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Abstract

Aim: The aim was to clone and sequence /fq gene of Salmonella Typhimurium strain PM-45 and compare its sequence with
hfg gene of other serovar of Salmonella.

Materials and Methods: Salmonella Typhimurium strain PM-45 was procured from the G. B. Pant University of Agriculture
and Technology, Pantnagar, India. The genomic DNA was isolated from Salmonella Typhimurium. Hfg gene was polymerase
chain reaction (PCR) amplified from the DNA using specific primers, which was subsequently cloned into pET32a vector
and transformed into Escherichia coli BL21 pLys cells. The recombinant plasmid was isolated and subjected to restriction
enzyme digestion as well as PCR. The clone was then sequenced. The sequence was analyzed and submitted in GenBank.

Results: PCR produced an amplicon of 309 bp. Restriction digestion of the recombinant plasmid released the desired
insert. The hfg sequence shows 100% homology with similar sequences from other Sa/monella Typhimurium isolates.
Both nucleotide and amino acid sequences are highly conserved. The submitted sequence is having Genbank accession no
KM998764.

Conclusion: Hfg, the hexameric RNA binding protein is one of the most important post-transcriptional regulator of bacteria.
The sequence of ifg gene of Salmonella Typhimurium is highly conserved within and between Salmonella enterica serovars.
This gene sequence is probably under heavy selection pressure to maintain the conformational integrity of its product in

spite of its being not a survival gene.
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Introduction

Salmonella enterica serovar Typhimurium, a
gram-negative, facultative anaerobe belongs to fam-
ily enterobacteriaceae [1]. This organism infects
a wide range of animal hosts such as humans, cat-
tle, pigs, horses, sheep, poultry, and rodents [2].
Contaminated animal products are the principal car-
riers of this pathogen [3]. Salmonella species are
the most important foodborne pathogen throughout
the world [4]. It is a major threat for the food and
livestock industry and leading cause of gastroenteri-
tis in both humans and animals. Poultry is one of the
most important reservoirs of Salmonellae that can be
transmitted to humans through the consumption of
uncooked poultry meat and eggs [4]. The emergence
of multidrug resistance strains of Salmonella against
the current antibiotics [5] and indiscriminate use of
antibiotics in food animals [6] has been a major con-
cern worldwide. Hence, a thorough understanding of
the different aspects of bacterial genetics, metabolism
as well as its physiology is required to develop effec-
tive control measures.

Copyright: The authors. This article is an open access article licensed
under the terms of the Creative Commons Attributin License (http://
creative commons.org/licenses/by/2.0) which permits unrestricted
use, distribution and reproduction in any medium, provided the
work is properly cited.

The RNA chaperon, Hfg, has a diverse role in
bacterial physiology and control of gene expression
within bacterial cells [7]. It was first identified as a pro-
tein required for replication of Q3 RNA bacteriophage
in Escherichia coli [8]. Hfg plays a pivotal role in the
fitness and virulence of many pathogenic bacteria and
hfq deletion mutants exhibit pleiotropic phenotypes
such as decreased growth rate, reduced survival in
stress conditions as well as reduced virulence [9]. Hfg
has also emerged as a key factor in stabilizing small
RNAs (sRNAs) and facilitating their interactions with
mRNA targets [10]. About 20% of genes of Salmonella
are reported to be regulated by Afq [9]. Hfg plays a
significant role in biofilm formation in Salmonella
Typhimurium [11]. This protein is also involved in
the expression and secretion of virulence factors in
Salmonella Typhimurium [12]. Despite the extensive
role it plays, it is not an essential gene for the survival
of Salmonella spp. in-vitro or in-vivo. Deletion of hfg
though highly attenuates the Salmonella in-vivo [13].
The Afq is not a survival gene, still it is a key metabolic
regulator, so the question comes whether its sequence
is under selection pressure or not. In this study, we had
cloned and sequenced the Afg gene of poultry isolate
of Salmonella Typhimurium, analyzed and compared
its sequence with other sequences and show that the
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sequence of Afq is highly conserved across species and
isolates.

Materials and Methods

Ethical approval

The study was carried out after approval of
Institutional Animal Ethics Committee of Indian
Veterinary Research Institute.

Bacterial culture and characterization

The poultry isolate of Salmonella Typhimurium
strain PM-45 was received from Dr. Mumtesh
Saxena, College of Veterinary sciences, Govind
Ballabh Pant University of Agriculture and
Technology, Pantnagar, India. The culture was
revived by growing in LB broth at 37°C overnight.
A loop-full of culture was then streaked on Hektoen
enteric agar (HEA) plate to obtain typical isolated
colonies of Salmonella. Further cultures were con-
firmed by conventional biochemical methods as
well as by polymerase chain reaction (PCR) using
gene-specific primer [14].

Molecular biology techniques

The genomic DNA was isolated from the cul-
ture as per the standard protocol (purelink™ genomic
DNA isolation kit, Invitrogen™, USA). The absor-
bance of extracted DNA was measured at 260 nm
and at 280 nm in NanoDrop spectrophotometer. The
ratio of OD,  and OD, was calculated to check
purity of the extracted DNA. The integrity of the
DNA was also checked by running on 1% w/v aga-
rose gel (Ultrapure™ agarose, Invitrogen, USA). The
primers of Afg gene of Salmonella Typhimurium were
designed using GeneTool software and their specific-
ity was checked by Basic Local Alignment Search
Tool (BLAST) (http//ncbi, nlm, nih.gov/BLASTY/).
The restriction enzyme (RE) sites of Bam HI and Sal |
were incorporated on 5' end of forward and reverse
primers, respectively. The primer sequences are given
in Table-1. The PCR was performed in a 40 pL reac-
tion mixture consisting of 8 puL of x5 phusion buffer,
1 pL d NTP (10 mM), 1.5 pL of each primer, 2 pL
of extracted DNA, 0.5 pL phusion taq polymerase
and finally volume was adjusted with nuclease-free
water. Amplification was carried out in a gradient
thermocycler (Applied Biosystem) with initial dena-
turation at 95°C for 5 min, followed by 32 cycles
each of denaturation at 95°C for 45 s, annealing at
60°C 40 s, extension at 72°C for 1 min with a final
extension period of 72°C at 10 min. The PCR product
was checked by electrophoresis on 1.5% agarose gel
containing ethidium bromide (0.5 pg/ml) under UV
transilluminator.

Table-1: Designed primers of hfg of Salmonella
Typhimurium.

Forward 5" GGAAGGATCCATGGCTAAGGGGCAATCT 3’
primer

Reverse 5'GCGCGTCGACTTATTCAGTCTCTTCGCTGTC 3’
primer

The PCR product was double digested with
BamHI and Sall at 37°C overnight. Similarly, the
pET32a (+) vector was also subjected to double
digestion with BamHI and Sall to produce comple-
mentary overhangs. Then both the digested fragments
of PCR amplified insert as well as the pET32a (+)
vector were gel purified using PureLink quick gel
extraction kit (Invitrogen) according to manufac-
turer’s instructions. The gel purified Afg gene insert
was ligated into the digested and purified pET32a
(+) expression vector. The ligation reaction was car-
ried out by incubating the reaction mixture at 16°C
for 1 h. A 1:5 molar ratio of the vector (pET32a)
to insert (hfg) was used. The recombinant plasmid
(pET32a-Afq) was transformed into chemically com-
petent expression host E. coli BL21 pLys cells with
10 ul of ligated reaction mix as per standard proto-
col. The positive clones (containing the insert) were
screened by colony PCR and RE digestion. The
recombinant plasmid pET32a-Afg was purified using
Genelet Plasmid mini kit (Fermentas) according to
manufacturer’s instructions. The Afg gene cloned in
pET32a plasmid was confirmed by sequencing by
using plasmid as template and T7 terminator and pro-
moter as sequencing primers. Further confirmation of
the positive clone was done by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis after addition
of isopropyl p-D-thiogalactopyranoside in the bacte-
rial culture at the final concentration of 1 mM for 2 h
at 37°C. Nucleotide sequences obtained by custom
sequencing of cloned genes were searched for simi-
larity using BLAST program (NCBI) and GeneTool.
The sequence was submitted to NCBI Genbank.

Results

Salmonella culture characterization

Salmonella Typhimurium strain PM 45 used
in the present study was of poultry origin. The
strain showed typical morphological and biochem-
ical characteristics. On HEA plate, the organism
produced smooth, transparent, black centered colo-
nies with greenish periphery (Figure-1). Salmonella
Typhimurium specific PCR also generated expected
size band of 784 bp (Figure-2) and thus further con-
firmed the isolate.

Molecular biology characterization

The A, /A, ratio of extracted DNA was 1.98
and it produced a sharp band above 10kb in gel elec-
trophoresis indicating the DNA was pure and of good
quality (data not shown). The PCR amplified /fg gene
was purified from agarose gel and the concentration
of the gel eluted PCR product was ~22 ng/ul. The gel
purified /fq insert was directionally cloned into vector
pET32a (+). The recombinant pET32a-/fg, when used
as template produced the desired 309 bp band on aga-
rose gel (Figure-3). Digesting the recombinant plas-
mid with Bam HI and Sal I also released the desired

insert (Figure-4).
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Figure-1: Growth of Salmonella Typhimurium PM-45
strain of Hektoen Enteric Agar plate. Isolated colonies are
depicted by arrows.

300 bp .

— T84
7000p —> P

Figure-2: Polymerase chain reaction (PCR) detection
of Salmonella Typhimurium Lane 1: kb DNA ladder.
Lane 2: PCR amplified product marked by arrow.
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<«— Hfq (309bp)
300bp —»

Figure-3: Polymerase chain reaction (PCR) amplification
of Salmonella Typhimurium hfg gene using recombinant
plasmid DNA as template. Lane 1: 100 bp DNA ladder, Lane
2: PCR amplified product marked by arrow.

Sequencing and Sequence Analysis

The sequencing was done through the ven-
dor. The sequence obtained has been submitted to
GenBank and has accession no. KM998764. BLAST

«—— 500bp

Hfqinsert (309bp) —»
<« 250bp

Figure-4: Restriction digestion of recombinant plasmid
with bam H1 and Sal I showing 309 bp insert (hfg) release
from p Et32a (+) vector. Lane 1, 2, and 3: Insert release
shown by arrow, Lane 4: 1 kb DNA ladder.

analysis showed very high degree of similarity with
other Salmonella serovars (Table-2). Our sequence
and other /fg sequence of Salmonella Typhimurium
(present in the Genbank) show 100% similarity.
Further sequence analysis revealed that the Afg gene
is highly conserved in other Salmonella serovars also
(Table-2). Maximum sequence difference observed
between Salmonella Typhimurium sequence and
sequence from other serovars was two. These dif-
ferences did not result in a change of amino acid
sequence. All the changes in nucleotide were T to C
or its reverse A to G.

Discussion

The RNA chaperon Afg is a global post-tran-
scriptional regulator of gene expression in large num-
ber of bacteria [7]. It was first identified in E. coli
as a replication factor of coliphage and is one of the
most abundant proteins in E. coli [15]. It plays a sig-
nificant role in the regulation of translational activity
of mRNA [16]. The role of Afg in SRNA based gene
regulation has been well studied in E. coli [17,18].
In Salmonella, it has been reported that the Hfg reg-
ulates about 20% of gene expression [9]. Being an
important post-transcriptional regulator, it is expected
that its sequence should be highly conserved within
and between species; this has been confirmed by
many studies [7]. In this study, we found that the Afg
sequence within Sa/monella Typhimurium isolates is
highly conserved. No sequence change was observed
within Typhimurium isolates. These isolates have been
obtained from different parts of the world and at differ-
ent times. This is surprising since normal error of DNA
polymerase (10*) would introduce at least some error
without affecting changes in amino acid. The small size
of hfg gene (309 bp) could be the reason we didn’t find
any change in the nucleic acid sequence of the Afg gene.
The other reason could be high selection pressure due to
structural constraint to maintain the functional activity
of the protein. When the sequence of Afg of Salmonella
Typhimurium was compared with the other serovars
of Salmonella we found a single base change in two
isolates (Acc. no. CP010280, CP009561) and two
base changes between Salmonella Typhimurium and
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Table-2: Multiple sequence alignment of hfq gene of Salmonella enterica serovar Typhimurium strain PM-45 with other

Salmonella serovars.

Majority ATGGCTARGGGGCARTCTITACARGATCCGTTICCTGARCGCATIGCGTCGGEARCGTGTTCCAGTITCTATITATTIGGTGARTGGTATTARGCTGCARGGTCARATCGAGT CCTTTGATCAGTTCGTGATCCTGT TGARGARCACGGTCAGCCAGATGGTTTATARGCA

10 20 30 40 S0 60 70 80

90 100 110 120 130 140 150 160 170

KM998764 ATGGCTARGGGGCARTCTTTACAAGATCCGTICCTGARCGCATIGCGTCGGGARCGTGTICCAGTIICTATITATIIGGTGAATGGTATTARGCTGCARGGTCARATCC

AGTCCTTTGATCAGTTICGTGATCCTGT ACGGTCAGCCAGATGGTTTATAAGCA 170

CP007804 ATGGCTARGGGGCARTCTTTACAAGATCCGTTCCTGARCGCATIGCGTCGGGARCGTGTTCCAGTTICTATITATIIGGTGAATGGTATTARGCT GCARGGTCARRTCGAGTCCTTTGATCAGTICGTGATCCTGT TGAAGARCACGGTCAGCCAGATGGTITATARGCA 170

CP009102 ATGGCTARGGGGCARTCTTIACAAGATCCGTICCTGARCGCATIGCGTCGGGARCETGITCCAGTTICTATITATITGGTGARTGETATTARGCTGCARGGTCARRTCGAGTCCTTTGATCAGTICGTGATCCTGT ACGGTCAGCCAGATGGTTTATARGCA 170
AP014565 ATGGCTARGGGGCAATCTTTACAAGATCCGTTCCTGARCGCATIGCGTCGGGAACGTGTTCCAGTTTICTATITATTIGGTGAATGGTAT TARGCTGCARGGTCARATCGAGTCCTTTGATCAGT TCGTGATCCTGT ACGGTCAGCCAGATGGTTTATAAGCA 170
CP007581 ATGGCTARGGGGCARTCTTIACAAGATCCGTTICCTGARCGCATIGCGTCGGGARCGTGTTCCAGTTICTATITATIIGGTGAATGGTATTARGCTGCARGGTCARRTCGAGTCCTITGATCAGTICGTGATCCTGT

TCAGCCAGATGGTTTATARGCA 170

HG326213 ATGGCTARGGGGCARTCTTITACAAGATCCGTTCCTGARCGCATIGCGTCGGGARCETGTTCCAGTIICTATITATIIGGTGARTGGTATTAAGCTGCARGGTCAARTCGAGTCCTTTGATCAGTICGTGATCCTIGT

HF937208 ATGGCTARGGGGCARTCTTTACAAGATCCGTTCCTGARCGCATIGCGTCGGGAACGTGTTCCAGTTTICTATITATITGGTGAATGGTATTARGCT GCARGGTCARRTCGAGTCCTTTGATCAGTICGTGATCCTGT TGAAGARCACGGTCAGCCAGATGGTTTATARGCA 170

CP003836 ATGGCTARGGGGCARTCTTTACAAGATCCGTTCCTGARCGCATIGCGTCGGGARCETGTTCCAGTTTCTATITATITGGTGARTGGTATTARGCTGCARGGTCARRTCGAGTCCTTTGATCAGTICGTGATCCTGT
CP002614 ATGGCTARGGGGCAATCTTTACAAGATCCGTTCCTGARCGCATIGCGTCGGGAACGTGTTCCAGTTTCTATITATTTGGTGARTGGTATTARGCTGCARGGTCARATCC

ACGGTCAGCCAGATGGTTTATAAGCA 170
AGCCAGATGGTTTATAAGCA 170

AGTCCTTTGATCAGTTCGTGATCCIGT Y

AE006468 ATGGCTARGGGGCARTCTITACARGATCCGTTCCTGARCGCATIGCGTCGGEARCGTGTICCAGTITCTATITATIIGGTIGARTGGTATTARGCTGCARGGTCARATCGAGTCCTTTGATCAGTICGTGATCCIGT

AGCCAGATGGTTTATAAGCA 170

CP009559 ATGGCTARGGGGCARTCITTACAAGATCCGTICCTGARCGCATIGCGTCGGGARCGTGTICCAGTTICTATITATTIGGTGAATGGTATTARGCT GCARGGTCARATCGAGTCCTITGATCAGTICGTGATCCICT

BARCACGGTCAGCCAGATGGTTTATARGCA 170

LN649235 ATGGCTARGGGGCARTCTTTACAAGATCCGTTICCTGARCGCATIGCGTCGGGARCCTGTTCCAGTTICTATITATTIGGTGARTGGTATTARGCTGCARGGTCARRTCGAGTCCTTTGATCAGTTCGTGATCCT! GTTGMEACACGGTCAGCCAGMGGTTTATAAGCA 170

CP007534 ATGGCTARGGGGCARTCTTTACARGATCCGTTCCTGARCGCATIGCGTCGGGARCGTGTTCCAGTTICTATITATTIGGTGARTGGTATTARGCT GCARGGTCARRTCGAGTCCTITGATCAGTICGTGATCCTGT

AGCCAGATGGTTTATARGCA 170

CP010280 ATGGCTARGGGGCARTCTITACARGATCCGTTCCTGARCGCATIGCGTCGGGARCGTGTTCCAGTIICTATITATIIGGTGARTGGTATTARGCTGCARGGTCARATCGAGTCCTTTGATCAGTICGTGATCCTGTTGARGAACACGGTCAGCCAGATGGTITATARGCA 170

CP009561 ATGGCTARGGGGCAATCTITACAAGATCCGTTCCTGARCGCATIGCGTCGGGARCGTGTTCCAGTTICTATITAT I TGGTGARTGGTAT TARGCTGCARGGTCARATCS

AGTCCTTTGATCAGTICGTGATCCTGT ACGGTCAGCCAGATGGTTTATAAGCA 170

CP009084 ATGGCTARGGGGCARTCTTTACAAGATCCGTTICCTGARCGCATIGCGTCGGGAACGTGTICCAGTTICTATITATIIGGTGAATGGTATTARGCT GCARGGTCARRTCGAGTCCTITGATCAGTICGTGATCCTGT

AGCCAGATGGTTTATARGCA 170

CP00908S ATGGCTARGGGGCARTCTTTACAAGATCCGTICCTGARCGCATTIGCGTCGEGARCGTGTTCCAGTTICTATITATITGGTGARTGGTATTARGCTGCARGGT CMAICGAGT CCTTTGATCAGTTCGTGATCCTGTTGARGARCACGGTCAGCCAGATGGTTTATARGCA 170

CP008928 ATGGCTARGGGGCARTCTTTACARGATCCGTTCCTGAACGCATIGCGTCGGGARCGTGTTICCAGTTTCTAT T TATTIGGTGARTGGTATTARGCTGCARGGTCARATCGAGTCCTTTGATCAGTTCGTGATCCTGT ACGGTCAGCCAGATGGTTTATARGCA 170
CP009088 ATGGCTARGGGGCARTCTTIACARGATCCGTTICCTGARCGCATIGCGTCGGGARCGTGTTCCAGTTICTATITATTIGGTGAATGGTATTARGCT GCARGGTCARRTCGAGTCCTITGATCAGTICGTGATCCTGT A AGATGGTTITATARGCA 170
CP007406 ATGGCTARGGGGCARTCTTTACAAGATCCGTTCCTGARCGCATIGCGTCGGGARCGTGTTCCAGTTICTATITATTIGGTGARTGGTATTARGCTGCARGGTCARATCGAGTCCTTTGATCAGTICGTGATCCTGT A CAGATGGITTATARGCA 170
CP007405 ATGGCTARGGGGCAATCTTTACAAGATCCGTTICCTGARCGCATIGCGTCGGGAACGTGTTCCAGTTICTATITATIIGGTGAATGGTATTARGCT GCARGGTCARRTCGAGTCCTITGATCAGTICGTGATCCTGT A AGCCAGATGGTTTATARGCA 170
CP007403 ATGGCTARGGGGCARTCTTTACAAGATCCGTTCCTGARCGCATIGCGTCGGGARCETGTTCCAGTTTCTATITATITGGTGARTGGTATTARGCTGCARGGTCARRTCGAGTCCTTTGATCAGTICGTGATCCTGT ACGGTCAGCCAGRTGGTTTATARGCA 170

Majority CGCGATTICTACTGITGTCCCGTCTCGCCCGETTTCCCATCACAGCARCARTGCCGGTGGCEECECCAGCAATAACTACCAT CACGGTAGCAACGCGCAGGGT TCTACTGCGCARCAGGACAGCGARGAGACTGAATARX

180 190 200 210 220 230 240 250 260 270 280 290 300 310
KM992764 CGCGAmC‘IACTGTTGTCCCG!CICGCCCGGTHCCCMCACAGCMCMTGCCGGTn-- 'GGCGCCAGCARTARCTACCATCACGGT TACTGCGCARCAGGACAGC CTIGAATAR 309
CP007804 CGCGATTTCTACTGTIGTCCCGTCTCGCCCGGTTTCCCATCACAGCARCARTGCCGGTGGCGGCGCCAGCARTARCTACCATC GCARCAGGACAG TGAATAA 309
CP009102 cscaAmcrmmmcccmc:cscccmﬁrrrnmnmnnnnnrrrnar.r \TAACTACCATCACG TGAATAA 309
AP014565 CGCGATTTCTACTIGT T T \TCACG TGAATAA 309
CP007581 CGCGATITCTACIGT TTCCCA ATAACTACCATC TGAATAA 309
HG326213 CGCGATITCTACIGT ATAACTACC TGAATAA 309
HF937208 CGCGATITCTACIGITGICCCGIC TCTACTGCGCA TGAATAA 309
CP003836 CGCGATTITCTACIGTIC TGAATAA 309
CP002614 CGCGRITTCTACTIGTIGICCCGICTCGCCCGRT TGAATAA 309
AE006468 CGCGRTTTCTACTIGTIGICCCGTCTCGCCCGRTTIC TGARTAR 309
CP009559 CGCGATTTCTACTGTITIGTCCCGTCTCGCCCGGTTTCCCATCACAS C TGAATAA 309
LN649235 CGCGATTTCTACTIGT T ARC TGAATAA 309
CP007534 CGCGATTITCTACIGT TGAATAA 309
CP010280 CGCGATTTCTACTIGT TGAATAA 309
CP009561 CGCGATITCTACIGITGICCCGIC TGAATAA 309
CP009084 CGCGATTICTACTGT TAA 209
CP00908S CGCGRATTTCTACTGTIGICCCGTCTCGCCCGRTTIC TGAATARA 310
CP008928 CGCGATTITCTACTGITGTCCCGTCTCGCCCGGTTIC TGARTAR 309
CP009088 CGCGATTTCTACTGITGICCCGTCTCGCCCGRTTIC TGARTAR 309
CP007406 CGCGATTICTACTGT TCGCCCGRTTIC TGAATAA 309
CP007405 CGCGATITCTACIGT TIC \CGC TGAATAA 309
CP007403 CGCGATTTCTACTGT TICHCA ARCTACCATCACGGT TAC TGAATAA 309

Decoration ‘'Decoration #1°': Shade (with solid deep red) residues that differ from KM998764.

Enteritides isolates. These nucleotide changes did not
change amino acid sequence indicating once again high
selection pressure to maintain structural integrity of the
hfq protein. The sequence analysis data indicating high
structural integrity is also supported by the functional
requirement of /fq protein. It thus appear, that being a
small multimeric and an RNA binding protein, the Afg
protein does not have the structural flexibility to toler-
ate even small changes in its structure without affecting
its function. These functional and structural constraints
probably are the attributes the reasons for high selection
pressure to maintain its sequence.

Conclusion

Salmonella Typhimurium, the prime etiologi-
cal agent of nontyphoidal salmonellosis is the most
important pathogenic bacteria of poultry. It causes
major economic loss to the poultry industry. The RNA
binding protein HFQ is one of the major post-tran-
scriptional regulators of Salmonella gene expression.
Our sequence analysis data revealed that the 4fg gene
is under high selection pressure to maintain the struc-
tural and functional integrity of the protein. The prob-
able reasons for this high selection pressure could be
the RNA binding activity, small size, and multimeric
nature of the protein.
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