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A B S T R A C T

Outer membrane proteins were playing a crucial role on the several functions controlled by cell membranes even
though they are not naturally expressed at higher levels. In order to obtain biologically active protein, the
denaturation of these inclusion bodies must be optimized using chaotropic agents. Hence, this study focuses on
improving the yield of Outer Membrane Protease (PgtE) from Salmonella enterica serotype Typhi (S. Typhi) using
chaotropes and additives. Denaturation methods were tried with various pH, detergents, and reducing agents
were used to optimize the solubility of PgtE with biologically active form. Due to the aggregation, we failed to
achieve the maximum yield of PgtE. Consequently, we predicted 9 Aggregation Prone Regions (APRs) in PgtE,
which are mutated by known structural Gatekeepers. We calculated the Aggregation Index (AI) of PgtE with
10mM of aspartic acid as an additive in optimized buffer. In addition, the mutations at specific positions within
the protein structure can act as APRs suppressors without affecting protein stability with CABS flex dynamics.
The multiple sequence analysis demonstrate that aspartic acid is appropriate denaturing additive for other Gram-
negative pathogens of Omptin family.

1. Introduction

Membrane proteins play a significant role on the function controlled
by cell membranes in both prokaryotic and eukaryotic organisms. They
are regulating numerous biologically important functions such as
transport of ions into and out of cells across the membrane, recognizing
the immune system, energy transducers, mediating membrane adhesion
and serving as a receptor for signal molecules [1–3]. Nearly 50% of
human proteins are intrinsic or peripheral to cellular membranes [4].
Approximately 60% of membrane proteins were used as a drug targets
in the pharmaceutical industries for several disease. Although, the im-
portance of membrane proteins in cell function, extraordinary deficit of
membrane protein structures is largely due to the insolubility of
membrane proteins in aqueous solution [1,5–7]. Membrane proteins
were consisting of more hydrophobic patches on their surfaces that
enable the proteins to occupy the hydrophobic interior of a lipid bilayer
in a membrane [8,9].The Outer Membrane (OM) of Gram-negative
bacterial organism forms a protective permeability barrier around the

cells, and serves as a molecular filter for hydrophilic substances. The
channels were present in the OM, which leads to mediate the transport
of nutrients and ions across the membrane into periplasm [10,11]. The
PgtE from Salmonella enteric serotype Typhi (S. Typhi) is a member of
omptin family and its molecular weight about 33.5 kDa of integral
Outer Membrane protease that cleaves peptides and proteins pre-
ferentially between two consecutive basic amino acids [12]. In omptin
family, the Gram-negative bacterial pathogens such as OmpT and OmpP
of E. coli, PgtE of S. typhimurium, Pla of Y. pestis and SopA of S. flexneri
were consists of Outer Membrane [12]. Among these proteins, the PgtE
has been found to be involved in DNA excision repair mechanism with
the breakdown of antimicrobial peptides in the urinary tract diseases,
but its actual biological function remains to be elucidated [13]. Ob-
taining biologically active membrane protein is a challenging task be-
cause of their poor solubility and yield [14–19]. In a majority of cases,
the collection of overexpressed protein forming a dense amorphous
insoluble aggregates within the cell known as inclusion bodies [20,21].
Therefore, a cost-effective and downstream process is required for
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isolation of intracellular inclusion bodies with higher solubility with
good refolding capacity will desire their yield [22]. Size and density of
the inclusion bodies depends upon their expression level and nature of
protein. To prepare very pure inclusion bodies for subsequent char-
acterization studies were obtained by washing with a buffer containing
detergent and additives to remove the protein aggregation [23,24]. Due
to the lack of several limitations in the bulk production of many po-
tentially valuable therapeutic agents and membrane proteins were re-
sembling and the PgtE are remains beyond the production [25].

Indeed, reducing of protein aggregation is the straightforward task
to induce the active protein production [26]. The aggregation nature of
a protein strongly determined by the intrinsic properties of its amino
acids sequence and its mediated by short Aggregation Prone Regions
(APRs) [27,28]. Over 80% of proteins consist of at least one APR in
their primary sequence [29], but most often they form an integral part
of the hydrophobic core of the protein [30,31], which leads to the lack
of higher-order interactions. Fascinatingly, recent algorithm (AGGRE-
SCAN) proposing that the aggregation of the protein is not only based
the primary sequence, and other factors also responsible that properties
such as experimental proteome data, aggregation propensity of bac-
terial proteins associated with their length, conformation, location,
function and abundance of the polypeptide [32]. Aggregation is very
difficult task to remove without affecting the stability and structure of
protein. The reduction of intrinsic aggregation is usually achieved by
introducing of aggregation breaking residues in a protein, called gate-
keepers [33,34].

In general, the denaturation of proteins directly related to the
number of APRs found within a macromolecule sequence. In this study,
successful attempts have been made to increase the denaturation of S.
Typhi PgtE by using aspartic acid as an additive, which has been found
to reduce the number of APRs is replaced by introducing of structural
gatekeeper in the loop regions of the macromolecule structure. These
biologically active PgtE that can be used for structure functional studies
in future.

2. Materials and methods

2.1. Cloning

The pgtE gene was isolated from the products obtained by PCR
amplifications with the gene specific primers (Forward primer: 5′
GCCCCCATATGCTTAATATTCAAA ATTATTCCGC 3′ and Reverse
primer: 5′CGCCATGGTTATCCTTGCAGGAAGC3′ containing NdeI and
NcoI restriction sites, respectively) using S. Typhi Ty21a Genomic DNA
as the template. Amplified gene product was digested with the re-
striction enzyme sites at NdeI and NcoI (New England Biolabs) and
followed by the ligation into the plasmid vector pET30b(+) (Novagen)
for over expression. The ligation mixture was transformed into the
DH5α competent cells of E. coli by CaCl2 heat-shock method and plated
on LB-plate containing kanamycin (30 μg/ml) antibiotic resistance fol-
lowed by the incubation at 37 °C for 12 h. The transformed colonies
were screened by colony PCR using gene specific primers. Plasmid DNA
was isolated and verified for the presence of insert using restriction
digestion analysis with NdeI and NcoI sites.

2.2. Overexpression

The recombinant plasmids were transformed into the BL21 (DE3),
C43 (DE3) and Rosetta (DE3) competent cells of E. coli were used as
expression host strains. A single colony was selectively picked from the
transformed colonies and subsequently transferred into a 50mL of LB
medium supplemented with kanamycin (30 μg/mL). The bacterial cells
were allowed to grow inside an orbital shaker incubator at 160 rpm/
min 37 °C. When the OD600nm of each flask reached 0.4 to 0.6, the
protein production was induced by the addition of IPTG with different
concentrations (0.2, 0.4, 0.6, 0.8, 1.0, 1.5, and 2.0 mM) and grown at

37 °C for 4hrs. The temperature optimization of bacterial cell culture
was performed at four different temperatures (20, 25, 30 and 37 °C)
with 0.4 mM of IPTG and incubated for 3 and 6 h. For the time opti-
mization of bacterial culture was induced with 0.4mM of IPTG at 20 °C
for 4, 8, 12, 16, 20, and 24 h respectively. The absorbance of all the
samples from each experiment was measured at OD600nm to monitor the
bacterial growth. The maximum cell growth of bacterial cells achieved
at OD600nm and harvested at 10000 rpm for 10min at 4 °C and followed
by 12% SDS–PAGE analysis.

2.3. Extraction and purification of PgtE inclusion bodies

In order to, check the existence of PgtE from S. Typhi in pellet
(inclusion bodies), and suspended in 50mM of tris-HCl (pH 8.0)
without any denaturant. The cells were disrupted by sonication with
ultra-sonic waves generated by SONICS, 130W using an optimized run
time of 30min with a pulse of 3 s on and 6 s off on ice. The crude
inclusion bodies were obtained by the centrifugation at 10,000 g for
10min at 4 °C. The presence of inclusion bodies in the pellet were
confirmed by 12% SDS-PAGE and washed thrice with 10mL of buffer A
(50mM tris - HCl (pH 8.0), 150mM NaCl, 1% Triton X-100 and 2M
Urea). The extensive final wash of inclusion bodies was performed with
buffer A without 1% Triton X-100 and 2M urea followed by re-sus-
pension and the solution kept on a shaking incubator at 37 °C for 15min
and followed by the centrifugation at 7000 rpm for 7mins at 4 °C to
remove soluble and contaminated proteins. The supernatant and pellet
were obtained during every stages of the purification process were
analyzed by 12% SDS PAGE.

2.4. Optimization of denaturation using various conditions

The insoluble pellet fractions of recombinant PgtE were undergone
with numerous optimization steps such as using different concentra-
tions of IPTG (0.2, 0.4 and 1mM), varying the temperature (16, 20,
24,37 and 42 °C) and incubation time (30mins, 1, 2, 4, 8, 12, 16 and
24hrs), with various host cells ((BL21(DE3), C41(DE3), C43(DE3) and
Rosetta (DE3)). Also, the insoluble pellets were tried with different
media (Terrific Broth-TB, Luria-Bertani broth-LB, Minimal media, LB&
TB-Auto induction media), pH (3, 4, 5, 8, 9, 10, 11 and 12), additive
(Glycine) and different molar concentration of chaotropic agents (Urea
and GdmHCl) were attempted to express the PgtE from S. Typhi.

2.5. Denaturation of PgtE with chaotropes (urea and GdmHCl)

The purified IBs were dissolved in 8M urea with 50mM of tris-HCl
buffer at pH 8.0 and subjected to sonication for shorter duration (3 s).
After leaving the suspension, the lysate kept for 3hrs, 6hrs and over-
night at 37 °C and followed by centrifugation at 15,000 rpm for 90min
at 20 °C. The resultant supernatant and pellet were analyzed on 12%
SDS-PAGE. Further denaturation carried out with the same method
with the resultant insoluble PgtE pellet obtained. All these methods
were used Chaotropes (Urea or GdmHCl) [35,36].

2.6. In silico identification of aggregation prone regions (APRs)

The primary sequence of S. Typhi PgtE comprising 312 amino acid
residues were retrieved from UniProtKB (Q8Z4Y4) [37] and followed
by the analysis of sequence by ProGene1.0 [38] for calculating mole-
cular weight and theoretical Iso electric point (PI). AGGRESCAN server
is a web-based application used to predict APRs in PgtE primary se-
quence. The aggregation-propensity value for each residue in the PgtE
sequence was computed by averaging aggregation-propensity value per
amino acid over a sliding window of a given length [32,39].
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2.7. Structural stability with additive mutants

The aggregation propensity of each single residue is calculated by
AGGRESCAN server based on their relative position in the sequence. APRs
were identified based on the average value of aggregation propensity and
mutated with structural gatekeepers (P, R, K, D and E) at the hydrophobic
residue in the centre of APRs. Therefore, in order to analyze the con-
servative sequences of APRs in protein sequence of outer membrane pro-
teases, which belongs to the Gram-negative bacteria of Omptin family were
retrieved and subjected for multiple sequence alignment.

Simultaneously, the homology structures of native and mutated
proteins were determined by I-TASSER program [40] for the structural
stability analysis. The best models were selected based on their com-
puted C-score. The selected 3D structures were subjected to Modrefiner
[41] for energy minimization and followed by the validation using the
online version of PROCHECK program [42]. Theoretically, modeled
native and mutated structures of PgtE were also subjected into CABS -
Flex server to know the structural flexibility at 10 ns time scale [43].

2.8. Denaturation of PgtE from IBs with additives

Purified IBs were harvested and resuspended in 30mL buffer con-
taining 8M of urea and further diluted into the buffer containing
50mM tris-HCl (pH12.0), 100mM NaCl, 2% Triton X-100, 5mM DTT
and 10mM aspartic acid as additive increased the yield with moderate

shaking at 37 °C for overnight. After the incubation, the solution con-
taining PgtE was centrifuged at 15,000 rpm for 90min at 20 °C. The
separated supernatant and pellet were examined by SDS-PAGE.

2.9. Aggregation index (AI) – Calculation

The calculation of Aggregation Index done by UV spectrometer
(T80 + UV/VIS spectrometer), which is useful for analyzing the various
levels of aggregates present in protein solutions. The amount of ag-
gregates was calculated using a simple equation that assigns an
Aggregation Index (AI) value to a protein is AI = 100 X (Abs 340 nm/
(Abs 280-Abs 340)). An overview of methodology used in our current
study is shown in Fig. 1.

3. Results and discussion

3.1. Production of recombinant PgtE

The pgtE gene from S. Typhi was cloned in the multiple site of
prokaryotic expression vector pET30b(+) between the restriction en-
zyme sites NdeI and NcoI. Double digestions were conducted in both
amplified gene as well as in the plasmid vector for the ligation of tar-
geted gene sequence about 900bp in to pET30b(+) as shown in Fig. 2.

Positive clones were selected from the products of colony-PCR using
unambiguous primers of pgtE (mentioned methodology). The cloned

Fig. 1. Overview - Denaturation of Outer Membrane Protease E from S. Typhi.
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plasmid was transformed into BL21 (DE3) competent cells as expression
host of E. coli cells. Expression of cloned gene was under the control of a T7
universal promoter, which can be easily induced by 0.4mM of isopropyl β-
D-1-thiogalactopyranoside (IPTG) with an increased presence of a band
showing an approximate molecular weight of 32 kD as shown in Fig. 3.

3.2. Effect of various agents on denaturation of PgtE

The rate and yield of the solubility process seem to be influenced by
the conditions used, such as host strains, temperature, incubation
period, pH, chaotropes, detergents and other additives. Even if there is
no general procedure to increase the solubility of a protein suggest that
in each case should be “custom-made”. The procedure for the solubility
and isolation of IBs consists of following three steps [44,45]. (i) over-
expression of the selected protein in an appropriate host strain; (ii)
isolation of IBs; (iii) Denaturation of IBs are the most critical steps in the
procedure with trial-and-error strategies[44,46]. Based on the above

said established procedures for our trial and error strategies for over
expression of PgtE included so many conditions such as host, tem-
perature, growth media and enhanced Induction were used to obtain
the maximum yield of PgtE as shown in Table 1. The strain or genetic
background of host organism is important for the expression of re-
combinant proteins. To bring the soluble form of recombinant PgtE, we
tried different host cells such as C41(DE3), C43(DE3), Rosetta and
BL21(DE3) to improve yield of PgtE. None of the host cells showed any
improvement on the denaturation of PgtE except BL21(DE3) competent
cells of E. coli as a host were used to express the PgtE in subsequent
steps. Temperature is one of the important parameter that affects the
expression of recombinant protein [47]. The expression level of PgtE
was found to be higher at 20 °C, where as in the low temperature in-
creases the activity of expressed protein owing to slower rate of protein
synthesis [48]. The induction temperature of targeted gene optimized
in the range of 16–23 °C [49]. Suggested that cells growth of PgtE was
found to be maximum at 20 °C for 6 hrs at 20 °C. Higher temperature
protein essentially emerged as higher levels of insoluble aggregates.

The composition and richness of media have more significant effect
on protein expression and solubility of desired protein [50]. PgtE
construct was tried in different media such as LB, minimal media, TB,
LB-AIM and 2XYT for the bacterial cell growth. The cells grown in LB
and TB media showing higher level of cell mass than the minimal
media. However, they were not helpful in lowering the protein ag-
gregation of targeted gene. The minimal media consists of glucose,
other salt elements such as magnesium, nitrogen, phosphorus, and
sulfur to allow the bacteria to grow and synthesizing of protein. As a
result, the minimal media was chosen as a suitable one for the sub-
sequent trails in future and the concentration of IPTG needs to be op-
timized for every protein under induced conditions [51]. In this study,
different concentrations (0.2–1.4mM) of IPTG were used for increasing
the expression level and solubility of targeted protein. The lower con-
centration of inducer will increase the yield of protein [52,53]. The
expression level of PgtE is maximum at 0.4 mM of IPTG used and fi-
nalized as the optimal concentrations for the expression of PgtE.

3.3. Denaturation of PgtE with chaotropes

Chaotropic mechanism suggests that GdmHCl acts as a chaotrope, al-
tering the hydrogen-bond structure of water, hence lessening the effects of
hydrophobic interactions, and promoting solvation of hydrophobic groups
and pH deviation from the physiological conditions leads to either proto-
nation of the carboxylic groups (decrease in pH) or deprotonation of the
amino groups (increase in pH) which changed local charges and subse-
quently resulted in repulsion that destabilize the protein [54–57].

Denaturation of PgtE was tried by chaotropic agents such as urea
and guanidine hydrochloride (GdmHCl) to increase the yield [54,55].
The concentration of urea (2M−8M) or GdmHCl (2 M−6 M) were
gradually increased in the buffer conditions to achieve the denaturation
of IBs in different pH as shown in Table 2 and Supplementary Fig. 1.
From these results, 8M urea has been found to be the suitable con-
centrations to increase the solubility of PgtE, which used for further
purification steps.

Induced and pre induced (uninduced) samples were also analyzed

Fig. 2. Restriction digestion of pgtE. Two selected clones were digested with
corresponding restriction enzymes NdeI and NcoI. Insert was released at the
position of ∼900 bp.

Fig. 3. Over expression of PgtE. Lane 1 and 2: pET30b (+) – pgtE - Uninduced
samples (Clone #01 and 02), Lane 3 and 4: pET30b (+) - pgtE, Induced samples
(Clone# 01 and 02), Lane 5: pET30b (+), Induced sample and Lane M −
Molecular weight Marker.

Table 1
Various factors affects the overexpression of PgtE for maximum yield.

Expression Host Temperature(°C) Growth media IPTG Induction (mM) Overexpression Observations

C41(DE3), C43(DE3), Rosetta 37, 20 LB, MM 0.4 X
BL21(DE3) 37,20,16,4 LB,MM 0.2 X

LB 0.4 X
20 MM Good

0.6,0.8,1.0,1.2,1.4 Not much variation
LB-AIM – X
MM-AIM X
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and various buffer composition were used (pH and tris-HCl) were
shown in Supplementary Table 1. However, the protein was still found
in pellet (shown in Fig. 4).

3.4. In-silico identification of APRs

The prediction of APRs in PgtE from S. Typhi were identified based
on their primary sequence of a protein consist of 312 AA including
signal peptide (20AA). The N-terminal signal peptide sequences were
excluded during the calculation of AI to reduce the protein aggregation
of a protein through in silico methods. Finally, the primary sequences of
PgtE were analyzed by ProGene 1.0 for the calculation of molecular
weight and isoelectric point about 32.8 kDa and 5.9 respectively. The
results of AGGRESCAN server showing the presence of 9 APRs in PgtE
from S. Typhi as follows: 3 SVTTSLSVGVL 23, 62 YSFMTLD 68, 116
VKGWL120, 162 GVRGI 166, 176 YIGLAG 181, 187 ECNVLFKYSD 198,
225 YGASIDAGYYITSNA237, 241 IFAEFAY 247 and 284 VTAGLQYRF
292 (shown in Fig. 5). In order to eliminate the APRs in PgtE from S.
Typhi carried out by the replacing of amino acids at the centralized
position of each APRs with the aggregation gatekeepers (P, R, K, D and
E) through point mutations shown in Supplementary Fig. 2. In this
connection, the following amino acids were replaced by the point
mutation, which leads to decrease the protein aggregation as follows:
L18D, M65D, G118D, R164D, G178P, L193D, G232D, E244P and
L288D. The parameters used for the calculation of aggregation pro-
pensity with mutated residues were calculated individually for each
mutations shown in Table 3. As the result of these point mutations were
clearly shows that the hotspots become null hot spot as shown in
Fig. 6A and B. From these results, aspartic acid has been found to be the
best structural gatekeeper for PgtE from S. Typhi.

To know the conserved APRs and mutation in other Gram-negative

Table 2
Denaturation of PgtE with various buffer composition.

Urea (M) tris- HCl Buffer (pH) NaCl (mM) Reducing agent (β –ME) (mM) Aggregation-suppressor Agent(Glycine) (mM)

4 M−8 M pH:8.0 100mM – –
8M pH:3.0–6.0 & 9.0–12.0 100mM – –
8M pH: 9.0 100 & 150mM – –
8M pH:8.0 & 8.5 150mM 10,20,30,40,50mM
8M pH:8.0 150 & 200mM 6,7 & 8mM 10,20 & 100mM
8M pH:8.0 & 10.0 300 & 500mM – 50mM
8M pH:10.0 150mM – 10,20 & 30mM
8M pH:8.0 & 12.0 150mM 1mM –
9M pH:8.0 150 & 200mM – 50 &100mM
10M pH:8.0 150mM – –

Fig. 4. PgtE one and two-step denaturation with Chaotropes (GdmHCl and
Urea): Lane 1: Whole cell pellet, lane 2: Whole cell lysate, lane 3: Lysate su-
pernatant, lane 4: PgtE -Inclusion bodies, lane 5: PgtE unfolded (denaturation)
in supernatant (after 3hrs incubation at 37 °C), lane 6: PgtE unfolded in su-
pernatant (after 12hrs incubation at 37 °C) and lane M: Molecular weight
marker.

Fig. 5. Identified APRs in PgtE without signal peptide. Blue color box represents the position of APRs in primary sequence.

Table 3
Aggregation-propensity value for point mutation with structural gatekeepers.

PgtE M/P M/R M/K M/D M/E M/DP

Aggregation-propensity value Sequence Average (a3vSA) −0.096 −0.109 −0.137 −0.128 −0.156 −0.143 −0.15
Number of Hot Spots (nHS) 9 4 6 6 2 6 0
Normalized nHS for 100 residues (NnHS) 3.082 1.37 2.055 2.055 0.685 2.055 0
Area of the profile Above Threshold (AAT) 21.15 16.063 13.264 14.904 10.722 12.403 11.216
Total Hot Spot Area (THSA) 16.741 5.902 6.957 8.924 2.681 6.364 0
Total Area (TA) −23.997 −27.701 −35.804 −33.041 −41.135 −37.343 −39.507
Area of the profile Above Threshold per residue (AATr) 0.072 0.055 0.045 0.051 0.037 0.042 0.038
Total Hot Spot Area per residue (THSAr) 0.057 0.02 0.024 0.031 0.009 0.022 0
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bacterial outer membrane protease from Omptin family (PgtE and
OmpP of E. coli, PgtE of S. typhimurium, Pla of Y. pestis and SopA of
S. flexneri) were retrieved from UniprotKB database. Multiple sequence
alignment was carried out through BlastAlign and viewed by ESPript.
The consequential alignment interprets mutation G118D, G178P,
G232D, E244P and L288D are found in the conserved regions, which
were shown in Fig. 7.

3.5. Structural stability with additive mutants

With the nonexistence of experimental structure of PgtE from S.
Typhi, using I-TASSER online server built theoretical 3D structure and
the validations of modeled structures were analyzed by Ramachandran
plot through PROCHECK program. The hydrophobic core of the protein
structure maintained by the necessary point mutations are to be done
only at the loop regions of APRs [31]. Similarly, in the present study

Fig. 6. A) Predicted total area of aggregation (total number of APRs) 6. B) Null APRs because of the dominancy mutation of aspartic acid and proline.

Fig. 7. Multiple sequence alignment of Gram-negative bacterial outer membrane protease from Omptin family. ESPript flat figure shows the identical and similar
residues were differentiated in red and blue colour boxes. Red colour box and text shows the conserved and semi conserved regions respectively. Black colour
highlighted box represents the (PgtE) mutated APRs at centralized position.
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one of the mutations R164D is alone located in the loop region, whereas
all other mutations were being exist in the β-sheets of the protein
structure. Therefore, structural stability of native and mutated form of
PgtE are analyzed.

CABS-flex server confirmed the MD simulations of PgtE in both native
and mutated form at 10-ns time scale with all-atoms excluding water mo-
lecules with the force fields. The resulting trajectory of native and mutated
form of PgtE were analyzed and clustered. About 11 PgtE models were
generated using CABS model and the average cluster RMSD of both native
and mutated structures were compared and shown in Table 4. The highest
fluctuation of mutated PgtE about ∼1.23Å2 of 162 GVRGI 166 with the
mutation of R164D. The least fluctuation observed with the mutation of
L288D in the corresponding APR (284 VTAGLQYRF 292) compared to the
native form of PgtE (∼0.16Å2). The fluctuation profiles of both native and
mutated form of PgtE were shown in Fig. 8.

3.6. Denaturation of PgtE from IBs

An aspartic acid is one of the structural gatekeepers were introduced
as an additive in buffer composition (50mM tris-HCl (pH12.0),100mM
NaCl, 8M urea, 2% Triton X-100, 5mM DTT and 10mM aspartic acid),
which is used for the denaturation of PgtE. Finally, the denaturation of
PgtE was standardized with 8M urea and 10mM aspartic acid, which
are evidenced that urea is a strong denaturing agent and aspartic acid as
a good additive for the ability to increase the yield of PgtE than
GdmHCl and other additives (Fig. 9). This standardized buffer could be
used to further experiments for the solubilization (refolding) of mem-
bers from omptin family.

3.7. Aggregation index (AI)

Protein aggregation index in unfolded form or solubility of protein
was determined in solution by measuring of absorbance in the visible
range of A280 andA340. From the values of AI (Table 5) shows that the
aggregation occurs in unfolded form of PgtE with a steady propensity
towards the solubility with the different denaturants, pH and additives
(Supplementary Table 1) are included in the buffer. The AI values of
PgtE is above 20 suggested that the presence of significant levels of
aggregation in the solution. At the point of extreme pH (12) [56,57],
our AI results of PgtE is gradually decreases to 16.6 measured by the
absorbance at A340 and A280 with the buffer contains 10mM of aspartic
acid as an additive shown in Fig. 10 and Supplementary Table 2. This
study will clearly show that the aspartic acid will act as in aggregation
reducing additive in S. Typhi PgtE.

4. Conclusion

The PgtE from S. Typhi gene was cloned into pET30b (+) and
overexpressed under the control of T7 promoter using BL21 (DE3) of
E.coli bacterial system. Our attempts to increase the denaturation of
PgtE failed, due to the poor yield. Consequently, 9 APRs were identified
by AGGRESCAN server and those regions were replaced by respective
amino acids by the successful point mutations of L18D, M65D, G118D,
R164D, G178P, L193D, G232D, E244P and L288D.Since the mutation
aspartic acid (a charged residue) is a reminiscent of aggregation gate-
keeper in most of the APRs and used as an additive for increasing the
yield of PgtE. On the other hand, 10ns CABS-flex dynamics revealed
that the mutations does not shows structural fluctuations with the
RMSD of 1.48 Å between native and mutated structures. Results of
multiple sequence analysis demonstrated that, the Gram-negative

Table 4
CABS model of average cluster RMSD of both native and mutated PgtE.

Cluster # 1 2 3 4 5 6 7 8 9 10 11

Average
cluster
RMSD

Native 1.6 1.7 1.7 1.7 1.6 1.8 1.6 1.8 1.7 1.8 1.8
Mutate 1.6 1.9 1.7 1.7 1.9 1.5 1.5 1.8 1.7 1.8 1.7

Fig. 8. RMSD fluctuation profile and secondary structure representation of both
native and mutated PgtE.

Fig. 9. Denaturation of PgtE using 8M urea with aspartic acid. Lane 1: Whole
cell lysate, lane 2: Lysate supernatant, lane3: PgtE Inclusion bodies, lane 4: PgtE
unfolded in supernatant with aspartic acid, lane 5: PgtE unfolded in pellet and
lane M− Molecular weight marker.

Table 5
AI of unfolded sample showed that there were detectable aggregates in the solution.

Unfolded sample with Buffer Composition A280 A340 AI= 100 X (Abs 340 nm/(Abs 280-Abs 340))

8M Urea, 50mM tris-HCl (pH12.0),100mM NaCl, 2% Triton X-100, 10mM Glycine and 5mM DTT 0.009 0.002 28
8M Urea, 50mM tris-HCl (pH12.0), 100mM NaCl, 2% Triton X-100, 10mM Aspartic acid and 5mM DTT 0.007 0.001 16.6

Fig. 10. PgtE-Aggregation Index were compared with presence and absence of
aspartic acid in different pH.
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bacterial pathogens of Omptin family including OmpT and OmpP of
E. coli, PgtE of S. typhimurium, Pla of Y. pestis and SopA of S. flexneri
showing identical positions 6 out of 9 APRs in each protein. This may be
appropriate to the other Outer Membrane Protease of Omptin family.
To the best of our knowledge, this is the first report on the usage of
aspartic acid for denaturation of PgtE from S. Typhi.
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