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ABSTRACT

A set of 60 samples were collected from different sources of multiple areas of Hyderabad (India) in order to
select a local Escherichia coli isolates that have the ability to produce HSP70. 26 isolates were characterized after
studied the morphological characteristics and microscopic properties of the isolates on macConkey agar and
EMB recorded after 24hr. and grams staining was done. The isolated bacteria were screened for various
biochemical tests to get 11 isolates that submitted for molecular identification, and the amplification of 16S
rRNA regions using universal primer (16S rDNA) verified only 5 E. coli isolates which were sequenced and
NCBI accession numbers were acquired. Five distinct isolates (RU-1, RU-3, RW-1, RS-4, and RF-3) of the gene
dnaK and its surrounding area were successfully amplified in order to isolate the dnak gene, which encodes the
DnaK protein. Amplicons’ nearly identical sequences were discovered by restriction fragment length
polymorphism (RFLP). The dnak gene from one representative, RU-3 isolate with accession number OL741466
isolated from Urine samples from suspected urinary tract infection (UTI) patients of Sir Ronald Ross Institute of
Tropical and Communicable Diseases Nallakunta, Hyderabad, India was successfully cloned and sequenced by
overlapping using 3 set of primers. The 1850 bp long dnaK gene encodes a polypeptide of 607 residues of amino
acids. Using pBAD TOPO TA expression systems, the dnaK gene of RU-3 was cloned and expressed in E. coli
BL21 (DE3). Incubating the BL21 with different concentrations of isopropyl-p-D-thiogalactopyranoside (IPTG)
allowed the grown E. coli to determine the optimum concentration which was 0.05mM to induce the production
of recombinant HSP70 protein within 5 hr. which considered as the best expression time in this study.
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INTRODUCTION

Gram-negative bacteria from the
Enterobacteriaceae family include Escherichia
coli. They are facultative nonsporulating
anaerobes. Theodor Escherich, a German-
Austrian doctor, first identified these bacteria
in the feces of healthy people in 1885 (2, 3,
12). Because it is found in the colon, he gave it
the name Bacterium coli commune. Based on
their  structure and movement, early
classifications of prokaryotes grouped these
organisms into a few genera (at the time, Ernst
Haeckel had categorized bacteria under the
kingdom Monera). (7, 11, 14). The DNA of
isolate M3 (Pseudomonas) was extracted by
Auda and Khalifa in 2019, and lipase gene was
amplified through PCR technique, then
purified and cloned into E.coli DH5a. cells first
using pTG19-T plasmid, and expressed
in E.coli BI21 with expression vector pet-28a
(3) Cells create a family of proteins known as
heat shock proteins (HSP) in reaction to being
exposed to stressful situations. Although they
were initially identified in relation to heat
shock, it is now understood that they can also
manifest during other stresses, including as
exposure to cold, UV light, and when tissues
are mending or remodeling. (26). Nearly every
living thing, from bacteria to people, has
HSPs. Additionally, their names are given
based on their molecular weight. In terms of
structure and function, HSP70s is one of these
HSPs families’ most heat-inducible and
evolutionarily conserved proteins. (18). DnaK
proteins are involved in the construction and
complicated protein disassembly, membrane
translocation, degrading misfolded proteins,
and de novo protein folding. (17). DnaK is
made up of a -helical domain, a substrate-
binding motif at the COOH terminus, and a
highly conserved NH2-terminal ATPase
domain. They are thought to aid in the defense
and recovery of cells from the negative effects
of numerous physiological stressors. (25).
Bacteria's dnaK gene produces a protein that is
similar to Hsp 70 or DnaK. (24). Gene
expression investigations at the mRNA level
and deletion mutant studies have clearly
demonstrated the significance of dnak in
thermoregulation (30, 33). Numerous species,
including Escherichia coli, have been observed
to increase their thermotolerance in a
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heterologous system. (17) The objectives of
the current study are the detection of DnaK
gene of HSP70 in E. coli and production of
recombinant HSP70 from E. coli through the
cloning of the gene for HSP70 and express it
into a carrier E. coli that is safe to handle
during culture.

MATERIALS AND METHODS

Materials, bacteria, vectors, and growing
circumstances: The media components and
chemicals utilized were of analytical grade and
came from Hi-Media laboratories in India,
Biolife in the United States, and Merck
Limited in India. The DNA markers and
protein markers obtained from GCC Biotech-
India. Ampicillin, kanamycin antibiotic was
from Oxoid/ England, restriction enzymes
came from Bio-labs/ USA, For the purpose of
recombinant protein overexpression mediated
by T7 RNA polymerase, Novagen's E. coli
BL21 from Madison, Wisconsin, USA, was
used. The vector pBAD comes along with
pBAD TOPO TA expression Kkit was
purchased from Invitrogen-Thermofisher/
USA (2). The local isolates of bacteria were
isolated from different sources (Urine, water,
decomposed fruits and soil) around Hyderabad
Telangana - India. MacConkey agar medium
and Eosin methylene blue (EMB) agar, were
used for the isolation of E. coli and plates were
incubated at 37+2°C for 24hr. for the
appearance of bacterial colonies.
Morphological characteristics of the isolates
were studied on MacConkey agar. Colony
colour, colony shape, elevation, colony size,
colony margin and appearance were recorded
after 24hr. of incubation at 37°C. In order to
differentiate the bacteria whether it belongs to
gram positive or gram negative, grams staining
was done according to (1)(32). The isolated
bacteria were screened for various biochemical
tests such as indole, methyl red, starch
hydrolysis,  catalase,  oxidase, = \Voges
Proskauer, citrate utilization, triple sugar iron
agar test and lysine decarboxylase as per the
standard methods (28)(1)(6). Pure cultures of
the isolated bacteria were cultured in nutrient
broth for 24 hours until log phase in order to
identify them molecularly. (29). The bacteria
were streaked on LB media and incubated at
28°C for 3 days and cells were lysed in 800ul
of extraction buffer (400mM Tris, pH 8;
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60mM EDTA, pH 8; 150mM NaCl; 1%
sodium dodecyl sulfate, w/v) and pelleted
down by 50ul of SM potassium acetate (pH
4.8) then centrifuged at 13000rpm for 15min,
Following the manufacturer guidelines, the
genomic Dna was isolated using the GSure
bacterial genomic DNA isolation kit (GCC
Biotech). Amplification of 16S rRNA regions
was done using universal primer 16S(rDNA)

with sequence forward 27F5’-
AGAGTTTGATCATGGCTCAG-3’ and
reverse 1492R 5’-

ACGGATACCTTGTTTACGACTT-3’

according to Pandey, et al.,, (2005). PCR
amplifications were carried out in a
thermocycler programmed for 30 cycles, with
the first denaturation step lasting 3 minutes at
94°C, followed by denaturation for 30
seconds, primer annealing for 30 seconds at
55°C, primer extension for 2 minutes at 72°C,
and the final extension for 10 minutes at 72°C.
By electrophoresis on 1% agarose gel for 1
hour at a constant 80 volts, the PCR results
were confirmed (8). All amplified PCR
products were purified by QIAquick Gel
Extraction Kit.and sequenced at Eurofins
Genomics Pvt. Ltd, Bangalore, India. Using

the BLAST tool, the sequences received from
Eurofins Genomics India Pvt. Ltd. were
compared to those from the NCBI and Ez-
Taxon, aligned wusing Clustal X, and
phylogenetic trees were generated using
MEGA X.(15)(27). By using the neighbor-
joining approach, the dendrogram was inferred
(13). The isolated bacteria's nucleotide
sequences were uploaded to GenBank, where
the NCBI GenBank accession numbers were
received. The concentration of the eluted
genomic DNA was determined by
spectrophotometry with Nanodrop2000 (35).
Genomic DNA preparation, PCR
amplification, sequencing and analysis of
dnaK gene: The full-length of coding region
of DnaK gene of Ru-3 strain of E. coli
(accession number: OL741466) was amplified
by PCR using a set of overlapping primers
shown in table (1). Amplification was carried
out in a 25ul reaction volume containing
Template DNA (100ng), PCR buffer 10x,
dNTPs 2mM, HSP70 primers (100ng each),
dNTPs 2mM, and Taq polymerase (2 U/I),
PCR  products  were resolved Dby
electrophoresis at 80V for 1h in 1% agarose
gel stained with ethidume bromide.

Tablel. Oligonucleotide primers used for PCR amplification to generate full-length DnaK

gene
Primer  Sequence Description
F1 5-CACAACCACATGATGACCGA-3 overlapping primers
R1 5-TATGGCAGGTTAACGTCGGT-3 Product size: 895
F2 5-GGTGAACCGGTAACTGAAGC-3’ overlapping primers
R2 5-CTTGGTCGGGATAGTGGTGT-3’ Product size: 870
F3 5-ACATCAAAGTGACTCGTGCG-3 overlapping primers
R3 5-CTGTGCCAGTTCCTGCATTT-3 Product size: 890
Cloning expression of dnaK of E. coli by the instructions of the manufacturer and the
BL21: Using Green and Sambrook's cloned vector used for the transformation and

techniques, competent E. coli cells were
produced (10). According to Sambrook and
Russell, restriction enzyme digests and other
common DNA modification techniques were
used (29). pBAD-TOPO TA expression Kit
was used for cloning DnaK gene. The pBAD-
TOPO vector (4.1kb) was supplied linearized
with single 3'-thymidine (T) overhang for TA
cloning. The open reading frame of dnaK of E.
coli was amplified using the primers pBAD
Forward 5-ATGCCATAGCATTTTTATCC-
3’ and pBAD Reverse5'-
GATTTAATCTGTATCAGG-3'. The DnaK
gene was then cloned into pBAD-TOPO
vector by the TOPO cloning method following
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expression in the host BL21(34). BL21
transformed with cloned pBAD plasmid was
grown in LB medium with 50mg/ml of
Ampicillin, the overnight grown culture was
inoculated in a fresh LB broth containing
ampicillin and incubated at 37°C with
vigorous shaking to an ODesw = ~0.5. The

cultures were induced with different
concentrations of isopropyl-p-D-
thiogalactopyranoside (IPTG 0.0mM,

0.05mM, 0.1mM, 0.5mM & 1.0mM) for over
expression of DnaK gene, samples were
collected 2hr, the optimum concentration of
IPTG for protein induction was determined
after purification of all tested concentrations of
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IPTG on expressed protein by using rapid
screening method using Ni-NTA spin column.
The protein concentration in each purified
sample was determined by Nanodrop2000
system, after the induction and 1ml of culture
was centrifuged at 6000rpm, 4°C for 5min.
Resuspend the pellet in 50pl of 1x SDS
loading buffer and heat the sample at 95°C for
10min. spin the sample at 8000rpm for 5min.,
collect 10pl the supernatant and load on 10%
SDS-PAGE for analysis. To determine the
optimum time for recombinant protein
expression, 100ml culture of the clone with the
maximum  expression of protein after
determining the optimum IPTG concentration
was incubated at 37°C with vigorous shaking
and 10ml sample was taken at hours 1, 2, 3, 4,
and 5, after induction with the optimum
concentration of IPTG.

SDS-PAGE analysis of expressed protein:
SDS PAGE was performed by using Bio-Rad's
preparative electrophoresis systems. Cell
pellets harvested were suspended in SDS-
PAGE loading buffer (5X) (3ml of 1M Tris-
HCI pH 6.8, 1g of SDS, 5ml of glycerol, 2ml
B-mercaptoethanol and 25mg of bromophenol
blue were all dissolved in 8ml distilled water)

and fractioned with 10% separating gel and
5% stacking gel. After electrophoresis, the gels
were stained with Coomassie brilliant blue
(2.5g dissolved in 500ml methanol,100ml
glacial acetic acid and then destained in a
150ml methanol and 100ml glacial acetic acid
solution) (9).

RESULTS AND DISCUSSIONS

isolation, morphological and biological
characterization of the bacteria isolates: For
the isolation of Escherichia coli, 60 samples
from different sources (15 urine, 15 water, 15
spoiled fruits and 15 soil) were collected from
various sites of Hyderabad, Telangana, India.
after culturing the samples on MacConkey
agar and Eosin methylene blue agar medium
by streak plate method (19), 11 isolates
selected to be E. coli due to the ability to
produce bright pink colonies on MacConkey
agar due to lactose fermentation, and

characteristic metallic sheen colonies on the
EMB agar (figure 1), most species of bacterial
isolate can be differentiated based on simple
Gram staining technique which performed as
per procedures described by Merchant and
Packer (11).
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Figurel. first figures (A, B, C) Purified cultures of Escherichia coli maintained on MacConkey
agar medium; incubation at 37°C for 48hr. (D, E which are RU-1, RU-3 respectively) purified
cultures of Escherichia coli maintained on M9 media; incubation at 37°C for 72hr. (F)
Purified cultures of Escherichia coli maintained nutrient agar medium; (G) Isolated bacterial
cultures maintained on MacConkey agar slants in cooled refrigerator temperature
Second figures (RU-1A, RS-4B, RF-3C, RW-1D) Purified cultures of Escherichia coli
maintained on Eosin Methylene Blue (EMB) agar medium incubation at 37°C for 48hr

Additionally, researchers looked at the
biochemical traits of the various E. coli strains
they obtained from various sources. They
discovered that there was little to no variation
in these biochemical traits, and they speculated
that this similarity across the isolates may be
caused by the presence of certain shared
genetic components. The bacterial isolates
were identified using biochemical and cultural
characteristics as described by (31) which
included indole, Methyl red, catalase, TSI
agar, lysine decarboxylase, voges proskauer,
starch  hydrolysis, oxidase, and citrate
utilization (Table 2). Out of 11 bacterial
isolates, 5 isolates (RU-1, RS-4, RW-1, RF-3
and RU-3) showed the presence of heat shock
protein 70 (hsp70). All the five bacterial
isolates were identified at molecular level by
16S rRNA gene sequence analysis. Genomic
DNA was extracted and quantified by
Nanodrop2000, and was used for the
amplification of 16S rRNA gene using the
universal primers 27F as forward and 1492R
as reverse. PCR amplification of the 16S
rRNA gene yielded amplicon of approximately
1500-bp (figure 2) and were sent to Macrogen
Inc. Seoul, Korea for sequencing. The
nucleotide sequences of all the five isolates of
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E. coli were submitted to GenBank and NCBI
accession numbers were obtained. (Table 3).

Hameed et al., identified and confirmed of
E.coli isolated from arthritis in chickens and
examined the isolate by culturing, VITEK test
as well as molecular assay. Antimicrobial
susceptibility of bacterial isolate also done.

The results of the 16Sr RNA gene revealed
that E.coli primers of thel6S rRNA gene had
successfully targeted the respective gene and
have shown the single bands of thel6S RNA
gene at 1500 bp. Sequencing of this gene was
performed for the isolate (11).

Figure2. Amplification of 16 S rDNA gene
of bacterial isolates. Lane 1, 1KB ladder;
Lane 2, RU-1; Lane 3, RU-3; Lane 4, RW-1:
Lane 5, RS-4 and Lane 6, RF-3
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Table 2 Biochemical tests of bacteria isolated from different sources
Isolate Indole Methyl Catalase TSI Lysine Voges Starch Oxidase Citrate
red agar decarbo- Proskauer hydrolysis utilization

xylase
RU-1 + + + YIY +
RU-3 + + + YIY +
RS-1 + + + YIY +
RS-4 + + + YIY +
RF-1 + + + YIY +
RF-3 + + + YIY +
RF-5 + + + YIY +
RW-1 + + + YIY +
RW-3 + + + YIY +
RW-5 + + + YIY +
RW-7 + + + YIY +

(+) = positive test  (-) = negative test

Table 3. Identification of bacterial isolates of E. coli at molecular level

Isolates Isolation source
RU-1 Urine
RU-3 Urine
RW-1 Water
RS-4 Soil
RF-3 Spoiled fruits

Hit strain Accession number
Escherichia coli OL739361
Escherichia coli OL741466
Escherichia coli OL721964
Escherichia coli OL721963
Escherichia coli 0OL724192

sequencing, analysis, and cloning of DnaK
gene : The genomic DNA that was isolated
from E. coli RU-3 strain showed high
concentration with 485ng/ul, the purified
genomic DNA selected from the strain above
was later subjected to DNA sequencing by
designed primers wused for overlapping
technique to generate gene product with
expected size of = 1850bp which was
predicted to encode a putative protein
containing = 607 amino acid residues (figure
3). The purified PCR products of E. coli was
compared with NCBI homologous sequence
from GenBank data of E. coli (Escherichia
coli str. K-12 substr. MG1655) with accession
number (NC_000913.3) which shows 1850bp
region of DnaK from the neucliotide (12163-
14079) on the chromosomal DNA.

=1850bp

Figure 3. Amplification of HSP70 gene of
bacterial isolates of E. coli to detect the full gene
of DnaK on 1% Agarose gel, at 80 Volt for 1hr.
Lane M, 100bp ladder; Lane 1, RU-1; Lane 2, RU-3;
Lane 3, RW-1; Lane 4, RS-4; and Lane 5, RF-3
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Figures (4) shown the partial sequencing using
the forward primerF1. With accession number
LC738622 and 769bp length
AACAGCGGTTAGATGGGTAAATAATTGGTAT
CGACCTGGGTACTACCAACTCTTGTGTAGCG
ATTATGGATGGCACCACTCCTCGTGTGCTGG
AGAACGCCGAAGGCTTCCCCCACGCCTTCTA
TCATTGCCTATACCCAGGATGGTGAAACTCT
GGTTGGTCAGCCGGCTAAACGTCAGGCAGTG
ACGAACCCGCAAAACCCCCTGTTTGCTATTA
AACGCCTGATTGGCCGCCGCTTCCAGGACGA
AGAAGTACAGCGTGATGTTTCCATCATGCCG
TTCAAAATTATTGCTGCTGATAACGGCGACG
CATGGGTCGAAGTTCAAGGGCCAGATGATGG
CACCGCCGCAGATCTCTGCTGAAGTGCTGAA
AAAAAATGAAGAAAACCGCTGAAGATTACCT
GGGTGAACCGGTAACTGAAGCTGTTATCACC
GTACCGGCATACTTTAACGATGCTCAGCGTC
AGGCAACCAAAGACGCAGGCCGTATCGCTGG
TCTGGAAGTAAAACGTATCATCAACGAACCG
ACCGCAGCTGCGCTGGCTTTACGGTCTGGAC
AAAGGTACTGGCAACCGTACTATCGCGGTTT
ATGACCTGGGTGGTGGTACTTTCGATATTTC
TATTATCGAAATCGACGAAGTTGACGGCGAA
AAAACCCTTCGAAGTTCTGGCAACCAACGTG
ATACCCCACCTGGTTGGTGAGACTTCGACAG
CCGTCTGATCAACTACCTGGTTGAGAGTTCA
GAAAGATCAGGCATTGACCTGCGCA
Figure 4. Partial sequencing of DnaK gene
isolated from E. coli bacteria using the
forward primer (F1). Signal G:131 A:291
C:534T:241, Sample: RU-3_F1, Lane: 27
Base spacing: 13.853784, 769 bases in 9729
scans
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Expression of RU-3 DnaK
The cloning and expression vector pBAD-
TOPO with 4.1kb size single 3'- Thymidine(T)
overhangs at both ends that creates a sticky
end for the PCR product that was generated
with non-proofreading enzyme such as Taq
DNA polymerase. Fifty pl of transformation
mixture cultured on the LB agar plates with
100pg/ml ampicillin produced approximately
a hundred of Transformant colonies and there
are no colonies on the LB agar plate with
50pg/ml kanamycin (figureb).

—

Figure 5. Recombinant colonies by
transformation: upper plate 100ug/ml
ampicillin; lower plates 50pg/ml kanamycin
All the colonies were subjected to analyzing
by colony PCR by using the gene designed set
of primers, they all showed a positive result
for the presence of the gene into the vector.

Positive colonies result for five selected
colonies shown in (figure 6)
1 2 3 4 5 6

4000bp
3500bp

3000bp
2500bp
2000bp
1500bp

1000b
500bp

~1.85kb

100bp

Figure 6. Agarose gel electrophoresis showing
the conformation of positive transformant
colonies by using colony PCR and screening on
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1% agarose gel at 80 volts for 1hr.Lanel: DNA
marker, Lanes (2-6) the positive results for the
presence of the gene with 1.85kb.

The recombinant plasmids were isolated and
purified from transformed clones with
Alkaline lysis method first describe by
Birnboim and Doly in 1979 (5) by inoculating
single colony in LB broth medium under
aseptic conditions. By using Thermo Scientific
GeneJET Plasmid Miniprep  Kit, pure
recombinant plasmid was isolated. The
plasmids had an approximate concentration of
820-850 ng/pl with high purity. After digest
the vectors, they were religated again by using
Quick ligation kit and transformed to a new
BL21 competent cells. The result of this
transformation gave hundreds of colonies on
the LB agar plated mixed with 100ug/ml
ampicillin, the colony PCR was used to screen
the positive transformants, the PCR product
produced by using the forward primer of
pBAD vector and reverse primer of DnaK
gene (16) (figure 7). all the tested colonies
gave positive results with an expected size of
approximately = 1.9kb (the DnaK gene +

region of the vector).
M CK 1 2 3 4 5

6500b,
S000b,

3500b
3000b,

2000bp —
1500b 19%b

500bp
100bp

Figure7. Agarose gel electrophoresis of the PCR
product from the recombinant clones’ after
digested with Ncol-HF® and relegation, on 1%
agarose gel, at 80volts, for 1hr

M: DNA Markers

CK: Negative control

Lane 1-5: PCR product (DnaK gene + region
of the vector).

Many other studies were made for isolation
and cloning of DnaK gene from different
organisms in  order to study the
immunogenicity and the protective efficiency
properties of the gene product. Bogado and his
co-workers (4) discovered that the incomplete
hsp70 gene was successfully expressed in E.
coli, resulting in the production of a 23-kDa
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protein  under insoluble  circumstances.
Additionally, the antigen properties predicted
by hydrophilicity analysis point to the
potential development of an avian coccidiosis
vaccine. Miao et al., in 2020 (21) analyzed the
effects of various heat treatments on the
activities of superoxide dismutase (SOD),
catalase (CAT), peroxidases (POD), and
Glutathione-S-transferases (GST) and
discovered four induced LbHsp70 genes and
one induced LbHsp110 gene. Expression of
recombinant protein in E. coli on the pBAD
vector was tested by inoculated the isolated
clones that carries the recombinant vector in a
fresh LB broth containing ampicillin and
incubated at 37°C with vigorous shaking to an
ODesoo = ~0.5. The cultures were induced with
different concentrations of isopropyl-p-D-
thiogalactopyranoside (IPTG) in order to
induce the production of the recombinant
protein, the results showed in 10% SDS-PAGE
with an expected molecular weight =~ 67KDa
(22) (figure 8) after staining the gel with
Coomassie brilliant blue G-250; The results
for the IPTG of (0.0mM, 0.05mM, 0.1mM,
0.5mM & 1.0mM) were 48, 18, 8.2, &
4.8pg/ml respectively, keeping the 0.0mM was
used as un-induced clone for the negative
control, and found that the optimum
concentration of IPTG was 0.05mM, which
was agreed with many studies before such as
(23). Maksum used the IPTG as inducer to
protein expression. The concentration should
be slightly above the threshold at which the
promotor is activated, but it came almost close
to this research results. IPTG is a commonly
used inducer because of its high expression
rate, and it is an allolactose that that E. coli
cannot metabolize. However, in particular
cases, IPTG usage offers drawbacks such as
the metabolic burden on the cell due to the
exacerbation of haloalkane. The expression of
heterologous proteins sometimes becomes an
issue when the protein expressed is toxic (20)
When they employed various optimal
induction settings, temperatures of 28, 30, 34,
and 37°C were attained. They discovered that
the best inducer concentrations were found to
be between 0.05 and 0.1mM IPTG for all
temperatures studied.
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250kpa M CL Ft

150 kDa—
100kDa—

75kDa —
50kDa —

e 54 }

4

L g ¢

25kDa —
20kDa —

Figure 8. SDS-PAGE (10% w/v) analysis of
the optimum IPTG concentration (0.05mM)
used to induced the expression of the
recombinant DnaK purification by using Ni-
NTA spin column (affinity
chromatography) at 100 volts, for 1hr. M:
Protein marker, CL: Crude cell lysate
induced with 0.05mM IPTG for 2hrs at
37°C, Ft: Flow-through, E: Elution.
The optimum time for the protein expression
was granted by using the 0.05mM IPTG in
different periods of time (1, 2, 3, 4, & 5) hr.
after purified the protein with Ni-NTA spin
column and measuring the  protein
concentration with NP-2000 and giving the
results (38,50, 64, 87, 95) ug/ml respectively.
thus, the 5 hr. was indicated as the best
expression time in this study, avoiding long
time was because of it may lead to protein

degradation.
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