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Abstract
Several bacterial populations are known to be containing some fraction of cells which survive
exposure to antibiotics and harsh environment, are called as persister cells. This fraction of
cells is very small generally ranging from 10-7 to 10-5. The mechanism of persister formation is
not yet clearly understood although expression of toxin
toxin-antitoxin
antitoxin (TA) pairs of proteins has
been found to be associated with persister formation. Klebsiella pneumoniae is also shown to
produce persister cells
lls by prolonged exposure to ampicillin. Wee have identified a pair of
proteins, hipA and hipB, of TA system in K. pneumoniae. The proteins have 70% and 60%
sequence similarity respectively with their homologous proteins from E. coli. hipA and hipB
associate together to regulate survival of persister cells by binding to DNA in unfavourable
conditions. Both hipA and hip
hipB proteins from K. pneumoniae were cloned, expressed and
purified. The clones were over expressed in fusion with His
His-tag in E. coli strains BL-21
BL
(DE3).
The purification was done using Immobilized metal affinity chromatography having Ni-NTA
Ni
matrix. Sequence analysis by in
in-silico methods shows that hipA and hipB
B from K. pneumoniae
may have different pattern of dimer formation and DNA recognition
cognition than their counterparts
in E. coli.
Key Words: Microbial persistence, cloning, expression, toxin
toxin-antitoxin system
I. Introduction
Bacterial multi drug resistance is majorly responsible for the inactivity of various antibiotics
currently used. It has been cited that over 60% infections are caused by bacterial biofilms, which
are resistant to antibiotics [1-2].
2]. Most antibiotics act on rapidly growing cells while biofilm
grows slowly and remain unaffected by antibacterial agents. The reason for slow growth of
biofilm has been attributed to the cells being in persister state. Persisters account for only 10−6 –
10−4 cells in a growingg population [3,4,5]. Persister cells are phenotypic variants which adopt
ado a
transient dormant state which alter tthe antibiotic effects on the cell [6-7].
7]. These persister cells
can switch back to growth phase after removal of antibiotic to allow survival of the bacterial
population [8-9].
9]. The bacterial persistence is caused by expression of several toxin-antitoxin
toxin
pair
of genes [10]. Persistence is the capacity of bacterial cells to tolerate a high concentration of
antibiotics, as noticed first time by Bigger in 1944 [4]. It is a very well synchronized but poorly
understood phenomena used by bacterial cells to survive under stress conditions and to exhibit
multi drug resistance. Recent articles have shown that these cells are enriched by presence of
proteins called toxin-antitoxin
antitoxin (TA) systems [5, 11, 12].
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TA systems have two genes in single operon, one toxin and another antitoxin counterpart and
toxin protein is relatively stable than antitoxin [13]. In normal state both genes are expressed and
form dimer whereas under stress condition proteases cleave antitoxin apart and renders toxin to
show its effect in form of bacterial cell death or persistence [13,14]. These TA systems have
been observed in various bacteria such as E. coli, Methanococcus jannaschi, Streptococcus
pneumonae, Bacillus thuringiensis, Mycobateriunm tuberculosis and Neisseria gonorrhoeae
[15,16]. hipB forms a complex with hipA to neutralise its effect and also bind to DNA sequence
to regulate expression of various genes involved in cell growth and metabolism [17]. hipAB
system has been categorized as a toxin/antitoxin (TA) module in which hipA, the toxin, is
neutralized
by
the
antitoxin,
hipB
[17]. It has also been observed that over expression of hipA leads to multi drug tolerance in E.
coli. [18].
K. pneumoniae is an important opportunistic pathogen and a frequent cause of
nosocomial infections. It has been observed to have persistence against antimicrobial agents [19].
The first TA pair was recognised in E. coli was called high persistence A (hipA) and its
recognizing partner as hipB [20]. By using in silico homology searches, we have identified
similar proteins in the genome of K. pneumoniae. The persister cells of K. pneumoniae were
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induced with high concentration of ampicillin and the genes of hipA and hipB were identified,
cloned and expressed. Here we report cloning, expression and purification of hipA and hipB, TA
pair from K. pneumoniae.
II. Materials and Methods
2.1 Homology search of hipA and hipB

E.coli hipA and hipB were used as search sequences to locate homologous genes in the genome
of K. pneumoniae. Basic Local Alignment on Search Tool (BLAST) on Expasy server
(www.expasy.ch) was used for milking the genomic database, which resulted in following hits in
the genome of K. pneumoniae: Gene ID: 5340852 and Gene ID: 5340851 having 70% and 60%
sequence similarity with hipA and hipB respectively from E.coli (Fig. 1a & 1b).
2.2 Gene Cloning
Escherichia coli strains DH5 and BL-21 (DE3) (Invitrogen, USA) were used for cloning and
expression of the recombinant protein, respectively. The E. coli cells harbouring recombinant
plasmids were grown aerobically at 37°C in Luria-Bertani broth (Merck, Germany) with 50
g/mL kanamycin (Sigma). Plasmid pET-28a (Novagen) was used as an expression vector. K.
pneumoniae strain was purchased from Microbial Type Culture Collection and gene bank
(MTCC), Chandigarh, India. DNA from freshly cultured K. pneumoniae was isolated using
genomic DNA isolation kit (Qiagen) and used as a template for amplification of hipA and hipB
genes. The full coding sequence of hipA and hipB was amplified by polymerase chain reaction
(PCR) using forward primer hipA
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FP:5’GGAATTCCATATGGCGACGCTTACCACCTGG3’
and
reverse
primer
RP:
5’ CCAAGCTTCTATAGCGCCTGCAGTTG possessing NdeI and HindIII restriction enzyme
site respectively.
hipB was
amplified
using
forward
primer FP:
5’GGAATTCCATATGATGGTGAGGAACAAGGCG3’
and
reverse
primer
RP:
5’CCGCTCGAGTTACCAGTCAAGGTCCGTGTT 3’ possessing NdeI and XhoI restriction
enzyme site respectively (Fig. 2 a & 2b). The purified hipA and hipB fragments were treated with
the respective restriction enzymes and ligated into prepared pET28a vector, which also added six
Histidine residues at the N-terminus of the expressed protein. Recombinant vector pET28a-hipA
and pET28a-hipB were transformed into competent E. coli DH5 cells. The integrity of the
recovered plasmid was confirmed by colony PCR and restriction endonuclease digestion.
2.3 Expression and Purification
For expression of the recombinant proteins, pET28a-hipA and pET28a-hipB plasmid were
transformed into competent Bl-21 (DE3) cells. Bl-21 (DE3) cells harbouring the recombinant
plasmids were grown in LB medium supplemented with kanamycin (50 g/mL) at 37°C with
shaking (250rpm) until the absorbance at 600nm reached approximately 0.5. Then, isopropyl- D-thiogalactopyranoside (IPTG) (Sigma) was added to a final concentration of 0.7mmol/L. The
cells were incubated for a further 4 hours before being harvested. Pellet of BL-21 cells
harbouring hipA and hipB were suspended by gentle stirring in binding buffer (300 mM sodium
chloride, 50 mM sodium dihydrogen phosphate buffer, 10 mM imidazole, pH 8.0) containing
lysozyme (1mg/ml).The crude lysate was subjected to sonication at 30% amplitude with
6×10second bursts with 10 second pause and then centrifuged for 20 minutes at 6000g.

After centrifugation, the supernatant and precipitate were examined by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) to verify the expression and solubility of the
recombinant proteins (Fig. 3 a & 3b). The soluble fraction was applied directly to 1.5 ml Ninitrilotriacetate superflow column (Qiagen) that had been pre-equilibrated with 1× binding buffer
and then it was washed with 1× wash buffer (300 mMNaCl, 50 mM sodium phosphate buffer, 20
mM imidazole, pH 8.0). Proteins were eluted with 1× elution buffer (300 mMNaCl, 250 mM
imidazole, 50 mM sodium phosphate buffer, pH 8.0) and collected in 2.5 ml fractions. Fractions
containing proteins were identified by sodium dodecyl sulfate-polyacrylamide gel
@IJAPSA-2015, All rights Reserved
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electrophoresis (SDS-PAGE). The pooled fractions of eluted sample were extensively dialysed
against 50mM sodium phosphate buffer, pH 7.5. hipB was expressed in supernatant whereas
hipB was found to be in pellet of the cellular extract therefore purification of hipA was carried
out under denaturing conditions in the presence of 8M urea. The purity was determined by SDSPAGE analysis. Renaturation of hipA was carried out by overnight dialysis at 4°C in the
refolding buffer containing880mM L-arginine, 55mM Tris, 21mM NaCl and0.88mM KCl. The
formation of hipA-hipB complex was observed using size exclusion chromatography experiment.
A glass column of 200ml bed volume (Sephadex G-100) was used for chromatography. 1:1
mixture of hipA and hipB solution was loaded and 3 ml fractions were collected. A peak
corresponding to the molecular weight of the complex was eluted along with peaks of
monomeric hipA and hipB proteins, which indicate biological activity of both the gene products.
2.4 Preparation of Persister Cells
K.pneumoniae was grown in LB medium at 37°C in Ehrlenmeyer flasks with agitation (220
rpm). The medium was sterilized by filteration. Culture grown to an OD595= 1. Ampicillin was
then immediately added to each flask at a final concentration of 200µg/ml. The culture was
incubated for 10 hour at 37°C. Then lysed cells were collected by centrifugation at 14000g at
different time intervals. The surviving persisters were plated on LB agar for colony counts. Total
cell counts were determined using a colony counter at a1000-fold magnification.
III. Results and Discussion
Genes encoding hipA and hipBwere identified from genome of K. pneumoniae. Their respective
products are proteins of 440 and 95 amino acids. hipA shares 70% sequence similarity where as
hipB is 60% similar to their homologues from E. coli. The comparative physico-chemical
properties of both proteins were calculated using ExPaSy server (www.expasy.ch) as given in
Table 1.

The sequence of both hipA and hipB indicates that their structures may be essentially similar to
their homologues from E. coli although differences in their amino acid sequences may produce
drastic difference in nature of the surfaces of protein molecules. hipA and hipB genes specific
primers were designed. The genes were amplified using PCR reactions which was confirmed by
digesting the vector with restriction enzymes. Both of the clones were further confirmed by DNA
sequencing. The clones were transfected to E. coli Bl-21(DE3) cells. The expression was induced
using IPTG (0.7 mmol/L) at 37°C for 4 hours [Fig.3].
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The cells were grown and lysed to obtain the cell extracts. The cell extracts was centrifuged and
the supernatant and pellet were tested for presence of proteins. The recombinant proteins were
purified by immobilized metal affinity (IMAC) column containing Ni-NTA matrix [Fig. 4]. It is
noteworthy here that the culture growth and the yield of hip A was found to be relatively low,
that could be because of its toxic effects on the cell. K. pneumoniae culture was treated with
high concentration of ampicillin i.e. 200µg/ml to isolate persister cells. Treatment with the
antibiotic resulted in initial rapid killing of cells followed by slow killing, leaving behind
surviving cells aka persisters.
Comparatively more acidic nature of hipA and highly basic nature of hipB from K.
Pneumoniae suggest that their dimer formation and recognition of nucleotide sequence may have
different pattern than their homologues from E. coli. (Table 1)
The crystal structures of hipA, hipB and their complexes have been reported from E. coli
[17]. The structure of hipA-hipB complex from E. Coli [17] shows that the N-terminal helix
(region Gln 5 – Gln 23) of hipB interacts with three major loops of hipA (regions Pro 43 - Arg
49, Gly284-Glu287, Ala321-Tyr325) to form a dimer which can interact with DNA to regulate
transcription. Sequence analysis show that the regions of hipA forming complex with hipB dimer
are conserved in both E. Coli and K. pneumoniae, whereas regions in hipB are drastically
different. The sequence differences have been observed in the surface and DNA binding regions.
The regions which bind to DNA are hipA (Ala 378-Asn 382), hipB (Gln18- Tyr22, Gln 29Ser31, Lys38-Asn48) as well. The critical mutations are Gln29 to Asp, Phe51 to Lys57 (hipB),
Arg 382 to Asn382 (hipA). These sequence difference present in hipA and hipB from K.
Pneumoniae indicate that the dimer formation and DNA recognition may have different pattern
in K. Pneumoniae and E. coli, which can be further cleared by solving the three dimension
structures of these proteins from K. pneumoniae.
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