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Determination of Certain Immunological and
Physicochemical Features of Pneumococcal Surface
Protein A (PspA): In-silico Cloning of pspA
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A Abstract ) ~

Objective: Pneumococcal surface protein A (PspA) is present in almost all strains of pneumococci
and is highly immunogenic, stimulating the production of antibodies. It has a role in pneumococcal
pathogenicity. This study aimed to determine some immunological and physicochemical proper-
ties of PspA using bioinformatics software. Also, an in silico study was applied to clone the pspA
gene by ligating it into pCRII-TOPO and transferring it into E. coli Bl21.Materials and Methods: PspA
(WP_368082102) and pspA (U89711) were extracted from NCBI. The programs performed in this
work included: PSIPRED, MemBrain 3.1, XtalPred, FUpred, CoCoPRED, Signal-CF, EzyPred, OSML,
C-IMMSIM, Geneious Prime, AMUSER 1.0, PyMOL, and CCP4MG. Results: PspA has 5 distinct bound-
ary domains and 8 coiled-coil domain (CCD) network. FU-score values were found between residues
430-540 and 780-810. Antibody production (IgM+ 1gG) commences on the fifth day of infection. The
IFN-g reached high peak concentration and stabilized between days 12 and 17, followed by IL-23.
The pspA was successfully ligated in pCRII-TOPO and cloned in E. coli BL21. Conclusions: The PspA
lacks enzymatic activity, which may pave the path for future research into developing an anti-PspA
vaccination or discovering a medication that may negate its effects.
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INTRODUCTION

Pneumococci produce several proteins, including
pneumococcal surface protein A (PspA), which helps
them evade C3 complement deposition, making them
virulent'. An important fact is that this protein is pre-
sented in almost strains of pneumococci and is a highly
immunogenic, stimulating the production of antibod-
ies. There are two main families of PspA, families 1-3.
Family 2 is further divided into subgroups®. PspA
consists of five domains: an amino-terminal signal
peptide, an o-helical domain, a proline-rich region, a
choline-binding domain, and a carboxyl-terminal tail.
PspA’s choline-binding domain anchors to the surface
of lung cells via lipoteichoic acids, whereas its alpha-he-
lical domain binds to host cell surfaces via an unknown
receptor®’.

A previous study has revealed that antibodies
against PspA and PspC variations carried by bacteria
provide protection against infection. This shows that
antibody-based infection protection may be geno-
type-specific, implying that adaptive responses target-
ing previously carried isolates may not impact newly
acquired pneumococci®’.

Allele 17 of PspA is frequent enough to indicate
that IgG levels plateau after a few doses. IgG levels to
PspA were shown to be significantly linked in newborn
samples, indicating that all women had a rich repertoire
of IgG antibodies against PspA®’.

A previous study proposed a PspA-engineered vac-
cine, however additional studies and development are
required. It revealed that the PspA protein has the
potential to be turned into a human peptide vaccine.
The majority of the pneumococcal strains isolated in
Pakistan include genes for the PspA protein, which
belongs to the family 241011,

This study aimed to determine some immunological
and physicochemical properties of PspA using bioin-
formatics programs. Also, an iz silico study was applied
to clone the pspA gene by ligating it into pCRII-TOPO
and transferring it into E. co/i BI121.

MATERIALS AND METHODS
PspA  (825aa) with the accession number
(WP_368082102) was extracted from NCBI.
Predict the 2D and 3D structure of PspA

The secondary structure was established utilizing

the PSIPRED tool. The three-dimensional structure

underwent an enhancement process through the appli-
cation of MemBrain version 3.1.

Estimate bio-physiochemical properties

Analysis of the physicochemical properties was con-
ducted via the XtalPred server. In order to elucidate the
binding domain, the FUpred algorithm was employed.
CoCoPRED was utilized to ascertain a comprehen-
sive prediction of the three specific features, oligomeric
state, log network, and coiled-coil domain (CCD) net-
work, which are indicative of the structural character-
istics of the helix. The Protein Peeling 3.0 was engaged
to decompose the protein into a finite array of modules
that do not yield a singular protein module. Generally,
for the analyzed protein fragments, the density of
connections within the protein module is maximized,
whereas the inter-module connections are minimized.
The employed algorithm serves to detect a series of
overlapping sequence partitions and constructs a hier-
archical tree that delineates the sequence partitioning
of the protein modules, thereby facilitating the identi-
fication of the secondary and tertiary structures in rela-
tion to the protein. The following equation was used for
the measurement:

AB-C°
pI=-
(45C) (B+C)

PI: Partition index, 4, B: Intra contact, C: Inter contact.

Protein-Sol was used to predict the measured solu-
bility value of PspA when the mean of the experimen-
tal data set at 0.45. Thus, any measured solubility value
greater than 0.45 is expected to have a higher solubility
than the mean of the E. co/i protein standard within
the experimental solubility data set. Signal-CF server,
an automated technique is used to predict signal pep-
tide sequences and their cleavage sites in bacterial and
eukaryotic sequences. EzyPred was performed to ascer-
tain if PspA had enzyme qualities or not. However,
OSML was examined in an attempt to find a ligand
that may attach to PspA.

Estimate immunological properties

To determine molecular simulation of the immune sys-
tem to PspA, the C-IMMSIM server is adopted.

In silico cloning

pspA was selected from GenBank with ID (U89711)
and cloned using Geneious Prime. The pCRII-TOPO
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plasmid (3973bp) was chosen because it involves a sin-
gle step in which DNA fragments are inserted into lin-
ear vectors using topoisomerase I. This plasmid has an
ampicillin and kanamycin resistance marker. Primers
were created with AMUSER 1.0, and commercial
restriction enzymes were selected based on the cutting
site.

RESULT'S

PSIPRED gives the outcomes of a secondary structure
predictor when the structure is built on a neural net-
work and executed by a single sequence structure in the
same formats. Figure (1) depicts the query sequence
with secondary structure animations and calculates the
confidence value at each place of alignment sequences
using a series of blue bar graphs for each protein frag-
ment. The 3D structure of PspA was constructed using
MeMBrian methods, and the connection between res-
idues was computed to rather weak degrees, Figure (2).
PyMOL was used to visualize the cartoon in the mesh
of PspA, and CCP4MG was used to determine the

correlation between residues.
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Fig 1. Description of parts of PspA constructed in 2D structure.
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'The expected physical parameters of PspA are pro-
vided along with matching crystallization probability
distributions derived from the target database. Figure
(3) depicts the distributions of crystallization failures
and successes in learning sets obtained from the algo-
rithm. The blue box calculates the right observed val-
ues, whereas the gray box estimates the unsuccessful
observations. In each graph, a number in red represents
the best-computed value for each parameter, which
referes protein length, isoelectric point, gravity, insta-
bility index, coil structure percentage, insertion score,
surface entropy, hydrophobicity, and ruggedness. The
schematic depiction of PspA showed 5 distinct bound-
ary domains, with the lowest FU-score values found
between residues 430-540 and 780-810, Figure (4-A
and B). Figure (4-C) depicts a heatmap distributing
bounding domains.
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Fig 3. Estimation of physical parameters of PspA.
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Fig 4. 3A: Distribution of boundary domains in contact map. B: FUscore curve of the total PspA. C: Heat map of PspA.

'The 3D structure of PspA is made up of four helices
that are twisted around each other. This relationship is
important in biological functions. The CCD propensity
curve of PspA begins at residue 5, increases to a peak at
residue 318, and then stabilizes at residue 428 (Figure
5-A). The presence of 8 convolutional layers in PspA’s
CCD network was found and classified into four types
based on their placement regions: parallel dimer, anti-
parallel dimer, trimer, and tetramer Figure 5-B. Other
biological traits revealed are the minimal size of the
secondary structure is 8. The minimum size of a protein
unit is 16, whereas the maximum size is 0. The total
protein cut-off value is 0.2, with an atom cut-off dis-
tance of 8.0. The delta value for a logistic function is
1.5. Figure 6 represents the distribution of PspA units
as well as the hierarchical splitting process. The solu-
bility of the protein sequence algorithm was estimated.
'The values of deviation from the population average
range from -2 to 2. The windowed charge score for each
amino acid ranges between -0.4 and 2. The windowed
told propensity per amino acid ranges between -0.5 and
0.5, Figure 7. In this study, no ligand was identified that
could bind to PspA and this protein does not have any
enzymatic properties.

'The antigenicity of PspA may be evaluated, and the
immune system can be induced to generate cytokines.
'The antigen level was shown to be high during the first
5 days of infection with S. pneumoniae. Antibody pro-
duction (IgM + IgG) commences on the fifth day of
infection, peaks on the sixteenth day, and subsequently
declines. Figure (8-A) shows that IgM and IgG1 are
elevated less than (IgM+IgG). Interleukin production
begins in the early stages of infection, with IFN-g
reaching its peak concentration and stabilizing between
days 12 and 17, followed by IL-23. TGF-b is the most
poorly produced cytokine, with a concentration of zero
(Figure 7-B). Figure (8-C) shows that the number of
natural killer cells increases from the first day of infec-
tion, peaks on day 12, then declines to zero on day 30.

'The nucleotide sequence of the pspA gene (2046bp)
was obtained from NCBI under the identification
(GenBank: U89711). AMUSER 1.0 was used to
choose the proper PCR primers, as shown in Table
(1). In vitro investigations rely heavy on In-silico clon-
ing. Several restriction enzymes were determined that

can cut the pspA at different points along the TOPO
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Fig 5. Biological properties of PspA. A: CCD propensity curve. B: Oligomeric propensity state degree.
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Fig 6. Illustrate the principle of PspA peeling. A: Probability contact matrix of PspA modules. B: Hierarchical process of splitting units of
PspA. C: Distribution of Intra and inter-contact modules in the matrix map.
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Fig 7. Solubility parameters of PspA. A: Deviation of population average. B: Charge score per a.a. C: Fold propensity per a.a. Description of
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Fig 8. Response of immune system parameters. A: Following infection, antigen and antibody levels peak. B: Different types of interleukins
produced in response to infection. C: Level of NK cell production following infection.
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sequence. The two best restriction enzymes (BseRI and Table 1. Designing primers for PCR test

Bsgl) were selected because they contained the highest

. . . Strand | TM Pri GCY%
proportion of pspA that could be transferred into E. co/i tran omer >
BL21 in gel electrophoresis test, Figure (9). Figure (10) Forward | 50.0C | AGCCGTUGACAAATATTTACGGAGGAG | 44.4
illustrates the clone pspA-pCRII TOPO map. Reverse | 46.6C | AACGGCUTAAACCCATTCACCATTG 44

Fig 9. Gel electrophoresis of pspA-pCRII TOPO clone. A: the best restriction enzymes (BseRI and Bsgl) for getting a high rate of pspA.

B: Types of restriction enzymes that can cut different distances.
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Fig 10. Schematic diagram of pspA-pCRII TOPO clone (6019bp). The insertion part of the red color in the TOPO site is the pspA.
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DISCUSSION

PspA is a protein virulence factor for S. pneumoniae
that is exposed to the surface. Several studies have
used animals lacking in complement C5, C3, or factor
B to study PspA’s role in pneumococcal pathogenicity.
Significant serum complement activation was seen in
mice infected with a homozygous strain of pneumo-
cocci lacking PspA within 30 minutes of infection.
PspA-negative pneumococci were very infectious in
animals lacking C3 or factor B. PspA-deficient pneu-
mococci. These contradictory findings are due to PspA
interfering with complement-dependent host defense
mechanisms mediated by factor B in immunocompe-
tent mice infected with pneumococci'®*.

Furthermore, PspA promotes virulence by interfer-
ing with the deposition of C3b on pneumococci and/
or preventing the formation of a fully functional alter-
nate pathway of the C3 convertases. PspA reduces the
amount of C3b deposited on pneumococci by blocking
the recruitment of the alternative route, hence affect-
ing the effectiveness of complement receptor-mediated
clearance routes'**.

PspA inhibits host cell recognition by C-reactive
protein (CRP). This is accomplished by attaching to
phosphorylcholine residues on the bacterial surface
that are recognized by CRP. PspA also binds to human
lactoferrin and neutralizes lactoferricin’s antibacterial
action through an unknown mechanism. PspA may
potentially function as a bacterial adhesin on dying
host cells, where it binds to inverted phosphatidylserine
residues on the cell membrane of apoptosis-prone lung
epithelial cells'®*®. A previous study found that PspA
and GAPDH interactions in host cells during pneu-
mococcal infection influenced bacterial location in the
lower airways'”'’. The GAPDH-dependent assembly
of PspA that occurs during bacterial colonization of
host cells may shield them from nutrients released by
the related dead host cells®.

Although there are key physicochemical qualities
referred to as boundary domain in this study. There are
properties that altered the protein’s properties, such
as isoelectric points, gravity, and degree of insertion.
Furthermore, our findings revealed that the CCD was
high for over 400 PspA residues. Protein peeling plays a
crucial role in analyzing the impact of PspA fragments
on secondary structure and converting contact matrix
data into contact probability when enabled. These
parameters were utilized to generate the contact proba-
bility matrix used in the peeling process.

Another aspect that causes PspA to lose function-
ality and influences its selection as an immunostimula-
tor or vaccine candidate is a lack of ligand binding. In
addition, this study revealed that PspA had no enzy-
matic activity.

Given the relevance of PspA in pathogenesis, this
study opted to clone the pspA gene in pCRII-TOPO
and analyze its chemical, biophysical, and immunolog-
ical characteristics as a first step toward developing an
effective vaccine against . pneumoniae.

Due to the importance of PspA and the reasons
indicated above, our study opted to do a thorough
examination of the entire protein to determine its
physical, chemical, and immunological characteristics.
This is significant because it paves the path for future
research into developing an anti-PspA vaccination or
identifying a medication that may negate its effects. It
may also offer up new paths for battling S. prneumonia
or developing strategies to prevent antibiotic resistance.

CONCLUSIONS

Although PspA has important physicochemical fea-
tures known as the boundary domains, there are other
properties that can change the protein’s properties.
When enabled, PspA peeling is critical for studying
the influence of fragments on secondary structure and
turning contact matrix data into contact probability.
Another factor that causes PspA to lose activity and
influences its selection as an immunostimulant or vac-
cine candidate is a loss of ligand binding. PspA pos-
sesses no enzymatic activity. This discovery might pave
the path for future research into developing an anti-
PspA vaccination or discovering a medication that can
neutralize its effects.
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