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Introduction 
 

Poultry industry is a growing component in 

the agriculture sector as India is one of the 

world’s largest producers of eggs and broiler 

meat (APEDA, 2018). Due to introduction of 

high-performance breeds and intensive 

farming practices to maximize production, the 

poultry industry is witnessing increased 

incidence of viral, bacterial, parasitic, and 

nutritional diseases. FAdV causes the number 

of clinical diseases in domestic chicken, such 

as Inclusion Body Hepatitis-Hydro-

pericardium Syndrome (IBH-HPS), 
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Fowl adenovirus (FAdV) belongs to Adenoviridae family of genus Aviadenovirus and 

classified in five species (Fowl aviadenovirus A to E) and 12 serotypes (1 to 8a and 8b to 

11). FAdVs cause variety of clinical conditions in poultry and other birds. Hexon, penton 

base and fiber are three major structural viral proteins of fowl adenovirus. Fiber protein 

inherits the epitopes, which are specific for determination of subgroup and type of FAdV. 

It also plays role in viral penetration as it interacts with the host cellular receptors, hence it 

has role in the pathogenicity of FAdVs. Therefore, analysis of the structure and properties 

of fiber protein is important in vaccine development. Present study describes the analysis 

of fiber protein to determine its antigenicity, physico-chemical properties, secondary and 

tertiary structures. Fiber protein sequence was retrieved from GenBank, NCBI. Secondary 

and tertiary structure of protein was predicted by using Psipred V4.0 and phyre2 software, 

respectively. Physical and chemical properties of fiber protein were determined by using 

ProtParam tool. Antigenicity of fiber protein was determined by using VaxiJen v2.0 server. 

Total twelve physico-chemical properties of fiber protein were determined and overall 

antigenicity score of 0.5002 was predicted. 

K e y w o r d s  
 

Fowl adenovirus, 

Fiber protein, 

Vaccine, 

Antigenicity, 

Physico-chemical 

properties 

 
 

 

 
 

Accepted:  

10 January 2021 

Available Online:  

10 February 2021 

Article Info 

 

https://doi.org/10.20546/ijcmas.2021.1002.167


Int.J.Curr.Microbiol.App.Sci (2021) 10(02): 1396-1401 

 

 

1397 

adenoviral gizzard erosion (AGE) and 

tenosynovitis (Schachner et al., 2017). Fowl 

adenovirus belongs to the family 

Adenoviridae of genus Aviadenovirus. Twelve 

serotypes (FAdV- 1 to -8a and FAdV-8b to 

11) of FAdV have been identified under five 

species viz., Fowl aviadenovirus A to E based 

on a cross-neutralization test (Harrach et al., 

2011; Harrach and Kajan, 2011; Hess, 2000). 

IBH-HPS characterized by the accumulation 

of straw-colored fluid in the pericardial sac 

and infiltration of basophilic intra-inclusion 

bodies in the liver (Li et al., 2017). 

 

The major structural adenoviral proteins are 

hexon and penton, constituting an icosahedral 

capsid of 252 capsomeres. Penton is 

composed of penton base and attached to it 

that are two fibers of equal length, a 

peculiarity of fowl adenoviruses (Marek et 

al., 2012). The penton base anchors the 

antenna-like fiber protein, whose distal head 

domain, termed knob, harbors the receptor-

binding site thus, essential for initiating virus 

attachment to the host cell (Wang and Jhao, 

2019). All type of epitopes such as type 

specific neutralizing, subgenus-specific 

neutralizing, and type specific non-

neutralizing epitopes exist within the fiber. 

The adenoviral fiber protein has been shown 

to be related to the tissue tropism as it has 

ability to bind with the cell surface therefore, 

it has role in the pathogenicity of FAdV 

(Henry et al., 1994; Pallister et al., 1996; 

Shah et al., 2012). In the present study, we 

predict the secondary and tertiary structure, 

Physico-chemical properties and antigenicity 

of fiber protein that will be beneficial for 

vaccine design in future. 

 

Materials and Methods 

 

Protein sequence retrieval 

 

Fiber protein sequence of a Fowl adenovirus 

D isolate Pantnagar/HA-14/R-21 (Accession 

No. MH371143) was retrieved from GenBank 

of National Center for Biotechnology 

Information (NCBI). 

 

Determination of the secondary and 

tertiary structure of Fiber protein 
 

Secondary structure of fiber protein was 

determined by using Psipred V4.0 tool 

(http://bioinf.cs.ucl.ac.uk/psipred/) and 

tertiary structure of the protein was identified 

by using Phyre2 tool 

(http://www.sbg.bio.ic.ac.uk/phyre2/html/pag

e.cgi?id=index). 

 

Determination of physical and chemical 

parameters of fiber protein 

 

The retrieved sequence of fiber protein of 

FAdV was assayed for physical and chemical 

properties by using the ProtParam tool 

(https://web.expasy.org/protparam/). 

 

Antigenicity analysis of Fiber protein 

 

VaxiJen v2.0 server (http://www.ddg-

pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) 

was used to determine the antigenicity of fiber 

protein. VaxiJen v2.0 server uses 

physicochemical properties of proteins to 

develop alignment-independent prediction 

(Doytchinova and Flower, 2007). The 

threshold value for the selected target 

organism for the software was 0.4. 

 

Results and Discussion 

 

Physical and chemical properties of Fiber 

protein 

 

Fiber protein of FAdV strain was examined 

by ProtParam tool for estimating different 

physical and chemical properties such as 

molecular weight, theoretical pI, amino acid 

composition, atomic composition, estimated 

half-life, instability index, aliphatic index, and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6536733/#bib44
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6536733/#bib11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6536733/#bib11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6536733/#bib12
http://bioinf.cs.ucl.ac.uk/psipred/
http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index
http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index
http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index
https://web.expasy.org/protparam/
http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
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grand average of hydropathicity (GRAVY). 

Results of these computed parameters are 

shown in table 1. Similarly, ProtPram tool 

was also used to determine the 

physicochemical properties (such as 

molecular weight, theoretical pI, amino acid 

composition, atomic composition, extinction 

coefficient, estimated half-life, instability 

index, aliphatic index, and grand average of 

hydropathicity (GRAVY)of boAP3D1, 

Bovine Leukemia Virus Envelope (BLV Env) 

protein and recombinant proteins (Corredor et 

al., 2018). 

 

Prediction of Secondary and Tertiary 

structure of Fiber protein 

 

The structural prediction was carried out to 

find out alpha helix and beta pleated sheet and 

its interaction. Secondary structure prediction 

through the Psipred V4.0 tool revealed that 

there are more than twenty strands in protein 

while most of the amino acids are of 

membrane interaction and transmembrane 

helix (Fig. 1). The tool could not predict alpha 

helix. The tertiary structure was predicted by 

homology modelling through a database 

available. A homology model was created to 

identify similarity prediction. It was made 

with 100% confidence and coverage was 

35%, which includes 196 residues by the 

single highest scoring template (Fig. 2). 

Similarly, Pesipred V4.0 web tool is also used 

to determine the secondary structure of 

SARS-CoV-2 structural proteins for multi-

epitope vaccine development (Kumar et al., 

2020). Tertiary structure of envelope 

glycoprotein of DENV-2 and DENV-3 for the 

development of dengue vaccine was also 

predicted through Phyre2 tool (Rasool et al., 

2015). 

 

Table.1 Physical and chemical properties of fiber protein of Fowl adenovirus 

 

S. No. Physical and Chemical properties 

01. Number of amino acids 555 

02. Molecular weight 58631.89 

03. Theoretical pI 4.34 

04. Grand average of hydropathicity (GRAVY) -0.279 

05. Amino acid composition: 

Ala   (A)  34 

Arg   (R)  09 

Asn   (N)  41 

Asp   (D)  32 

Cys   (C)  07 

Gln   (Q)  27 

Glu   (E)  18 

Gly   (G)  49 

His   (H)  02 

Ile     (I)  24 

Leu   (L)  50 

Lys   (K)  18 

Met(M)  05 

Phe   (F)  17 

Pro   (P)  44 

Ser   (S)  65 

Thr   (T)  51 

Trp   (W)  05 

 

6.1% 

1.6% 

7.4% 

5.8% 

1.3% 

4.9% 

3.2% 

8.8% 

0.4% 

4.3% 

9.0% 

3.2% 

0.9% 

3.1% 

7.9% 

11.7% 

9.2% 

0.9% 
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Tyr   (Y)  21 

Val   (V)  36 

Pyl   (O)  00 

Sec   (U)  00 

3.8% 

6.5% 

0.0% 

0.0% 

06. Estimated half life 30 hours (mammalian reticulocytes, in 

vitro) 

>20 hours (yeast, in vivo) 

>10 hours (Escherichia coli, in vivo) 

07. Instability Index 34.24 

08. Aliphatic Index 76.94 

09. Atomic composition: 

Carbon  (C)  

Hydrogen ( H)  

Nitrogen (N)  

Oxygen  (O)  

Sulfur  (S)  

 

2577 

4005 

677 

861 

12 

10. Formula C2577H4005N677O861S12 

11. Total number of atoms 8132 

12.  Total number of negatively charged residues 

(Asp + Glu): 

Total number of positively charged residues 

(Arg + Lys): 

50 

 

27 

 

 

Fig.1 Secondary structure of fiber protein of fowl adenovirus 
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Fig.2 Tertiary structure of fiber protein of fowl adenovirus 

 

  
 

 

Antigenicity analysis of fiber protein 

 

The antigenicity of fiber protein of fowl 

adenovirus was determined by using VaxiJen v2 

sever which uses 0.4 as a default threshold 

value. The server had predicted the overall 

antigenicity score of 0.5002. Therefore, fiber 

protein of fowl adenovirus was found to be 

probable antigen by VaxiJen v2. Similarly, all 

sequences of Porcine rubula virus were checked 

for antigenicity by VaxiJen v2 server. Among 

all the sequences only the P protein was not 

considered as antigen as it has antigenicity 

score 0.3560 while HN and F membrane 

glycoprotein of Porcine rubula virus were 

considered as most antigenic proteins (0.5271 

and 0.5154) (Sianez-Estrad et al., 2020). The 

VaxiJen server was used in other studies to 

select promising Human Immunodeficiency 

Virus (HIV) and Hepatitis C virus antigens, 

structural proteins with a VaxiJen score > 0.4 

(Rao et al., 2013; Idrees et al., 2013) 

 

In conclusion three immune informatics tools 

viz., ProtPram, Psipred V4.0 and VaxiJen v2 

were used to predict the physico-chemical 

properties, secondary and tertiary structure, and 

antigenicity of most antigenic fiber protein of 

fowl adenovirus as this protein is capable to 

induce the production of neutralizing antibodies 

in the host against the virus. Twelve different 

physico-chemical properties were predicted by 

the ProtPram tool. Pesipred V4.0 tool has 

predicted more than twenty strands in protein 

while most of the amino acids are of membrane 

interaction and transmembrane helix in 

secondary structure of fiber protein while in 

tertiary structure, it was made with 100% 

confidence and coverage was 35%, which 

includes 196 residues by the single highest 

scoring template. Fiber protein has 0.5002 

antigenicity score (>4 by default) as predicted 

by VaxiJen v2. Therefore, based on the results 

of different immunoinformatic tools the fiber 

protein of FAdV is potential antigenic protein 

and can further be analyzed for the development 

of peptide vaccine. 
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