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ABSTRACT

Escherichia coli (E. coli) carry six universal stress protein (usp) genes: A, C, D, E, F and G, and the expression of these genes
are triggered by various environmental stresses. The uspA gene is important for survival of E. coli during cellular growth,
adhesion and motility. The present study was conducted to characterize three pathogenic E. coli strains isolated from the cases of
diarrhoea, pneumonia and mastitis in goats. A polymerase chain reaction (PCR) was performed to amplify 884 bp open reading
frame (ORF) of the uspA gene from the E. coli strains. The uspA amplicons of the three E. coli strains were sequenced, and
compared with the published sequences in NCBI GenBank, and their phylogenetic relationships were analysed. The diarrheic
strain showed significant variation in the nucleotide composition as compared to pneumonia and mastitis associated strains. In
the ORF of uspA gene, silent mutations were noticed in the nucleotide sequence positions 27, 33, 207 and 316, which were not
reflected phenotypically. Among the peptides, ‘KHILIAVDLS’ could be a putative candidate for use as epitope in diagnostics.
Further, comprehensive studies on sequence analysis of the uspA gene will help us to understand the distribution, variability, and
phylogenetic relationships of different pathogenic E. coli isolated from different disease conditions in goats.
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Escherichia coli (E. coli) is a large and diverse group of
bacteria of the family Enterobacteriaceae associated with
various infections in animals and humans. E. coli can
contaminate, colonize, and subsequently cause infection
at various extra-intestinal sites, and is a major cause
of septicemia, peritonitis, abscesses, meningitis, and
urinary tract infections in humans (Cavalieri ef al., 1984;
Acharya, 1992). In animals, it is responsible for a variety
of infections such as mastitis, metritis, colisepticemia,
neonatal diarrhoea (white or yellow scours), urinary tract
infections and pneumonia etc. E. coli scours is the single
major cause of death in neonatal goat kids (Sharma and
Dutta, 1964; Sherman, 1987; Radostits et al., 1999). E.
coli is also considered to be one of the most frequent
causes of clinical mastitis in dairy animals including

goats (Sipka, 2014; Hegde et al., 2013). It is also reported
as predominant cause of pneumonia in goat and sheep
(Sambyal et al., 1980; Sharma et al., 1991). Universal
stress protein (usp) superfamily comprises of a conserved
group of proteins that are found in the genomes of bacteria,
archaea, fungi, protozoa and plants (Nachin et al., 2005;
Siegele, 2005). The biological and biochemical functions
of the majority of these proteins are not known (Siegele,
2005). Escherichia coli has six usp genes namely A, C, D,
E, F and G, and the uspA gene is important for the survival
of E. coli during cellular growth, adhesion and motility
(Nachin et al., 2005). Synthesis of usp protein is induced
in response to stresses such as heat shock, nutritional
starvation, osmotic pressure and the presence of toxic
agents etc. (Nystrom and Neidhardt, 1992), however,
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cold shock doesn’t induce synthesis of uspA (Nystrom
and Neidhardt, 1993). In the present study, E. coli were
isolated from goats affected with diarrhoea, pneumonia
and mastitis, and were characterized by sequencing and
phylogenetic analysis of their uspA genes.

MATERIALS AND METHODS

Samples collection

Samples were collected aseptically in ice from a total of
249 goats including 149 kids with diarrhoea, 85 goats with
clinical or subclinical mastitis and 15 pneumonic lungs
during clinical examination and necropsy of animals at
the goat farms of ICAR- Central Institute for research
on Goats, Makhdoom, Mathura, Uttar Pradesh: The
bacteriological isolation from all samples was done as per
the method described by Cowan and Steel (1975).

PCR amplification of uspA gene of E. coli

For PCR amplification of uspA gene of E. coli, the
genomic DNA was extracted by hot-chill method as
described by Yang et al. (2008). Briefly, the cell pellet was
suspended in 200 pl of Tris-EDTA buffer, and then placed
in a boiling water bath for 2 min followed by freezing at
-70° for 3 min. Three freeze-thaw cycles were performed,
and then centrifugation was done at 10000 g for 5 min.
A=50 ul of the supernatant was transferred to a sterile
tube, and stored at -20° till further use. Species specific
primers (F-5’-CCGATACGCTGCCAATCAGT-3’ and
R-5’-ACGCAGACCGTAAGGGCCAGAT-3") were used
to amplify the uspA genes of E. coli (Osek, 2001; Rajput et
al.,2014). PCR reaction was performed in a volume of 25
ul containing 1.5 units of 7ug DNA polymerase, 1.5 mM
MgCl,, 200 uM of each deoxynucleoside triphosphate, 10
pmol of each primer, 50 ng of template DNA and nuclease
free water up to 25 pul.PCR amplifications were done in a
thermal cycler (GMI, USA) with initial DNA denaturation
step at 95 °C for 2 min followed by 30 cycles beginning
with 0.5 min of denaturation at 94 °C, 1 min of primer
annealing at 58°C, and 1 min of extension at 72 °C. The
final extension step was performed at 72 °C for 5 min. The
amplified PCR products (10 pl aliquots) were analyzed by
electrophoresis in 1.5% agarose gels in tris acetate EDTA
buffer at 100 V. The gels were stained with ethidium
bromide and photographed under ultraviolet light using
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a commercial documentation system (Alpha Innotech,
USA).

Sequence analysis and epitope prediction

DNA sequencing was carried out for uspA gene of
three virulent E. coli isolates which were isolated from
goats affected with diarrhoea, pneumonia and mastitis
respectively. The amplified PCR amplicons of the above
isolates were gel purified using Gen Elute Gel Extraction
Kit (Sigma, USA), and submitted for an automated
sequencing from both directions (Merck Bioscience,
India) using the PCR primers as the sequencing primers.
The sequence data were submitted to NCBI GenBank for
the accession numbers. The uspA gene sequences of E.
coli and their deduced amino acid sequences were aligned
with the other sequences from GenBank database using
ClustalW Sequence Alignment Module. Sequences were
compiled and analyzed using Bio-Edit (Hall ef al., 2011),
and phylogenetic tree was generated using MEGA 6.0
(Tamura et al.,2013). The protein structures were predicted
using the web-based RaptorX online tool (Kéllberg et al.,
2012). The ORF of uspA gene was translated and the
linear B-cell epitopes were predicted using Tongaonkar
and Kolaskar antigenicity prediction method (Kolaskar
and Tongaonkar, 1990) computed with the online tool
http://immunax.dfci.harvard. edu/tools/antigenic.html.

RESULTS AND DISCUSSION

E. coli has been reported as important causative agents of
mastitis, pneumonia and diarrhoea in animals including
goats (Sharma and Dutta, 1964; Sharma et al., 1991;
Hegde et al., 2013). Isolation and identification E. coli
was done on the basis of cultural, morphological and
biochemical characteristics (Hedge et al., 2013). The
organisms were Gram negative short rods, catalase
positive, oxidase negative and IMViC reactions as +ve,
+ve, -ve,-ve. The organisms showed lactose fermentation
on MacConkey agar (Fig. 1) and characteristic green
metallic sheen on EMB agar (Fig. 2). In the current study,
three pathogenic E. coli strains one each from diarrhoea,
pneumonia and mastitis affected goats were amplified and
sequenced. The uspA genes from the E. coli strains were
successfully amplified using species specific primers. PCR
Amplification resulted in to a single amplicon of 884-bp
(Osek, 2001; Rajput et al., 2014) as illustrated (Fig. 3).
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Fig. 1: E. coli on MacConkey agar showing lactose fermentation Fig. 2: E. coli on EMB agar showing characteristic green
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Fig. 3: PCR amplification of UspA gene of E. coli: Lane M:
DNA ladder; Lane 1: positive control; Lane 2: negative control;
Lane 3, 4, 5, 6, 7: amplified PCR products

Nucleotide sequences of uspA genes from diarrheic
(ECD1), pneumonic (ECP) and mastitic (ECM) E. coli
were submitted to NCBI GenBank for the accessions,
and subsequently assigned as KF765738, KF765740
and KF765739 respectively. The sequenced information
was further analysed for phylogeny, and compared with
the existing databases of other E. coli strains to identify
potential changes in the nucleotide composition (Fig. 4).

Tajima’s test of molecular hypothesis was conducted to
identify evolutionary divergence in the uspA gene coding

Journal of Animal Research: v.7 n.6, December 2017

metallic sheen

regions sequenced, and 756 identical sites were found.
The diarrheic strain showed significant variation in the
nucleotide composition as compared to pneumonic and
mastitic strains. Significant differences were noticed with
ECD1 showing 9 unique differences in the coding region,
followed by ECM with 4 and ECP with 1 unique difference
respectively. This is due to the fact that, the diarrheic strain
was in a different clade as compared to the O157:H7 strain
which means it is not verotoxic but highly pathogenic as
observed clinically and pathologically. Protein structure
prediction was done based on template based tertiary
structure modelling (Fig. 5 & 6).

Protein structure models of universal stress protein of ECD1
and ECM strains were designed based on the translation of
uspA gene coding region (Fig. 7) and structure predicted
using the web-based RaptorX online protein prediction
tool (Kéllberg et al., 2012). The findings of present study
corroborated with the amino acid composition reflecting
changes in positions 142 and 144, with change from lysine
to glutamic acid or vice versa respectively, between the
strains (Fig. 8). The amino acid composition was deduced
based on the primary aligned sequence information from
open reading frame of uspA gene. In the ORF of uspA
gene, silent mutations were noticed in the nucleotide
sequence positions 27, 33, 207 and 316, which were not
reflected phenotypically.

1125



& Mishra et al.

9% E. coli strain CIRG-ECD1 (uspA) gene-KF765738.1
55 { E.coli uspA gene-X67639.1
- { E.coli ECM1-uspA_KF765739
70 E.coli-uspA_ECP_KF765740
Shigella sonnei-uspA-AF346732.1
E coli TW14359 UspA-EU893619.1

23

f—i E coli O157:H7 uspA gene-AF346731.1
16— E.coli uspA-EU893615.1

E.coli-uspA-EU8983617.1

Fig. 4: Phylogenetic tree constructed for universal stress protein based on the coding sequences by neighsbour joining method

T e [ [ O [ ] [ [ ]
1. E. coli strain CIRG-ECD1 (uspé) gene-KF765738.1
2. E.coli ECM1-uspé, KF765739 0.014
3. E.coliusp_ECP_KF765740 0012 0.002
4. E.coli uspd geneX67639.1 0012 0021 0019
5. Shigella sonnei-uspA-AF346732.1 0012 0007 0005 0019
6. E coli 0157:H7 uspd gene-AF346731.1 0019 0014 0012 0025 0.012
7.E coli TW14359 Uspa-EUB93619.1 0019 0014 0012 0026 0012 0000
8. E.coliuspd-EUR93617.1 0019 0014 0012 0026 0012 0000 0.000
9. E.coli uspa-EUB93615.1 0019 0014 0012 0026 0012 0000 0000 0.000

Fig. 5: Pair wise distance matrix of ECD1 with the other isolates of E. coli
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Fig. 6: Dot plot of open reading frame of uspA gene of three isolates of E. coli
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Fig. 7: Protein structure model of usp4 of ECD1 (A) and ECM (B)

ECD 1 KYDMDLVVCGHHQDFWSKLMSSARQLINTVHVDMLIVPLRDKEE
CP° ciceccccccncncscannsansssannasssnansannnas E..

T 0090000 000,808 8.8 0008 8. 0,08 510 8008 88 08B B0 B8R WS

Fig. 8: Dot plot for amino acid residues of uspA protein of three isolates of E. coli

However, two nucleotide positions including 424 and 430
showed mutation in codons reflected phenotypically as
amino acids KEE, EEE and EEK in ECD1, ECP and ECM
respectively. The amino acid positions 142 showed this
change from Lysine to glutamic acid in ECP and ECM,
whereas 144%™ position showed a change from glutamic
acid to lysine in ECM. The predicted epitopes with their
antigenicity is given in Table 1.

Table 1: Antigenic epitope prediction by using Kolaskar and
Tongaonkar method showing peptide sequences

No. Start End Peptide Length

1 4 13 KHILIAVDLS 10

2 15 27 ESKVLVEKAVSMA 13

3 31 54 NAKVSLIHVDVNYSDLYT 24
GLIDVN

4 67 72 HHALTE

5 91 99 LGQVLVDAI 9

6 104 112 MDLVVCGHH 9

7 122 140  SARQLINTVHVDMLIVPLR 19
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Variation at the nucleotide level may not directly affect the
function as evidenced by the protein structure prediction
that showed no significant difference with respect to the
folding and conformation, which are more conserved.
Further, epitope mapping of immunodominant epitopes
on the universal stress protein and contact binding
could establish functional properties with respect to
the virulence. Protein folding is more conserved in
nature although differences do exist in the nucleotide
and amino acid composition. The UspA proteins have
multifaceted function with overlapping activities with
the other paralogs viz., UspC, UspD, UspG, UspE etc.
Although the functions of UspA family was not defined
unequivocally, but it is evident from the earlier findings
that it is essential for the bacteria to cope with the cellular
defense mechanism and oxidative stress (Nachin et al.,
2005; Siegle, 2005). The UspA gene can be targeted for
many immunological assays, and can be included as
a candidate for multiple subunit vaccines. Among the
peptides, ‘KHILIAVDLS’ could be a putative candidate
for use as epitope in diagnostics. This would make an ideal
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epitope for preparation of multiple subunit vaccines which
could augment its efficacy by including it with other
peptides of virulence factors identified from pathogenic
E.coli. The immunodominant epitopes can also be used
for developing peptide vaccine for control of neonatal
diarrhoea after conducting in silico docking experiments.
Moreover, these peptides could be used as an antigen for
detection of specific antibodies against E.coli by lateral
flow assay techniques.
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