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Salmonella enterica subspecies enterica serovar Enteritidis (SE) and
Salmonella enterica subspecies enterica serovar Typhimurium (ST) are the zoonotic
Salmonella that colonizes in the intestine of poultry asymptomatically and are
transmitted to human by consumption of contaminated foods like meat, eggs and egg
products. The PPlases are enzymes that accelerate folding of proline-containing proteins
by catalyzing the cis-trans isomerisation, which plays important roles in a variety of
stress responses in bacterium. In this study, the Peptidyl prolyl cis-trans isomerases C
(ppiC) gene from ST was cloned, sequenced, analyzed and submitted to gene bank (accession
number KR054755). The retrieved sequence data analysis, suggested that gene belongs to
the parvulin family of peptidyl-prolyl cis/trans isomerases (PPlases, EC 5.2.1.8) of ST.
Entertainingly, the ppiC sequence shows about 100% -99% with other Salmonella serovars.
The conclusion of this study effectively indicate that ppiC gene of Salmonella is highly
conserved in most of the pathogenic Salmonella spp. as analogous to patterns of other
serovars.
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Salmonellaarewd | known for their impact
on human and animal health asthey are associated
with awide range of clinical problems, including
typhoidal and non-typhoidal infections. Non-
typhoidal Salmonella infections, mainly resulting
from S. Enteritidis and S. Typhimurium, are
commonly the result of the consumption of poultry
derived food, mainly meat, eggs and egg products
(Schroeder et al., 2005, Zaidi et al., 2006, Stephens
et al., 2008). Salmonella species are responsible
for a variety of acute and chronic diseases in
poultry. Avian salmonellosis can develop asaresult
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of infection with poultry-specific serovars, S.
Gallinarum and S. Pullorum, causing systemic
illness in birds as well as other Salmonella
serotypes, including S. Typhimurium and S.
Enteritidis and many others, which contribute to
paratyphoid infections (Gast, 2007). The global
burden of non-typhoidal salmonellosis was
estimated to be about 93.8 million cases per year
and of this80.3 million are food borne (Majowicz
et al., 2010) which means more than 80 % of cases
of Salmonella infection are foodborne. Various
serotypes of Salmonella are implicating the food-
borneinfections, but the most preval ent serotypes
isolated from humans are S. Typhimurium and S.
Enteritidis (Grahamet al., 2000). In India some
reports showed the predominance of S. Enteritidis
during 1994-1996 (Vermaet al., 2001) but later S.
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Typhimurium was found to be the predominant
species(Singh, 2002).

Being intracellular the bacterium
undergoes various stress conditions generated by
the host. Various genes come in to play during
stress conditions in the Salmonella. The
Peptidylprolylcis—trans isomerasesare the
chaperonsencoded by various genes found to be
involved in the mitigation of stressresponse. The
molecular chaperone are the important proteins,
facilitates correct folding and maturation of
proteins in Gram-negative bacteria. Peptidyl-
prolylcis/transisomerases (PPlases) catalyze the
isomerization of prolyl peptide bonds. The four
families of this class of enzymes are cyclophilins
(Cyp), FK506-binding proteins (FKBPs), and
pavilionswhichinvolved in proteinfolding (Lu et
al., 2007). The Peptidylprolylcis-transisomerases
are ubiquitous proteins and are found in both
prokaryotic and eukaryatic cells(chouet al., 1997).
The first member of the parvulin subfamily was
identified in E coli in 1994 and consists of only 92
amino acids, thus named parvulin (Rahfeld et al.,
1994), whose gene was | ater designated ppiC. The
PPl ases are encoded by many different genesfkpA,
fkiB, slyD, cypD, slpA, ppiA, ppiB, ppiC and
surA(Ramseieret al., 2013).Parvulins constitute an
important PPlase subfamily.SurA was the only
known member of the parvulin class of PPlasesin
the periplasm of E. coli, however in ST ppiC and
ppiD also member of parvulin class. Dartigalongue
andraina (1998) reported that in E. coli ppiD isthat
its gene is regulated by both the Cpxtwo-
component system and the ¢* heat shock
factor,known to regulate the expression of
cytoplasmic chaperones.

Parvulins proteins have also been
reported earlier from Arabidopsis thaliana
(Landrieu et al., 2000), Digitalislanata (Metzneret
al., 2001) and Malus domestica (yao etal., 2001)
and the activity ismodulated by stress conditions,
thus suggesting that it may also be involved in
stress adaptation.sur Agene mutant ST was
protected against virulent challenge with the
parental strain and to deliver a heterologous
antigen to the murineimmune system (Sydenham
et al., 2000). Humphreyset al. (2003) showed that
SurAand to alesser extent fkpA, areimportant for
the survival of S. Typhimurium in the
mouse.However, the studies on the ppiC gene of
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ST hardly noticed. The current study was
conducted to clone the ppiC gene of Salmonella
Typhimurium in pET28C vector followed by
sequencing and analyzing the gene with different
virulent serovars of Salmonella.

MATERIALS AND METHODS

Bacterial strain

Poultry isolate Salmonella Typhimurium
(ST) strain 3232 was procured from the Microbial
Type Culture Collection and Gene Bank (MTCC)
Chandigarh, India was used in the study. The
culturewasrevived by growing in LB broth at 37
°C overnight and the isolated colonies were
obtained by streaking on Hektoen Enteric Agar
(HEA) plates. Theisolated colonieswere confirmed
through purity, morphology and biochemical
characteristics as per standard protocol. In
addition, ST is also further performed by
serotyping at National Salmonella Centre, Indian
Veterinary Research Institute, | zatnagar, India.
Genomic DNA isolation

The single isolate colony of Salmonella
Typhimurium inoculatein LB broth and grown at
37 °C, 180 rpm overnight. The overnight grown
culture was pelletted (3 ml) for genomic DNA
isolation. The DNA was isolated
by purelinkgenomic DNA isolation kitfollowing the
manufacturer’s protocol (Invitrogen, USA). The
concentration and quality of the genomic DNA
were assessed by UV absorbance and
electrophoresis on 1 % agarose gel.
PCR amplification of ppiCgeneform Salmonella
Typhimurium

The primers were designed by using
Oligo Analyzer software targeting the PPlasesC
(ppiC) (STM3910) DNA sequence (NCBI-GenelD:
1255436 Region: 4118944 - 4119225).PCR reaction
wasperformedin atotal volumeof 100 pl containing
50 ng of DNA, 10 pmol of each primer (Table 1), 200
UM dNTP, 10 ul of 10X PCR buffer, L.5mM MgCl,
and2.5 Uof Tag DNApolymerase. Thefinal volume
was made with nuclease-free water. The PCR
cycling conditions consists of initial denaturation
at 95°C for 5 min, followed by 30 cycles each of
denaturation (95°C for 30 s), annealing (52 °C for
30s) andextension (72°Cfor 30 s) and it wasended
withafina extensionat (72°Cfor 10 min.). Finally,
theamplified DNA of ppiC genewasvisualized by
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electrophoresison 1% agarose gel and ppiC agene
fragmentswere purified from gel purified using QIA
quick gel extraction kit (Qiagen, Germany) using
manufacturers protocol.

The purified PCR product was digested
with restriction endonuclease enzyme Nhel for 5h
at 37°Cfollowed BamHI for 1 hat 37°C. Findly, the
enzymes were inactivated by incubating at 80°C
for 10 min. The RE digested ppiC PCR product
was again gel purified. In the similar manner the
PET28c vector was also digested with Nhel and
BamHI restriction enzymes to generate
complementary overhangs regions. The RE
digested vector was then dephosphorylated at 37
°C for 30 min using shrimp alkaline phosphatase
enzyme followed by heat inactivation at 80 °C for
10 min. The digested and dephosphorylated
PET28cwasgel purified.

Cloning of ppiC gene

Theligation of the gel purified ppiC gene
in pET28c expression vector achieved by mixing
themin 3:1ratio followed by incubation at room
temperature for 1 h and then at 4°C for 16 h. The
ligation reaction was transformed to E.coli DH54
strain competent cellsand dispensed on agar plate
containing 30 pug/ mL of kanamycin. The plates
wereincubated at 37 °C for overnight. A number of
recombinant colonies were assayed by colony
PCR. After selecting the recombinant clones, the
recombinant pET28c¢_ppiC plasmid was extracted
from overnight grown culture. The recombinant
plasmids were digested by Nhel and BamHIRE
enzymesto confirm insert release. The PPlasesC
gene cloned in pET28c plasmid was confirmed by
seguencing (GCC biotech).

The sequencing results were assembled
and analyzed. Further, the nucleotide sequence was
subjected to nucleotide BLAST to compare for
sequence similarities with other sequences
availableinthe NCBI database. Thefinal sequence
was aligned with the available PPlasesC (ppiC)
gene of Senterica serovar Typhimurium str. LT2.

The sequence was submitted to NCBI Genbank
(http://mww.ncbi.nlm.nih.gov/nuccore/K R054755).

RESULTS AND DISCUSSION

Poultry isolate Salmonella Typhimurium
strain (3232) was used in present study showed
characteristic biochemical, morphological and
serological characteristics. On HEA plate, the
isolate produced smooth, black centered colonies
with greenish periphery (Fig. 1).The ST colonies
were confirmed through biochemical and
serotyping (Phagooet al., 2015).

The genomic DNA of Senterica serovar
Typhimurium extracted using a commercial kit
showed a concentration of 40 ng/ uL and good
quality on agarose gel (data are not shown). The
full gene-coding region of the PPlasesC geneof S.
Typhimurium was amplified using designed
specific primers(Table-1). Theszeof PCRamplified
product on agarose gel electrophoresis for
PPlasesC (ppiC) gene was 282 bp (Fig. 2). The
PCR products were cloned into a pET28c
expression vector and thisresulted in arecombinant
PET28c_ppiC plasmid that was transformed
successfully into E. coli bacteria. The recombinant
plasmids from the colonies were PCR positive
against the ppiC gene.

The recombinant pET28c_ppiC plasmids
were confirmed by double digestion with Nhel and
BamH I restriction enzymes. Rel ease of the 282 bp
amplified product from recombinant vectorsby RE
digestion further confirmed the gene cloning (Fig.
3). The sequence thus obtained was submitted to
GenBank, National Centre for Biotechnology
information under the accession no. KR054755.
Nucleotide sequence analysis showed that the
amplified genes possessed the correct reading
framewith compared to other Salmonella serovar.

The obtained sequence was subjected to
nucleotide BLAST search revealed a high degree
of similarity with other Salmonella serovar (Table2).

Table 1. Primers used in present study

S.No Primer name Primer Sequences (5’ to 3')

Purpose

1 PPlase C_For
2. PPlase C_Rev

TATATGCTAGCATGGCAAAAATGGCAGCAG(31)
TATATGCTAGCTTATTTACGATACAATACCTTA(34)

Amplification of
PPlases C(ppiC)gene
from ST
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Maximum identity was obtained with Salmonella 13311, CFSAN002064, CFSAN001921, STMD1,
Typhimurium. The percent of identity with CFSANO001588,CT18, and ATCC 9120. The ppiC
Salmonella Typhimurium LT2 ppiC genewas100%  geneishighly conserved in most of the pathogenic
(Fig. 4). The obtained sequence showed high  serovar of Salmonella as evidenced from the
similarity with different serovar of Salmonella  sequence analysis (Table 2).

strainslike 33676, Y U39, CDC2011K-0870,ATCC

Table 2. Results of nucleotide blast showing comparison of PPlase Cgene
of Senterica serovar Typhimurium strain 3232 with other Salmonella serovar

No. Description Max Total Query Ident Accession
score score cover
1.  Samonellaenterica subsp. enteric 521 521 100 % 100 % CP012681.1

serovar Typhimurium strain 33676,
complete genome

2. Salmonellaenterica subsp. enterica 521 521 100 % 100 % CP011428.1
strain Y U39, complete genome
3. Salmonellaenterica subsp. enterica 521 521 100 % 100 % CP007523.1

serovar Typhimurium str. CDC
2011K-0870, complete genome

4.  Salmonellaenterica subsp. enterica 521 521 100 % 100 % CP009102.1
serovar Typhimurium strain ATCC
13311, complete genome

5. Salmonellaenterica subsp. enterica 521 521 100 % 100 % CP005995.1
serovar Heidelberg str. CFSAN002064,
complete genome

6.  Salmonellaenterica subsp. enterica 521 521 100 % 100 % HG326213.1
serovar Typhimurium str. DT2,
complete genome

7. Salmonellaenterica subsp. enterica 521 521 100 % 100 % CP006048.1

serovar Typhimurium var. 5- str.

CFSANO001921, complete genome

Salmonellatyphimurium fragment STMD1 521 521 100 % 100 % AF233324.1

9.  Salmonellaenterica subsp. enterica 516 516 100 % 99 % AF233324.1
serovar Cerro str. CFSAN001588,
complete genome

10. Salmonellaenterica subsp. enterica 516 516 100 % 99 % CP011967.1
serovar Paratyphi A strain
CMCC50093 genome

11. Salmonellaenterica subsp. enterica 516 516 100 % 99 % AL513382.1
serovar Typhi str. CT18, complete
chromosome

12. Salmonellaenterica subsp. enterica 516 516 100 % 99 % AE014613.1
serovar Typhi Ty2, complete
genome

13. Salmonellaenterica subsp. enterica 516 516 100 % 99 % CP012349.1
serovar Sloterdijk str. ATCC
15791,complete genome

14. Salmonellaenterica subsp. enterica 516 516 100 % 99 % CP009091.1
serovar Enteritidis strain OL F-SE9-
10012, compl ete genome

15. Salmonellaentericaa subsp. enterica 505 505 100% 99 % CP012347.1
serovar Pullorum str. ATCC 9120,
complete genome

©
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Fig. 1. Styphimurium (3232) growth on HE agar and
LB agar plates. S. Typhimurium strain 3232 (ST) was
sub-cultured and grown in LB-broth media. After that
broth culture was streaked on HE agar and LB agar
plates. The isolated colonies (indicated by arrow)
showed typical morphology of salmonella.

AM 1 2

1Kb-—»
G.75kDb

4.5kh —»

releaseofincert
6.25 kb—» *282 bp
Fig 3: Nhel and BamHI digestion of ppiA-pET28c
clones. 1% Agarose gel electrophoresis of RE digested
clones. LaneM is1 kb DNA ladder. Lane 1isuncut and
Lane2iscut recombinant plasmids. Released ppiC band
is shown by arrow.

Salmonella replicates inside the hostile
niche of macrophages, and surviving the host
depends upon its ability to defend / neutralize
phagocyte generated oxidants. Under stress the
reactivation of damaged proteins would be
energetically favorable than new synthesis.
Therefore, bacteriawould go for repair the damaged
proteinsrather than their de novo synthesis (Visick
and Clarke 1995).PPlases play afundamental role
in catalyzing the correct folding of many proteins

M 1

i0kb-»
Akk w

1kb s
0.78 kh—s

0.5k —»

e 2010 PCR product

0.25kb—» 52 b

Fig. 2. PCR amplification of ppiC gene. Electrophoresis
ppiC gene PCR product was performed on 1 % agarose
gel. Lane M is 1 kb DNA ladder. Lane 1 is expected
ppiC PCR product 282 bp (marked by arrow)

Salmonella enterica subsp. enterica serovar Typhimurium str. LT2, complete genome

Sequence ID gbJAE0D6468.1] Length 4857432 Number of Matches 1
Range 1- 4118944 to 4119225

Score Expect
521 bis(262) 2e-144()

Identities Gaps Strand Frame
282/282(100%) 0/282(0%)

Plus/Minus
Features

peptidyl-prolyl cis-trans isome: (=

Fig. 4. Sequence analysis of peptidyl-prolyl cis-trans
isomerase C (ppiC) from positive clonessimilar to 100%
homology: Query- PPlase C sequence obtained by
seguencing, subject-retrieved PPlase C sequence of S.
Typhimurium LT2 strain from NCBI

that are non functional in a variety of biological
functions and stress (Gething and Sambrook,
1992).

CONCLUSON

It may be concluded that ppiasescatalyze
the peptidyl-prolyl cis-transisomerization, therate-
limiting step of protein folding, which isessential
for newly synthesized protein to get its correct
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functional form. They can also catalyze the
isomerization of that protein which defeat during
the oxidative stress and physiological operation
(Fischer and Aumuller, 2004). The PpiC enzymeis
responsible for the refold of the proteins to save
its functions by repairing and also highly
conserved in nucleotides sequences among the
pathogenic Salmonella serovar. The similarity in
the sequences of the cloned product with other
Salmonella serovar suggestsitsimportance in the
utility of ppiC.

ACKNOWLEDGMENTS

Authorsare thankful to the Dean PG and
head of department bi ochemistry and biochemical
engineering, SHIATSfor providing the necessary
funds and facilities for the current study. Authors
are also thankful to the microbial type culture
collection and gene Bank (MTCC), Chandigarh,
India, for providing Salmonella strain.

REFERENCES

1. Chou, I. T., and Gasser, C. S.Characterization
of the cyclophilin gene family of Arabidopsis
thaliana and phylogenetic analysis of known
cyclophilin proteins. Plant Mol Biol., 1997
35(6): 873-92.

2. Dartigalongue, C., and Raina, S. A new heat
shock gene, ppiD, encodes a peptidyl—prolyl
isomeraserequired for folding of outer membrane
proteins in Escherichia coli. EMBO J., 1998;
17(14): 3968-80.

3. Fischer, G., and Aumuller, T., Regulation of
peptide bond cig/transisomerization by enzyme
catalysis and its implication in physiological
processes. Rev Physiol Biochem Pharmacol.,
2003; 148:105-50.

4, Forshell, L. P, and Wierup, M. Salmonella
contamination: a significant challenge to the
global marketing of animal food products. Rev
Sci Tech., 2006; 25(2): 541-54.

5. Garcia-Russell, N., Elrod, B., and Dominguez,
K. Stress-induced prophage DNA replicationin
Salmonellaentericaserovar Typhimurium. Infect
Genet Evoal., 2009; 9(5): 889-95.

6. Gast, R. K. Serotype-specific and serotype-
independent strategiesfor preharvest control of
food-borne Salmonella in poultry. Avian Dis.,
2007; 51(4): 817-28.

7. Gething, M. J. and Sambrook, J. Protein folding
in the cell. Nature. 1992; 355(6355): 33-45.

J PURE APPL MICROBIO, 10(1), MARCH 2016.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Graham, S. M., Molyneux, E. M., Walsh,A. L.,
Cheesbrough, J. S., Molyneux, M. E. and Hart,
C. A. Nontyphoidal Salmonella infections of
childrenintropical Africa. Pediatr Infect DisJ.,
2000; 19(12):1189-96.

Humphrey, T. : Public-health aspects of
Salmonella infection. Salmonella in domestic
animals 2000; pp 245-263.

Humphreys, S., Rowley, G., Stevenson, A.,
Kenyon, W. J., Spector, M. P, and Roberts, M.
Role of periplasmic peptidylprolylisomerases
in Salmonella enterica serovar Typhimurium
virulence. Infect Immun., 2003; 71(9): 5386-8.
Landrieu, 1., De Veylder, L., Fruchart, J. S,,
Odaert, B., Casteels, P, Portetelle, D., and
Lippens, G. The Arabidopsis thaliana PIN1At
gene encodes a single-domain phosphorylation-
dependent peptidylprolylcis/trans isomerase. J
Biol Chem., 2000; 275(14):10577-81.

Lu, K.P, Finn, G, Lee, T.H., Nicholson, L.K.,
Prolylcis-trans isomerization as a molecular
timer. Nat Chem Biol., 2007; 3(10): 619-29.
Majowicz, S. E., Musto, J., Scallan, E., Angulo,
F. J., Kirk, M., O'Brien, S. J., and Hoekstra, R.
M. The global burden of nontyphoidal
Salmonellagastroenteritis. Clin Infect Dis., 2010;
50(6): 882-9.

Metzner, M., Stoller, G., Ricknagel, K. P, Lu,
K. P, Fischer, G., Luckner, M., and Killertz,
G. Functional replacement of the essential ESS1
in yeast by the plant parvulin DIPar13. J Biol
Chem., 2001; 276(17):13524-9.

Newell, D. G., Koopmans, M., Verhoef, L.,
Duizer, E., Aidara-Kane, A., Sprong, H., and
Kruse, H. Food-borne diseases—the challenges
of 20 years ago still persist while new ones
continueto emerge. Int JFood Microbiol., 2010;
139.

Phagoo, L., and Neetoo, H. Antibiotic Resistance
of Salmonellain Poultry Farms of Mauritius. J.
World's Poult. Res., 2015; 5(3): 42-47.
Rahfeld, J. U., Schierhorn, A., Mann, K., and
Fischer, G. A novel peptidyl-prolyl cis trans
isomerase from Escherichia coli. FEBS Lett.,
1994; 343(1):65-9.

Ramseier, T. M., Jin, H., and Squires, C. H.,
U.S Patent Application 2013; 14: 273.
Schroeder, C. M., Latimer, H. K., Schlosser, W.
D., Golden, N. J., Marks, H. M., Coleman, M.
E., and Kause, J. Overview and summary of the
Food Safety and Inspection Service risk
assessment for Samonellaenteritidisin shell eggs,
October 2005. Foodborne Pathog Dis., 2006;
3(4): 403-12.

Shivaprasad, H.L. and Barrow, PA. (12 end).
Pullorum disease and fowl typhoid. InY.M. Saif,



21.

22.

23.

24.

KUMAWAT et d.: STUDY OF PEPTIDYLPROLYLCIS TRANSISOMERASES C (ppiC) GENE 469

A.M. Fadly, JR. Glisson, L.R. Mcdougald, L .K.
Nolan and D.E. Swayne. Diseases of Poultry
Ames: Blackwell Publishing. 2008; 620630.
Singh B. R., Annual report: National Salmonella
Centre, IVRI, 1zatnagar 2002; 1.

Spector, M. P, and Kenyon, W. J. Resistance
and survival strategies of Salmonella entericato
environmental stresses. Food Rese. Int., 2012;
45(2): 455-481.

Stephens, N., Coleman, D., and Shaw, K.
Recurring outbreaks of Salmonella Typhimurium
phagetype 135 associated with the consumption
of products containing raw egg in Tasmania.
Commun Dis Intell Q Rep., 2008; 32(4):466-8.
Sydenham, M., Douce, G., Bowe, F., Ahmed,
S., Chatfield, S., andDougan, G. Salmonella
enterica Serovar TyphimuriumsurA Mutants
AreAttenuated and Effective Live Oral Vaccines.
Infect Immun., 2000; 68(3): 1109-15.

25.

26.

27.

28.

Verma, J.C., Singh, V. P, Singh, B. R., and Gupta,
B. R.. Occurrence of Salmonella Serotypes in
AnimalsinIndia-VII. Indj of comp micro Immu
and infec dise., 2001; 22(1), 51-55.

Visick, J. E., and Clarke, S. Repair, refold, recycle:
how bacteria can deal with spontaneous and
environmental damage to proteins. Mol
Microbiol., 1995; 16(5): 835-45.

Yao, J. L., Kops, O., Lu, P. J, and Lu, K. P.
Functional conservation of phosphorylation-
specific prolylisomerases in plants. J Biol
Chem., 2001; 276(17): 13517-23.

Zaidi, M. B., McDermott, P. F., Fedorka-Cray,
P, Leon, V., Canche, C., Hubert, S. K., and
Tollefson, L. Nontyphoidal Salmonella from
human clinical cases, asymptomatic children, and
raw retail meatsin Yucatan, Mexico. Clin Infect
Dis., 2006; 1: 21-8.

J PURE APPL MICROBIO, 10(1), MARCH 2016.



