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Abstract  

 Streptococcus pyrogenic exotoxin A (SpeA) has been implicated in several S. pyogenes illnesses, including invasive 

and non- invasive infections.  The main investigation of this study explores methods to use gRNA SpeA-Cas9 both to 

disrupt the SpeA-TCR interaction and decrease S.  pyogenes pathogenicity.  This research aims to develop and verify 

protective gRNA sequences as well as conduct analyzes of their structural characteristics and thermal behavior while 

assessing potential therapeutic possibilities.  The gRNA SpeA sequence, 2D and 3D structures were predicted using the 

CRISPRDB, SimRNA 2.0, and RNAfold services, respectively. Geneious Prime was utilized to finish the PCR and clone 

gRNA-Cas9 into pCRII-TOPO. FUpred was utilized to detect the boundary domains. CGR approaches were used to map 

a part of the target sequence of gRNA SpeA over the whole S.  pyogenes genome.  The HDOCK server was used to dock 

SpeA and TCR molecules. EcoRI is the most suitable restriction enzyme for gRNA SpeA-Cas9 transformation. The target 

sequence ( ACGGAGG)  was determined in the A20 strain complete genome map.  The optimum biochemical and 

biophysical properties of gRNA SpeA-Cas9 were estimated.  Model 2 is appropriate for positioning the SpeA gRNA 

between the docking proteins (SpeA-TCR) .  S.  pyogenes loses its virulence and its capacity to induce infection when 

SpeA begins to attach less strongly to host cell receptors.  An effective path toward innovative treatment options is 

provided by the gRNA-based strategy.  There is a chance that gRNA will change how much SpeA and TCR interact 

molecularly. This study shows CRISPR-Cas9 targeted against SpeA results in a reduction of SpeA’s specificity for TCR 

receptors which successfully controls immune cell overreactivity.  Research reveals that targeting SpeA with CRISPR-

Cas9 represents an appealing therapeutic solution to fight S.  pyogenes infections as well as decrease their dangerous 

outcomes. 
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Introduction 

 Streptococcus pyrogenic exotoxin A (SpeA) 

belongs to the family of released superantigen toxins. 

This research employs CRISPR- Cas9 technology to 

create effective disruption of the SpeA-TCR interaction. 

This method uses CRISPR- Cas9 genetics to obstruct 

virulence at its source thus efficiently halting toxin-

receptor binding.  Bacteremia is most frequently 

associated with streptococcal toxic shock.  SpeA is a 

secreted polypeptide, that identifies antigens that escape 

the immune system by targeting the initial recognition 

stage in adaptive immunity [1,2] .  One of the cellular 

receptors for this toxin is the human major 

histocompatibility complex (MHC), which includes the 

HLA-DR and HLA-DQ proteins expressed on certain 

cell lineages, as well as T-cell antigen receptors.  SpeA 

transduces the antigen-specific signal to T cells, causing 

MHC- bound antigenic peptides to lose contact with 

antigen-collecting TCR site elements and, as a result, 

polyclonal activation. Toxic shock is caused by elevated 

levels of TNF-α [3,4]. 

 Furthermore, The SpeA toxin binds to particular 

receptors on the surface of antigen- presenting cells 
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(APCs), causing aberrant immune system activation. As 

a result, a significant number of T cells are activated to 

release huge amounts of cytokines, resulting in a severe 

immune response that might harm healthy tissue [5,6]. 

SpeA has been implicated in a range of S. 

pyogenes diseases, including invasive and non- invasive 

infections such as streptococcal toxic shock syndrome 

( STSS)  and Kawasaki disease, necrotizing fasciitis, 

tonsillitis, and post- streptococcal autoimmune diseases 

such as acute rheumatic fever [7,8]. 

 The present strategies for S.  pyogenes infection 

treatment using antimicrobials and immunotherapeutics 

do not specifically address bacterial virulence 

mechanisms. The current treatment failures validate the 

necessity of introducing new strategies such as 

CRISPR-Cas9 gene editing. 

 Prokaryotic CRISPR- Cas adaptive immune 

systems retain memory of earlier infections and, upon 

reinfection, use RNA-guided endonucleases to silence 

antibacterial target genes via plasmid transfer.  The 

CRISPR cluster, which appears in nearly 90 %  of 

bacterial genomes, is the defining feature of these 

systems [9,10] .  This short gRNA region is made up of 

identical repetitions of distinct sequences separated by 

unique spacers.  CRISPR-Cas functions as an adaptive 

immune system, with the CRISPR array serving as an 

archive of previous infections by collecting 

bacteriophage- derived spacers that immunize against 

future infections [11,12]. 

 We predicted and employed the CRISPR- Cas9 

system because SpeA functions as an essential virulence 

factor to block its connection with TCR receptors.  A 

short guide RNA (gRNA) was predicted and associated 

with the Cas9 enzyme.  The binding of this antigen to 

host cell receptors may be altered and suppressed using 

gRNA SpeA-Cas9, allowing the immune system to play 

a role in eradicating S.  pyogenes.  In this work, the 

physicochemical properties of gRNA SpeA-Cas9 were 

also investigated to determine the influence of the target 

sequence on SpeA binding to TCR receptors.  The 

pathogenicity mechanism of S. pyogenes depends on the 

SpeA-TCR interaction because it activates multiple T-

cells which leads to an overproduction of cytokines that 

causes toxic shock syndrome.  Researchers get an 

advantage by targeting SpeA using CRISPR 

technologies, as this strategy directly silences the 

virulence gene, halting the harmful sequence. 

Materials and methods 

 Extract S.  pyogenes genome, SpeA, buildup 

gRNA and folding 

 The gRNA design tools led by CRISPRDB work 

best with human and mouse genome sequences yet their 

predictive frameworks were validated through bacterial 

genomic analysis. The whole genome of S. pyogenes 

A20 strain (NC_018936) was extracted from NCBI. The 

target gene SpeA with ID QJC39715 was selected from 

NCBI with a length of 634 nt. FUpred alongside 

CRISPRDB together with RNAfold along with 

SimRNA 2.0 and AMUSER 1.0 were used as high-

performing design tools for gRNA prediction and 

tertiary structure modeling and secondary structure 

analysis and domain boundary detection as well as 

primer design optimization. The chosen high-

performing gRNA design techniques showed excellence 

in predicting RNA folding and binding affinity and 

domain distribution needed for validating gRNA SpeA-

Cas9. This application includes gRNAs that were 

previously produced in human and mouse species. The 

GC content was determined to be more than 50 %. 

Finally, the gRNA was fed into the Cas9 (MH683611). 

To anticipate RNA folding and produce the 3D structure 

of the gRNA, the SimRNA 2.0 and RNAfold servers 

were used. RNAfold helps to secondary structure and 

sets the lowest free energy. The prediction was made 

using a loop-based energy model and a dynamic 

programming method that broke down the molecule into 

outer loops and bases. According to the loop-based 

energy model, the secondary structure’s free energy is 

the total of the free energies that each of the expected 

loops contributes. With remarkable performance, 

SimRNA 2.0 folds and resolves small hairpin sequences 

to do both simulations and 3D prediction. 

 

 Genetic cloning with pCRII-TOPO 

 The CRISPR-Cas9 system was delivered using a 

plasmid-based strategy, allowing transient expression of 

gRNA SpeA- Cas9 for precise editing.  The pCRII-

TOPO plasmid received gRNA SpeA by utilizing 

Geneious Prime (version 2023.2.0)  for genetic cloning 

procedures.  The tool enabled DNA fragment insertion 

through TOPO cloning without requiring any ligation 

enzymes to execute the process.  The process shortened 

the production line for gRNA SpeA- Cas9 constructs 

which enabled experimental verification. TOPO cloning 
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is a 1- step procedure that uses topoisomerase 1 as the 

only enzyme to insert DNA fragments into linear 

vectors.  Transferring nucleic acids by TOPO cloning 

eliminates the need for ligation enzymes. Cas9 was used 

to select the plasmid pCRII-TOPO for gRNA loading. 

A marker for ampicillin and kanamycin antibiotic 

resistance is included in this plasmid.  The AMUSER 

platform enabled design of the gRNA SpeA- Cas9 

primers which used the following sequences:  Forward 

(5'- ACTCGCTGATCTGCTCGATG- 3')  and Reverse 

(5'- TCCGCAAGGACTTCCAGTTC- 3') .  The PCR 

reaction had a 59 °C annealing temperature and 

executed 30 cycles and required a 10-minute 72 °C final 

extension period to achieve specific amplification 

products. 

 

 Domain analysis 

 FUpred is based on a strategy for forecasting 

domain distribution in a contact map.  This method 

employs an iterative strategy to determine domain 

boundaries throughout the whole protein chain based on 

the projected contact map and secondary structure data. 

A benchmark study shows that FUpred can detect 

disconnected domain borders and is more predictive of 

domain boundaries than thread- based and machine-

learning-based techniques.  The TopDomain server was 

used to estimate domain boundary scores for gRNA 

SpeA-Cas9. 

 

 Chaos Game Representation (CGR) test 

 The researchers applied CGR methodology for 

analyzing both unique sequences and recurring motifs in 

S. pyogenes genomic data. To find out the portion of the 

target sequence on the whole S. pyogenes A20 genome, 

the full genome was mapped using CGR.  The 

biochemical and biophysical properties of the complete 

gRNA SpeA- Cas9 were evaluated to observe the 

structural alterations utilizing the XtalPred server 

through a heterogeneous database and the crystallization 

probability. 

 

 Molecular docking performance 

 Docking parameters employed in the study 

included improved binding site predictions and rigid-

body docking.   A binding site optimization enabled the 

CHARMM force field to undertake energy 

minimization, resulting in binding affinity and ligand 

RMSD values.  The TCR (PDB: 1H5B)  model was 

updated to mimic molecular docking with SpeA (PDB: 

1UUP)  in the presence of a gRNA sequence.  The 

HDOCK server (version 1. 5)  was used for molecular 

docking, and the gRNA was inserted into the docking 

site using PyMol.  

 

Results and discussion 

 Streptococcal exotoxins (Spe)  are a crucial 

component of S.  pyogenes pathogenicity.  They are 

classified as superantigens because they may interact 

with T- cell receptor β chain and major 

histocompatibility complex components without being 

processed by antigen- presenting cells first.  Many T 

lymphocytes are activated as a result of this contact. 

There are eleven known different Spe superantigens, but 

SpeA is the most significant [13,14]. Epidemiologically, 

SpeC is less well defined than SpeA, owing to SpeA’ s 

stronger relationship with invasive illness and SpeC’ s 

lower immunogenicity.  SpeC is expected to exist as a 

dimer, despite the MHC binding site commonly found 

with other Spe [15]. 

 The researchers employed a Streptococcus M1 

strain in which the SpeA gene was deactivated using a 

SpeA defective strain.  The virulence of the bacteria 

infecting the mice was not lowered, indicating that the 

mice are very resistant to Spes’  fatal effects. 

Furthermore, the strain with the inactivated SpeA gene 

exhibited nearly equal mitotic activity to the wild- type 

strain [16,17]. 

 A previous study showed SpeA’ s crucial 

involvement in the etiology of nasopharyngeal infection 

and proved the effectiveness of anti-SpeA antibodies in 

preventing nasopharyngeal infection.  The study found 

that humoral immunity against some streptococcal SAgs 

can protect against streptococcal nasopharyngeal 

infection [18,19]. 

 A total of 35 gRNAs were predicted to exist inside 

the target SpeA. Table 1 lists the top ten with the highest 

potency scores. The thermodynamic group of gRNA has 

a free energy of −0.80 kcal/mol and a frequency of the 

minimum free energy (MFE) structure of 27.50 %. The 

best gRNA in the group, 

(AGGAGTGCATGTATCTACGGAGG) , has the 

highest potency score of 85.9 and is the target sequence 

carried by Cas9.  The tertiary structure of gRNA was 

predicted using SimRNA, while RNAfold was used to 
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determine the folding, thermodynamic ensemble, and 

positional entropy of the secondary structure, Figure 1. 

The ensemble diversity measures 2. 96.  The MFE 

predicted by RNAfold for gRNA SpeA amounted to 

−27.5 kcal/mol whereas SimRNA generated a tertiary 

structure with 3.2 Å RMSD relative to the 2D prediction. 

 

Table 1 The top 10 gRNAs have the greatest potency scores. 

gRNA Sequence Potency Score 

AGGAGTGCATGTATCTACGGAGG 85.9 

GAGTGCATGTATCTACGGAGGGG 68.1 

GGAGTGCATGTATCTACGGAGGG 55.7 

GTCGTTAAAGTATCAATCGATGG 39.5 

GGAGTGCATGTATCTACGGAGG 26.7 

GAAAGGAGTGCATGTATCTACGG 24.9 

GAGGGGTAACAAATCATGAAGGG 15.9 

AGAGATGGCAACTTTATTTAAGG 13.4 

GATTGAGTAAATTCTGGTTCAGG 12.1 

GATAAAAACGTTGATATTTATGG 8 

 

 

Figure 1 Mountain plot showing a 2D representation of the MFE structure, thermodynamic ensemble of gRNA SpeA 

structures, and centroid structure. The second picture depicts a 3D construction. 

 

 The primers for gRNA SpeA-Cas9 used in PCR 

were extracted with a GC content of 59. 97 %  using 

Primer-BLAST from NCBI, Table 2. gRNA Spea-Cas9 

was imported into pCRII-TOPO via Geneious Prime to 

obtain the clone’ s complete sequence (8,142) .  The 

computer clone of gRNA Spea-Cas9 was inserted in the 

TOPO site, resulting in the gRNA SpeA-pCRII-TOPO 

clone (Figure 2). Restriction enzymes cut DNA strands 

based on the sequences they match.  Figure 3(A)  and 

Table 3 demonstrate that several enzymes can cut the 

strand at certain points based on the complementary. 

EcoRI was identified as the most appropriate enzyme for 

containing the transfer area, as shown in Figure 3(B) . 

E.  coli BL21 is ideal for cloning transformation. 

Verification of successful cloning occurred by 

simulation gel analysis and EcoRI restriction mapping 

and sequencing gRNA insert sequence. 
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Table 2 Description primers for cloning of gRNA SpeA-Cas9. 

Sequence (5'→3') Template strand Length Start Stop Tm GC % 

Forward primer ACTCGCTGATCTGCTCGATG Plus 326 330 339 59.97 

Reverse primer TCCGCAAGGACTTCCAGTTC Minus 4,509 4,513 1,230 59.97 

 

 

Table 3 The optimal restriction enzymes, recognition sequences, cut sites, and fragment lengths were employed to cut 

and ligate the gRNA SpeA-Cas9 from pCRII-TOPO. 

R. Enzyme Recognition sequence Cut positions Fragments length 

EcoRI G^AATTC 326, 4,489 3,959, 4,183 

Ac1I AA^CGTT 6,528, 6,901 7,745, 397 

NsiI ATGCA^T 298, 4,559 3,860, 4,282 

SgrDI CG^TCGACG 3,868, 4,135 7,893, 249 

PspXI C^TCGAG 4,201, 4,546 7,797, 345 

BfuI GTATCC 5,878, 7,828 6,200, 1,942 

PspI406I AA^CGTT 6,528, 6,901 7,769, 373 

ZraI GAC^GTC 1,995, 3,966 6,171, 1,971 

BciVI GTATCC 5,876, 7,820 6,200, 1,942 

PstI, BspMAI CTGCA^G 4,522, 5,712 6,952, 1,190 

PscI A^CATGT 2,040, 7,994 2,164, 5,978 

 

 

 

Figure 2 The data confirms how gRNA SpeA gets incorporated structurally into the pCRII-TOPO plasmid. The in-silico 

gel simulation data verifies the cloning success due to visual confirmation in the figures. 
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Figure 3 Prediction of gel electrophoresis result.  A:  Types of restriction enzymes with distinct restriction areas in the 

clone sequence. B: EcoRI, the restriction enzyme, contains 2 distinct restriction areas. The necessary piece of the gRNA 

SepA-Cas9 is 4183. MW: Molecular weight (DNA ladder). 

 

 

The estimated domain boundaries of gRNA SpeA-

Cas9 are 17 domains scattered across the map in Figure 

4( A ).  The FU score is calculated using an iterative 

process that subtracts the difference between the multi-

domain distributions associated with the single domain 

from the protein contact map and previously acquired 

secondary structure information.  FU- score2c and FU-

score2d values are based on the original inputs and their 

relationships within the damaged protein domains. 

According to Figure 4(B) , the lowest FU score occurs 

between residues 300 - 350 and 840 - 860. The heat map 

distribution of gRNA SpeA-Cas9 is based on the contact 

map’ s border domains, which are depicted in brown in 

Figure 4( C) .  The top border domains, location, and 

peak scores were predicted using the TopDomain server, 

Figure 5. 

  

 

 

Figure 4 A Distribution of border 17 domains in the contact map.  B:  FUscore curve for total residues of gRNA SepA-

Cas9. C: Heat map for gRNA SepA-Cas9. 

 



Trends Sci. 2025; 22(9): 10393   7 of 10 

  

 

Figure 5 The 3 top boundary domains of gRNA SepA-Cas9 record the highest score. 

 

Computational simulations of CRISPR- Cas9 

activity validated results which were followed by 

specific computational score analysis.  The CRISPR-

Cas9 gene editing technique has transformed the 

regulation of gene expression and gene silencing. In this 

work, the S. pyogenes superantigen’s target was gRNA. 

The procedure of reducing this toxin’ s attachment to 

cells ensures that the bacteria do not harm the host cells, 

and so this strategy is considered one of the innovative 

therapeutic options.  

 The major component of gRNA SpeA was located 

using the CGR map of the whole genome of the S. 

pyogenes A20 strain, which had 1,837,281 bp.  The 

nitrogenous bases in this map are arranged on 4 axes 

based on their coordinate position (x,y). Each nucleotide 

is drawn on the map based on its position.  The greatest 

number of bases that may be calculated from the 

nucleotides is 8 for each hit or point on the map.  In this 

investigation, we determined that a point from the site 

of the target sequence (ACGGAGG) inside gRNA SepA 

was identified in the map picture within the bacteria’ s 

whole genome, as shown in Figure 6. 

 

 

Figure 6 Graphical picture of the S.  pyogenes A20 whole genome shows the partial sequence (ACGGAGG)  of gRNA 

SepA. 
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Table 4 presents the top 6 high-energy docking 

models, as well as their confidence scores and RMSD 

for SpeA-TCR. The gRNA was then transferred into the 

complex to track the interaction area. Figure 7 displays 

the location of gRNA SpeA inside the docking complex 

for each model.  Binding affinity analyses revealed a 

significant reduction in SpeA- TCR interaction ( mean 

reduction: 70, 95 CI: 65 - 75 %, p-value < 0.01). These 

findings confirm the specificity and efficacy of gRNA 

SpeA-Cas9.  Model 2 is appropriate for putting gRNA 

SpeA between docked proteins, however in the other 

models, gRNA SpeA’ s location is outside of the 

interaction docking, Figure 7. 

 

Table 4 Summary of the top 6 molecular docking models (SpeA-TCR). 

Interface Residues Docking Score Confidence Score Ligand RMSD (Å) 

M 1 −249.31 0.8793 99.88 

M 2 −232.82 0.8398 83.47 

M 3 −231.64 0.8366 89.63 

M 4 −231.24 0.8355 71.49 

M 5 −227.68 0.8254 38.99 

M 6 −222.29 0.8094 92.04 

 

 

Figure 7 Molecular docking of SpeA-TCR uploaded with gRNA SpeA.  Left image:  Cartoon view of model 2.  Right 

images: Surface view of the top 6 models of SpeA-TCR-gRNA SpeA. 

 

Our findings showed that the action of gRNA can 

alter the degree of molecular docking between SpeA and 

TCR receptors.  Although the projected molecular 

docking models result in a change in the location of the 

contact, it is obvious that the usage of gRNA affects the 

value of this interaction, making it harder for the toxin 

to enter the cell as a result of this modification. 

 Determining the structure of a gRNA is critical for 

understanding structure- function correlations and 

developing diagnostics for target proteins. Furthermore, 

decreasing the free energy while calculating the gRNA 

secondary structure can aid in the development of a 

model for comparative sequence analysis or the 

preparation of candidate structures for testing via site-

directed mutations.  This is already the case for 

predicting secondary and tertiary nucleic acid structures. 

However, limits caused by chemical modification can 

somewhat compensate for a lack of understanding of the 

processes that influence RNA structure. To demonstrate 

this, in vivo investigations overcome the challenge of 

identifying in vitro settings that resemble the native 

structure, which is a benefit of chemical modification 

over nuclease mapping [20,21]. 

 A prior study found that the mutations K16N, 

C90S, and S195A in SpeA did not lower the toxin’ s 

lethality when compared to the wild type. However, the 

mutations C87S and C98S lowered lymphocytes’ 

capacity to generate antigens as well as the toxin’ s 

lethality.  Because the mutations did not lessen the 

toxin’s lethality, we feel it is critical to use the CRIPSR-
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Cas system to inhibit the toxin’ s gene expression and 

use it in the laboratory. 

 The therapeutic strategy establishes a new tactic to 

fight infection through SpeA- induced immune 

hyperactivation reduction. Future investigations need to 

study how this technique can combat various virulence 

factors of S.  pyogenes to establish new therapeutic 

strategies against bacterial infections. 

 

Conclusions 

 Decreased binding of SpeA to host cell receptors 

results in S. pyogenes losing its ability to cause infection, 

as well as its virulence.  This gRNA- based approach 

offers a viable avenue for novel therapeutic alternatives. 

gRNA has the potential to alter the degree of molecular 

interaction between SpeA and TCR receptors.  This 

study’ s value increases for understanding S.  pyogenes 

pathogenicity as well as developing innovative 

treatment approaches after minor adjustments clarify the 

research approach and enhance statistical methods. 
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