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Study of endophytic and rhizospheric fungi from Mappia nimmoniana (J.Graham) Byng & Stull. for camptothecin analysis and antibacterial activity.          

Abstract:                                             
Camptothecin, the third essential and commonly used alkaloid, is derived from the endangered Mappia nimmoniana (J. Graham) Byng & Stull plant in India for commercial use. In this study, endophytes from various plant parts (leaf, petiole, and stem) as well as a rhizospheric fungus associated with Mappia nimmoniana were isolated. Ten fungi were isolated, including six rhizosphere fungi and four endophytic fungi. Out of 10 fungi, two endophytes and one rhizosphere fungus are reported to produce bioactive compounds camptothecin, which were analyzed using HPLC. The camptothecin-producing fungus was further identified using the ITS1/ITS4 molecular method. The presence of camptothecin in fungus was confirmed by LC-HRMS analysis. Camptothecin levels in two endophytes were found to be 1.957 mg/100 mg and 0.3622 mg/100 mg, respectively, whereas rhizospheric fungus recorded 0.1445mg/100mg. In addition to that antibacterial activity of endophyte Fusarium falciforme and rhizosphere fungi Rhizopus arrhizus against Escherichia coli, Staphylococcus aureus and Bacillus subtilis were studied by disc diffusion method.  It is observed that Fusarium falciforme show significant antibacterial activity.
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Introduction:    
The zone surrounding the root surface, known as the rhizosphere, is one of the most active associations. According to Bonfante and Anca (2009), the microbiota situated in the rhizosphere of agro-ecosystems can have a significant influence on the development, nutrition, and health of plants. Endophytes are described as microorganisms that inhabit the interior tissues of plants, can be separated from the plant by surface disinfection, and do not pose a threat to plant growth (Gaiero et al., 2013). Soil being a complex ecosystem, it harbours the fungi belonging to all the major taxonomic groups, with other microbes. Since each species is dependent on certain other species for its survival, any imbalance in the ratio will cause disruption to its survival. Hence, thorough study of plants with their associated microbes likes fungi, bacteria, viruses, MLOs, etc., is essential.       
Mappia nimmoniana is an under tree of the Icacinaceae family that is found in India, Sri Lanka, China, Taiwan, Isabela province, South East Asia, Luzon and Philippines. It is also known by the synonyms Nothapodytes nimmoniana, Nothapodytes foetida, and Mappia foetida. Karehed investigated and observed species native to the India Western Ghats (Ka ̊rehed, 2001).
As per published literature on flora, it is now also observed in the forest of Odisha, India (Das et al., 2020). It is a 3-8 m tall tree with smooth, grey, wrinkled bark and prominent leaf scars. Alternately arranged leaves are slightly leathery, elliptic-oblong, crowded at the end of branches. Flowers in terminal corymbose panicles, densely pubescent. Petals yellow, densely villous. Fruits drupes ellipsoid, purple when ripe. Flowering takes place in the monsoon season (Singh et al., 2001).
The cytotoxic, camptothecin is monoterpene pentacyclic quinoline alkaloid and anti-cancer drug isolated from parts of commercial demanded medicinal plant M. nimmoniana. M. nimmoniana was shown to contain varying quantities of camptothecin in its stem, roots, leaves and fruits with the roots containing a significant concentration (Namdeo and Sharma, 2012; Padmanabha et al., 2006). It is an active inhibitor of HIV replication in vitro and has been shown to be effective in the treatment of cancer malignancies (Pommier, 2006; Priel et al., 1991). After vinca and taxol alkaloids, camptothecin (CPT) is the third alkaloid that the pharmaceutical sector is searching for worldwide (Lorence and Nessler, 2004; Panneerselvam et al., 2024). The availability of these phytochemicals is primarily depending on plant sources as the raw material. As the demand for plant-derived CPT does not support the requirement of a huge supply from the global market, for this to increase the production of CPT by other options such as in vitro culture method, yield improvement by precursor feeding, elicitation but the success rate is insufficient to meet the demand.        
With stated trade volume estimated to go above thousand tons and unrecorded trade at least twice the stated one. India is the world's top trader of dried M. nimmoniana woodchips, which are primarily exported to Japan, USA, and Spain for market (Patwardhan, 2006). The population of M. nimmoniana has been severely exploited in the Western Ghats of India and it has been classified as vulnerable being to the growing demand for the alkaloid and its maximum quantity in M. nimmoniana one of the potential source (Suhas et al., 2007; Takeuchi et al., 1991; Takimoto et al., 1998). Hence, microbes and their relation and interaction with the natural vegetation are essential. With this background, a study has been undertaken to understand the association between the rhizosphere and endophytic fungi with M. nimmoniana a demanded medicinal plant. Moreover, the CPT producing endophyte and rhizosphere fungal extract antimicrobial was tested against the Escherichia coli, Staphylococcus aureus and Bacillus subtilis bacterial strain.  
Material and Methods:     
Collection of plant material
After taking permission from Maharashtra State Biodiversity Board, M. nimmoniana was collected from Sawantwadi- Amboli, Sindhudurg, Maharashtra, India (15.96070 N, 73.99470 E) , as M. nimmoniana is under endangered category of plant. Collection of plant material and rhizosphere soil sample was carried by using the method of Dongmo and Oyeyiola (2006). Experts from Savitribai Phule Pune University Department of Botany in Pune, India, identified and verified it. For experimental studies fresh, uninfected leaves and stems segments of the M. nimmoniana plant were taken for studies and stored at 4 °C in clean, dry polythene bags. 
  Isolation of  Rhizosphere mycoflora 
Soil from root surface of M. nimmoniana was collected. 1 gm weighted soil mixed in 10 ml of sterile distilled water in sterile condition. The dilution upto 10-6 were performed. From that each dilution three replicates inoculated on PDA medium plates. The PDA plates with soil dilutions were kept at 28 °C for 7 days to allow the rhizosphere fungi to grow (Johnson and Curl, 1972)      
   Isolation of Endophyte:
The collected material was cleaned with running tap water and sterile water to get rid of any dust. In order to surface sterilize the explants for one minute, 1% (v/v) NaOCl was applied to the petioles and leaves. After giving it a thorough wash in distilled sterile water, the explants had two treatments: one minute of 70% (v/v) ethanol and another minute of sterile distilled water. This was done to ensure that any remaining ethanol was completely removed from the plant components. The sterile plant part section (about 1 cm2) put on Petri dishes with PDA medium that had been added with 100 µg/ml of streptomycin to prevent bacterial growth. Negative controls were used on transplants that had not undergone surface sterilization in order to guard against false positives caused by microbial contamination. The plates with explants were incubated at 28 °C for seven days to allow the endophytes to grow. After 5-7 days, the severed ends began to grow endophytes. To get pure colonies, the endophytes were isolated and plated on a fresh medium (Bisht et al., 2016).
 Liquid State Fermentation:
Full loops of mycelia were streaked from pure colonies of endophytes onto slants prepared with PDA medium and cultured for seven days at 28 °C. At a pH of 5.6, 250 ml Erlenmeyer flasks were filled with 50 ml of PDB (HiMedia, Mumbai) to establish suspension cultures (in duplicate). The obtained suspension culture was allowed to develop at 28 °C and 120 rpm in an incubator shaker. Following an 8-day growing period, the shaking flasks (in duplicate) were collected in order to estimate the biomass and yield of camptothecin.
 Extraction of CPT:  
After 8 days of cultivation in Potato Dextrose broth, mycelia and culture broth separated by double muslin cloth. Mycelia were air dried after being cleaned in sterile distilled water. Mycelium was crushed in chloroform: methanol (4:1). Centrifuged for 10 min at 100 C at 10,000 rpm. The upper aqueous part collected and evaporated until it was dry. The residue was diluted in methanol and then filtered through a 0.2 µm filter. These extracted samples were used for HPLC and LC-HRMS analysis (Ran et al., 2017).        
HPLC analysis:         
In mobile phase 25% acetonitrile was used, five microliters of camptothecin extract were injected at 0.8 ml/min. The stationary phase used an Agilent 5 TC-C18 (2) 150 X 4.6 ODS column (Infinitely superior) with a 5 µm particle size at a column temperature of 30°C. The absorbance of camptothecin was considered at 254 nm using a photodiode array detector (Shweta et al., 2017). The region of the peak derived from the fungal isolates at the same retention, in addition to the concentration and yield from the various fungal isolates period in comparison with the standard peak of camptothecin was determined (3.8 min). The corresponding concentrations from different fungal isolates were calculated.
  
 LC-HRMS analysis:   
The analysis was succeeded by the introduction of 5 µL aliquots at a rate of 120 µL min−1 into the electrospray ionization (ESI) chamber. The mass spectra were obtained by LC-HRMS. In ESI type 50–1500 m/z; capillary at 4500 V; −500 V at end plate; charging voltage set at 2000 V; corona set at 0 nA; nebulizer set at 1.7 bar; dry heater set at 200°C and dry gas set at 7.0 L min−1; APCI heater set at 0^C. The Bruker Compass Data Analysis 4.2 software was used to evaluate the baseline-corrected and spectra-visualized data. By comparing the sample's m/z to the reference standard m/z (371.107139), the mass was verified (Ran et al., 2017). 
Molecular Identification of fungi         
 Extraction of DNA  
By using molecular analysis, the endophytic fungus was further identified. The modified CTAB approach was utilized to extract the genomic DNA from the mycelium (Aamir et al., 2015). About 300 mg of fungal mycelium from a pure culture of fungus were first extracted for DNA extraction, and they were then crushed into a fine powder under liquid nitrogen. Added one milliliter of lysis buffer and centrifuged. After adding chloroform and PCI (Isoamyl alcohol) and shaking vigorously, the mixture was centrifuged once more. Once the upper layer has been separated, mix isoamyl alcohol (CI) with the same volume of chloroform. Repeated the centrifuge and 100% ethanol was added. The pellet was spin at 10,000 rpm for 10 minutes, and the resulting supernatant was washed with 70% ethanol. The pellet was then dissolved in 50–70 µl of 1X TE buffer; with the addition of1 µl RNase. It was kept for 30 minutes at 37 °C. The 2 µl of genomic DNA is electrophoresed on a 0.8% agarose gel and then the gel is seen using a UV transilluminator gel documentation system.        
 Amplification of DNA by PCR and Purification            
After observed DNA band of sample, proceed for amplifying DNA using PCR machine (Prima- 96, HiMedia). Total 25 µl reaction mixtures were prepared which consist of PCR master mix, nuclease free H2O, forward ITS primer, reverse primer and template DNA. With the universal primers ITS 1 and ITS4, the flanking ITS sections that separate the 5.8s rDNA and the large subunit of rRNA were amplified (GeNei, Bengaluru, India). After purification of PCR sample by NT1 and NT3 wash buffer, then again confirmed by gel electrophoresis then observed the gel under UV trans illuminator gel documentation system and it provided for sequencing. Following nucleotide BLAST on the subsequent sequences, phylogenetic analysis was conducted using the homologous sequences of the generated species. The isolates (Fusarium falciforme Aspergillus tamarii and Rhizopus arrhizus) were deposited to the National Fungal Culture Collection, Agharkar Research Institute, Pune, India with accession number 5814, 5815 and 5817 respectively.    
Antimicrobial activity:   
Test Microorganisms 
To check the antibacterial activity of fungal extract bacterial strains collected from ARI, National Fungal Culture Collection (NFCCI), Pune. 121-Escherichia coli, 2940- Staphylococcus aureus, 739-Bacillus subtilis species were used.
Test Cultures Growth:
Bacteria were grown in Nutrient agar (Himedia, India) at pH 7.2 for 24 h and at 37 °C. Then cells were harvested and suspended in the Nutrient broth at a concentration of approximately 1.2× 106 CFU/ml. 
Determination of Antimicrobial Activity by disc diffusion method
Methanol was added to dried crude extracts to a concentration of 100 mg/ml. Then, 30 µL of the dissolved extract was pipetted to 5 mm diameter sterile circular discs (Whatman Paper No. 1) and was permitted to air dry for one hour in the incubator set at 35°C. Three paper discs containing the extract were placed evenly spaced on each inoculated nutrient agar plate. Paper discs eluted with 30 µL of methanol and 300mg standard Streptomycin disc were included in the nutrient agar plate as negative and positive controls, respectively. All plates were incubated at 370 C in incubator for 24 hours and resulting zones of inhibition were measured (Adhikari et al., 2022).
Result:     
Plant material was identified and confirmed by expert from the Department of Botany at Savitribai Phule Pune University in Pune, India. The M. nimmoniana plant fresh, healthy leaf and stem segments were collected (Fig. 1). After 5-7 days of incubation, endophytes began to emerge from the cut ends. After that, they were plated separately on fresh media to produce pure endophyte colonies (Fig. 2). The pure culture was allowed to grow at 28 °C and 120 rpm. After an 8-day growth phase, the shaking flasks (in duplicate) were collected to measure CPT biomass and yield.
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Figure no. 1 (A)-Mappia nimmoniana-Leaf, (B)-Plant, (C)- Root with Rhizosphere soil
[image: Figure no. 2]
Figure no. 2 (D)- Fusarium falciforme, (E)-Aspergillus tamarii, (F)-Rhizopus arrhizus


Ten fungi were isolated, including six rhizosphere fungi and four endophytic fungi. Two endophytes and one rhizosphere fungus are known to produce the bioactive metabolite CPT.  The endophyte isolated from the leaf midrib produced a significantly high level of CPT, which was further identified at the molecular level. These three fungi ITS rDNA sequence data were most closely related to Fusarium falciforme, Aspergillus tamarii, and Rhizopus arrhizus in the NCBI GenBank database. A phylogenetic tree was created for these endophyte and rhizosphere fungi (Fig. 3). The AB219373.1 Achlya treleaseana and KF420260.1 Pythium sp. are considered out-groups. The Mega 11 software is used for generating a phylogenetic tree by maximum likelihood method.      
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Figure no. 3 (G)- Phylogenetic tree
These three fungus species HPLC studies indicated a peak eluting at retention time that corresponde to the standard CPT. CPT from the standard was determined to be at 3.8 minutes by 25% acetonitrile in the mobile phase of 0.8 ml/min flow (Fig. 4). 

[image: Figure no.5]
Figure no. 4 -HPLC analysis (H)-Standard CPT, (I)-Fusarium falciforme, (J)- Aspergillus tamarii, (K)- Rhizopus arrhizus 

The amount of CPT present was determined using the peak's area. Three endophytes revealed camptothecin concentration of 1.957mg/100mg, 0.3622mg/100mg, and 0.1445mg/100mg for rhizospheric fungi.  Furthermore, LC-HRMS verified the presence of CPT in these four fungal samples. Camptothecin absorbance at 254 nm was measured using a photodiode array detector. CPT was also detected using LC-HRMS analysis (Fig. 5). By comparing the sample's m/z to the reference standard m/z, the mass was verified (371.107139).
[image: Figure no.5(1)]
Figure no. 5- LC-HRMS analysis (L)-Fusarium falciforme, (M)- Aspergillus tamarii, (N)-Rhizopus arrhizus

In preliminary study of antibacterial activity of fungal extract no any activity observed in Aspergillus tamarii, therefore only two fungal extract were proceed for antibacterial activity. Fusarium falciforme and Rhizopus arrhizus showed antibacterial activity against Escherichia coli, Staphylococcus aureus and Bacillus subtilis which ranged from 9.3±0.1 to 21.3±0.1, Among them Fusarium falciforme was found to be most potential against all the tested pathogens (Fig. 6). 


Figure no. 6- Antibacterial assay: 
The grouped bar chart showed maximum inhibition (mm) of bacterial starin by F. falciforme then Rhizopus arhizus  (Fig. 7).
[image: Figure no. 7]
Figure no. 7- Grouped bar chart of Antibacterial assay activity.


Discussion:            
CPT is a major alkaloid used to treat cancer. It is produced mostly by two overharvested and endangered species, Camptotheca acuminata and Nothapodytes nimmoniana (Suhas et al., 2006; Vladu et al., 2000). Endophytic fungus is a viable replacement for CPT production. In this work, we focused on the bioactive metabolite CPT found in endophytic and rhizospheric fungi. The continual harvesting of M. nimmoniana over the previous five years has dramatically reduced the tree's population. The same study has been noticed in Sri Lanka. Endophytic fungi were isolated from M. nimmoniana leaves, Diaporthe guangxiensis, an isolated fungus, produced a greater production of CPT when treated with tryptophan in Sabouraud Dextrose Broth (Degambada et al., 2023).  
The primary obstacle is the fungi's decrease of camptothecin productivity during storing and subculturing Therefore, one of the most helpful prototypes would be to look for endophytic fungal isolates living in ethnopharmacological plants that have a unique metabolic constancy and efficient for CPT synthesis (Ruan et al., 2021). Endophytes isolated from other medicinal plants are also source of CPT such as Aspergillus terreus, an endophyte of Cestrum parqui, exhibited the highest potential for the biosynthesis of camptothecin (El-Sayed et al., 2023). The study reported on the continuous sub-culturing of these fungi with yield of CPT. Using Plackett-Burman design bioprocessing, A. terreus was able to maximize its CPT production, resulting in a total 1.5-fold increase (170.5µg/L) as compared with control cultures (El-Sayed et al., 2022).
The study found that the endophyte Phyllosticta elongata generated the effective anticancer medication CPT. This endophyte was isolated from Cipadessa baccifera in the Sathyamangalam Tiger Reserve forest in the Western Ghats (Dhakshinamoorthy et al., 2021). Penicillium sp. was the only isolated fungus species from Ixora chinensis shown to be a source of CPT (Doan et al., 2024). Although the potential for employing fungi as a platform for the industrial manufacture of CPT is raised by their ability to produce CPT. The problem is that their CPT output is reduced during subculture and preservation.       
Aspergillus terreus was the most productive endophyte from Cinnamomum camphora, producing 89.4μg/l of CPT. According to the Gel-based DNA assay, the putative CPT significantly impacted cancer cell line and exhibited a high affinity for inhibiting human Topoisomerase 1 (IC50 0.362 μg/ml). This is the first study to investigate whether the natural C. camphora microbiome may be exploited to manufacture CPT commercially, with the A. terreus endophyte serving as a fundamental platform for constant sustainability (Eldeghidy et al., 2023).     
Alternaria brassicicola isolated from the Catharanthus roseus produced the highest amount of CPT (96.5 μg/L) of all the endophytes. The antiproliferative effect of the pure A. brassicicola CPT is potent against cancer cell line. The 1% disinfects C. roseus leaves restored the CPT productivity of the attenuated A. brassicicola, indicating that the plant microbiome and A. brassicicola link would promoted the gene cluster for synthesis of CPT (El-Hady et al., 2024). Neurospora crassa, an endophyte isolated from the seed of Nothapodytes foetida, was examined as a potential source of camptothecin, an anticancer medication lead compound. By comparing the contents of this fungus to actual camptothecin, chromatography and spectroscopy tests confirmed the presence of an anticancer component. In the future, the isolated endophyte N. crassa might be a readily available source for large-scale production of a precursor anticancer therapeutic molecule (Rehman et al., 2008).       
The productions of camptothecin by fungal endophytes of wild and in vitro cultivated Astragalus fruticosus were investigated. Aspergillus flavus, an endophyte from the A. fruticosus explant, produced the highest (51.7µg/l) CPT. The isolated A. flavus camptothecin shown significant effectiveness against MCF7, HCT29, and HEPG-2 (IC50 0.9 mM, 1.2-1.35 mM) cell lines. Methyl jasmonate increased camptothecin production in A. flavus by 1.6 times (El-Sayed et al., 2024).   
Several bioactive secondary metabolites produced by endophytic fungus can protect plants against several diseases. Some of them might be the therapeutics for various bacterial and fungal diseases. The disc diffusion methods were used to compare fungal ethyl acetate extracts to the test microorganisms for antibacterial activity. In the present study Fusarium falciforme endophyte isolated from M. nimmoniana showed maximum antibacterial activity. The highest inhibition zone measured against E. coli (21.3 mm) was recorded using the disc diffusion technique.
 In some previous literature studies it has been showed that endophyte isolated from N. nimmoniana  Colletotrichum sp. inhibited Staphylococcus aureus strongly. The highest Minimum inhibitory concentration (25mg/disc) was found in C. globosum isolates (Nimbalkar & Singh, 2023). Fusarium oxysporum isolated from leaf of N. nimmoniana has showed considerable antimicrobial activity against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and Candida albicans test pathogens (Musavi & Balakrishnan 2013). The endophytic actinomycetes found from the Panxi plateau and the endophytic Streptomyces sp. obtained from Elite Citrus nobilis fruit presented the strongest antimicrobial properties, inhibiting pathogens such as Colletotrichum truncatum, Geotrichum candidum, Fusarium oxysporum, and F. udum (Srivastava & Raghuwanshi, 2023).                                
Endophyte Fusarium sp., was obtained from the bark of yew trees in the eastern Himalayas. Ethyl acetate extract from its fermentation broth revealed substantial antimicrobial activity against pathogenic bacteria and fungi. The metabolite confirmed the largest inhibition zone against K. pneumoniae (27 mm) and the smallest against C. albicans (10 mm) (Tayung et al., 2011). The metabolite extracted from the endophytic F. oxysporum sourced from Acorus calamus rhizomes exhibited strong inhibitory effects on Shigella flexneri (31.3 mm), followed by Staphylococcus epidermidis (19.6 mm) and Escherichia coli (17.6 mm). Minimal inhibitory zone was observed against Staphylococcus aureus (8.6 mm). Cochliobolus affinis and Pestalotiopsis guepinii demonstrated prominent antibacterial activity against various clinical bacterial strains.  The research specified a rich diversity of endophytic fungi in Memecylon umbellatum, which varied based on isolation techniques, seasons, plant parts, and some of these could possibly aid as future sources (Gagana, & Shivanna, 2020).
Diaporthe caatingaensis is an endophytic fungus obtained from Buchanania axillaris. The plant specimens were gathered from the Sathyamangalam Tiger Reserve in Tamil Nadu. The extract of the endophytic fungus confirmed a growth inhibition range of 15–22 mm in the antibacterial assay on nutrient agar plates. With all microorganisms examined, the Minimum Inhibitory Concentration demonstrated the antibacterial potential at a lower concentration of 12.5–25 μg/ml. (Dhakshinamoorthy et al., 2021).  
Conclusion:      
A total of ten fungi were isolated, including six from the rhizosphere and four endophytic fungi. Out of ten fungi, three endophytes and one rhizosphere fungi are obtained to be producing bioactive metabolites camptothecin. It will be crucial to create effective and sustainable production techniques as the market for CPT to expand. The endophyte isolated from leaf mid rib result in comparatively high level of CPT. Rhizosphere and endophytic fungi provide encouraging ways to satisfy the need of bioactive metabolites with the least amount of stress on natural populations. Further research on increasing CPT through various treatments will be vital and studies on the ongoing supply of CPT from fungal biomass are also essential factors that need to be taken into account. The antibacterial study revealed that the F. falciforme is the effective antibacterial agent than other isolated fungal extract from M. nimmoniana by disc diffusion method.  
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Figure S1- DNA Gel-(D)- Fusarium falciforme, (E)-Aspergillus tamarii, (F)-Rhizopus arrhizus [image: Figure S2]
Figure S2-PCR Gel--(D)- Fusarium falciforme, (E)-Aspergillus tamarii, (F)-Rhizopus arrhizus
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