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Abstract

: Epidemic Keratoconjunctivitis is an acute ocular infectious disorder
often associated with Human Adenovirus Type D8 (HAdV-D8). E1A and E1B are
adenoviral proteins that play a crucial role in initiating adenoviral infection and
binding to cellular p53. This study aimed to analyze genomic diversity in E1A and
HAdV-D8 E1B genes in patients with adenoviral Keratoconjunctivitis.

Samples of 5 patients with adenoviral
Keratoconjunctivitis were cultured on A549 cell line for 48 to 72 hours until the
appearance of CPE. The E1 gene region was amplified by PCR and sequenced to
investigate mutations.

: The Ahvaz strain showed the highest similarity to Japanese and American
HAdV-D8 and HAdV-D54 strains in ELA and E1B genes. No significant mutation
was found in the E1A gene. However, in the E1B gene, an amino acid substitution
of serine to phenylalanine occurred. Another mutation converting CTG to GTG in
E1B 55KD was observed only in two samples. The analysis with BLOSUM®62
matrix confirmed that the replacement of valine with leucine is more likely than the
substitution of serine and phenylalanine, which have hydrophobic properties and
higher molecular weight.

. In this study, E1A and E1B gene sequences of HAdV-D8 strain
exhibited high conservation. Investigating these strains and their mutations in the
human population could be valuable for determining the evolutionary capacity and
pathogenicity of the virus.
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Genomic Analysis of ELA and E1B Regions of Human ...

Introduction

Keratoconjunctivitis, characterized by
simultaneous inflammation of the cornea and
conjunctiva, constitutes a significant ocular
condition with diverse etiological factors. Among
these factors, adenoviruses have emerged as
prominent contributors, being responsible for a
considerable portion of Keratoconjunctivitis cases.
Adenoviruses, belonging to the family
Adenoviridae and the genus Mastadenovirus,
possess a distinctive genomic and structural profile.
Understanding the role of adenoviruses, particularly
their genotypic diversity, in the pathogenesis of
Keratoconjunctivitis has garnered substantial
attention within the medical and virological
communities.

The global impact of Keratoconjunctivitis
epidemics, often linked to specific adenovirus
serotypes, underscores the clinical significance of
these viruses. Notably, serotypes like HAdV D8,
D19, and D37 have been implicated in the rapid
onset of  Keratoconjunctivitis ~ symptoms,
contributing to its widespread prevalence.

A central player in adenoviral infection and
replication is the E1A protein. This protein, encoded
within the viral genome, exerts intricate control over
cellular mechanisms, facilitating viral propagation.
The interplay between viral E1A and cellular factors
underpins various facets of adenovirus-mediated
infections, ranging from transcriptional regulation to
host cell transformation.

Similarly, the E1B gene region encodes proteins
pivotal for viral success. The interaction between
E1B proteins and cellular p53 protein not only
modulates gene expression but also contributes to
mitigating cellular mMRNA accumulation following
infection. The preservation of viral DNA integrity,
vital for efficient replication, hinges on the E1B
18.3-KD protein.

This study aims to delve into the genomic
variations within the E1A and E1B genes of human
adenovirus type 8 (HAdV 8) among patients
diagnosed with adenoviral Keratoconjunctivitis. By
unraveling the molecular intricacies of these genes
and their adaptability within different viral
genotypes, we seek to enhance our comprehension
of the dynamic evolution of HAdV D8 and its
implications for the clinical manifestation of
Keratoconjunctivitis. Through this investigation, we
aspire to contribute to the broader understanding of
adenovirus-associated ocular diseases, fostering
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potential avenues for therapeutic interventions and
management strategies.

Methodology

Following the acquisition of ethical code from
the research committee of the university with the
reference number IR.AJUMS.REC.1397.362, and
within the framework of the approved project with
code OG 9726, a randomized selection of samples
was carried out. Five ocular swab samples were
collected from patients suffering from adenovirus
induced Keratoconjunctivitis with HAdV 8 subtype
resulting from previous tests. These patients were
admitted to Imam (RA) Hospital in Ahvaz, with
sample numbers 23, 28, 33, 47, and 85. The
genotypes of these samples were previously
determined as HAdV D8 based on the viral fiber,
penton, and hexon sequences. The samples were
retrieved by -70°C from the Virology Department of
Ahvaz University of Medical Sciences.

Upon observing cytopathic effects (CPEs) and
cell detachment, a low-speed centrifugation (3000
rpm) was performed. DNA extraction was carried
out using the Roche high purity viral DNA
extraction kit according to the manufacturer's
instructions. The extracted viral DNA was stored at
70°C until PCR analysis.

PCR amplification of E1A and E1B genes was
conducted using a PeqLab thermocycler. The gene
sequences were obtained by performing a Blast
search against the NCBI gene bank. Subsequently,
the sequences were aligned using MEGA 7
software. Oligo V7.60 software was employed for
primer design. For the E1A gene, two overlapping
primers were designed, and for the E1B gene, three
overlapping primers were designed. The designed
primers were evaluated for specificity using the
Primer Blast tool. Several PCR products of E1A and
E1B genes in both directions were sequenced using
the Sanger method and the 3730xI DNA Analyzer
(Bioneer, South Korea).

Sequence analysis of nucleotide and amino acid
sequences of E1A (considering Alternative splicing
in this region) and E1B regions was performed using
SnapGene version 3.2.1 software. BLAST was used
to identify homologous nucleotide sequences in the
GenBank database. Alignment of E1A and E1B
sequences and phylogenetic tree construction were
accomplished using MEGA software (version 7)
with the Tamura Nei maximum likelihood model,
followed by Kimura's two parameter evolutionary
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distances evaluation. RDP4 and SIMPLOT software
were used to assess recombination probabilities.
BLUSUM®62 matrix analysis was employed to study
amino acid variations.

Results

A Comparative Analysis of E1A and E1B Gene
Sequences with Isolates Found in the Gene Bank
Upon receipt of sequence determination results, the
sequences of ELA and E1B genes were BLASTed on
the NCBI website and compared with isolates present
in the gene bank. This comparison confirmed that all
5 samples belong to human adenovirus group D8.
Subsequently, gene registration was performed for
some of these samples from the NCBI databank
(MH802133.1, MH802132.1, MH802131,
MH802130.1).

A phylogenetic tree based on E1A and E1B genes
was constructed using the MEGA.7 software,
employing the Maximum Likelihood method with
1000 Bootstraps. This analysis revealed that all five
E1A samples shared 100% homology with human
adenovirus type D8, Japan strain, with access code
AB448768.1. No insertions or mutations were
observed for the five ELA samples in relation to the
pattern with access code AB448768.1, showing a
100% homology.

Moreover, concerning the E1B gene, all five
samples showed up to 99% similarity in terms of
evolution with the E1B gene of human adenovirus
type 8 with accession number LC312462.1.

In terms of physicochemical properties, the amino
acid phenylalanine differs significantly from serine
and is placed farther in the BLOSUMG62 table
compared to serine. Therefore, the occurrence of an
amino acid substitution in the obtained sequence
could potentially entail changes in the functional
properties of the E1B protein. However, the
substitution of leucine with valine is also expected
due to the similarity between these two amino acids

Discussion

In the present study, Phylogenetic analysis of the
E1A gene revealed that all five samples shared the
highest evolutionary proximity with human
Adenovirus type 54 E1A sequences with the
accession code DQ923122.2 in the United States.
Similarly, for the E1B gene, the five samples
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exhibited the highest evolutionary similarity with
human Adenovirus type 8 E1B gene sequences with
accession number AB746853.1 in Japan and
Adenovirus type 54 E1B gene sequences with
accession number LC215446.1 in Japan.

No amino acid substitution was observed in the
E1A gene, whereas an amino acid substitution of
serine with phenylalanine occurred in the E1B gene.
Notably, the mutation that converted CTG to GTG in
E1B 55KD and replaced valine with leucine at
nucleotide position 1490 was observed only in
samples 47 and 85, absent in other samples. Further
assessment of the normal or unusual nature of these
amino acid substitutions was conducted using the
BLOSUMG62 matrix, indicating that valine leucine
substitutions were significantly more probable than
serine phenylalanine substitutions according to the
BLOSUMG62 scale. It's worth noting that
phenylalanine is more hydrophobic and has a higher
molecular weight.

Conclusion

The studied samples demonstrated high
resemblance to HAdV D8 and HAdV D54 strains in
Japan and the United States, particularly in the E1A
and E1B genes. These results indicate that all
examined strains in this study exhibited substantial
conservation with HAdV D8 strain in their E1A and
E1B gene sequences.
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