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Abstract

Objectives: Serum albumin (SA) is one of the most
abundant proteins in human plasma and performs func-
tions for protein transport, scavenges for free radicals,
and regulates osmotic pressure. SA has been used for
therapy in humans with several diseases including hypo-
volemia, hypoalbuminemia, and chronic liver disease.
However, the most appropriate source of albumin for
medical applications remains unclear, especially in the
case of viral infections, which complicates finding viable
donors. Substitution of human serum albumin (HSA)
with albumin from other natural sources is a viable
alternative. Therefore, we elucidated the similarity in
character, structure and evolutionary relationship among
serum albumin isolated from seven different species.

Methods: We compared the sequence, structure, and
properties of SA from different species using an in-silico
approach.

Results: These data suggested that SA has sequence
polymorphism that clusters based on closely related-
species. However, these polymorphisms do not change
the three-dimensional structure of the protein; this may
serve to maintain its function as a transporter. The Gallus
gallus albumin has the lowest number of the epitopes that
closely resemble HSA.
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Conclusion: This study is crucial in providing explicit
information about the structural similarity of albumin
isolated from other species compared to HSA. The Gallus
gallus SA might be used as a primary natural source of
albumin where warranted for human therapy.
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Introduction

Serum albumin (SA) is one of the most abundant proteins
in blood plasma, which is easily found in the animal system.
Their functions are transport protein, scavenge free radicals,
and regulate osmotic pressure. '3 SA molecular weighs
approximately 67 kDa and is composed of three identical
globular domains. The crystal structure of SA from various
mammals shows similarities with human serum albumin.*

Many medical procedures require SA, such as a therapeutic
agent in hypovolemia, hypoalbuminemia, and chronic liver
disease.” The United States Food and Drug Administration
(FDA) approves the use of human SA, which is extracted
from human plasma or produced recombinantly.® However,
the use of SA medically remains problematic, especially due
to issues with viral infection, finding viable donors, and the
high production cost, all factors that result in a high cost to
the consumer. Substituting SA from another source of
albumin is one alternative solution that may solve the problem.

Therefore, we elucidated the similarity in character, struc-
ture and evolutionary relationship among serum albumin of
several species. This study provides critical information on the
similarity of albumin from other species compared to human
SA and demonstrates which may be most similar. These similar
forms of albumin might be used as a primary natural source of
albumin where warranted for human therapy.

Materials and Methods
Sequence data mining

The SA amino acid (aa) sequence from seven animal
species: human (Homo sapiens; P02768) and orangutan
(Pongo abelli; Q5SNVHS) for mammal; chicken (Gallus
gallus; P19121) for birds; cobra snake (Naja naja; Q91134)
for reptiles; African frog (Xenopus laevis; P08759) for am-
phibians; and Atlantic salmon (Salmo salar; P21848) for fish,
as representative proteins from each class, were retrieved
from the Uniprot (www.uniprot.org) database in FASTA
format. Sea lamprey (Petromyzon marinus; Q91274) SA was
added as the outgroup for this study. The selection was based
on the “reviewed” tag from the Uniprot database.

Alignment and phylogenetic tree reconstruction

To reconstruct a phylogenetic tree, multiple sequence
alignment (MSA) was employed to every aa sequence based on

protocol.7 MEGA 6.0° was used to apply the MSA using
multiple sequence comparison by the log-expectation (MUS-
CLE)al gorithm.9 MSA results were further validated with the
GUIDANCE webserver (http://guidance.tau.ac.il/). Pairwise
alignments by Bioedit'” were used to determine the identity
and similarity between each class’ representative sequences.
The phylogenetic tree was reconstructed using MEGA 6.0. A
maximum-likelihood algorithm with a Whelan and Goldman
and gamma distribution (WAG + G) model were used to
rebuild the tree.'! The model was chosen based on the MEGA
6.0 prediction for the best evolutionary model. Each gap and
missing data in the MSA were deleted.

Molecular modeling

The structure of each of the representatives was predicted.
The PSIPRED webserver (http://bioinf.cs.ucl.ac.uk/psipred/)
was used to predict the two-dimensional structure, as well as
the function.'”> The PHYRE2 webserver (http://www.sbg.
bio.ic.ac.uk/phyre2/html/page.cgi?id=index) was used to
predict each representative three-dimensional structure with
the intensive mode modeling method."”” The three-
dimensional models for Homo sapiens were retrieved as a
PDB (www.pdb.org) (accession number: IN5U) and visual-
ized using PyMOL 1.3 (The PyMOL Molecular Graphics
System, Version 1.3 Schrédinger, LLC).

Protein surface analysis

Webserver 3D-surfer (http://dragon.bio.purdue.edu/3d-
surfer/) with its VisGrid algorithm14 was used to perform
local surface geometry analysis of the models for each SA
representative. The results obtained included regions of the
cavity, protrusion, and the flat geometry for each model.
The surface analysis was visualized using PyMOL 1.3
(The PyMOL Molecular Graphics System, Version 1.3
Schrodinger, LLC).

Antigenicity analysis

Antigenicity analysis was employed using webserver hos-
ted by the Immunomedicine Group, Universidad Complu-
tense Madrid (http://imed.med.ucm.es/Tools/antigenic.pl).
The models were assessed for antigenicity to B Cells based on
the Kolaskar and Tangaonkar method."” The antigenic
region was then visualized using PyMOL 1.3 (The PyMOL
Molecular Graphics System, Version 1.3 Schrédinger, LLC).

Results
Sequence alignment and phylogenetic tree

The phylogenetic tree suggests that SA can classify the an-
imal species based on the respective class (mammal, bird, am-
phibians, fish, and reptile) with high bootstrap value (Figure 1).
These data suggested that SA might be used to distinguish
species and is separated according to evolutionary status. SA
was initially used as the molecular clock and as the
immunological marker to determine relationships in some
animal groups. Cross reactivity between two species anti-sera
may indicate the closeness in the phylogenetic relationship
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