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Abstract: Streptococcus pneumoniae infects the human body primarily through the respiratory tract; 

however, no evident inflammatory responses are observed upon infection. Even though the 

inflammatory response is the body's primary immune response, the latency of the inflammatory 

responses may be attributable to the presence of an anthranilate derivative, quinolone, an isostere of 

salicylic acid, which acts to suppress inflammation. The reduced immune response promotes the 

formation of the S. pneumoniae biofilm and increases virulence via quinolone and the derivative, 

fenamic acid, to elicit different responses. It was found in this study that coumarin binds with good 

affinity to the binding site of anthranilate synthase component II and also confers a good heme-

protectant property. The enzyme anthranilate synthase is a virulent factor of S. pneumoniae and 

influences the inflammatory response signaling pathways. Inhibition of the anthranilate synthase 

pathway terminates the virulence of S. pneumoniae and helps prevent the impending severe 

pathogenesis of infection.  
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1. Introduction 

Streptococcus pneumoniae was first isolated in 1881, coccus or diplococcus shaped, 

Gram-positive, facultatively anaerobic bacteria [1]. S. pneumoniae, having over 90 serotypes, 

is a high-risk pathogenic microorganism that can cause pneumonia, meningitis, otitis media, 

and septicemia [2]. Of these afflictions, pneumonia is the most common infection of the 

respiratory tract. Microbial colonization of the nasal and respiratory passages is the primary 

mode of infection. The symptoms, fever, and coughing, can rapidly transgress from severe to 

fatal forms of the condition without treatment. It is the most virulent and common cause of 

community-acquired pneumonia. Nearly 4% of the Indian population are diagnosed with 

pneumonia every year, of which 3.6 million cases of severe pneumonia were reported in 
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children five years and younger. 16% of children under the age of 5 worldwide are fatally 

affected by pneumonia. World Health Organization in 2000 reported 14.5 million severe cases 

of pneumococcal disease, of which 826,000 deaths resulted in the age group below 18 [2]. The 

contributing factors for infections include improper treatment, wrong diagnosis, lack of 

effective and affordable medications [3–7]. Hence, in the current study, the naturally occurring 

plant component coumarin, which is a potent antimicrobial and antibiofilm moiety, was 

considered to check on its action against the essential metabolic pathway involving 

biosynthesis tryptophan [8–14]. Biosynthesis of tryptophan is a necessary pathway for the 

survival and growth of S. pneumoniae [15–17]. The enzymatic components of the tryptophan 

biosynthesis pathway are also involved in producing several different intermediates such as 

anthranilate, fenamate which are well-known precursors molecules of nonsteroidal anti-

inflammatory drugs (NSAIDs) [18–21]. NSAIDs are well-known anti-inflammatory molecules 

that signal the innate immune response to stop the production of inflammatory molecules in 

the body [21–23]. The host's production of these moieties is a crucial mechanism involved in 

immune suppression and immune evasion in the host niche. Therefore, inhibition of 

anthranilate synthase component II of the tryptophan biosynthesis pathway is targeted using 

coumarin. 

2. Materials and Methods 

 GenBank database was used to analyze S. pneumoniae D39 strain. S. pneumoniae D39 

strain is completely annotated with respect to whole-genome assembly. It was found to be 

virulent and drug-resistant, isolated through clinical samples. Further, the D39 strain of 

pneumococcus has a complete genome assembly and annotation report, classified up to 

subspecies level as pneumoniae, and was considered for further studies. 

2.1. Proteome screening. 

The proteome of the selected S. pneumoniae strain was procured from the NCBI 

database. The proteome was further screened for anthranilate synthase component II protein. 

FASTA sequence of the anthranilate synthase component II protein was procured. 

2.2. Sequence similarity search. 

The FASTA sequence of the anthranilate synthase component II was used to screen the 

database for proteins with identical sequences across the proteome of the organisms in the non-

redundant protein sequence database. BLOSUM 62 matrix was used for the scoring parameter 

with gap costs comprising 11 for existence and 1 for extension [24,25].  

2.3. Multiple sequence alignment. 

The sequences which were found to be identical to the anthranilate synthase component 

II protein of S. pneumoniae were considered for multiple sequence alignment to analyze the 

conserved regions among the sequences. Two independent tools; Multiple sequence alignment 

of NCBI and MEGA X software, were used [26,27]. Multiple sequence alignment in NCBI 

was performed using COBALT, using conserved domain and local sequence similarity 

information among the protein sequences. Alignment parameters were set with gap penalties 

comprising; gap opening penalty of -11 and gap extension penalty of -l, end gap opening 

penalty of -5, and end gap extension penalty of -l. 

https://doi.org/10.33263/LIANBS112.35863597
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS112.35863597  

 https://nanobioletters.com/ 3588 

The similarity sequences of S. pneumoniae anthranilate synthase component II protein 

obtained through BLAST were further subject to multiple sequence alignment using the Clustal 

W tool of MEGA X software where the gap opening penalty of 10, gap extension penalty of 

0.10 and 0.20 were applied for pairwise alignment and multiple alignments, respectively. The 

protein weight matrix was set to Gonnet, and residue-specific penalties, hydrophilic penalties 

were included with a gap separation matrix of 4 [27,28]. 

2.4. Phylogenetic analysis. 

The phylogenetic analysis of the multiple-aligned sequences was carried out through 

the NCBI COBALT tool and MEGAX software. The phylogenetic tree was generated through 

the fast minimum evolution method with a maximum sequence difference set to 0.85. Distance 

approximation was calculated using the Grishin model, using COBALT. 

The multiple-aligned sequences were subject to phylogenetic analysis through the 

Maximum likelihood method using MEGA X software. The Jone-Taylor-Thornton (JTT) 

model was used with uniform rates. Tree inference options were set to Nearest-Neighbor-

Interchange(NNI) for ML Heuristic method, and the initial tree was generated through the 

Neighbor-joining method [29,30].  

2.5. Structural annotation of protein. 

2.5.1. Homology modeling. 

The FASTA sequence of the anthranilate synthase component II protein was used to 

predict the protein structure through SwissModel Workspace. A template search for the input 

sequence was carried out using BLAST and HHblits using the Swiss model template library. 

Global model quality estimate (GMQE) and quaternary structure quality estimate (QSQE) were 

used to rank the templates based on the quality. The top-ranked templates were further used to 

build the model through an open structure computational structural biology framework. The 

generated models were scored using QMEAN. Additionally, according to the Ramachandran 

plot, the models generated were assessed with respect to their percentage query cover match 

and their structural validity. 

2.5.2. Structural validation. 

The generated protein structure models were further scrutinized based on their 

structural validity. Ramachandran plot of each model was generated using the MolProbity tool 

to check the accuracy of the generated models. The model with the highest number of residues 

in favorable and allowed regions was considered. Inferring the selected model exhibited the 

least number of residues in the disallowed region compared to the rest of the models analyzed. 

The quality of the protein structures was checked based on their z-score using ProSA 

server[31,32].  

2.5.3. Protein structure refinement. 

The selected model was subject to structural refinement to correct the structural errors 

in the residues found in the disallowed region of the Ramachandran plot. The structural 

refinement of the selected protein was carried out using the GalaxyRefine tool. The protein 
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model was subject to structural perturbation using the triaxial loop closure method, and overall 

relaxation was carried out through molecular dynamic simulation [33]. 

2.5.4. Validation of refined structure. 

MolProbity tool was used to predict the structural validity of the predicted structure. 

The percentage of residues in the favorable region, allowed region, and disallowed region of 

the Ramachandran plot was assessed to check if the residues with disallowed geometry were 

corrected. The quality of the purified protein structure was checked based on a z-score using 

the ProSA server [31,32]. 

2.5.5. Binding site prediction. 

Binding site prediction was performed to analyze the probable ligand binding sites in 

the refined anthranilate synthase component II protein structure. Galaxy Site tool was used to 

predict ligand-binding sites in the protein through HH Search. The binding site of the 

structurally and functionally identical proteins procured from PDB was analyzed through 

ligand explorer from RCSB PDB. The reported ligand was considered for molecular interaction 

studies to analyze the binding affinity of coumarin to the protein binding site[33]. 

2..6. Molecular docking studies. 

Molecular interaction studies of the ligand were carried out to check the validity of the 

proposed function of the protein. The binding affinity and interactions in the binding sites were 

considered final functional annotations for the structurally annotated protein. The binding 

interaction and affinity of the ligand with structurally annotated protein were compared with 

proteins from other genera in the database for structurally and functionally identical.  

2.7. Ligand preparation. 

The 2D structure of coumarin was sketched using the ACS chemsketch tool[34]. The 

2D structure was cleaned for proper geometrical alignment. The addition of 3D coordinates 

generated the 3D structure of the ligands. The geometry of the 3D structure was cleaned using 

the Argus lab tool. The refined 3D structure of the ligands was used for molecular docking 

studies. 

Molecular interaction studies were carried out using the Autodock4 tool. The gridbox 

was set to the predicted binding site of the structurally annotated protein. 

The procured crystal structure of the protein from RCSB PDB was further refined by removing 

water residues, followed by the addition of gasteiger charges, and was further refined by 

merging non-polar hydrogens using Autodock V.4.0 [35–37]. 

2.8. Autogrid generation. 

Upon refinement of protein, the protein structure was selected for rigid molecule, and 

the 3D structure of the ligand was selected for map type. Based on the binding site residues, 

the grid box was set, where all the binding site residues fit inside the grid box, and hence the 

grid box was set with X:16.678 Å, Y:46.384 Å, and Z:18.095 Å dimensions. Upon saving the 

grid, the grid parameter file (GPF) was generated and saved. The saved grid parameter file was 

used to run using Autogrid4 [36]. 
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On successful completion of autogrid molecular docking of the ligand was carried out 

using genetic algorithm using Autodock4, followed by generation of docking parameter file 

(DPF). The saved docking parameter file was used to run Autodock4. 

2.14. Interaction analysis. 

Various complexes of protein-ligand interactions generated from molecular docking 

studies were analyzed using the UCSF chimera tool. The complexes that exhibited higher 

interactions with high binding affinity were selected [38].  

2.9. Toxicity profile of coumarin. 

The toxicity of coumarin was analyzed through ADMET studies using the swiss ADME 

tool, followed by in vitro toxicity analysis through hemolytic assay [39–41]. 

2.10. Hemolytic assay. 

Blood from healthy volunteers who were not under NSAIDs was collected in heparin 

tubes, and the RBC was separated by centrifugation at 3000 rpm for 10 minutes at four ℃. The 

RBC was suspended in Phosphate buffer saline pH 7.4 to obtain 2% suspension. Triton X100 

was used as a positive control for hemolysis, PBS was used as a negative control. 10 mg of 

coumarin and gentamycin respectively were used to prevent hemolysis where the RBCs were 

allowed to be infected by S. pneumoniae. 50 µl of RBC was taken in each tube, 20 µl of S. 

pneumoniae suspension was added to each tube except for positive control, and negative 

control and was incubated at 37 ℃ for 30 minutes, followed by centrifugation at 3000rpm for 

10 minutes at 4℃ to check the formation of RBC pellet. The absence of pellet indicates 100% 

hemolysis [42].  

3. Results and Discussion 

The sequence of anthranilate synthase component II was found to have 188 amino acid 

residues in its sequence. WP_000601926.1 is the protein product of anthranilate synthase 

component II in the S. pneumoniae-D39 strain.  

3.1.Similarity search. 

Upon sequence similarity search of anthranilate synthase component II it was found 

that the protein was 99% identical to 33 other S. pneumoniae anthranilate synthase component 

II sequences, 98% similar to 65 sequences of anthranilate synthase component II from various 

S. pneumoniae strains, and 97% identical to the anthranilate synthase component II sequence 

of S. mitis with 100% query cover with all the 100 similar sequences.  

3.2. Multiple sequence alignment. 

S. pneumoniae anthranilate synthase component II was found to have 69.68% of the 

sequence conserved, with the overall mean distance among the sequences found to be 0.02. 

Further, S. pneumoniae-D39 anthranilate synthase component II was found to be identical to 

anthranilate synthase component II of other bacterial species such as P. aeruginosa and 

Lactococcus.  
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Figure 1. Phylogenetic tree of S. pneumoniae anthranilate synthase component II with a mean distance of 0.02. 

3.3. Structural elucidation of anthranilate synthase component II. 

The secondary structure of the protein predicted through the PSIPRED server had seven 

helices, ten strands interspersed with coils. The quarternary structure of the protein predicted 

through the SwissModel workspace had good quality with 91.85% of the residues in the 

Ramachandran favored region, 1.63% residues in the outlier region and the rest 6.5% in the 

allowed region. Hence, the structure was considered for further studies. Upon refinement, the 

selected structure resulted in a more stereochemically accepted model with 96.25% of the 

residues in the Ramachandran favored region and 3.4% of the residues in the allowed region, 

and only 0.37% residues in the outlier region. Hence, the structure was considered fit for 

molecular interaction studies with coumarin.  The structure of anthranilate synthase component 

II obtained through the swiss model workspace was found to be a homodimer 
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Figure 2. Quaternary structure of S. pneumoniae anthranilate synthase component II exhibiting homodimer 

predicted through SwissModel Workspace.  

 
Figure 3. Ramachandran plot of the refined structure of S. pneumoniae anthranilate synthase component II, 

predicted through MolProbity.  
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3.4. Binding site prediction. 

The binding site of TRP in anthranilate synthase component II was constituted by the 

amino acid residues PHE39, ASN238, TYR239, LEU240, TYR241, ILE392, GLY393, and 

TYR394.  

 
Figure 4. Binding site of S. pneumoniae anthranilate synthase component II bound by its substrate/ligand, 

tryptophan.  

3.5. Molecular interaction studies. 

The coumarin molecule was found to interact with the binding site of anthranilate 

synthase component II with hydrogen bond interaction with LEU240, and hydrophobic 

interaction with TYR239, TYR394, LEU473, GLU474, and ASP402, with a binding energy of 

-7.70 kcal/mol.  

 
Figure 5. Coumarin bound to the binding site of anthranilate synthase component II, ribbon model.  
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Figure 6. Interaction of coumarin at the binding site of anthranilate synthase component II, hydrophobicity 

surface model. 

 
Figure 7. Hydrophobicity surface model of coumarin in the binding pocket of anthranilate synthase component 

II, hydrophobicity surface model.  

 
Figure 8. Interaction of coumarin with the binding site residues of anthranilate synthase component II. 
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Figure 9. Coumarin bound to anthranilate synthase component II binding pocket residues. 

3.6. Toxicity profile of coumarin. 

Coumarin was found to have a water solubility value of -2.753 logS, plasma protein 

binding value of 0.865, acute oral toxicity of 2.514 Kg/mol, and tetrahymena pyriformis 

toxicity value at 2.026 µg/L pIGC50. 

3.7. In vitro anti-hemolytic property of coumarin. 

Since coumarin makes a potential drug candidate for treating S. pneumoniae infection 

through inhibition of anthranilate synthase component II, the ability of coumarin to prevent the 

infection of S. pneumoniae through hemolysis was analyzed using the anti-hemolytic activity 

of coumarin. It was found that coumarin decreases the hemolysis of RBCs by 20% upon 

infection with S. pneumoniae-D39 in comparison to the untreated S. pneumoniae infection 

model where S. pneumoniae causes 90% RBC lysis. These results indicate that coumarin may 

act as a protectant in the host system against S. pneumoniae.  

4. Conclusions 

 Coumarin, an aromatic compound, can be used as a structural analog for tryptophan to 

inhibit anthranilate synthase component II, a key enzyme in immune suppression during 

inflammation, thereby causing functional loss of the enzyme, aiding in preventing immune 

evasion by the organism.  
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