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EXTRACTION AND CHARACTERIZATION OF TAXOL,  

AN ANTICANCER DRUG FROM LEAF SPOT FUNGUS  

PHOMA MORICOLA 
 

SYNOPSIS 

INTRODUCTION 

Fungi are one of the most various life forms on plant, estimating the number of 

fungal species which is considered important with mycologists. There are 1.5 million 

species of fungi predicted Hawksworth (1991, 2001a). Fungi are an essential part of the 

life in the biosphere and they have enormous role in ecosystems.  They are the major 

components of soil biomass, accelerate biological decaying and they interact with other 

living organisms during many different kinds of associations. Most of the fungal species 

reported are found to be saprobes or pathogenic on higher plants.  

The Plant pathogenic fungi extensively contribute to the overall defeat in crop 

yield. Generally, leaf spots are considered to be more artistic than life threatening trouble. 

Leaf spot diseases are mainly caused by fungi, although other organisms such as 

nematodes and bacteria can also be connected with leaf spots. The Leaf spot diseases are 

possibly the most general type of plant diseases. These diseases are mainly widespread 

after moderately cool, spring, wet, weather, since water on leaf outside is usually needed 

for infection (Douglas, 2012). 

Secondary metabolites are produced by almost all types of living organisms, 

including bacteria and fungi.  Most studies have reported the activities for their secondary 

metabolites against the growth of postharvest fungal pathogens in citrus (Singh, 1984), in 

peach (Pusey et al., 1984) and in apple and pear (Janisiewcz et al., 1988). Among the 

microscopic fungi, the ability of imperfect fungi, ascomycetes and several other 

filamentous endophytic fungal species to produce bioactive products is the most 

significant. The total number of bioactive fungal compounds is approximately 8,600, 

representing 38% of all microbial products. Around 950, 900, and 350 compounds have 

been isolated from the most common ascomycetes, such as Aspergillus, Penicillium, and 
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Fusarium species, respectively (Berdy, 2005) and some of them are bioactive against 

some phytopathogens (Okeke, et al., 1994).  

Fungi have a tremendous source in producing novel bioactive compounds and 

many of these currently have important therapeutic and other uses.  In 1995, six of the top 

twenty best-selling drugs were originated from fungus. They are Ausmentin, 

Cyclosporine, Ceffriazone, Lorastatin, Pravastatin and Simvastatin (Concepcion et al., 

2001). In fungi, every year enormous new species were described (Hawksworth 1991 and 

Kirk et al., 2001). 

Fungi are the most frequently encountered endophytes and plant pathogens that 

form a multifarious group of microbes, for which they have a potential to synthesize 

several bioactive compounds (Bills, 1996, Kusari, 2012, Kumaran et al., 2008 & 2009). 

They are considered as an extra supply of new bioactive compounds, with reported 

antimicrobial, anticancer, antioxidant, insecticidal, antiparasitic, antiviral, antitubercular 

and immunomodu-latory activities having wide scope in pharmaceutical and 

agrochemical industries (Kaul, 2012, Chen et al., 2014). Many antimicrobial compounds 

such as phomenone, trichodermin, cryptocin, altenusin, dihydroxycadalene, ambuicacid 

and nodulosporins from fungal endophytes have been reported to protect plants against 

phytopathogens (Deshmukh et al., 2015, Mousa, 2013). Sporadically, endophytic fungi 

and pathogenic fungi also produce host plant secondary metabolites having therapeutic 

potential like paclitaxel, camptothecin, podophyllotoxin, hypericin and azadirachtin 

(Kusari et al., 2012, Bhalkar et al., 2016, Kumaran et al., 2008 & 2009). 

Among the therapeutic compounds, Paclitaxel (Taxol) is the generally effective 

antitumor drug developed in the past three decades. It has been used for effective 

handling of variety of cancers with refractory ovarian cancer, non-small cell lung cancer, 

breast cancer, head and neck carcinoma, AIDS related Kaposi’s sarcoma and other 

cancers (Wani et al., 1971; Croom, 1995). Taxol inhibits cell propagation in promoting 

the stabilization of microtubules at the G2-M phase of the cell cycle, by which 

depolymerisation of microtubules to soluble tubulin is blocked (Stierle et al., 1993; 

Strobel et al., 1996). 
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Taxol was initially isolated from the barks of pacific yew trees (Wani et al., 

1971). Approximately, for obtaining 1 kg of taxol 25,000 pounds of T. brevifolia barks 

were needed (Cragg et al., 1990), which affects the environmental sustainability and the 

economy. The use of taxus species as a source of taxol is ecologically unsuitable because 

of the low abundance, slow growth of the plant and less yield of the product (Frense, 

2007).  

On the other hand, demand for the drug has increased considerably due to the 

expansion of clinical trials and treatments, which leads to investigation of other 

renewable sources to defeat the essential like total compound mixture (Holton et al., 

1994a & b; Nicolaou et al., 1994), semi-synthesis from its precursor (Holton et al., 1995) 

and plant tissue culture (Zhong, 2002) but none could meet the high demand for taxol 

production (Sreekanth et al., 2011). To overcome these problems, scientists searched for 

an alternative source for taxol production. 

Since, the first report of taxol production from endophytic fungi Taxomycess 

andreanae and Taxus brevifolia (Stierle et al., 1993). There has been a phenomenal 

increase in studying fungal endophytes as potential producers of antimicrobial, 

insecticidal, cytotoxic and anticancer compound (Zhao et al., 2010).  Some of the 

endophytic fungi isolated other than Taxus sp., could also produce taxol reported by 

various scientists (Strobel et al., 1996, Liu et al., 2009 and Zhou et al., 2007 & 2009). 

Taxol producing fungi having potential advantages such as cheap, fast growing at high 

cell density cultivation, easy genetic manipulation, and the possibility of scale-up on an 

industrial level with less side effects (Pandi et al., 2011; Merlin et al., 2012; Kathiravan 

et al., 2013). 

The leaf spot fungus Phyllosticta citricarpa, isolated from the diseased leaves of 

Citrus medica, showed the production of taxol (Kumaran et al., 2008). The presence was 

confirmed by chromatographic and spectroscopic methods. They furthermore recorded 

the maximum amount of taxol production in the fungus grown on M1D medium (265 

μg/l) followed by PDB medium (137 μg/l). The production rate was increased to 5.3 

×103 fold than in when compared to an earlier reported fungus, Taxomyces andreanae.  
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Kumaran et al., 2009 reported the maximum presence of taxol production was 

recorded in Phyllosticta tabernaemontanae is a good source for taxol production. The 

quantity of taxol was confirmed in chromatographic and spectroscopic analysis. In 

addition the fungal taxol showed strong cytotoxic activity against cancer cell line. 

However, the literature survey reveals that only a few studies are reported on fungal 

Taxol from pathogenic fungi and their efficacy on anticancer activities. Therefore, more 

studies are needed in this direction.   

Format of thesis 

 The thesis will have Introduction part as it introduces the thesis with an emphasis 

on its key components, followed by objectives. The Review of Literature will give an 

idea about the basics of research work carried out earlier in this area and the Materials 

and Methods elaborate the methodology followed to complete the objectives. The results 

and discussion will answer the objectives undertaken in the research work which was 

discussed in four chapters. Each chapter will be described independent of each other 

followed by supporting references. Summary and conclusion part holds the concluding 

comments and report the conclusions that have resulted from this study along with future 

prospective.                                                                                                                                                                            

OVERALL RESULTS REPORTED IN THESIS                                   

CHAPTER-I 

Isolation and morphological identification of leaf spot fungi from different plants 

  The present study was carried out at the Madurai Kamaraj University (MKU) 

campus, to isolate and identify the fungi from 16 different plant infected leaf samples. 

About 18 leaf spot fungi were isolated and evaluated for their pathogenicity test. Further 

all eighteen positive isolates identified based on morphological features were chosen for 

further characterization and bioprospecting studies.                                                                         
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CHAPTER-II 

Molecular Identification of leaf spot fungi based on ITS sequence & ITS-2 sequence 

secondary structure 

 Internal transcribed spacer is a universal marker for fungal identification. The 

isolates ascertained as pathogens were identified using ITS based phylogenetic analysis. 

Six genera were recognized among the 18 isolates. They were Alternaria, Colletotrichum, 

Guignardia, Phoma, Nigrospora and Diaporthe / Phomopsis accounting for 1, 10, 1, 1, 3 

and 2 isolates respectively. Based on the ITS2 sequence secondary structure phylogeny, 

the leaf spot fungal isolates were further characterized into 10 different species belonging 

to the above 6 genera. They were Alternaria alternata, Colletotrichum gloeosporioides, 

Colletotrichum karstii, Colletotrichum truncatum, Guignardia mangiferae, Phoma 

moricola, Nigrospora spherica, Nigrospora oryzae, Diaporthe pseudomangiferae, and 

Phomopsis tersa. Three distinct species were observed in Colletotrichum and it was the 

most dominant genera. Nigrospora sp., were represented by 2 distinct species and one 

species were recognized in each of the following genera: Guignardia, Phoma, Alternaria, 

Diaporthe and Phomopsis. The ITS2 sequence secondary structure based analyses were 

valuable in distinguishing closely related species. The ITS sequences generated for the 

isolates in this study were submitted in NCBI database for global access. 

CHAPTER-III 

Extraction and Characterization of Taxol from Leaf Spot Fungi using Spectral and 

Analytical Methods 

 All the eighteen fungal pathogens were chosen for extraction and characterization 

of taxol, a diterpenoid with potential anticancer activity. All 18 isolates were 

preliminarily screened for the taxol production based on thin layer Chromatography 

(TLC). Among the 18 isolates, 3 were found to be positive for Taxol production, in which 

two leaf spot fungi were already reported for taxol production i.e., Colletotrichum 

gleosporioides, Colletotrichum truncatum . The production of taxol from Phoma 

moricola was not reported elsewhere, hence this isolate was further characterized by 

ultra-violet spectroscopy (UV), high-performance liquid chromatography (HPLC), 
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fourier transform infrared spectroscopy (FTIR), nuclear magnetic resonance spectroscopy 

(¹H NMR) and liquid chromatography-mass spectrometry (LC-MS) analysis.  

CHAPTER-IV 

Efficacy of Taxol- Extracted from Phoma moricola Against Human Lung Cancer 

Cell Line - A549 

 The fungal taxol, confirmed using spectral and analytical methods was further 

analysed for its anticancer activity against human Lung cancer cell line A549. The               

in-vitro cytotoxicity effect of fungal taxol was analysed through 3- (4, 5- dimethylthiazol 

-2-yl)-2, 5- diphenyltetrazolium bromide (MTT) assay in 10-100μg at 24hrs and 48 hrs. 

Inhibition of A549 cell proliferation by fungal taxol was observed at an IC50 value of 

51µg/ml after 24 h incubation. The fungal taxol exerts anti-proliferative effect on human 

lung cancer cell line by arresting the cell cycle. Morphology and nuclear changes of 

A549 cells after treatment with fungal taxol at 24hrs was also observed. The cell 

shrinkage increased progressively when compared to control cells.  

SUMMARY  

 In the present investigation, over all 18 leaf spot fungi were isolated, and all are 

spore producing fungi.  

 The pathogenicity of the isolates was evaluated through detached leaf assay. 

 All the fungi were subjected to morphological identification using light 

microscope & Scanning electron microscope level. 

 Further all the 18 isolates were identified at genus level based on ITS sequence 

based phylogenetic analysis and at species level using ITS-2 sequence secondary 

structure based phylogenetic analysis. 

 Based on the molecular analysis, the fungi were observed to belong to 6 genus & 

10 different species of Ascomycetes. They are: Colletotrichum gloeosporioides, 

Colletotrichum karstii, Guignardia mangiferae, Phoma moricola, Nigrospora 
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sphaerica, Alternaria alternata, Nigrospora oryzae Diaporthe pseudomangiferae, 

Colletotrichum truncatum, Phomopsis tersa. 

 All the 18 isolates were subjected to TLC based screening for taxol. Among them, 

following three fungi Colletotrichum gloeosporioides Ls-08, Phoma moricola Ls-

12, Colletotrichum truncatum Ls-18 have potential to produce taxol. 

 The UV spectra of both fungal and authentic taxol showed similar absorption 

spectra with characteristic peaks at 220 and 273 nm.  

 The fungal taxol was further subjected to IR spectroscopy and spectrum of the 

fungal taxol was similar to the authentic taxol.  

 All the three fungal isolates produced taxol. Among them Phoma moricola fungus 

is not yet reported for taxol production till date. So this culture is chosen for 

further studies.  

 To confirm the presence and quantification of Taxol, the Phoma moricola fungal 

extract was subjected to high performance liquid chromatography (HPLC).  The 

fungal sample gave a peak with similar retention time as that of standard Taxol. 

The quantity of Taxol produced by the fungus was calculated and it was estimated 

to be 302µg/L. 

 The fungal compound produced an identical mass spectrum as that of authentic 

paclitaxel. Characteristically, authentic taxol yielded both an (M + H)
 +

 peak at 

854 and an (M + Na)
 +

 peak at 876. By comparison, fungal taxol also yielded an 

(M + H)
 +

 peak at 854 and an (M + Na)
 + 

peak at 876.  

 The identity of fungal Taxol was further confirmed by mass spectrum and 
1
H-

NMR spectra spectroscopy. The mass spectrum and 
1
HNMR spectrum of isolated 

Taxol was identical in all respects to that of the authentic Taxol. 

 The cytotoxic effect of fungal Taxol was evaluated in A549 cell line by the MTT 

assay. The IC50 value of fungal Taxol was calculated as 51μg/ml.  
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 Morphology and nuclear changes of A549 cells after treatment with fungal Taxol 

at 24h was observed. The cell shrinkage increased progressively when compared 

to control cells.  

 

CONCLUSION                                                                                                                            

 This study was carried out to isolate and bioprospect the leaf spot pathogenic 

fungi from 16 different plants growing in the Madurai Kamaraj University (MKU) 

campus. About 18 fungal isolates were recovered from them. Pathogenicity of the isolates 

was verified through detached leaf assay and they were identified based on ITS2 

sequence-secondary structure based phylogenetic analysis. The presence of fungal taxol 

was screened using chromatographic and spectral methods. Three fungal isolates namely 

Phoma moricola Ls-12, C gloeosporioides Ls-08 and C. truncatum Ls-18 were observed 

to produce taxol. Among these, taxol from Phoma moricola Ls-12 was evaluated for 

anticancer activity against A549 cancer cells. Effective inhibition of cell proliferation and 

induction of cell death was visualised. Based on the above results, the fungal Taxol 

extracted from the leaf spot fungus Phoma moricola could serve as an alternative source 

of this novel therapeutic drug. 
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