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Figure 1. Obtaining H. pylori colonies from the antrum biopsy in the BHI blood agar plates. Biopsies were directly collected into the BHI
broth (top left panel) and were plated on the BHI Blood agar plates (top middle panel). Plates were incubated in microaerobic conditions
using a gas pack (bottom left panel) for 20 hours to obtain the bacterial colonies (right panel).
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Figure 2: Subculturing procedure of H. pylori colonies by spread plate method. Plate full of colonies (left panel) was used to harvest the
colonies using a sterile L-shaped disposable spreader and the cells were spread onto the new plate (right panel).

Gastritis is the most common problem all over the world. Especially in countries like India where people ingest a lot of
spicy food, gastritis is more frequently observed. In addition to these complications, effects of Helicobacter pylori like
severe gastritis, gastric ulcers which later on develop as gastric cancer is observed to increase as the years pass by.
Nearly 80% of gastric cancers are H. pylori related cancers and there is no specific treatment available to H. pylori
related infections. Though there are some general antibiotics like amoxicillin, tetracycline, ciprofloxacin,
Clarithromycin and proton-pump inhibitors were given and they could only control the infections to some extent. To
test any drugs or to develop any treatments towards the H. pylori the biggest barrier is to culture them. This
communication discusses the protocol of how to culture the H. pylori in 20 hours of time with the highest efficient
colonies for the subcultures from the clinical samples.

Helicobacter pylori is a gram negative bacteria which is
able to survive in the acidic conditions of the stomach by
releasing the urease enzyme to survive and grow in the
epithelial cells of gastric walls. Severe gastritis, gastric
ulcers, peptic ulcers & gastric cancers are the manifestations
that the H. pylori can cause. Gastritis is one of the general
problems observed world-wide where 6.3 out of every
1,00,000 people were suffering from this problem as of 2020
out of which the range is differing between 2 to 57 in
1,00,000 people for the cases of gastric cancers (1-5). The
clinical tests to identify the infection of ulcers and gastritis
related to H. pylori are Rapid Urease Tests (RUT), 13C Urea
Breath Test (13C UBT) (6). The treatments of H. pylori are
Proton-pump Inhibitors and the general other antibiotics like
Clarithromycin, amoxicillin etc., (2,6). Culturing the H.
pylori is observed to be a task in the general laboratory
methods and requires a lot of keen observations, sterility

maintenance as there are theories stating that getting the
colonies of H. pylori takes nearly 72 hours of time or it is
generally stated as 3-7 days at 37℃ in the CO2 incubator as
they require microaerophilic conditions for proper growth
(6-8). Other requirements besides CO2 incubator are the
maintenance of 2%-5% O2, 0%-10% of H2 and also some
hydration (2, 9-13). The complications in the culturing of the
H. pylori is observed when the bacteria is stored even for a
day. The efficiency of the H. pylori is observed to be high
when the biopsy of the infected area is plated in less than
three hours in the procedure that we followed at TCABS-E
Laboratory. The biopsy of the H. pylori infected antrum is
directly collected into the Brain-Heart infusion (BHI) broth
(purchased from HiMedia Laboratories) and stored on the
ice. This stored biopsy is then further homogenized within 30
minutes after collecting the biopsy sample. The
homogenization was performed using the basic laboratory
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procedures by using the forceps. The forceps were dipped
into the 70% isopropanol and placed inside the laminar air
flow chamber under UV light for 20 minutes. The sterile
forceps were used to chop the pieces of infected antrum
biopsy into further more fine pieces. The mixture of the broth
and the fine pieces of the biopsy were briefly vortexed
carefully for 1 minute. Two hundred μl of the homogenized
sample is spread on the BHI Blood agar plates (purchased
from HiMedia Laboratories) and is stored in a box of 1.6 L
capacity with the anaerobic gas pack (purchased from
HiMedia Laboratories) and an oxygen detector tablet
(purchased from HiMedia Laboratories) in it. The box
containing plates is placed in the incubator at 37ºC for 20
hours.

There were silver-gold coloured colonies observed of
diameter ~2 mm each (Figure 1). These colonies were then
carefully collected using a sterile L-shaped spreader and are
spreaded on to the fresh BHI blood agar plates for
subculturing and the same procedure of placing in the box
1.6L capacity box with the microaerophilic conditions at
37ºC for 20 hours is followed (Figure 2). Bacterial colonies
from both the original biopsy spread plates and the sub
cultured plates will further be used for their 16S rRNA
sequencing to identify and confirm if there is any species
level diversity in the obtained patient biopsy samples. With
this established protocol, we are going to further evaluate our
newly designed small molecule compound, HelicoTAC© (15)
that was previously patented (202141058294).
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Polycystic ovarian syndrome (PCOS) prevalence has tremendously increased in recent years in India. Many women in
their early teens are facing PCOS issues primarily due to the stress that they go through. Diabetes, obesity, etc. are a few
co-morbidities that are commonly observed in PCOS women along with the upregulated secondary sexual
characteristics such as facial hair, etc. Recently it has been proposed that the boiled leaf aqueous extracts of Ficus
religiosa exhibit therapeutic effects on PCOS. In order to understand the importance of the aqueous extracts, we
obtained boiled F. religiosa leaf aqueous extract and analyzed it using proton-NMR spectrum. In parallel, a methanolic
extract of the same was also prepared. The proton NMR spectra of both aqueous and organic extracts were compared.
Significant difference was seen in both spectra, as expected, indicating that the extraction method influences the final
NMR profile of the sample suggesting that the active ingredients are to be naturally extracted by boiling rather than
using the harsh organic solvents. Further phytochemical characterization is currently ongoing to delineate the possible
anti-PCOS therapeutic effects of F. religiosa.

Ficus religiosa is a native fig and considered as sacred plant
in India. Under the order Utricales, it belongs to Moraceae,
also known as the Mulberry family consisting of diverse
trees, shrubs, vines, epiphytes, hemiphytes and rarely herbs
[1]. F. religiosa is commonly called as peepal tree, bodhi tree
in English, Ashvattha tree in India/Nepal or Asathu in
Sinhala. This tree is considered as a sacred tree by Hindus,
Jains and Buddists [2]. This species is named so because of
its religious importance and this is considered as the tree
under which Gautam Bhudda was enlightened [2]. Generally
F. religiosa starts its life cycle as an epiphyte and can live up
to 3000 years [1] and has aerial roots which later become
vestigial after it starts growing on land. According to the
Global Compendium of Weeds this species is listed as
“Environmental weed/naturalized weed”. This can grow in
various climatic conditions and can survive better in tropical
rainforests. The only wasp species that pollinate F. religiosa
is Blastophaga quadriceps [1]. This tree is not only treated as
sacred due to religious beliefs in India but also due to several
medicinal values such as antioxidants in the leaves of peepal
trees [3]. Thus, all of its parts viz. leaves, bark, fruits, roots
etc. have a lot of importance in the Indian Ayurvedic
medicine that has been followed for ages. It is used to treat
several disorders related to the central nervous system,
endocrine system, gastrointestinal problems, reproductive
disorders and some other infectious diseases [4]. It is also
believed to have antibacterial, anthelmintic, antioxidant,
immunomodulatory, anticonvulsant, hypolipidemic,
hypoglycemic and wound healing activities [5-10].

In particular, F. religiosa is used in treating reproductive
disorders including polycystic ovarian syndrome (PCOS),
menorrhagia, infertility in females etc. in the Indian
Ayurvedic medicine [11]. Freshly boiled leaf extracts of F.
religiosa have been used in Ayurveda for PCOS treatment. It
has been previously reported that the 3-acetoxy-3-hydroxy
propanoic acid (AHPA) in the fresh leaf extracts of F.
religiosa may have therapeutic effects on PCOS in rats [11].
However, it is not clearly known whether the AHPA has a
direct effect on controlling PCOS or its metabolites produced
by various CYPs present in the liver during AHPA
metabolism that may possess the therapeutic effects.

In this study we performed a comparative analysis of
aqueous and organic extract from F. religiosa leaf using
proton NMR spectra. The leaf was boiled in water and the
water was taken as aqueous extract. In order to obtain the
organic extract, the lead was homogenized in a mortar and
pestle in the presence of methanol.

Materials & Methods:

Collection of F. religiosa leaves: By studying the
morphological characteristics of F. religiosa, fresh young
leaves are collected from the garden of the Botany
department of Andhra University.

Preparation of Boiled leaf extract of F. religiosa leaves: This
was performed systematically as described below: Day 1:
Collected F. religiosa leaf is sterilized properly using
deionized (di)-water. This leaf is then soaked overnight in a
beaker with 100 ml di-water. Day 2: The overnight soaked
leaf is then boiled on a hot plate till the water reduces to half.
The extract obtained is about 33.5 ml which is left to dry on a
plate placed on a hot plate at lowest temperatures till the
water has evaporated. We use lower temperatures for the
water to evaporate because higher temperatures may affect
the constituents present in the extract. The plate with residue
of the extract is carefully covered and then placed aside to
cool and then this is used for NMR spectroscopy.

Preparation of organic extract of F. religiosa: A fresh young
leaf of F. religiosa is collected and that is surface sterilized
using di-water. This leaf is crushed using mortar and pestle
by adding methanol drop by drop till the leaf is completely
crushed. Now this extract is filtered using whatmann’s filter
paper and the filtrate is collected in the test tube. This extract
is now left for air drying in the boiling water.

Solubility test of the leaf extracts residue: The dried residue
after evaporating the di-water is tested for solubility before
NMR spectroscopy. Small amount of the residue is scraped
with spatula and a small portion of it is dissolved in dimethyl
sulphoxide (DMSO) and another small portion is dissolved in
chloroform (CHCl3).

______________________________________________________________________________________________________
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Figure 1. 1H-NMR spectrum of aqueous extract.

The residue is completely soluble in DMSO but not in
CHCl3. We tested for solubility to decide the heavy solvent
used for NMR spectroscopy. Similarly, the solubility of the
dried residue from organic solvent was also tested for
solubility with DMSO and CHCl3 and found to be soluble in
CHCl3.

NMR Spectroscopy: NMR spectroscopy was performed as
described previously [12]. Briefly, BRUKER Ascend 400
MHz magnet was used for the acquisition of 1H-NMR
spectra for both samples. The FIDs were deconvoluted and
fourier transformed into the individual spectra using TopSpin
software. The final spectra are shown in Figures 1 and 2.

Results and Discussion:

Proton NMR spectrum of aqueous extract contains only a few
peaks: The proton NMR spectrum of aqueous extract, as
shown in Figure 1, contains only three peaks at 3.49 ppm,
2.549 ppm and 2.510 ppm. These peaks are all in the
aliphatic region suggesting the absence of any aromatic
compounds containing benzene rings specifically. Previously
AHPA was reported within F. religiosa aqueous leaf extracts.

Figure 2. 1H-NMR spectrum of organic extract.

However, the proton NMR spectrum shown in Figure 1 does
not perfectly match AHPA predicted spectrum (Figure 3)
from the NMRDB [13-15]. It is noteworthy that the aqueous
extract was slightly warmed to dry so that it can be dissolved
in heavy solvent for NMR analysis and this warming may
cause changes in the AHPA, if at all it was present in the
aqueous extract.

The proton NMR spectra show different profiles as expected:
The two proton NMR spectra shown in Figures 1 and 2 show
different profiles in the context of number of peaks and their
positions (ppm) as expected. Normal boiling of the leaf in
di-water may only selectively extract the ingredients that are
hydrophilic and are easy to extract without damaging the
leaf. This may include compounds (may or may not be
volatile) that are naturally secreted or exuded by the leaf.
Although the AHPA is completely water soluble,
comparative analysis of Figures 1 and 3 suggest that the
active ingredient that is extracted simply by boiling the leaf
in di-water is not AHPA. However, the peaks obtained in
Figure 1 are in the aliphatic region suggesting that they could
be closely related analogs of AHPA. Along these lines, as
shown in Figure 2, the multiple peaks obtained in the organic

______________________________________________________________________________________________________

Karri et al. 6



TCABSE-J Research Article
ISSN: 2583- 2557, Volume 1, Issue 6, pp4-8. 2023.
___________________________________________________________________________________________

Figure 3. Predicted 1H-NMR spectrum of AHPA.

solvent extract are mostly populated in the aliphatic region
suggesting the closely related analogs of AHPA might be
present in this extract.

Conclusion and Future directions:

The current study confirms that the AHPA that is believed to
be the active ingredient in boiled leaf extract of F. religiosa
that has anti-PCOS activity is absent based on the proton
NMR spectrum. However, this does not conclude the
complete absence of AHPA in F. religiosa. Maybe the
extraction method is not just simply boiling the leaf in water.
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Full figure legends:

Figure 1. 1H-NMR spectrum of aqueous extract. A total of 3
peaks are seen in this spectrum and none of these peaks
match the predicted spectrum of AHPA.

Figure 2. 1H-NMR spectrum of organic extract. Multiple
peaks are seen in this spectrum with most of them populated
in the aliphatic region.

Figure 3. Predicted 1H-NMR spectrum of AHPA. Peaks are
seen at three different ppms. One singlet and one doublet are
seen in the aliphatic region while one triplet is seen at 5.8
ppm.
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Antibiotics and proton pump inhibitors are the only options for the treatment of Helicobacter pylori
infections till date. However, antibiotic-resistance is already reported clinically against some of these
regularly used antibiotics. In this context, novel antibiotics that specifically target the H. pylori are needed.
Clinically, H. pylori infections are broadly classified into several types among which, the cytotoxin-associated
gene A (CagA)-positive cases are identified as the ones where the bacterium contains CagA virulence protein
that helps in hijacking the intracellular signaling cascades of the host gastric epithelial cells. In this study we
explored the p53 binding pocket of CagA protein, taken from PDB ID: 4IRV, in silico. Our results indicate
that the p53 binding pocket of CagA is flexible to potentially fit a diverse set of small molecules that can be
used as inhibitors. Over a 10 ns molecular dynamics simulation we noticed multiple conformational changes
leading to changes in the architecture of the p53 binding pocket but the pocket was stable without collapsing
throughout the MD simulations indicating that this pocket can be targeted for virtual screening of small
molecules. Based on our MD simulations, we conclude that the p53 binding pocket of CagA protein can be
used for screening potential inhibitors of H. pylori infections.

Citation: Aggunna, M., Grandhi, A.V.K.S. and Yedidi, R.S. (2023). Molecular dynamics simulations of
cytotoxin-associated gene A coded protein from Helicobacter pylori to probe the flexibility of p53 binding pocket
for inhibitor design. TCABSE-J, Vol. 1, Issue 6:9-14. Epub: Aug 10th, 2023.
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Figure 1. Structures of CagA +/- p53 peptide.

The Cytotoxin Associated gene-A (Cag-A) protein is a
virulence factor of the Helicobacter pylori (H. pylori) which
gets transported to the human gastric cells through the type-4
secretion system (T4SS) by developing a pilus that gets
injected to host gastric epithelial cells [1,2,3]. The Cag-A
protein coded from the Cag Pathogenic islands, a group of
several types of Cag proteins [4,5,6], travels through the
pilus. Once the Cag-A protein enters into the human body it
participates in the interactions with other host proteins and
infects the humans initially as gastritis, then gastric ulcers.
The ulcers in the long term cause gastric cancer. The Cag-A
protein is an oncogenic protein with a molecular weight
between 120 kDa & 140 kDa [6,7,8]. This protein enters the
host cell and participates in the downstream signaling by
undergoing the kinase phosphorylation dependent and
independent. The N-terminal region is kinase
phosphorylation independent and inhibits tumor suppressors
[6]. The N-terminal region of the Cag-A protein interacts
with the Apoptosis stimulating protein of p53-2 protein
(ASPP2) and inactivates and degrades the p53 protein [9,10].
The structure of the Cag-A protein is taken further for the
molecular dynamic simulations to observe the
conformational changes in the binding pocket region [6,11].
The binding pocket of the Cag-A at N-terminus is analyzed
to understand the flexibility of the protein which makes the
drug design easy. The Cag-A protein is observed to be a
protein that is hard to be considered as a drug target and the
binding pocket in the N-terminal region that is focused in this
paper is also observed to be a long binding pocket which
may lead to the complexity for the ligands to bind with low
binding affinities. Thus the conformational flexibility of
CagA should be explored further.

In this study, the Cag-A structure is taken from the PDB
ID: 4IRV (Figure 1) and also the homology model of the
same FASTA sequence of the Cag-A [11]. The Cag-A
structure and the models were both used for the Molecular
Dynamics (MD) simulations using the Desmond Molecular
Dynamics System, version 2018-4, D. E. Shaw Research,
New York, NY [Schrödinger, LLC, New York, NY].

Materials & Methods:

Preparation of CagA structure: The 3D structure of CagA
protein was prepared from the X-ray crystal structure of
CagA protein bound to p53 peptide, PDB ID: 4IRV [11].
There were four chains of CagA each bound to one p53
peptide in the structure. Chain A along with the p53 peptide
that was bound in the pocket of chain A were kept and the
coordinates for the remaining chains were deleted. The final
prepared structure file contains one chain of CagA bound to
the one chain of p53 peptide. This final file was used further
for processing and building the system in order to perform
the MD simulations.

CagA homology model building: The FASTA sequence of the
Cag-A is taken from the PDB ID: 4IRV and is used to build
the 3D homology model of the same using SWISS-MODEL
tool (https://swissmodel.expasy.org/) choosing 4IRV as the
template sequence. The homology model was built due to
main chain breaks in the crystal structure.

Protein pre-processing: CagA protein pre-processing was
performed using the Maestro molecular graphics window
from Schrödinger LLC, NY. Both CagA from the crystal
structure and the CagA homology model were imported into
Maestro. Protein preparation wizard was used to pre-process
the CagA which includes multiple steps of optimization.
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Figure 2. RMSD & RMSF analysis of CagA+/-p53 peptide.

Assignment of bond orders, capping the protein termini,
addition of hydrogens, conversion of selenomethionine to
methionine and generation of hydrogen bonds. The hydrogen
atoms were then optimized by considering the water
molecules in the structure. Any close contacts were rectified
by relaxing the structure. The processed protein was then
used to build the system for MD simulations.

System builder: The processed protein was used to set up the
system with periodic boundaries containing the implicit
solvent continuum using the SPC water model. The overall
volume of the system was minimized by choosing the
orthorhombic model. Ions were added and neutralized so that
there is no net charge on the system. To mimic the
physiological states, 0.15 M salt was added into the system.
System builder option of Desmond (D.E. Shaw Research,
NY) was used to build the systems for both CagA structure
and its homology model.

MD simulations: The MD simulations were performed using
Desmond on a 6th generation i5-quad core processor. The
system built as described above is loaded into the Maestro

molecular graphics window to display all the atoms. Periodic
recording of the trajectory at fixed intervals along with the
energy was set depending on the total length of the MD
simulation. For example, a 10 picoseconds (ps) interval was
set for recording the trajectory in order to perform a 10
nanoseconds (ns) MD simulation with an approximate
number of 1000 frames per interval. OPLS2005 force field
was used to perform the current molecular mechanics-based
simulations.

Trajectory analysis: The post MD simulation trajectory was
loaded into the Maestro molecular graphics window and was
analyzed frame by frame to evaluate any visible structural
changes overall and with reference to the p53 binding pocket.
The overall protein Cα root mean square deviations (RMSD)
and per residue RMS fluctuations (RMSF) were visualized
by using the simulation interactions diagram option in
Desmond. Both the RMSD and RMSF plots were saved for
each MD simulation. Coordinate files at intervals of 1 ns
were saved as “.pdb” files to visualize the 3D conformational
changes in the protein using Maestro. Figures and movies of
the MD simulations were prepared while the trajectory is still
loaded into the Maestro molecular graphics window.
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Figure 3. RMSD of CagA structure vs. homology model.

Results and Discussion:

Dimensions of the p53 binding pocket in CagA: The p53
binding pocket in CagA (Figure 1) was roughly measured to
be 10 Å in width, 23 Å in length and 10 Å in depth thus
adding up a total volume of 2,300 Å3. The p53 peptide in this
structure is 20 amino acids long which fits into the above
mentioned volume (Figure 1). Such a large binding pocket
might be stable with a bigger ligand such as the p53 peptide
bound but without a ligand, the stability of such a binding
pocket is questionable. In order to delineate this dilemma, we
performed 10 ns MD simulations of CagA with and without
p53 bound in the pocket.

The protein Cα RMSD of CagA with p53 is slightly lower
than without p53: The protein Cα RMSD of CagA, with and
without p53 bound, started at 0.75 Å and reached up to 1.6 Å
and 2.4 Å at 1 ns, respectively (Figure 2). While the RMSD
for CagA with p53 was stable continuously until 8 ns and
then increased to 1.75 Å at 10 ns, the RMSD for CagA
without p53 increased up to 2.7 Å at 2.5 ns and continued
stably until 10 ns. This suggests that the apo protein (CagA
without p53) had to go through more RMSD initially
compared to the complexed protein. Thus the apo protein
exhibited almost 1 Å higher RMSD compared to the p53
bound CagA (Figure 2).

The RMSF profile of apo CagA is different compared to the
CagA bound to p53: The overall RMSF for the apo CagA
and p53 bound CagA are <2.4 Å and <1.6 Å, respectively,
suggesting that the p53 bound CagA has relatively lower
RMSF compared to the apo CagA. RMSF values of residue
beyond 175 were ignored because of a break in the main
chain of the protein in the crystal structure. In order to
circumvent this issue, we built a homology model of CagA
and used that model for MD simulations.

MD simulations of CagA homology model: The Cα RMSD of
CagA homology model is slightly different from the apo
CagA that was taken from the crystal structure. As shown in
Figure 3, the initial spike at 1 ns that was seen for the apo
CagA from the crystal structure was no longer seen in the
homology model at 1 ns. Taking this into consideration, we
further investigated whether the homology model of CagA
will show any major changes in the protein Cα RMSD. So,
these MD simulations were further extended to 25 ns and 50
ns (Figure 3). No major spikes were seen within the 25 ns
MD simulation. However, the Cα RMSD progressively
increased to almost 4 Å from 30 ns to 50 ns in the 50 ns MD
simulation.

Higher RMSF is seen in the 50 ns MD simulation compared
to the 25 ns MD simulation: The homology model of CagA
showed significant changes in the RMSF of its residues when
simulated up to 50 ns instead of 25 ns. As shown in Figure 4,
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Figure 4. RMSF analysis of CagA homology model.

majorly, three regions were identified where there were
significant changes in the RMSF values. These regions are
50-75 (1.2 Å vs. 2.0 Å), 125-150 (1.6 Å vs. 2.8 Å) and
175-185 (2.8 Å vs. 3.2 Å). Comparing Figures 3 and 4, it is
safe to say that the residues 125-150 are probably
contributing to the unusual behavior of the protein between
30 ns and 50 ns.

Conclusion and Future directions:

The current study clearly demonstrates that the apo CagA
possesses more conformational flexibility compared to the
p53 bound CagA. Further, the p53 binding pocket showed
flexibility in the absence of the ligand suggesting that the
volume of this pocket is large and thus, it poses a challenge
to screen small molecule leads. We are currently in the
process of using the p53 binding pocket of CagA for virtual
screening of small molecules with a goal to identify any
leads that can be used as potential drugs in the future for the
treatment of H. pylori infections.
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Full Figure Legends:

Figure 1. Structures of CagA +/- p53 peptide. CagA bound
to the p53 peptide (purple color spheres) is shown on the left
and the CagA after removing the coordinates for p53 peptide
(apo CagA) is shown on the right.

Figure 2. RMSD & RMSF analysis of CagA+/-p53 peptide.
Panels A and B show the protein Cα RMSD of apo CagA and
CagA-p53 complex taken from PDB ID: 4IRV, respectively.

Apo CagA shows an initial spike at 1 ns that was not seen in
the complex but the complex showed a spike after 8 ns that
was absent in the apo CagA protein. Panels C and D show
the protein RMSF of apo and complex CagA, respectively.
The overall RMSF for the apo CagA and p53 bound CagA
are <2.4 Å and <1.6 Å, respectively

Figure 3. RMSD of CagA structure vs. homology model.
RMSD of apo CagA from the crystal structure is shown in
panel A as a reference. Panel B shows the RMSD of apo
CagA homology model in which the initial spike at 1 ns is
absent. Panels C and D show 25 ns and 50 ns MD
simulations of the homology model. No major spikes were
seen within the 25 ns MD simulation. However, there is a
spike that progressively increased to almost 4 Å from 30 ns
to 50 ns in the 50 ns MD simulation.

Figure 4. RMSF analysis of CagA homology model. The 25
ns and 50 ns MD simulations of the CagA homology model
are shown on the left and right, respectively. Three regions:
50-75 (1.2 Å vs. 2.0 Å), 125-150 (1.6 Å vs. 2.8 Å) and
175-185 (2.8 Å vs. 3.2 Å) showed significant changes in the
RMSF values.
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In vitro comparative analysis of leaky protein expression in the BL21 strain vs. DH5α
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Protein expression using the bacterial expression system is routinely used not only in the research laboratories on a
small scale but also in the industrial bulk productions. Usually no lethality is posed for the bacterial cells if the protein
of interest (POI) is not toxic. However, certain proteins could pose lethality to the bacterial cells due to various reasons.
Hence leaky expression of proteins is highly undesirable especially if the POI is toxic to the bacterial cells. In this study,
we used a plasmid containing SARS CoV-2 spike protein-receptor binding domain (RBD) to test whether its expression
is leaky in 2 different strains of E. coli viz. DH5α and BL21. Further, we evaluated any possible lethality posed by the
expression of RBD in both strains. Our results suggest that RBD expression was leaky and independent of the T7
promoter that was designed in frame with RBD. Expression of RBD was not lethal to both strains of E. coli.

Citation: Sodasani, M., Bukka, S., Mukala, N., Panchagnula, B., Pola, S. and Yedidi, R.S. (2023). In vitro
comparative analysis of leaky protein expression in the BL21 strain vs. DH5α strain of E. coli. TCABSE-J, Vol. 1,
Issue 6:15-17. Epub: Aug 19th, 2023.
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Figure 1. Colonies of transformants, DH5α (left) and BL21 (right).

Recombinant expression and purification of proteins is in
general feasible with some difficulties but the same is not
true for the membrane proteins [1]. Various genetic strategies
have been explored for proper expression and purification of
difficult to express or insoluble proteins [2-4]. The BL21
strain of E. coli is prominently used because it has been
genetically engineered such that it lacks proteases [5-7]. The
strain “B” that lacks the lon protease “L” is the BL21 strain.
Lack of proteases implies low degradation of the expressed
protein of interest in the BL21 strain. On the other hand,
maintenance of expression plasmids is equally important
with proper strains of E. coli such as the DH5α that have the
recA mutation and/or deletion in the genome [8, 9]. In order
to ease the protein expression especially for purposes of high
throughput nature, various optimizations such as codon
optimization, designing disulfide bonds, co-expression of
chaperones, high density bacterial cultures, etc. have been
successfully tested [10-15]. Irrespective of the toxicity of the
expressed protein, overexpression in combination with
solubility issues may lead to the formation of inclusion
bodies from which the protein of interest has to be recovered
[16-19]. Usually proteins without folding problems can
easily be recovered from the inclusion bodies through the
denaturation process using chaotropic agents such as urea. In
this study, we evaluated the leaky expression of a gene
cloned into a protein expression vector using the E. coli
DH5α and BL21 strains. Both strains were cultured with the
plasmid and the whole cell extracts were used to run the
SDS-PAGE for the detection of protein expression.

Materials & Methods:

Transformation of E. coli cell with plasmid: Both strains of
E. coli, DH5α and BL21 were transformed with the plasmid
carrying the gene of interest. This plasmid has ampicillin
selection with β-lactamase gene along with mCherry tag
followed by the gene of interest. Heat-shock method of
transformation was used. Fresh vials of both strains each
containing 100 μl of competent cells were taken to which 2

μl of plasmid per vial was added and incubated on ice for 30
min. The vials were then kept at 42 ℃ for 30 sec and were
immediately placed on ice. One ml of presterilized SOC
medium was added to each vial and both vials were
incubated at 37 ℃ for 1 hr. Freshly prepared LB agar plates
using autoclaved LB agar medium were used for plating the
transformants. Post incubation, the transformed cells were
plated on LB agar plates containing 30 mcg ampicillin. Plates
were incubated at 37℃ overnight.

Overnight bacterial minicultures: Freshly prepared LB broth
was taken in two culture tubes 5 ml each. One tube was
inoculated with the DH5α colonies and the other was
inoculated with the BL21 colonies. Both tubes were
incubated at 37 ℃ overnight. Fresh LB broth (5 ml per tube)
was added to the overnight cultures and the cultures were
further incubated for 6 hours before harvesting them.

Cell lysis and sample preparation: Cells were harvested by
centrifugation at 5000 rpm for 20 min. Supernatants were
discarded safely into a beaker containing bleach or 70%
alcohol. The pellets were then resuspended in the residual
supernatant. Equal volumes of lysis solution were added to
both tubes and the contents were boiled at 95 ℃ for 10 min.
After cooling down the samples, they were centrifuged at
14,000 rpm for 15 min. Supernatants were carefully
transferred to new tubes to load and run the SDS-PAGE.

SDS-PAGE: The 12% separating gel was first prepared in a
centrifuge tube containing 6 ml of 30% acrylamide-
bisacrylamide + 6 ml of 2.5X Tris-SDS buffer (pH 8.8) +
10% ammonium persulfate + TEMED + deionized water.
The separating gel was poured in between the plates and
isopropanol on the top to prevent uneven edges on the top.
Once the separating gel is solidified, the 5% stacking gel is
prepared in a centrifuge tube containing 1.3 ml of 30%
acrylamide-bisacrylamide + 1.6 ml of 5X Tris-SDS buffer
(pH 6.8) + 10% ammonium persulfate + TEMED +
deionized water. The isopropanol was removed and the
stacking gel was poured and the comb was placed on the top.
Samples were loaded (15 μl per well) and the gel was run at
120 V. Gel was stained/destained to visualize protein bands.

Results and Discussion:

Multiple colonies were obtained for both DH5α and BL21
transformants: The LB agar plates containing colonies of
transformants are shown in Figure 1. Both DH5α and BL21
transformants yielded multiple colonies on the ampicillin
plate confirming the presence of the plasmid (transformants).
The number of colonies in the case of BL21 plate are visibly
countable while the other plate showed a lawn of bacterial
colonies suggesting that the transformation was very efficient
in both cases.
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Figure 2. SDS-PAGE analysis of leaky expression.

Leaky expression was seen in both strains on SDS-PAGE:
The whole cell extracts of the bacterial cells were analyzed
by using SDS-PAGE as shown in Figure 2. Both strains
showed the protein expression that is highlighted by the red
box in Figure 2. The BL21 strain showed a significantly
visible thick band while the other strain gave a faint band
that aligned to the same molecular weight. This suggests that
both strains were capable of expressing the protein of interest
(POI) without inducing the promoter with IPTG. The POI
tested here is a non-toxic protein hence, it did not pose any
lethality to the bacterial cells. However, if the POI were
toxic, then the final yield of POI would have been
significantly low due to several reasons such as inefficient
growth of the cultures, degradation of the excess POI that
was produced, etc. Both bands were quantified using ImageJ
software [20]. We found that the pixel-based intensity of the
BL21 band is more than 10-fold higher when compared to
the DH5α band in the SDS-PAGE. The current study proves
that certain plasmids, even though have a promoter that can
be externally controlled, there might still be some leaky
expression of the POI. However, if the POI is toxic to the
cells then the overall yield of the POI will be low thus
affecting the final yield of the recombinant protein.
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PCR-based amplification of genes is routinely done these days due to the availability of new varieties of DNA
polymerases with high fidelity. COVID-19 is a pandemic that has claimed millions of lives across the globe in recent
years. Vaccines were designed and were employed in time as a rescue mechanism. However, the viral evolution through
mutations in its spike protein is out competing the vaccine design strategies that exist today. Newer ways are needed for
vaccine design. In this study, we PCR-amplified the SARS CoV-2 spike protein receptor binding domain (RBD) using
specific primers. The PCR product size was confirmed using agarose gel electrophoresis. The annealing temperatures
were thoroughly scanned to identify the best one. This PCR product shows the correct size on the gel compared to the
standard 1kb DNA ladder. In future, this PCR product will be cloned into an expression vector (pET) in order to
express and evaluate the protein for a better vaccine design.

COVID-19, a global pandemic, was caused by Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
during 2019 - 2020. SARS-CoV-2 was first reported in
Wuhan, China in December 2019. SARS-CoV-2 virus
belongs to the coronaviridae family and was found to be
closely related to human pathogenic corona viruses like
SARS-CoV-1 which caused the 2002 - 2004 outbreak and
MERS. Properties like high reproductive number, stronger
interaction with the host cells and efficient spreading
capacity have turned SARS-CoV-2 a more infectious one
compared to the other viruses of the same family [1][2].
Corona virus has four important structural proteins, out of
which Spike protein [S] is found to play a major role in the
processes of - entry of the viral particle, attachment and
fusion of the viral membranes with the host cell membrane
[3][4]. Spike protein is a homotrimeric membrane protein
having two subunits S1 and S2 in each monomer. RBD is
present in the S1 subunit and is of 200 amino acids length
[5][6].

The receptor binding domain (RBD) of the spike protein
is an important region of the spike protein structure which
facilitates the interaction of the spike protein with the human
ACE2 receptor. RBD of the spike protein is also an important
target for the production of antibodies and in the
development of drugs and vaccines [7][8][9]. Hence, RBD
has been the major target for therapeutic development based
studies on COVID-19 caused by SARS-CoV-2. But in the
process of evolution, many variants of SARS-CoV-2 have
emerged which pose a challenge for the existing drugs and
vaccines working against the RBD in the spike protein of
SARS-CoV-2. Owing to the above mentioned necessity, we
are in the process of development of newer vaccine strategies
for COVID-19 pandemic that aims to target multiple existing
and emerging variants of SARS-CoV-2 and to provide safer
and less invasive vaccine administration. As the preliminary
requirement of the research is the availability of the RBD
gene in desired quantities, we believe that the optimization of
PCR-based amplification of RBD gene will help to generate
multiple copies of the same for further use. In this study, we
have focussed on optimization of PCR-based amplification
of the receptor binding domain gene from SARS-CoV-2
spike protein in order to use it for cloning purposes.

Materials & Methods:

Bacterial strains and plasmids: Escherichia coli, DH5α
strain cells were used in this study. E. coli, DH5α strain cells
containing the RBD plasmids were purchased from Addgene
(#169405) as agar stabs. The SARS-CoV-2 RBD plasmid
used for transformation was pmCellFree_KA3_SARS-COV-
2_RBD was a gift from Kirill Alexandrov (Addgene plasmid
#169405; http://n2t.net/addgene:169405; RRID: Addgene_
169405) [10].

Media preparation and bacterial cell culture: Luria Bertani
(LB) Broth and LB Agar plates were used for culturing the E.
coli, DH5α cells. LB Broth was purchased from HiMedia
(catalog no. M1245). The liquid broth and agar plates were
prepared according to the manufacturer’s instructions. One
hundred ml of broth was prepared by adding 2.5 grams of LB
broth powder to 100 mL of di-water. Similarly for LB Agar
plate preparation, to 300 mL of di-water, 7.5 grams of LB
Broth powder and 4.5 grams of Agar-Agar (Bacteriological
grade) were added. Both the solutions were mixed well and
autoclaved at 121 °C temperature and 15 lb pressure for 20
minutes. Ampicillin (final conc. 50 mcg) was added to the
nutrient media. LB Agar solution was poured into petri plates
and cooled to solidify. The E. coli cells containing the RBD
plasmid which were obtained as agar stab were initially
streaked on LB Agar + Amp plates and incubated at 37 °C
overnight (Figure 1). The following day, a loopful of colonies
were inoculated into 5 ml of LB Broth with ampicillin and
incubated at 37 °C overnight.

Table 1. Composition of PCR for 2 μl of template DNA.
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Figure 1. LB agar plate showing cell recovery from agar
stab.

Plasmid DNA isolation: The overnight culture which was
inoculated with E. coli cells containing the RBD plasmid was
used to perform plasmid DNA extraction. Plasmid DNA
Extraction kit (Column based) purchased from HiMedia
(catalog no. MB505) was used to perform plasmid DNA
extraction, according to manufacturer’s instructions. Cells
from the overnight culture were harvested by centrifugation.
The culture was centrifuged at 12,000 rpm for 1 min. The
culture media was discarded and the pellet containing the
bacterial cells was resuspended in 250 μl of resuspension
solution containing RNase. The pellet was resuspended
without any clumps by mixing thoroughly by pipetting. To
the resuspended bacterial cells, 250 μl of Lysis solution was
added and mixed gently by inverting the tube 4-5 times.
Next, 350 μl of neutralization solution was added and mixed
gently by inverting the tube 4-5 times. A cloudy white
precipitate was observed after adding the neutralization
solution. The cells were centrifuged at 12,000 rpm for 10
minutes. The clear supernatant was transferred to a spin
column carefully and centrifuged at 12,000 rpm for 1 minute.
The flowthrough was discarded. To the spin column, 500 μl
of wash solution (HPB) was added and centrifuged at 12,000
rpm for 1 minute. The flow-through was discarded. To the
spin column 700 μl of wash solution containing ethanol
(HPE) was added and centrifuged at 12,000 rpm for 1
minute. The flow-through was discarded and the spin column
was given a dry spin by centrifugation at 12,000 rpm for 1
minute. The collection tube attached to the spin column was
replaced with a new one. To the spin column, 50 μl of elution
buffer was added and incubated at room temperature for 3-5
minutes. The spin column was centrifuged at 12,000 rpm for

1 min. The eluate containing the plasmid DNA was stored in
a capped polypropylene tube at -20 °C until further use.

PCR primer design: For amplification of the RBD region in
the plasmid, primers were designed such a way targeting the
5' and 3' ends of the RBD gene sequence mentioned in Figure
2. The primers designed included necessary restriction sites
for cloning purposes. The sequence of the RBD gene and the
primers are shown in Figure 2. The primers were ordered
from IDT Inc. (Coralville, IA. USA) and their respective data
sheets disclosing the properties of forward and reverse
primers were displayed in Figure 3.

PCR optimization: To identify the suitable annealing
temperature for amplifying the RBD sequence, PCR
optimization was performed for a range of annealing
temperatures from 50 °C to 60 °C. PCR was performed using
Emerald Amp GT PCR Master Mix (2X Premix) (Takara
#RR310), forward and reverse primers from IDT and RBD
plasmid DNA as template DNA. The required components
were added to a 0.2 ml PCR tube (Table 1). The PCR tube
was placed in a thermal cycler in which the following PCR
protocol was programmed and run to amplify the RBD gene.
The protocol was mentioned in Table 2.

Agarose gel electrophoresis: To analyze the quality of the
isolated plasmid DNA, the sample was run on 1.5% agarose
gel (with 8 μl SYBr Safe Gel Staining Solution). The sample
was prepared by mixing 10 μl of plasmid DNA with 2 μl of
6X gel loading buffer. Along with the plasmid DNA, a 1kb
ladder was loaded in one of the wells for reference. Since the
Emerald Amp GT PCR Master Mix (2X Premix) contained a
premixed gel loading buffer, the PCR products were directly
loaded into the wells along with a 1kb ladder in one of the
wells for reference. The samples were run at 75 volts for 45
minutes. The bands were visualized using a UV lamp.

Table 2. PCR protocol.
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Figure 2. RBD template sequence with primers highlighted.

Results and Discussion:

Recovery of bacterial cells from the agar stabs: The plasmid
containing RBD gene was purchased from Addgene
(#169405). The plasmid contains an ampicillin resistance
gene which was used as a selective marker for picking the
colonies that contain the plasmid. The plasmid was received
in bacterial cells as an agar stab. The cells were grown in LB
media containing ampicillin. Since DH5α cells are normally
not resistant to ampicillin, the formation of colonies on the
LB agar plate containing ampicillin confirms the presence of
the plasmid in the bacterial cells (Figure 1).

Isolation of RBD sequence containing plasmid: The quality
check of the plasmid extracted was performed by running the
plasmid DNA isolated on a 1.5% agarose gel and the bands
were visualized using a UV lamp. The results showed that a
band was observed above the third band of the 1kb DNA
ladder which corresponds to 6 kb. The size of the band
obtained was at 6.6 kb size, which matches with the size of
the RBD plasmid, Addgene#169405 i.e., 6651 bp. The gel
picture displaying the 1kb ladder and RBD plasmid DNA is
shown in Figure 3. Since the bands were not very bright, the
concentration of the plasmid DNA was assumed to be low.
But, a crisp faint band at the required size confirmed the
successful extraction of the RBD plasmid.

PCR optimization for RBD amplification: PCR was
performed with varying annealing temperatures ranging from
50 °C to 60 °C. All the PCR products were run on a 1.5%
agarose gel and the bands were visualized using a UV lamp.

Figure 3. Fact sheets for the primers ordered from IDT Inc.

It was observed that there was successful amplification of the
RBD sequence at annealing temperature of 54 °C. The gel
picture in Figure 4 shows a very bright crisp band formed
above the 500 bp band in the 1 kb ladder. The approximate
size of the PCR product was calculated to be 600 bp which
matches with the size of the RBD sequence in the plasmid.

Figure 4. Agarose gel
electrophoresis showing
the plasmid bands.

Figure 5. Agarose gel electrophoresis showing the amplified
PCR products.

______________________________________________________________________________________________________

Vissapragada et al. 21



TCABSE-J Research Article
ISSN: 2583- 2557, Volume 1, Issue 6, pp18-23. 2023.
___________________________________________________________________________________________
Conclusion and Future directions:

The primers were highly specific resulting in the expected
PCR product of correct size. The wild type RBD gene was
successfully amplified using PCR as confirmed by the gel
electrophoresis. This PCR product can be used for cloning in
the future into expression vectors and also as a template for
site-directed mutagenesis for protein antigen studies.
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Full figure legends:

Figure 1. LBagar plate showing cell recovery from agar stab.
The bacterial cells were successfully recovered from the agar
stab by plating on LB agar containing ampicillin as a
selection marker. Bacterial lawn indicates the growth of cells
containing the desired plasmid that has ampicillin-resistance.

Figure 2. RBD template sequence with primers highlighted.
The template DNA that shows the RBD sequence is shown
here. The forward primer was designed by taking the bases
that are highlighted in yellow color and the reverse primer
was designed by considering the sequence that is highlighted
in cyan color. The total sequence length for RBD is 600 bp.

Figure 3. Fact sheets for the primers ordered from IDT Inc.
The fact sheets for the forward and reverse primers are
displayed in the left and right panels, respectively. In addition
to the primer sequences, their GC content, melting
temperatures, etc. are also given in these sheets.

Figure 4. Agarose gel electrophoresis showing the plasmid
bands. Plasmids were isolated from two random colonies and
were qualitatively checked on agarose gel. Left most lane
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contains the 1kb ladder while the center and right lanes show
plasmids of the expected size as indicated in the figure with
an arrow.

Figure 5. Agarose gel electrophoresis showing the amplified
PCR products. PCR products obtained from the two plasmids
were qualitatively checked on agarose gel. The left lane
shows 1kb ladder while the center and right lanes show PCR
products. Both PCR products were of the same size as
pointed by the arrow in the figure.
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