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Abstract

Edwardsiella tarda is a serious bacterial pathogen especially
under farm conditions; causing Edwardsiellosis disease, leading to
mass mortalities in various fish species. Molecular identification
provide rapid and accurate diagnosis of disease causes also, Gene
sequencing have a rapid identification of the bacterial mutation and
adaptation processes which closely related to the virulence divergence
and niche adaptation of the pathogen resulting in reliable vaccines
and useful treatments. Fifty-three bacterial isolates formerly identified
as E.tarda on the basis of their biochemical properties, isolated from
two different naturally diseased fish species (Clarias gariepinus and
Oreochromis niloticus) at Kafr El-sheikh governorate fish farms,
preserved in TSA semisolid media were succumbed PCR identification
using specific primers. Four virulence genes and its distribution in
E. tarda positive isolates were detected as well as DNA sequencing
analysis to the positive virulence genes compared to the gene bank
database of the National Center for Biotechnology Information
(NCBI). Out of fifty-three bacterial isolates; confirmed with PCR, only
fifty isolates were identified as E. tarda; forty-six strains from
C. gariepinus and four strains from O. niloticus, and all the examined
positive isolates carried one or more of the tested virulence genes.
E. tarda strains were divided into four groups with eight genotypes
(genetic profiles), depending on the frequency of the virulence genes in
the positive E. tarda strains. Gene sequencing revealed very high
similarity (98-100%) between the detected virulence genes and the
published sequences of E. tarda virulence genes in the gene bank
database of (NCBI).

Key words: Edwardsiellosis E. tarda virulence genes. gene bank NCBI gene
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INTRODUCTION

Edwardsiella tarda is a gram-negative, motile enteric pathogen of the
family Enterobacteriaceae; causing hemorrhagic septicemia with high
economic losses, the seriousness of E. tarda infection in its wide spread fish
host range Carlos et al. (2012).

E. tarda have been incriminated as a common bacterial pathogen
especially under culture conditions; causing edwardsiellosis or emphysematous
putrefactive disease, leading to mass mortalities in various fish species Ewing et
al. (1965)

Virulence genes screening is essential for determining the potential
pathogenicity of E. tarda acting as biomarkers in diagnosis of pathogenic
E.tarda Srinivasa Rao et al. (2001) and Srinivasa Rao et al. (2003).

The gyrB gene is a single-copy gene encodes the ATPase domain of
DNA gyrase an enzyme essential for DNA replication Huang (1996), the gyrB
gene was regarded as a suitable phylogenetic marker for the identification and
classification of bacteria Yamamoto et al. (1999).

The host pathogenicity of E. tarda had a good correlation with its
hemolysin rather than with the extracellular proteases Xiong and Lu (2001).

The gadB, fimA and other five virulence genes; orfA, citC, katB, mukF
and ssrB were presented only in the virulent not in a virulent strains, in other
words, are specific to the pathogenic E. tarda, Srinivasa Rao et al. (2003).

Mutation in gadB gene of E. tarda resulted in attenuation of the mutant
in vivo and acid sensitivity in vitro indicating that the mutant was unable to
survive or cause infection inside the host, Srinivasa Rao et al. (2003). Gene
sequencing provide a rapid identification of the bacterial mutation and
adaptation processes which closely related to the virulence divergence and
niche adaptation of the pathogen resulting in rapid reliable and useful vaccines
and treatments.
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Indeed, the detection and sequencing of the virulence genes of E. tarda
could predict the virulence potentials of the organism in the fish resulting in
earlier implantation of the control measures, therefore, the present work was
planned to: Identify the isolates by PCR using specific primers, detection of
four virulence genes and its distribution in E. tarda positive isolates and DNA
sequencing analysis to the positive virulence genes and matched to the gene
bank database of the National Center for Biotechnology Information (NCBI).

MATERIALS AND METHODS
Bacterial isolates:

Fifty-three bacterial isolates formerly identified as E.tarda on the basis
of their biochemical properties, isolates from two different naturally diseased
species (C. gariepinus and O.niloticus) at Kafr El-sheikh governorate fish
farms, preserved in TSA semisolid media were used.

Polymerase Chain Reaction (PCR):

After DNA extraction according to Shah et al. (2009) Application of
PCR for identification of 16S rDNA as species specific for E. tarda, hlyA,
gyrB, fimA and gadB genes as virulent factors of such organism was performed
essentially by using Primers (Pharmacia Biotech, Ireland) as shown in the Table

D).
DNA Amplification reaction for 16S rDNA gene of E.tarda:

The amplification was performed on a Thermal Cycler using 25 pl of
PCR mixture containing 3 pl of boiled cell lysate, 200 M of desoxynucleotide
triphosphate (ANTP mixture), 1.4 U of Tag DNA polymerase, buffer (20 mM
Tris-HCI pH 8.4, 50 mM KCI and 3 mM MgCI2) and 1 pl of each primer. The
PCR annealing temperatures tested ranged from 45 to 55°C. Both the intensity
of the amplicons for each targeted DNA and the absence of nonspecific bands
were considered in the selection of optimal PCR conditions. The cycling
protocol was one cycle of 94 °C for 2 min, 35 cycles of 95 °C for 2 min, 45 °C
for 1 min 30 sec, and 72 °C for 2 min, and a final elongation at 72 °C for 7 min.
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PCR amplified products were analyzed by 1.5% of agarose gel, stained with
ethidium bromide and visualized as well as captured on UV transilluminator,
then compared with the marker DNA ladder (100 bp), Castro et al. (2014).

Table 1. Primer sequences of E.tarda used for PCR identification system.

. . , , Product
Target gene Oligonucleotide sequence (5’ — 3') size (bp) References
16S rDNA (F) 5' AGAGTTTGATCCTGGCTCAG 3 Castro et al.
165 rDNA (R) 5' AAGGAGGTGATCCAGCCGCA 3 450 (2014)
hylA (F) 5' CCTTATAAATTACTCGCT 3 Chen and Lai
hylA (R) 5 TTTGTGGAGTAACAGTTT 3 1106 (1998)
gyrB (F) 5’ GCATGGAGACCTTCAGCAAT '3 Wang et al.
oyrB (R) 5’ GCGGAGATTTTGCTCTTCTT '3 415 (2012)
fimA (F) 5' CTGTGAGTGGTCAGGCAAGC '3 Wang et al.
fimA (R) 5' TAACCGTGTTGGCGTAAGAGC '3 441 (2012)
gadB (F) 5' ATTTGGATTCCCGCTTTGGT '3 Wang et al.
gadB (R) 5" GCACGACGCCGATGGTGTTC '3 583 (2012)

Amplification reaction for hylA gene:

The PCR for amplification of hylA gene was performed in a total
reaction volume of 25 pl using solution containing 100 pmol of each primer,
400 pM dNTP and buffer (10 mM TrisHCI pH 8.8; 1.5 mM MgCI2; 50 mM
KCI; 0.1% triton-X-100) in an Eppendorff tube. PCR was started with an initial
denaturation step of 5 min at 94 °C followed by 35 thermocycles with each
cycle consisting of denaturing at 94 °C for 1 min, annealing at a range of 50 to
55 °C for 1 min, and extending at 72 °C for 1 min. Finally, 5 pl of each
amplicon was electrophoresed in 1 % agrose gel) and visualized under UV
transilluminator, Chen and Lai (1998).

Multiplex PCR for gyrB, fimA and gadB genes:

The targeted genes of E. tarda strains were gyrB (gyrase B), fimA
(fimbrial operon) and gadB (glutamate decarboxylase). Specific primers were
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used to amplify the three virulence genes. To amplify the genes, 25 pl of
reaction mixture was made containing 20ng of template DNA, 20 pM of
primers, 160 uM of dNTP mix, 1.25 U Taq polymerase, 1xTaq buffer, and 0.5
mM MgCI2. The three genes were amplified individually using the specific
primers with 32 cycles of denaturation at 94°C for 1 min, annealing at 57°C for
1 min, extension at 72°C for 1 min, and a final extension at 72°C for 10 min.
The PCR product was visualized on 1.5% agarose gels stained with ethidium
bromide, and visualized under UV transilluminator, then compared with the
marker DNA ladder (100 bp), Wang et al. (2012).

Gene sequences and nucleotide sequence alignment of the four virulence
genes:

PCR products of four strains of E.tarda (presented all groups), were
succumbed to the gene sequencing using the four genes namely; haemolysin
gene( hlyA), glutamate decarboxylase gene( gadB), major fimbrial subunit
protein(fim A) and gyrase B gene (gyrB), according to Wang et al. (2009)

First, the PCR products were purified using the fast gene gel PCR
extraction kit to remove unused primers and nucleotides from the template
DNA by adding 0.5 pL EXOSAP-IT and 4.5 pL TE buffer for each reaction.
Reaction mix was incubated at 37°C for 20 min followed by incubation at 80°C
for 20 min, Fig.(). Second, the positive virulence genes were subjected to the
DNA sequencing analysis for confirmation and compared to the published
sequences in the gene bank database of the national center for biotechnology
information center (NCBI). Sequencing PCR reactions were performed in a 10
ML reaction volume containing Template DNA 1 pL, 5x Buffer 1.75 pL, Primer
(sense and antisense) 1 puL, Master Mix 0.5 puL, and RNase free water 5.75 L.
PCR was carried out using an Ex-taq PCR amplification kit. The PCR cycling
program consisted of 29 cycles of 45 sec at 95°C, 45 sec at 60°C, and 1 min at
72°C, with an additional step of 2 min at 72°C. Sequencing of the PCR products
was carried out using an ABI PRISM 3100 automated sequencer. Sequencer
TM Software (Version 4.2.2, Gene Codes Corporation, MI, USA) was used for
sequence data analyses.
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RESULTS AND DISCUSSION:
Molecular characterization of the bacterial isolates:

Out of fifty-three bacterial isolates formerly identified as E.tarda on the
basis of their biochemical properties; only fifty isolates were identified as E.
tarda; forty-six strains from C. gariepinus and four strains from O. niloticus,
when succumbed to the molecular characterization of DNA using specific
primers for E.tarda, revealing the presence of a common band at 450 bp, which
were closely similar to that reported by Castro et al. (2014) denoting, the
accuracy of PCR results, rather than that of the biochemical reactions , Fig. (1).

Nl 23 4 86189 NNDOBUBEKE UBIDY ALBUBRTEN HALY HEHT B 9 AL 846407889898 85

Fig.1. Agarose gel electrophoresis of PCR of 16S rDNA (450bp) for
characterization of E. tarda isolates .
e Lane M: 100 bp ladder as molecular size DNA marker.
Lane 1 control positive for Edwardesiella tarda .
Lane 2 control negative for Edwardesiella tard.
Lane 3-22, 24-32, 34-52 and 54-55 positive for Edwardesiella tarda.
Lane 23,33and 53 negative for Edwardesiella tarda.

Molecular characterization of E. tarda virulence genes:

PCR revealed that all the examined positive isolates carried one or more
of the tested virulence genes, Fig. (2 and 3).

The prevalence of E.tarda virulence genes were as follow; gyrase B
gene (gyrB) was the most frequent virulence gene; detected in 43 strains,
haemolysin gene( hlyA) detected in 40 strains, major fimbrial subunit protein
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(fimA) detected in 26 strains and glutamate decarboxylase gene( gadB) detected
in 20 strains, Fig. (4 and 5).

On the basis of PCR results; E.tarda strains were divided into four
groups with eight genotypes (genetic profiles), depending on the frequency of
the virulence genes in the positive E.tarda strains; one genotype (hyl A+ gad +
fim + gyr +) carrying 4 virulence genes; 14 isolates (28%), three genotypes(hyl
A+ gad - fim + gyr +) , (hyl A+ gad + fim - gyr +) and (hyl A- gad + fim + gyr
+) carrying 3 virulence genes; 11 isolates (22%), two genotypes (hyl A+ gad -
fim - gyr +) , (hyl A- gad- fim + gyr +) carrying 2 virulence genes; 15 isolates
(30%) and two genotypes (hyl A+ gad - fim - gyr -) , (hyl A- gad - fim - gyr +)
carrying 1 virulence gene; 10 isolates (20%), Fig. (6 and 7).

Delmas et al. (2006) developed a species-specific method to detect
E.tarda on the basis of PCR amplification of the gyrB gene, indeed, Lan et al.
(2008) used the gyrB gene as a taxonomic marker.

Ibrahem et al. (2011) detected E.tarda as early as 24 h post infection
using the oligomers of hemolysin gene as primers for PCR assay. The hlyA
gene is an Extracellular hole-forming and is not regulated by iron Chen et al.,
(1996). The haemolysin is a noted virulence element and is widely distributed
in pathogenic isolates of E. tarda, Wang et al. (2009) and correlated with the
mortality of E.tarda infected fish Shen and Chen, (2005).

The fimbriae help in adhesion of the bacteria to host cells, Duguid and
Old (1980) and Mohanty and Sahoo (2007), adherence is the primary step for
invading the host and causing infection, hence any mutation in genes involved
in the attachment would affect the infective ability of the bacteria which led to
attenuation of this mutant, Srinivasa Rao et al. (2003). The fimbrial proteins
induced more significantly under higher sodium chloride concentrations which
play an important role in the virulence of E. tarda in marine environment,
Yasunobu et al. (2006).
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Fig 2. Agarose gel electrophoresis of PCR of hlyA gene (1106 bp) virulence
factor of E. tarda.

Lane M: 100 bp ladder as molecular size DNA marker.

Lane 1 control positive for hlyA gene.

Lane 2 control negative for hlyA gene.

Lane 3-5,7,8,10-18,21,23-24,26-33,35,37-46,48 and 50-52 positive for hlyA gene .
Lane 6,9, 19,20,22,25,34,36,47and 49 negative for hlyA gene .
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Fig 3. Agarose gel electrophoresis of multiplex PCR of gyrB (415bp) «
fimA(441) and gadB (583) virulence genes of E. tarda.

Lane M: 100 bp ladder as molecular size DNA marker.

Lane 1: Control positive of E. tarda for gyrB, fimA and gadB genes.

Lane 2: Control negative for gyrB, fimA and gadB genes.

Lanes 4, 7, 10, 11, 12, 14, 18, 23, 27, 28, 30, 34, 36, 38, 40, 44, 47, 51 and 52: Positive

E. tarda strains for gyrB, fimA and gadB genes.

Lanes3, 9, 21, 24, 32, 42 and 49: Positive E. tarda strains for gyrB and fimA genes.

e Lane 5: Positive E. tarda strains for gyrB and gadB genes.

e Lanes6, 8, 13, 15, 16, 19, 22, 25, 29, 33, 37, 39, 43, 45, 46 and 48: Positive E. tarda

strains for gyrB gene.
e Lanes 17, 20, 26, 31, 35, 41 and 50: negative for gyrB, fimA and gadB genes.
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The glutamate decarboxylase gene (gad B) provide resistance to bacteria
towards phagocytes- mediated killing inside the host, the Gad system
neutralizes acidity and enhances the survival under extreme acid conditions, the
glutamate-dependant acid resistance system requires the glutamate
decarboxylase gene for protection under acidic conditions. Mutation in gad B
gene of E.tarda resulted in attenuation of the mutant in vivo and acid sensitivity
in vitro indicating that the mutant was unable to survive and cause infection
inside the host, Srinivasa Rao et al. (2003). Bacteria fight against serum- and
phagocyte- mediated killing by gad B.
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Fig. 4. Detection of four virulence genes in E.tarda isolates.
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Fig. 7. Distribution of four virulence genes in fifty E.tarda strains.

Gene sequences and nucleotide sequence alignment of the four virulence

genes:

The results revealed that; the nucleotide sequences of the four virulence
genes of the four strains showed no differences and no mutations, Fig.(8, 9, 11,
13 and 15); revealed very high similarity (98-100%) between the detected
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virulence genes and the published sequences of E.tarda virulence genes in the
gene bank database of the national center for biotechnology information
(NCBI).

The nucleotide sequences alignment of haemolysin gene( hlyA) showed

99% identity, Fig. (10), glutamate decarboxylase gene( gadB) showed 99%
identity, Fig.(12), major fimbrial subunit protein(fim A) showed 100% identity,
Fig. (14) and gyrase B gene (gyrB) showed 98% identity, Fig. (16),

Fig. 8. Agarose gel electrophoresis of purified PCR products of different four
genes of the four E.tarda strains.

Lane M: 100 bp ladder as molecular size DNA marker.

Lane 1 control positive for hlyA gene (1106bp).

Lane 2 control negative for hlyA gene.

Lane 3 strain No.8.of E.tarda ; positive for hlyA gene (1106bp).

Lane 4: strain No.1.of E.tarda; positive for hlyA gene (1106bp) .

Lane 5: strain No.15.0f E.tarda; positive for hlyA gene (1106bp).

Lane 6: Control positive of E. tarda for gyrB (415bp), fimA (441bp) and gadB (583bp)
genes.

Lane 7: Control negative for gyrB, fimA and gadB genes.

Lane 8: strain No.8.of E.tarda; positive for gyrB(415bp), fimA (441bp) and gadB
(583bp) genes.

Lane 9: strain No.1.of E.tarda; positive for gyrB(415bp) and fimA (441bp) genes.
Lane 10: strain No.30.of E.tarda; positive for gyrB(415bp) and fimA (441bp) genes.
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Fig. 9. Nucleotide sequence of the hlyA gene of E. tarda.
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Fig. 10. Nucleotide sequence alignment of the hlyA gene of E.tarda showing
99% identity.
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F|g 11. Nucleotide sequence of the gad B gene of E. tarda.
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Fig. 12. Nucleotide sequence alignment of the gad B gene of E.tarda showing

99 % identity.

A ey £
53] or AMMCG« TBM‘I’YCOB"’COCCY van\n TCATAACT 7cuururcuroc tAIAceAMsv TATGGATCT 6T COATCOACGOATCOATCCGAACAAACGACCCAACA

120 130 140 150 160 170 180 190 200 210 220 230

uth. Au.uJ..m..., AsaMina MV iIa N arin/ I

TCTGICTTITTAT TGCCHATCCCC TCABAAGAACT COTCAAGAAGGCBATAGAAGGRRATGCBCTOCUAATCOGOGAGCEOCG ATACCE T AAAGCACGAS G AAL

240 250 260 270 280 290 300 310 320 330 340

B A AN A AN AN AN A A A A A A A A A Ay

SOCCBCCAABCICT TCARCAAT ATCACGGB6 T AGCCAACGCTATOTCCTOATARCGO TCCOCLAC ACCCABCCOACCACAGTCOATGAATCCAGAAAAGCGOC!

350 360 370 380 390 400 410 a20 430 aa0

A A A 134 Y A 2
AT AI'I'CGGCAABC MG CAT ceccnuecvcma;\cs Aﬁurt:'rrm co rceeacnorececcv ToACeT BBCGAICIGV vcaecvamrarsx,cccr T6 A

Fig.

13. Nucleotide sequence of the fim A gene of E.tarda.
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Fig. 14. Nucleotide sequence alignment of the fim A gene of E.tarda showing

100 % identity.
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Fig. 16. Nucleotide sequence alignment of the gyr B gene of E.tarda showing
98 % identity.

CONCLUSION

PCR, simple reliable accurate techniques may be of a great help in fish
disease diagnosis, which in turn anticipate in rapid interference and treatment as
well, reducing the drastic economic losses in aquaculture.

There were differences in the presence or absence of a number of
virulence genes among E. tarda strains, suggesting that the virulence profile
may be useful tool for prediction of pathogenic strains.

Detection and sequencing of the virulence genes of E.tarda could
predict the virulence potentials of the organism in the fish resulting in earlier
implantation of the control measures
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The identified virulence genes especially gadB and fimA, could be used
as prescreening biomarkers for detection of pathogenic E. tarda.
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