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Abstract 

Antibiotic resistance is a global healthcare threat that has limited the effective life span of 

commercial medications.  Medicinal plants are the reservoir of bioactive compounds that 

have antibacterial and antibiofilm activities and are potent source of new antimicrobial 

agents Therefore, the screening of plant derived phytochemicals has been increased 

significantly to access the hidden treasure to combat microbial infections. In the current 

study, preliminary analysis of methanolic extract of Cordia macleodii leaf revealed the 

existence of various flavonoids (report the types and names ) including tiliroside. In vitro 

antimicrobial assay of methanolic extract and bioactive compound (Tiliroside) showed 

antibacterial and antibiofilm activity against MDR pathogen. The MIC value of methanolic 

leaf extract and tiliroside was found to be 5 percent and 50mM respectively. Methanolic 

extract of Cordia macleodii leaf as well as tiliroside at sub-MIC value significantly mitigated 

the biofilm formation. In silico molecular docking analysis of tiliroside against the targeted 

protein was also determined to predict the possible binding site (Reformulate and 

determination the types of targeted protein and sites). Transcriptomic analysis determined 

the significance of tiliroside in the reduced expression of certain genes (bssS and metE), 

which are involved in biofilm formation in Klebsiella pneumoniae. Overall, the methanolic 

extract of C. macleodii leaf with varying degree of antimicrobial potency might be used as 

potent alternative to conventional antibiotics to combat MDR mediated infections.  .   
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1. INTRODUCTION  

Increasing the rate of bacterial resistance to antibiotics is a major threat to the health system 
that makes therapeutic strategies more difficult and complex (1). Not only does it exert selective 
pressure on healthcare, but it also limits the shelf life of commercial drugs. Medicinal plants are the 
natural laboratories producing structurally diverse and functionally distinct complex compounds with 
pharmacological activities and less toxicity (2). These bioactive compounds have antibacterial and 
antibiofilm activities and can serve as new templates for antimicrobial agents.Further, natural products 
have gained significant popularity in therapeutics due to their traditional uses in folkloric medicine (3). 
Therefore, the screening of the plant derived phytochemicals is rapidly increasing to access the 
hidden treasure, which could be potential alternatives to commercial antibiotics for therapeutic 
applications against microbial infections (4).  

The genus Cordia belonging to Boraginaceae family with more than 300 species has been 
widely investigated for their ethnobotanical and pharmacological properties (5). C. macleodii is an 
endangered medicinal plant found in the Gandhamardhan hills of Odisha (6), which possess various 
biological activities including anti-inflammatory, wound healing, antimicrobial, antioxidant, 
hepatoprotective and antivenom activities (7,8). Further, the analysis of leaves of C. macleodi 
reported the presence of several phytochemicals including high content of flavonoids with 
antimicrobial properties (7). However, the phytochemicals constituents of methanolic extract of C. 
macleodi leaf have not been fully assessed. The study was designed for photochemical 



 

 

characterization of methanolic leaf extract of C. macleodii for the isolation of bioactive compounds. In 
vitro antimicrobial activities against Klebsiella pneumoniae of the leaf extract and identified bioactive 
compound (tiliroside) was evaluated. Transcriptomic analysis of the pathogenic bacteria (K. 
pneumoniae) was performed to determine the genes responsible for pathogenesis and biofilm 
formation. In addition, in silico molecular docking of tiliroside to predict the possible binding target and 
its binding mechanism of K. pneumoniae was performed. 

2. MATERIALS AND METHODS  

2.1 Sampling and Extraction 
Fresh leaf samples of C. macleodii were collected from the Gandhamardhan hill, Odisha, 

India (Location: 2042’ - 2100’ North latitude and 8241’ - 8305’ East longitude), washed properly, 
chopped, dried and grinded into fine powder (How and how much diameter of the particles and the 
diameter of the sieve used). About 500 gm of powdered sample was soaked with methanol for 72 hrs 

(Ref.). Extract was filtered, rota-evaporated, air dried and stored at 4C. 

2.2 FTIR analysis  
Leaf extract was analysed by FTIR within the spectral range 4000-400 cm

-1
 using Bruker 

(Alpha II). Resolution was set at 4 cm
-1

 with KBr beam splitter using DTGS detector along with their 
measurement through HGTR assembly (9). 

2.3 HRMS analysis 
Phytochemical composition in methanolic extract for  C. macleodii leaf was performed using 
ExactiveTM Plus Orbitrap HRMS integrated with tandem ultimate 3000 high-performance LC (Thermo 
Scientific, USA). 0.5 ml extract was suspended in 1.5 ml of methanol:water (1:1), centrifuged at 10000 
rpm for 10 min at 4C and filtered by 0.22 µM syringe. Filtrate of 0.5 ml was aspirated into DP ID vial 
for mass spectrometry analysis using Hypersil BDS C18 (250x2.1 mm, 5 μm) column. Sample was 
injected at 3 µl/min with 30C column temperature and 700 bar pressure. Electrospray ionization was 
used to ionise molecule at 3eV for 15 mins and the positive and negative polarity were detected within 
(50-750) m/z range. Mass peak intensities were examined against five standard compounds (What is 
the standard compounds ???) with mass range of (50-500) m/z for converting peak intensities to 
concentration. Using python program and PubChem library parse the mass peaks were annotated 
having error range of (± 0.01) m/z (10).  

2.4 Microbes and culture media 
The bacterial strain (Klebsiella pneumoniae) was clinically isolated and identified by 16S 

rRNA sequencing (SF-7). The standard strain of K. pneumoniae (MTCC 109) was received from 
IMTECH, Chandigarh. All the microbes were maintained using MHB. 

2.5 Antibacterial assay  
Antibacterial assay of methanolic extract of C. macleodii leaf and tiliroside against K. 

pneumoniae and MTCC 109 was evaluated by well diffusion assay, which was performed following 
CLSI guidelines (11) and the diameter of zone of inhibition was measured. Microdilution method was 
used to determine MIC (3). Samples were dissolved in DMSO, serially diluted in MHB, 10 µl cultures 
was inoculated and incubated for 16 hrs at 37°C. Well having culture without sample was treated as 
negative control.  About 5 µl of 0.125% TTC was added and kept for 15 mins at 37°C and absorbance 
at 600 nm was taken. MIC value was determined taking the minimum concentration of sample with no 
change in change, which was subsequently utilized to compute the sub-MIC value.  

2.6 Antibiofilm assay  
2.6.1 Qualitative Method 

CRA method was performed to evaluate antibiofilm activity (12). Bacterial culture treated with 
sub-MIC level was streaked on solidified CRA plates and subjected to incubation for 24-48 hrs at 
37°C. Culture without treatment was regarded as control. Further, test tube method was also carried 
out (13). Bacterial isolates (untreated and treated) were inoculated with TSB and incubated for 24 hrs 
at 37°C, stained with crystal violet for 15 mins after rinsing with PBS and air dried.  

2.6.2 Quantitative method  
Polystyrene based 24-Microtiter plate (MTP) was performed for quantitative biofilm activity. 

Bacteria culture (with or without sub-MIC level) was inoculated in MH broth and incubated for 24 hrs 
at 37°C. Biofilm matrix developed was stained with 0.1% crystal violet for 20 mins, biofilms lining wall 
was solubilized with 95% ethanol and optical density at 540 nm was recorded (14). 

2.6.3 Microscopic studies 
Microbial culture (0.5 McFarland standard) was added to 24-MTP containing sterile coverslip 

immersed in Luria-Bertani medium with or without sample and subjected to incubation incubated for 
16 hrs at 37°C. Planktonic debris was removed via PBS wash and biofilm matrix developed was 



 

 

stained for 10 mins with 0.4% crystal violet for light microscopic whereas dyed with 0.01% acridine 
orange for 10 mins in dark for fluorescence microscopic studies (13).  

2.7 Transcriptome analysis  
Whole transcriptome sequencing was performed between untreated and treated with tiliroside 

against K. pneumoniae. Total RNA was isolated by Trizol method (Invitrogen) and amplified for 
illumina paired end sequencing library for high throughput sequencing. Purified cDNA library was 
assessed by Agilent bioanalyzer and HiSeq paired-end flow cell and massively-parallel sequencing on 
Illumina HiSeq 2000 for cluster generation. Pre-processed sequence reads by Trimmomatic and 
Printseq were aligned using TopHat integrated with Bowtie software, analyzed by Cufflinks to report 
expression of transcripts in FPKM. Differential gene expression was determined between treated and 
untreated using Cuffdiff and Cuffcompare. Differential expression was conducted using DESeq and 
edger, genes with fold change greater than 2 were analyzed by Cytoscape plugins, DAVID, STRING 
DB and IPA to obtain canonical pathways, 16 GO ontologies, protein network, gene clustering and 
protein identification. 

2.8 In silico prediction and molecular docking 
2.8.1 Protein preparation 

Proteins (bssS and metE) responsible for biofilm production and resistance in K. pneumoniae 
were used as targeted protein. PDB structures of proteins were pre-processed and protein 
preparation wizard was used to add the missing hydrogen atoms (Ref.). Amino acids with missing 
side chain were identified and repaired using Prime. Protein structure was energy minimized by 
Macromodel, OPLS-2005 force field and Polak-Ribiere conjugate gradient algorithm (0.01 kcal/mol 
energy gradient).  

2.8.2 Preparation of molecular structure  
Chemical structure of tiliroside was drawn by ChemDraw, which was then loaded into Maestro 

(Schrödinger). Energy minimization was performed using Macromodel and OPLS 2005 force field with 
Polak-Ribiere conjugate gradient algorithm. DFT with Becke’s three-parameter exchange potential 
and Lee-Yang-Parr correlation function (B3LYP) using Jaguar was used for geometric optimization 
(15). Ligprep (Schrödinger) was used to generate various conformations of Tiliroside.  

2.8.3 Molecular docking  
Blind docking strategy was adopted to investigate molecular interactions of tiliroside with 

different proteins in absence of co-crystal structures. Protein binding sites was predicted by SiteMap 
(Schrodinger) and receptor grid boxes having dimension (12Å x 12Å x 12Å) were created for each 
projected site using Glide grid-receptor program (15). The various conformations of tiliroside so 
generated were docked onto each of the predicted binding site using Glide XP algorithm and Glide 
XPScore function was evaluated. Best conformation of tiliroside with minimal docking score was 
selected for further study.  

 

3. RESULT AND DISCUSSION 

3.1 FTIR analysis  
FTIR analysis of methanolic leaf extract of C. macleodii confirmed the existence of different 

chemical moieties with IR fingerprints ranging from 3289 cm
-1

 to 1048 cm
-1 

(ST-1). FTIR spectrum 
depicting different functional groups of bioactive constituents (Figure 1). 



 

 

 
Figure 1. FTIR spectrum of the methanolic extract for Cordia macleodii leaf revealing the functional 
groups of phytochemical constituents.  

3.2 HRMS analysis  
HRMS analysis revealed the occurrence of 19 compounds identified based on their chemical 

profiling (ST-2) based on fragmentation patterns, total ion chromatogram and comparison of spectra 
with NIST database and documented spectra (SF 1-3). HRMS analysis reveals the prime bioactive 
compound (Tiliroside) with the highest peak area (13.6%) in methanolic extract of C. macleodii 
leaf.(Where is the remaining 19 compounds particularly flavonoids) 

3.3 Antibacterial activity  
 MIC value of methanolic extract was found to be 5% whereas tiliroside was determined to be 
50 mM against K. pneumoniae and MTCC 109 (Figure 2). Well diffusion assay revealed antibacterial 
property of methanolic leaf extract against K. pneumoniae and MTCC 109 with 18 mm and 24 mm 
zone of inhibition. Tiliroside showed reduced antibacterial activity compared to methanolic leaf extract 
in K. pneumoniae (16 mm) and MTCC 109 (20 mm). 

  
Figure 2. MIC of (a) methanolic leaf extract of Cordia macleodii and (b) tiliroside against K. pneumoniae 

and reference strain (MTCC 109). 

3.4 Antibiofilm assay 

3.4.1 Qualitative method 

 CRA method revealed the formation of crystalline black colonies in untreated control in K. 
pneumoniae and MTCC 109, which indicated profuse production of exopolysaccharide matrix for 
biofilm production (Figure 3). Significant decline in biofilm production was observed in treated strain of 
K. pneumoniae and MTCC 109 (supplemented with methanolic extract and tiliroside at sub-MIC 



 

 

value) indicating its antibiofilm activity (Figure 3a). Similar result was evident from test tube method 
(Figure 3b). 

  

Figure 3. Antibiofilm activity of methanolic leaf extract of C. macleodii and tiliroside at sub-MIC 
against K. pneumoniae and MTCC 109 based on (a) Congo red agar; (b) Test tube method. 

3.4.2 Quantitative assay  
Relatively higher antibiofilm activity was observed by tiliroside compared to methanolic leaf 

extract of C. macelodii (Figure 4). Highest inhibitory effect towards biofilm formation was exhibited by 
tiliroside in K. pneumoniae (62.26 ± 5.29 %) and MTCC 109 (59.65 ± 4.68 %).  

 
Figure 4. Antibiofilm activity of methanolic leaf extract of C. macleodii and tiliroside at sub-MIC 
on biofilm formation in Klebsiella pneumoniae and MTCC 109. 

3.4.3 Microscopic studies 
 Light microscopic studies revealed significant decline in biofilm matrix in K. pneumoniae and 
MTCC 109 supplemented with sub-MIC of methanolic leaf extract and tiliroside compared to cells 
assemblage in untreated control (Figure 5a). Fluorescence microscopy revealed significant decline in 
aggregation of biofilm forming cells with disperse localization compared to thickened and aggregate 
biofilm in untreated control (Figure 5b).  



 

 

 

 
Figure 5. Antibiofilm activities of methanolic leaf extract of C. macleodii and tiliroside at sub-MIC against 

K. pneumoniae and MTCC 109 based on (a) light microscopic and (b) fluorescence microscopic studies. 

3.5 Transcriptome analysis 
3.5.1 Transcriptomic sequencing data analysis 

Data of K. pneumoniae (Control_1 and Control_2) and K. pneumoniae treated with tiliroside 
(TIL_1 and TIL_2) were used for quality checking and trimming. Statistical percentage passed quality 
checking (ST-3). Genome of K. pneumoniae was used as reference to align reads using HISAT2. The 
study indicated 99.98% and 100.00% reads obtained from Control_1 and Control_2 was mapped with 
reference genome, whereas 100% reads from TIL_1 and TIL_2 was mapped with reference genome. 
Mapping results with the statistical summary were presented (ST-4). Transcript abundances were 
calculated employing Cufflinks package. To identify various DEGs, FPKM were computed and Cuffdiff 
package was implemented. Considering the q value, the p value was modified. The number of DEGs 
found was depicted (ST-5).  

3.5.2 PPI network analysis 
PPI network analysis was performed using up-regulated genes (n = 4), which suggested the 

involvement of two genes (rpmC and SAXN108_2407) in signal pathways, that were merged using 
STRING to examine their relationship with DEGs (SF-5). PPI network was also created using down-
regulated genes (n = 11), integrated via STRING to explore interaction between DEGs involved in 
biofilm development (SF-6). 

3.5.3 Functional annotations of the up-regulated and down-regulated genes 
The up-regulated genes in K. pneumoniae were identified after treated with methanolic leaf 

extract of C. macleodii. Functional annotations of genes (rpmC and SAXN108_2407) among four up-
regulated genes were available (ST-6). Besides, two genes (bssS and metE) among 11 down-
regulated genes (ST-7) are directly associated with pathogenesis of K. pneumoniae through biofilm 
formation.  

3.6 Molecular docking of tiliroside  
Due to lack of its co-crystal structures, a blind docking strategy was followed to dock tiliroside 

to suitable binding site on the target proteins. Tiliroside has lowest docking score of -6.163 Kcal/mol 
and -10.458 Kcal/mol against bssS and metE (Table 1), which were well accommodated in binding 
cavity (Figure 6). Tiliroside involved hydrogen bonds with amino acids present at binding sites of bssS 
(Figure 5B) and metE protein (Figure 5D) along with several hydrophobic interactions (Figure 6).   



 

 

Table 1. Docking of tiliroside against binding sites onto proteins involved in biofilm production in 

pathogenic strain of K. pneumoniae. 

Site ID Site score Volume (Å)
3
 Glide XP score 

(Kcal/mol) 

(a) bssS protein 

1 0.539 52.822 -6.163 

(b) metE protein (PDB ID: 3L7R) 

1 1.073 260 -10.069 

2 1.047 232 -8.990 

3 1.069 141 -8.259 

4 1.095 99 -9.453 

5 1.086 73 -10.458 

 

 
(A) Complex of Tiliroside and bssS 

 

(B) Ligplot of Tiliroside and bssS 

 

(C) Complex of Tiliroside and metE 

 

(D) Ligplot of Tiliroside and metE 

 

Figure 6. Molecular docking of tiliroside onto proteins within the binding site of (A) bssS 
protein and (C) metE proteins. Ligplot illustrating interaction of tiliroside with amino acids at 
binding sites of (B) bssS; (D) metE proteins. Dotted (green) lines represent hydrogen bonds 
whereas curved (red) lines represent hydrophobic interactions. 

Efficacy evaluation of plant derived bioactive compounds is complicated and challenging due 
to chemical complexities, variability in structures and binding affinity with multiple target sites (16). 
Secondary metabolites derived from medicinal plant target microbes by the combined action of 
structurally distinct and functionally diverse compounds. Further, the target microbes are less likely to 
acquire resistance against combined action of plant derived bioactive compounds compared to single 
molecule. Hence, the plant bioactive compounds serve as a source for novel antimicrobial agents.  

4. CONCLUSION 

The aforementioned study revealed that the medicinal plant C. macleodii, possess good 
antimicrobial activity against the test bacterium. It also indicated that the biofilm inhibitory activity of 
methanolic leaf extract and isolated compound (tiliroside) that significantly reduce the formation of 



 

 

exopolysaccharides matrix in pathogenic microbes, highlighting their usefulness in healthcare sector. 
Further, in silico molecular docking of tiliroside reported highest binding affinity against metE protein 
(PDB ID: 3L7R) with docking score of -10.458 Kcal/mol, reflecting the potency of tiliroside in biofilm 
inhibition. Moreover, the study evident that tiliroside derived from the leaf extract of C. macleodii holds 
promise as a natural antimicrobial agent to combat microbial mediated disease, potentially reducing 
the reliance on commercial antibiotics and therby aiding in the mitigation issues such as antibiotic 
resistance. 
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Abbreviations 

TTC: 2,3,5-triphenyltetrazolium chloride 
TSB: Tryptic soya broth 
DFT: Density functional theory 
IPA: Ingenuity pathway analysis  
FPKM: Fragments/kb of exon per million fragments mapped 
DEGs: Database of essential genes 
CRA: Congo Red Agar 


