0.08). These 
findings were reinforced by comparing estimates of evolutionary 
divergence among leptin sequences analyzed. Based on comparative 
analyses of multiple sequence alignments in the present study, there was 
a stronger conservation degree of the leptin protein in evolutionarily 
close species and several conservative changes along the sequences 
of interest, revealing information regarding the evolutionary biology 
among mammals.
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INTRODUCTION

Leptin is an adipose tissue-derived circulating protein hormone with multiple bio-
logical roles associated with regulation of energy homeostasis and reproductive functions in 
vertebrates (Zhang et al., 1994; Considine and Caro, 1997; Houseknecht et al., 1998). Sev-
eral studies have described that increases in leptin signal levels act on the central nervous 
system to inhibit food intake and/or regulate energy expenditure in order to maintain a con-
stant adipose mass (Friedman and Halaas, 1998). Although the leptin hormone is predomi-
nantly expressed by adipocytes, smaller amounts of this peptide are also secreted by cells in 
the epithelium of the stomach and in the placenta (Bartha et al., 2005). Leptin receptors are 
highly expressed in areas of the hypothalamus, which is known to be important for regulat-
ing body weight, as well as in T lymphocytes and vascular endothelial cells. Furthermore, 
Zhang et al. (1994) found that mutations in the leptin gene are associated with a myriad of 
hormonal and metabolic alterations.

The leptin gene and protein have been investigated for their structural and functional 
aspects and in evolutionary biology studies, indicating phylogenetic relationships among distinct 
species. Doyon et al. (2001) cloned and sequenced partial nucleotide sequences of leptin from 
6 mammalian species and verified that these sequences in chicken and turkey were clustered 
with mouse and rat leptins, suggesting a convergent or parallel evolution to explain their high 
similarity. Recently, Yu et al. (2011) examined the evolution of mammalian leptin genes in 
response to selective pressures from life in an aquatic environment, describing positive selection 
on the leptin gene in toothed whales of the Cetacea and in earless seals of the Pinnipedia.

Over the past several decades, studies using computational biology tools have fo-
cused efforts to improve the understanding of living systems through computation approaches 
(Baxevanis and Ouellette, 2005; Schatz et al., 2010). The biological fields have progressed 
tremendously in the ability to process and interpret large volumes of biological data using 
computational biology analyses, advancing molecular and structural characterization of bioac-
tive molecules of interest (Schatz et al., 2010; Gabriel et al., 2013). The purpose of the present 
study was to comparatively assess multiple sequences of the leptin protein in distinct animal 
species to establish new insights into the conservation degree of biological sequences and 
evolutionary biology among mammals using computational biology tools.
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MATERIAL AND METHODS

The amino acid sequences of the leptin protein from Homo sapiens (human, 
P41159), Sus scrofa (wild pig, Q29406), Felis catus (domestic cat, Q29406), Rattus nor-
vegicus (rat, P50596), and Mus musculus (mouse, P41160) were randomly selected from 
the high-quality annotated and non-redundant protein sequence database UniProtKB/Swiss-
Prot. This database allows for the functional annotation of multiple protein sequences and 
accurate classification of whole proteins into a network structure reflecting their evolution-
ary relationships (Boutet et al., 2007). Next, leptin protein sequences were subjected to 
progressive alignments using the constraint-based multiple protein alignment tool COBALT 
to annotate multiple protein sequence from conserved domain database, protein motif, and 
local information of the sequence similarity, including additional data to improve the quality 
score and significance of the matches, such as expected value (e-value) (Papadopoulos and 
Agarwala, 2007). E-values from multiple alignment analyses represent the probability of 
the alignment occurring by chance and are calculated based on the quality of alignment (the 
score) and the size of the database. Moreover, statistical evaluative parameters concerning 
identity and similarity values were automatically validated in these comparative analyses. 
Finally, a dendogram demonstrating the evolutionary relationships among specimens was 
constructed from sequences of interest using the Mega 6.0 software (Tamura et al., 2013) 
using the neighbor-joining (NJ) method (Saitou and Nei, 1987) and computed using the 
Kimura 2-parameter method (Kimura, 1980). The experimental assays involved 5 amino 
acid sequences in a total of 167 positions in the final dataset. The reliability of different phy-
logenetic groupings was evaluated using a boot-strap value of 1000 replicates. Divergence 
times for all branching points in the topology were calculated using the RelTime method 
(Tamura et al., 2012) using the branch lengths contained in the inferred tree. Bars around 
each node represent 95% confidence intervals, which were computed using the method de-
scribed by Tamura et al. (2013). 

RESULTS

Phylogenetic groupings were established to investigate the overall evolutionary 
relationships among specimens inferred from amino acid sequences of the leptin protein 
in mammals, as shown in Figure 1. The NJ tree showed 2 main branches obtained from 
multiple alignments of amino acid sequences of the mammalian leptin protein: 1 cluster 
with the rat and mouse species grouped in a branch (0.02) and a second cluster containing 
both wild pig and domestic cat species grouped in a sub-branch (0.04 and 0.06, respec-
tively), which was linked to the human sequence (0.08) (Figure 1). Such findings were 
reinforced by comparing the estimates concerning evolutionary divergence inferred from 
amino acid sequences of the leptin protein. This demonstrated that these sequences were 
the most differentiated between human and mouse species (0.213), whereas the sequences 
of the leptin protein were the least differentiated in human and domestic cat (0.037). Com-
parative assessments of the human leptin between wild pig and rat species revealed an 
estimate of evolutionary divergence ranging of 0.162-0.191, respectively, indicating that 
the leptin protein among these species showed intermediary evolutionary differentiation 
compared to other sequences examined.
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Figure 1. Evolutionary relationships among specimens inferred from amino acid sequences of the leptin protein 
in different mammals.

Comparative alignment analyses of multiple sequences of the leptin protein revealed 
an identity value of 71.257% in Swiss-Prot analyses, with 119 residues detected as identical 
positions in a total content of 167 amino acids (data not shown). Moreover, 30 amino acid 
residues (approximately 17.96%) were detected as similar positions along the 5 sequences 
analyzed. In the present study, all comparative assessments generated e-values of 0.003, sug-
gesting that the data obtained in these alignments is significant. Interestingly, comparative 
alignment of leptin sequences performed exclusively between rat and mouse species revealed 
a higher identity value corresponding to 96.407%, identifying 6 and 161 amino acid residues 
in similar and identical positions, respectively (data not shown).

DISCUSSION

The leptin hormone has received increasing attention because of its importance in 
energy homeostasis and reproductive regulation in vertebrates. A strong conservation degree 
of multiple sequences of the leptin protein has been observed in distinct mammals, particularly 
in evolutionarily close species (Figure 1). Sequences of the leptin protein showed high iden-
tity between rat and mouse in our study (Figure 1), which agreed with the results obtained by 
Funahashi et al. (1995) who demonstrated a high degree of conservation of the leptin protein 
between rat and mouse (96% at the protein level). To gain insight into the structure-function 
relationships and origin of leptin, Ravishankar Ram et al. (2007) analyzed the amino acid se-
quences of leptin in 23 species by comparing the frequency specific amino acids, their second-
ary structure, and sequence homology. They demonstrated extensive conservation within the 
leptin sequences in all species, particularly the human leptin, which shares a very high degree 
of homology with gorilla, chimpanzee, and orangutan, indicating a common function of leptin 
in these related species, and possibly reflecting the closeness of their evolution. 

As shown in Figure 1, evolutionary relationships among mammals inferred from 
amino acid sequences of the leptin protein showed that cat and human species were the least 
differentiated. Interestingly, Wienberg et al. (1997) revealed widespread conservation of ge-
nome organization between the 2 mammalian orders and confirmed 90% of the homologous 
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genes mapped to both cat and human species by fluorescence in situ hybridization analysis. 
Approximately 30 syntenic segments were previously identified, and the number of transloca-
tions was estimated to be in the order of 1 new translocation per 10 million years in the phylo-
genetic lines, leading to human and cat species (Wienberg et al., 1997).

As described by Denver et al. (2011), while vertebrate leptins show large divergence 
in their primary amino acid sequence, they form similar tertiary structures and may have 
similar potencies when tested in vitro on heterologous leptin receptors. Amino acid residues 
(approximately 17.96) were identified to be in similar positions in the leptin protein sequences 
analyzed. It is well-established that amino acid substitutions with identical chemical proper-
ties signal the presence of conservative changes throughout sequences of interest, indicating 
that an amino acid may be substituted for another with similar chemical properties or for an 
amino acid with different chemical characteristics (Baxevanis and Ouellette, 2005). Moreover, 
the relevant evaluative parameters regarding the significance of the matches and their con-
served domains were observed in the constraint-based alignments, with an e-value of 0.003. 
This indicates that the probability of alignments occurring by chance is low (Baxevanis and 
Ouellette, 2005). 

In conclusion, we provided insight into the evolutionary biology of mammals based on 
the accentuated degree of conservation and the presence of conservative changes along mam-
malian leptin proteins by comparing multiple sequence alignments of biological molecules.
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