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MOLECULAR MODELING OF FOWL ADENOVIRUS-4 PENTON PROTEIN
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ABSTRACT: Modelling of FAV-4 penton protein was done at SWISS-MODEL online
and results viewed using spdbv 4.04 software. The penton protein was elongated
structure with different groups, secondary structure and the structural details could be

viewed.
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INTRODUCTION

SWISS-MODEL is developed by
the Protein Structure Bioinformatics group
at the SIB - Swiss Institute of
Bioinformatics and the Biozentrum
University of Basel. It is serving the
modelling of molecules in excellent
manner. Fowl adenovirus-4 penton is an
important protein of the virus and
structural details of this protein are
lacking.

Ganesh et al (2002) carried out
purification and characterization of the
etiological agent of hydropericardium
hepatitis syndrome from infected liver
tissues of broiler chickens.
Hydropericardium hepatitis syndrome in
broiler chickens is an acute, infectious
disease characterized by high mortality,
excess pericardial fluid and multifocal
hepatic necrosis. The aetiological agent
was purified to homogeneity from infected

liver tissues from field outbreaks.
Electron-microscopic  and  serological
confirmation of the virus was undertaken
and the disease was reproduced
experimentally in broiler chicks. The
results indicated that an adenovirus, fowl
adenovirus serotype 4, was alone
responsible for the disease in the materials
studied.

Shah et al (2012) prepared a subunit
vaccine against hydropericardium
syndrome using adenovirus penton capsid
protein.  Hydropericardium  syndrome
(HPS) is a disease of poultry that is caused
by fowl adenovirus-4. Inactivated liver
homogenate from diseased birds is still the
choice of vaccine in some countries which
disseminates numerous pathogens along
with  inactivated  virus.  Moreover
incomplete attenuation or inactivation,
reversion to virulence and the oncogenic
potential/genetic  instability —of  the
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adenoviruses have prevented their use in
routine vaccines. To address this problem
an effort is made to develop a subunit
vaccine. For this purpose penton base
protein of HPS virus was expressed in
Escherichia coli and used as subunit
vaccine in broilers. Immunogenicity of the
recombinant penton base protein and
challenge  protection  test  against
pathogenic virus demonstrated the ability
of recombinant penton base protein to
confer (90%) protection. Results suggest
that the recombinant penton base protein is
a candidate for subunit vaccine against
HPS. Mansoor (2011) prepared and
evaluated a chicken embryo-adapted fowl
adenovirus serotype 4 vaccine in broiler
chickens. The current study was planned to
develop an efficient vaccine against
hydropericardium syndrome virus (HSV).
Currently, formalin-inactivated liver organ
vaccines failed to protect the Pakistan
broiler industry from this destructive
disease of economic importance. A field
isolate of the pathogenic hydropericardium
syndrome virus was adapted to chicken
embryos after four blind passages. The
chicken embryo-adapted virus was further
serially passage (12 times) to get complete
attenuation. Groups of broiler chickens
free from maternal antibodies against HSV
at the age of 14 days were immunized
either with 16th passage attenuated HSV
vaccine or commercially formalized liver
organ vaccine. The antibody response,
measured by enzyme-linked
immunosorbent assay was significantly
higher (P < 0.05) in the group immunized
with the 16th passage attenuated HSV
vaccine compared to the group immunized
with liver organ vaccine at 7, 14, and 21
days post-immunization. At 24 days of
age, the broiler chickens in each group
were challenged with 10 (3.83) embryo

infectious dose of pathogenic HSV and
were observed for 7 days post-challenge.
Vaccination with the 16th passage
attenuated HSV gave 94.73% protection as
validated on the basis of clinical signs
(5.26%), gross lesions in the liver and
heart (5.26%), histopathological lesions in
the liver (1.5 £ 0.20), and mortality
(5.26%). The birds inoculated with liver
organ vaccine showed significantly low (p
< 0.05; 55%) protection estimated on the
basis of clinical signs (40%), gross lesions
in the liver and heart (45%),
histopathological lesions in the liver (2.7 +
0.72), and mortality (35%). Birds in the
unvaccinated control group showed high
morbidity (84%), mortality (70%), gross
(85%), and histopathological lesions (3.79
+ 0.14) with only 10% protection. In
conclusion, this newly developed HSV
vaccine proved to be immunogenic and has
potential for controlling HSV infections in
chickens.

Asthana  (2013) reported that
Hydropericardium syndrome (HPS) is a
highly infectious disease caused by fowl
adenovirus serotype 4 (FAV-4) affecting
poultry, especially broiler birds. The
disease occurs predominantly in broilers of
the age group of 3-5weeks, characterized
by sudden onset of high mortality up to
80 %. The causative agent of HPS is fowl
adenovirus 4. FAV-4 is non-enveloped and
icosahedral in shape, measuring 70-90 nm
in size and containing a linear dsSDNA of
approximately 45 kb in size as its genome.
The livers of affected birds show necrotic
foci and basophilic intranuclear inclusion
bodies in the hepatocytes. The disease can
be diagnosed from its gross and
microscopic changes in the liver and by
various serological tests, such as agar gel
immunodiffusion, counter
immunoelectrophoresis, indirect
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hemagglutination, fluorescent antibody
techniques, and ELISA. In the past few
years, PCR has been used as a rapid
diagnostic tool for the detection of fowl
adenoviruses. The disease has been
brought under control by the use of
formalin-inactivated, attenuated or live
vaccines in experimentally infected birds.
Advancement in the field of computational
immunology  accelerates  knowledge
acquisition and simultaneously reduces the
time and effort involved in screening
potential epitopes, leading toward the
development of epitope-based vaccines.

MATERIALS AND METHODS

Fowl adenovirus 4 penton protein
sequence ACCESSION  HQ331242 was
downloaded from NCBI/Pubmed online.

MWGLQSPTSIPPPPPPTELTPSTYPAMVNGYP
PPAASAQSCPSS
GGQSELYMPLQRVMAPTGGRNSIKYRDYTP
CRNTTKLFYVDNKASDIDTYNKDANHSN

FRTTVIHNQDLDADTAATESIQLDSRSCWGG
DLKTAVRTNCPNVSSFFQSNSVRVRMM

WKRDPPTSTAPPSAVGSGYSVPGAQYKWYDL
TVPEGNYALCELIDLLNEGIVQLYLSE

GRQNNVQKSDIGVKFDTRNFGLLRDPVTGLV
TPGTYVYKGYHPDIVLLPGCAIDFTYS

This sequence was used for
modelling at SWISS-MODEL workspace
online at http://www.expasy.org/spdbv/
and the results obtained were analysed
using spdbv 4.04. Different parameters and
modelling tools have been developed and
described for use at this site ( Arnold et
al,2006); Schwede et al, 2003; Guex and
Peitsch,1996, 1997; Johansson et al, 2012;
Guex et al, 1999,2009; Schwede et al,
2003; Guex, 1996; Weiner et al, 1984;
Morris et al, 1992; Carson ,1987; Huang
and Miller, 1991; Sippl, 1990;

Schuettelkopf and Aalten, 2004;
Kleywegt et al, 2004; Edgar, 2004).

RESULTS AND DISCUSSION

The results obtained are shown in
Fig 2-5. It may be seen that modelling has
revealed the groups, secondary structure
and reacting sites of the fav4 penton
protein.

Fig 4. Fav4 penton protein
color secondary structure
3D, spdbv 4.04.

Fig 5. Fav4 penton protein
color secondary structure
loop, spdbv 4.04.

CONCLUSIONS

The modelling of fav4 penton protein
revealed structural details and reacting
groups of the protein.

ACKNOWLEDGEMENTS

Author thanks director, Institute of
Biotechnology and IT, Mudiya
Ahmadnagar, Bareilly for providing
facilities to carry out this work.

REFERENCES
Arnold, K., Bordoli, L., Kopp J., and
Schwede T. (2006). The SWISS-

23



Tyagi (2014) Biotechnology International 7(1): 21-25

MODEL Workspace: A web-
based environment for protein
structure homology modelling.
Bioinformatics. 22: 195-201.

Asthana, M.1., Chandra, R., and Kumar, R.
(2013). Hydropericardium
syndrome: current state and
future  developments.  Arch
Virol.158(5):921-31. doi:
10.1007/s00705-012-1570-x.
Epub 2012 Dec 14.

Carson, M. (1987). Ribbon model of
macromolecules. J. mol.
Graphics. 5:103-106.

Edgar, and Robert, C. (2004). MUSCLE:
multiple sequence alignment with
high  accuracy and  high
throughput. Nucleic  Acids
Research. 32(5):1792-1797

Kleywegt G.J., Harris, M.R., Zou, J .,
Taylor, T.C., Wahlby, A., and
Jone, T.A (2004)
The Uppsala Electron-Density
Server. Acta Crystallographica
D60, 2240-2249

Ganesh K.L., Raghavan, R., Gowda, R.N.,
Satyanarayana, M.L., and
Suryanarayana, V.V. (2002).
Purification and characterization
of the aetiological agent of
hydropericardium hepatitis
syndrome from infected liver
tissues of broiler chickens. Trop
Anim Health Prod. 34(1):7-17.

Guex, N., Diemand, A., and Peitsch, M.C.
(1999).Protein  modelling  for
all.TiBS 24:364-367.

Guex N., Peitsch, MC, and Schwede T.
(2009). Automated comparative
protein structure modelling with
SWISS-MODEL and  Swiss-
PdbViewer: a historical
perspective. Electrophoresis,
Suppl 1:5162-73

Guex, N., and Peitsch, M.C. (1996).Swiss-
PdbViewer: A Fast and Easy-to-
use PDB Viewer for Macintosh
and PC. Protein Data Bank
Quaterly Newsletter .77: 7.

Guex, N., and Peitsch, M.C. (1997).
SWISS-MODEL and the Swiss-
PdbViewer: An environment for
comparative protein modelling.
Electrophoresis. 18: 2714-2723.

Guex, N. (1996). Swiss-PdbViewer: A
new fast and easy to use PDB
viewer for the Macintosh.
Experientia .52: A26.

Huang, X., and Miller, M. (1991). A Time-
Efficient, Linear-Space Local
Similarity Algorithm
Adv. Appl. Math. 12: 337-357.

Johansson, M.U., Zoete, V., Michielin, O.,
and Guex N. (2012)
Defining and searching for
structural motifs using
DeepView/Swiss-PdbViewer.
BMC Bioinformatics, 13:173.
http://www.expasy.org/spdbv/

Mansoor, M.K.l., Hussain, I., Arshad, M.,
and Muhammad, G. (2011).
Preparation and evaluation of
chicken embryo-adapted fowl
adenovirus serotype 4 vaccine in
broiler chickens. Trop Anim
Health Prod. 43(2):331-8. doi:
10.1007/s11250-010-9694-z.
Epub 2010 Sep 28.

Morris, A.L., MacArthur, M.W.,
Hutchinson, E.G., Thornton, J.M.
(1992). Stereochemical Quality
of Protein Structure Coordinates .
PROTEINS: Structure, Function,
and Genetics. 12:345-364.

Schuettelkopf A.W. and Van Aalten
D.M.F. (2004). PRODRG - a tool
for high-throughput
crystallography of protein-ligand

24



Tyagi (2014) Biotechnology International 7(1): 21-25

complexes. Acta
Crystallographica .60: 1355-1363

Schwede, T., Kopp, J ., Guex, N., and

Peitsch, M.C (2003).SWISS-
MODEL: an automated protein
homology-modelling server.
Nucleic Acids Research.
31:3381-3385

Shah, M.S.l., Ashraf, A., Rahman, M.,

Sippl,

Khan, M.l, and Qureshi,
JA.(2012). A subunit vaccine
against hydropericardium
syndrome using  adenovirus
penton capsid protein. Vaccine.
30(50):7153-6.doi:
10.1016/j.vaccine.2012.10.013.
Epub 2012 Oct 18.

JM.  (1990).Calculation  of
Conformational Ensembles from
Potentials of Mean Force: an
approach to the knowledge based
prediction of local structures in
globular proteins.
J. Mol. Biol. 213:859-883.

Weiner, S.J., Kollman, P.A., Case, D.A,,

Singh, U.C., Ghio, C., Alagona,
G., Profeta, S., and Weiner, P.K.
(1984). A new force field for
molecular mechanical simulation
of nucleic acids proteins.
J. Am. Chem. Soc. 106:765-784.

25



