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I INTRODUCTION 

Plants are the basis of traditional medicine systems that have been in existence for 

thousands of years. A clinical, pharmacological, and chemical srudy of these traditional 

plants derived medicines and forms the basis of most early medicines such as aspirin, 

digitoxin, motj:lhine, <.Juinine and pilocarpine. Plants continue to provide with invaluable 

compounds as starting point for development of new drugs. The potential for finding new 

compounds from plants is enormous as rill date only about 1 % of tropical species have been 

studied for their pharmaceutical potential (Buder 2004). 

Even at the dawn of the twenty-first century, 11% of the 252 drugs considered as 

basic and essential by the World Health Organization were exclusively from flowering pLlnts. 

(Rates 2001 atld Raskin tl aI, 2002). In the past screening efforts, plant extracts were 

evaluated !!Woly in experimental animals. The National Cancer Institute (NeI) in the United 

States (Suffness and Douros 1982; Cragg tt a/, 1997) and the Central Drug Research Institute 

(CDR!) in India (Dhar eI al, 1968; Dhawan tl aI, 1980; Bhakuni d a4 1969) sponsored the 

most extensive of the screening programs. Mor~ than 35,000 species were screened ill vitro 

and later il1viJ}O by Ncr from 1960 to 1981. Taxo! and camptothecin (Wall and Warn, 1996) 

were discovered in this program although several other compoWlds were WlSuccessful in 

human studies. These chemicals derived from plants have demonstrated pharmaceutirnl 

activity against human ailments such as cancer and Hrv. For example against cancer, taXanes 

from ToxllS J/J; terpenoid indole alkaloids, including Vincristine and Vinbblstine from 

Calharolllhlls rosms; Camptothecins from Camplolhr((Q ammino/a showed activity. Similarly 

against HIV coumatins, including Calanolide A :md B from Calop'?Y"1II1I lanigemlll showed 

activity (Roberts 2007). 

Several of these anti-tumor drugs (including taxols, camptothecins, tnaytansine, 

homoharringtonine, vinblastine, vincristine, indicine-N-Oxide, baccharin, podophyllotoxin 

derivatives and etoposide etc) sold today are simple synthetic modifications or copies of the 

naturally obtained substances and are being extracted from plant sources (Nalawade el ai, 

2003; Yan (/ a/, 2003; Butler 2004). Considering the enormous potentiality of these 



compoWlds, several laboratories worldwide have been working on them towards 

standardizing methodologies for their large-scale production. 

Among the plant-derived compoWlds, carnptothecin (CPT), a quinoline alkaloid, has 

been extensively used as a novel anti-tumor agent. CPT, a monoterpene indole alkaloid 

obtained from several plant sources. It was first isolated from extracts of Camp/o/heea 

tJC1IflIillOtu, a tree native to China (\Vall and Wani, 1968). Following the discovery that the 

primary cellular target of CPT is DNA topoisomerase-I (tapa-I), a number of reports have 

indicated its therapeutic potential, against colon cancer, uterine cervical cancer and ovarian 

cancer (Masuda e/ol, 1992; Lilenbaum eI a/, 1995; Romanelli eta/, 1998; Clements el a/, 1999; 

Priel el04 1991). Two clinically used anti-tumor compounds, topotecan and irrinotecan, are 

currently semi-synthesized using natural camptothecins. In fact the ever-increasing 

wor:ldwide market of irinotecan and topotecan has currently reached one thousand million 

US dollars which represents approximately one ton of CPT in terms of raw material (Watase 

ef af, 2000). 

Besides this, there are 26 other catnptothecin-derived drugs, which showed 

promising results and are in clinical trials. Camptothecin analogs have also been 

demonstrated to be potent antiviral, anti-HIV agents and chemosterilants. Thus, 

camptothecin will have broader uses and worldwide demand of camptothecin (CPT) is going 

to increase (Cragg and Newman, 2004). 

Camptothecin has been isolated from several other species including Memliodmdron 

megacatpll1JJ (Gunashekara el af, 1979) and Nolhapor[y/es nimmoniana (Govindachari and 

Vishwanath, 1972) both belonging to the family Icacinaceae, OphiolTOhiza mllngoJ (rafut e/ al, 

1976) and O. pumila (Aimi el at, 1990) from the family Rubiaceae, Eravalamia h9mana 

(Gunasekara tl al, 1979) belonging to Apocynaceae and Mosf1lea bnllloniJ (Dai eI at, 1999) 

belonging to the family Loganiaceae. However to date, the highest content of CPT has been 

reported from NOlbapudyltf nimmoniana (about 0.3 % on a dry weight basis) compared to any 

other botanical source (Ku and Tang, 1980). NOlhapodylls nimmoniana Grahm formerly known 

as No/hapor[ylts foe/ida Sleumer and Mappia foefida Mcirs is a small tree of the family 

lcacinaceae. The tree commonly referred to as "Stinking Tree" and is native to wanner 
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regions of South India. Despite its great demand as the only commercially available source of 

these medicines, CPT is still supplied exclusively from intact plants, mainly C. omminafa and 

NOlbapo4JItI fol'lida (Icaccinaceae) (Watase tl al, 2004). But recent results of investigation 

showed that, wild happy tree populations are in few provinces of China owing to the 

exhaustive harvesting of trees from the wild. Recently the tree has been declared vulnerable 

(prop. 11.58). 

Consequently there has been an unprecedented pressure on the natural populations 

of Nothapo4J1ts nifl1moniana in the Western Ghats. Indiscriminate felling of the trees for short­

term gains could lead to the loss of elite individuals and populations which could otherwise 

serve as sources of high CPT. In fact it is estimated that just in the last decade, there has 

been at least 20% decline in the population leading to the red listing of the species (Hombe 

Gowda ,1 ai, 2002; Ravikumar and Ved, 2000). In addition to the difficulties of the practical 

total synthesis of these natural compounds and inconsistent supply of CPT from natural 

sources have raised a strong need for the establishment of more stable and profitable 

methods of producing CPT. Therefore it is essential to lind alternative and consistent 

sources to meet the pharmaceutical demand. In order to ensure a reliable supply of CPT 

several attempts have been made to identify alternate sources that would help in combating 

the heavy demand on single species of plants and some of them yielded good results. 

With this background the present study was specifi<;ally designed to screen 

populations of N nimmoniana in the Western Ghats to identify high CPT yielding individuals. 

Besides, the study intends to screen phylogenetically related genera of N. n;lIImolliono in the 

family Icacinaceae to yield alternate sources of CPT. The study is also proposed to isolate 

and screen endophytic fungi from N nimmoniana that produce CPT. 

The specific objectives of the study are to: 

1) Chemically profile populations of NOlhapo4Jlts ni",moniona in the Western Ghats for 

camptothecin and its related alkaloids. 
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2) Undertake molecular characterization of populations of Nothapo4Jtes nimmoniana in 

the Central Western Ghats, India using Simple Sequence Repeat (SSR) markers. 

3) Prospect phylogenetically related genera/species of Nothapo4Jtes lIimmoniana for 

carnptothocin. 

4) Prospect endophytic fungi from Nothapo4Jtes nimmoniana for camptothecin. 
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II REVIEW OF LITERATURE 

In this dupter the review of literature, pertaining to plants as source of medicine, natural 

products from plants used for cancer therapy are presented. A brief review is made on 

Camptothecin (discovery to clinic), sources of Camptothecin, with special emphasis on 

Nothrlj>Odytes nimmoniana: an Indian source of Camptothecin. An attempt to review the 

possible alternate sources of high valued secondary metabolites from plants with special 

emphasis on endophytic fungi has also been made. Besides a brief review of use of SSR 

markers in assessing population genetic variability of threatened plants species has also been 

presented. 

1. Plants as source of medicine: 

Plants are the basis of traditional medicine systems that have been in existence for 

thousands of years. Written records about medicinal plants date back at least 5000 years to 

the Sumerians; the first records written on clay tablets in cuneiform are from Mesopotamia. 

Archeological records suggest even earlier use of medicinal plants and continue into modern 

times (Swerdlow, 2000). 

Even at the dawn of the twenty-first century, 11 % of the 252 drugs considered as basic 

and essential by the World Health Organization were exclusively of flowering plant origin 

(Rates 2001). These chemicals derived from (Figure 2.1) plants have demonstrated 

pharmaceutical activity against human ailments such as cancer (for example, taxanes 

including paclitaxel from TaXils sp, vincristine and vinblastine from Catharan/hlls rosells and 

Camptothecins from C aC/lmina/a), malaria (for example, artemisinin from Artemisia annlll1), 

and HIV (for example, cournarins including Calanolide A and B from Ca/op'rY"llm lanigenlm) 

(Roberts 2007; Figure 2.1). Several of these drugs sold today are simple synthetic 

modifications or copies of the naturally obtained substances. 

Some of the drugs/chemicals are still sold as plant based drugs requiring the 

processing of the actual plant material. Others have been chemically copied or synthesized 

by laboratories and no plant materials are used in the manufacrure of the drug 

5 



(http://www.rain-tree.com/plantdrugs.htm). A good example of this is the plant chemical 

quinine, which was discovered in a rainforest tree (Cinchona kdgeriana) over 100 years ago. For 

many years the quinine chemical was extracted from the bark of this tree and processed into 

pills to treat malaria. Later, efforts were made to synthesize or copy this plant alkaloid into a 

chemical drug without using the original tree bark for manufacturing the drug. Today, all 

quinine drugs sold are manufactured chemically without the use of any tree bark. However, 

another chemical in the tree called quinidine which was found to be useful for various heart 

conditions could not be completely copied in the laboratory and the tree bark is still 

harvested and used to extract this plant chemical from it. Quinidine extracted from the bark 

is still used today to produce quinidine-based drugs. In the U.S. mere are four patented 

brand-name heart drugs sold in pharmacies containing bark-extracted quinidine: Cardioquin, 

Quinaglute Dura-tabs, Quinidex Extentabs and Quia-Release. 

Bioprospecting value of Biodiversity hotspots: It is estimated that only 5-15 % of the 

approximately 2, 50, 000 species of higher plants have been systernaricaUy investigated, 

chemically and pharmacologically (BaIandrin e/ af, 1993). Wim more than 2, SO, 000 species 

of higher plants more useful drugs remains to be discovered. The potential of large areas of 

tropical rainforests remains virtually untapped. VariollS studies have attempted to assess the 

value of plant diversity for pharmaceutical uses. Hit probability for unit area of land in a 

biodiversity hotspot is proportional to the density of endemic species in the area. Western 

Gbats constitutes one of me unique biological regions of the world. Among the biodiversity 

hotspots, it ranks 5'" in its bioprospectlng value (Figure 2.2) (pushpam Kumar, 2004). Fifty­

six genera and 38 percent of all species of flowering plants are considered endemic to the 

Western Ghats. About 63% of India's evergreen woody plants are endemic to the Western 

Ghats. Nearly 650 species of plants in the Western Ghats arc trees. With such a huge 

diversity of endemic plants including medicinal plants distributed all along Western Ghats, 

there is irrunense potential for bioprospecting for biologically active compounds in this 

region. 
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Western Ghats, hotspot of biodiversity, India. 

2. Anticancer natural productS from plants 

Cancer is second only to heart disease as a leading cause of death in the United States 

and it is estimated that about one out of every three Americans develop cancer at some point 

during his or her lifetime. Drugs from plants (narural product drugs) have played a domtnant 

role in pharmaceutical care for the ueaanent of various diseases, especiall), cancer. The 

greatest recent impact of plant-derived drugs was probably fdt in Ihe antitumor area, where 

taxol, vinblastine, vincristine and camptothecin have dramatically unproved the effectiveness 

of chemotherapy against some of the deadliest cancers (Raskin" al, 2002). 

The search for anti-cancer agents from plant sources started in 1950s with the discovery 

and development of the vinca alkaloids, vinblastine and vincristine, and the isolaoon of the 

cytotoxic podophyllotoxins. These discoveries prompted the United States National Cancer 

Institute (NCI) to initiate an extensive plant collection program in 1960, focused mainly in 
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temperate regions. 'This led to the discovery of many novel chemotypes showing a range of 

cytotoxic activities, including the taxanes and camptothecins, but their development into 

clinically active agents spanned a period of some 30 years, from the early 1960s to the t 990s. 

Several plant-derived compounds are currendy successfully employed in cancer 

treatment. One of the most significant examples is the vinca alkaloid family isolated from the 

periwinkle Ca/har(lIIthlls rosms, which is found in the rain forests of Madagascar. The 

introduction of the vinca alkaloid vincristine was responsible for an increase in the cure rates 

for Hodgkin's disease and some forms of leukemia. Vincristine inhibits microtubule 

assembly, inducing tubulin self-association into coiled spiral aggregates (De Vita ef 01, 1970; 

Noble 1990). 

The two clinically active agent's etoposide and teniposide are semi synthetic 

derivatives of the natural product, epipodophyllotoxin. Epipodophyllotoxin is an isomer of 

poaophyllotoxin, which was isolated as the active antitumor agent from the roots of various 

species of the genus Podophylblm. These plants possess a long history of medicinal use by 

early American and Asian cultures, including for the treatment of skin cancers and warts 

(Stahelin 1973; Liu 1989). 

More recent additions to list of plant-derived chemotherapeutic agents are the 

taxanes and camptothecins. Paclitaxel (taxol) initially was isolated from the bark of Taxlis 

brevifolia (faxaceae), collected in Washington State as part of a random collection program by 

the U.S. Department of Agriculture (USDA). The taxanes paclitaxel and docetaxel, showed 

impressive antitumor activity against breast, ovarian and other tumor types in the clinic. 

Paclitaxel stabilizes microtubules, leading to mitotic arrest (Wani el a/, 1971). 

Like wise Camptothecin was discovered from Camp/a/heea ammi"a/a. Camptothecins are 

monoterpene indole alkaloids and are lauded as ()ne of the most promising anticancer drugs 

of the twenty-first century (Romanelli e/ ai, 199B; Vladu (/ 01, 2000). lrinotecan and 

Topotecan, of camptothecin (CPT) have been approved by the Food and Drug 

Administration of the United States of America (FDA) for treating colorectal and ovarian 
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cancer (Lilenbaum tl 01, 1995). Presently both taxanes and the camptothecins are used as 

precursors to semi synthesize various clinically useful antitumor drugs. 

3. Camptothecin: 

Camptothecin (CPT) is a potent antitumor agent first isolated by Monroe E. WaD and 

Mansukh C. Wani in 1958 from extraets of CamplolhtCd dGll1lillaltJ ("Xi Shu" or tree of joy), a 

deciduous tree native to China and Tibet, which has been extensively used in traditional 

Chinese medicine. 

Discovety of CPT: The discovery of the potent antitumor activity of an extract of the 

leaves of Camp/o/hera QCIIl1Iinata Deem:. (Nyssaeeae) by Wall in 1958 was somewhat 

serendipitous. The Chico Station provided leaves of Campto/hua a(llfllinala to the 

Biochemistry Division of the USDA's Eastern Utilization and Devdopment Division 

(EVRDD) research labs in Philadelphia (Technical Bulletin). One of whose ob;ectives was to 

screen for plant steroidal sapogenins suitable for the synthesis of Cortisone. 7000 of the 

extracts were also tested for potential antitumor activity through collaboration with Dr. 

Jonathan Hartwell of the National Cancer Institute (NCI), Cancer Chemotherapy National 

Service Center (CCNSC). In 1958, Dr. Hartwell informed Dr Wall that, of all the extracts, 

only Camptothe.a aml1linata demonstrated activity in a number of assays including CA 755 

(adenocarcinoma) assay. 

In July J 960, WaD joined the newly founded Research Triangle Instirute as head of 

the Natural Products Lahoratory and in 1962, was joined by Dr. Mansukh Wani; this was the 

beginning of a highly productive partnership that would last over four decades. This also led 

to a lifelong collaboration with the Ncr and one of the early products of this collaboration 

was the isolation and strllcruIlil elucidation of camptothecin as the active agent of C. 

11(11l11illall1 in 1966 (Cragg and Newman, 2004). 

Mode of action of CPT: The cellular target of the CPT is topoisomerase 1 (rope-I), a 

nuclear enzyme responsible for DNA replication. CPT interncts only with cells, which are in 

the S-phase. CPT molecules bind to topoisomerase I-DNA complex and prevent the 
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replication process (Hseing ef ai, 1985). 'This means that CPT is toxic to cells that are 

undergoing DNA synthesis. Rapidly replicating cells such as a cancerous cell spend more 

time in the S-phase relative to the healthy tissues. Therefore, cancerous cells are killed with 

much higher efficiency than the healthy host tissues_ Such selectivity of cytotoxicity is a 

promising property of CPT. 

Topo-I unwinds supercoiled DNA ahead of active transcription/translation sites 

("replicating forks"). The noncovalent complex of double stranded DNA and Topo-I, 

described as the "noncleavable complex," is in rapid kinetic equilibrium with the so-called 

"cleavable complex," which forms when Topo I creates a transient break in one DNA strand 

and concomitandy becomes covalendy bound to the 3'.phosphoryl end of the mutilated 

nucleic acid.. The intact DNA strand is allowed to unwind once and to pass through the 

break site, before Tapa I re-ligates the cleaved DNA and re-establishes the double stranded 

configuration. These events constitute an obligatory stage of DNA replication/transcription, 

as the DNA mus! be unwound for the cell to express genetic information or to divide. 

Camptothecin interferes with the religation by binding to the DNA-enzyme binary complex 

resulting in a reversible enzyme-camptothecin-DNA tertiary complex (Figure 2.3). 

Consequently, the advancing DNA polymerases operating in the replicating fork soon 

"collide" with the stabilized cleavable complex and create an irreparable double-strand break. 

This event is fatal to the cell (Hseing ,1 at, 1985; Uu el a/2000). 

Sttucture-Activity Relationship Studies: Due to the S-phase specificity of CPT, 

continuous exposure to this drug must be maintained in order to achieve optimum 

therapeutic: efficacy. Unfortunately, there is some difficulty for CPT to fulfill this 

requirement. Under physiological conditions (PH=7_4) CPT hydrolyses and converts to the 

"ring opened" inatti"e carboxylate fonn (pizzolato and Saltz, 2003)_ 
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Figure 2.3: Mechanism of action of CPT. 

The concentration of the lactone fonn is much smaller than carbo~l'late and depends 

on the environment into which the CPT is introduced. The low concentration of the lactone 

fonn under physiological conditions setiously limits tht possibility of CPT appllcarion 10 

cancer chemotherapy (Figure 2.4). Efforts to find more stable CPT analogues have been 

undertaken. The new analogues were obtained by modifymg the camptothecm molecule. 

In order to improve the antitumor efficacy of camptothecins, several approaches have been 

undertaken. This includes the development of pro-drugs, new fonnulanons, syntheSIS of 

lipophilic and water soluble camptotheCills. Particularly great deal of attention was paId to 

water-soluble analogues to facilitate intravenous drug administranon. 

Research in this direction has culminated in aclueving a major milestone by 

successful cnmmerciallaunching of two water soluble analogs namely lrinotecan (prodrug) 
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and Topotecan as approved drugs for the treatment of lung, cervical and metastatic ovarian 

cancers (Dai el 01, 1999; Burke and Born, 2000) . 

o 
OH 

o 

44 

Lactone form (closed ring) Carbo"ylate form (open ring) 

Figure 2.4: Forms of CPT in physiological fluids Qactone and carboxylate foro1s). 

CPT analogues in clinical u se: It Was proved that camptothecin derivatives obtained by 

modification of CPT molecule at positions 7, 9 or 10 retain the anticancer activity. Some 

camptothecins obtained by such modifications are summarized in Table 2.1. Topotecan 

(TP1), lrrinotecan and SN-38 are approved as anticancer drugs and are used in 

chemotherapy of many human cancers (Kruszewski and Thomas, 2002). These compow1ds 

exlublt substantially higher stability in the hwnan blood in comparison to Carnptothecin as 

such. 

Ro R1 
RlO 

A) Basic structure of CPT. 

Compound R7 R9 RIO 

Camptothecin II II II 

8) Topolean H CH2N(CH312 OH 

lrrinolecan (CPT ~ 111 CiHS H 02CNCsH1NCsHs 

SN·38 C:,H, II 011 

DB-2f12 SiICH,),C(CU"3 II H 

DB·67 SiICH:v,CICH I H OH 

Table 2.1: Structure of CPT (A) and its analogues (B) that are in clinical use. 
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Recent pteclinical developments of CPT: Of the 2255 cancer clinical trials recorded, as 

of August 2003, at the website http://clinicaltrials.gov/ct/scrcen/AdvanccdSearcn, 121 or 

approxim:ltely 5.3% are listed as involving camptothecin-derived drugli, including 74 with 

irinotecan (CPT- t t), 32 with topotecan and 12 with other miscelbneous analogues, either as 

single agents or in combination with other anticancer agents. 

The topoisomerase I-interactive agents in clinical and ptedinicll development, as 

reported in the Prous Enftfllblt database, Of the 60 agents listed, 26 or approximately 43%, 

are camptothecin derivatives, which emphasizes the considerable continuing interest in 

enhancing the effectiveness of this class of molecules (Cragg and Newman, 2(04). 

Other pharmacological activities of CPT: ePIs have also been studied as potent 

inhibitors of replication, mnscription, and packing of double stranded DNt\-containing 

adenoviruses, papovaviruses, herpesviruses and the single-stranded DNA-con~ 

autonomous parvoviruses (panta<.is et aI, 1999). CPT inhibits viral fullctions by poisoning 

topa 1, the host cell enzyme required for initiation and completion of viral functions. If 

properly developed, CPTs could prove to be powerful antiviral drugs for several DNA 

vituses, which are causative agents for a large number of diseases (pantazis tl til, J 999). 

In the mid-1990s, CPT was also shown to have promising activity against patasitic 

trypanosomes and Leishmania (Bodley and Shapiro, 1995). More recently, researchers at the 

National Cancer Institute screened 2000 diverse compounds for functional inhibition of the 

hypoxia-inducible facto! 1 (HlP-I), a master regulator of the cancer cells ability 10 swvive 

under oxygen deprivation. Only four compounds exhibited HlF-l inhibitory activity, ~nd 

three cf these were ePTs (Rapisarda el a/, 2002). Hence, these drugs may have other 

desirable activities against solid tumors that are independent of ropo-l poisoning (pantazis tl 

(41999). 

Natural sources of CPT: Camptothecin W~S fust isolated from a Chinese deciduous tree 

Camptolh,ctl tl(ufNina/Q Decaisne (Nyssaceae) (Wall (/ .. 1, 19(6). Later CPI was isolated from a 

variety of plants including Mtrriliod4ndron mtga(lIrpum (Arisawa (/ til, 1981) and Nqlhli'JXll!Jkl 

forlit/a (Aiyarna el af, 1988), both belonging to the family kaOnaceae, Ophirrom'{tl mungos 
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(rafur tI ai, 1976) and O. pllmi/o (Saito ef a/, 2001) from the family Rubiaceae, Eravalamia 

heyl1eona belonging to Apocynaceae (Gunasekera el a/, 1979) and Mastllea bf1(f1onis belonging 

to the family Loganiaceae (Dai et at 1999). The relative concentration of CPT from the 

various species and tissues are presented in Table 2.2. The maximum reported content of 

CPT ranges from about 0.3 to 0.4 per cent. Compared to CampothecD dCllminl1/a which had the 

highest CPT content in the leaves, in Nothi1Jiotfytes nimmoniana the CPT content was highest in 

the stem bark. 

'JNIVEiiSl1 Y (.,f ACfllCUL 11. RAL S';;f.NCES 
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Table 2.2: CPT (% dry wt) content in different plant species and tissues. 

Plant species Tissue analyzed CPT (';' dw) References Chromatographic 
analysis 

Camptotheca OCIIminota ~leaves 0.4-0.$ ILopez tl 0/1994 HPLC 
iSeeds 0.30 ILopez tl all994 HPLC 
iBark 0.18-0.2 ILopez "0/1994 HPLC 
IY oung leaves 0.24-0.30 Li.lo/2002 HPLC 
Hairy roots 0.1 Lorence and Craig 2004 HPLC 
Callus 0.20-0.23 lWieden feld tl 011997 IIPLC 

Complolhtco WlPITJona Young leaves 0.39-0.55 ILi t10l2002 HPLC 
Old leaves 0.09-0.11 ILi 11012002 HPLC 

Camp/a/hera Junnontnsi! Young leaves 0.25-0.44 ILi tl 012002 HPLC 

Old leaves 0.059 I...i tlol2002 
'jImltontia htylleona 

!Wood, stem bark 0.13 Gunasekera .1 al1979 
HPLC 

[jJmiliodendriJlI m'lForpum 
!Leaves and stem 0.053 lArisawa ,I 011981 

HPLC 

Ophiorrhiza pllmila IY Dung roots 0.1 ~aito tl 0/2001 
HPLC 

Hairyroots 0.1 ~aito tl al200 1 

Ophiorrhiza lillkill'nsis Whole plant 0.012 Kitijima .1012005 
H'Nl\oiR 

OphiorrhiZO !lllIl/gOJ Whole plant 0.0012 
Tafur el 01 1976 HPLC 

Ophiorrhizo "'gola Albino plants 0.1 Vineesh II al2oo7 
HPLC 

Plant grown invilro 0.03 lVineesh tlol2007 HPLC 

!Mosluta bnlllonis iWhole plant 0.01 
Pai tl 011999 HPLC 

!IJnnacanlha !eIoilllpna ~tems izhou tl 012000 
HPLC 

0.0048 

NOlhapodylts {otlida tern wood 0.14-0.24 ~yamHf 011988 HPLC 

~hoot 0.075 Roja and HeMe 1994 HPLC 

J'lant 0.048 IV amazaki tt al2oo3 HPLC-DAD-ESI 

~olhapodylel nimmoniona 0.3 
lGovindachari and UV,IR, 

Membark jVjshw~!han 1972 Nl\oiR and MS 

Wood 0.1 Govindachari '002 HPLC 

Leaves 0.081 Padmanabha " 012006 mLC 

tern bark 0.236 Padmanabha .f 012006 HPLC 

~ootbark 0.33-0.77 lPadmanabha " 012006 HPLC 

tern wood 0.14% lPadmanabha tI 0/2006 HPLC 

Root wood 0.18% lP.dmanabh2 tI 012006 HPLC 
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4. Biosynthesis and translocation of CPT: 

Although camptothecin is structurally gl'Ouped in quinoline alkaloids, it is biogenetically a 

modified monoterpenoid indole a1kalqid (TIA). Hutchinson et a/1979 provided the evidence 

by demonstrating the incorporation of radioactive tryptophan, tryptamine, mevalonic acid 

and strictosidine and isolating radioactive CPT from the apical cuttings of young seedlings of 

C. aCCllminata. 

CPT is derived from strictosidine, a product of condensation between indole tryptamine 

and terpenoid secologanin, catalysed by the enzyme strictosidine synthase (Kutchan, 1995). 

Sttictosidine is converted into strictosamide and thereafter to CPT through several 

intermediary steps that are not yet elucidated. Figure 2.5 excerpts the elements of the 

pathway that is generally regarded to be involved in CPT biosynthesis. As seen from the 

figure, except the last few steps, most other genes involved in the biosynthetic pathway are 

well characterised and available (Yamazaki tt aI, 2004) raising the possibility of exploring a 

processes for CPT production. 

As a secondary metabolite, synthesis of CPT may be induced by biotic or abiotic factors. 

In Camptotheca acuminata, discs when treated with fungal elicitors and methyl jasmonate led to 

an increase in the expression of a gene for a key enzyme in CPT biosynthesis, tryptophan 

di{ariJo:q/alt (Lopez and Nassler, 1997). 

At cellular level, CPT has been localized in mesophyll and sub-palisade layers of young 

leaves. CPT has also been localized in vacuoles of young and older leaves (Nolte, 1999), The 

precise mechanism of transport and storage of CPT has not yet been fully understood. One 

possible mechanism of transport of such an insoluble compound is its conversion into a 

more water-soluble form such as glucosides ego Cbaboside. 
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5. Demand for CPT: 

There are 26 other camptothecin derived drugs, which showed promising results and are 

in clinical trials. Camptothecin anologs have also been demonstrated to be potent antiviral, 

anti-HIV agents and chemosterilants. Thus, camptothecin will have broader uses and 

worldwide dernw.d of CPT has been increased (Cragg and Newman, 2004). The worldwide 

market of irinotccan and topotecan has currently reached one thousand million US dollars, 

which represents approximately one ton of CPT in tenns of raw material. Despite its great 

demand as the only corrunercially at'ailable source of these medicines, CPT is still supplied 

exclusively from intact plants, mainly Camp/otheco QC1I1nillata and Nothapotfytes fletida 

(lcacinaceae) (Watase e/ (/2004). 

Presently, CPT production relies primarily on the extracts from Campfotheca acuminata. 

Recent reports states that (comprehensive statistics of the seed company and research 

institutes) 1000 kg pure of CPT is traded per year. According to calculations the 1000 kg 

CPT comes from approximately 3,000,000 kg seeds of750,000 happy trees (fifteen years old) 

or 9,000,000 kg branches or timber (come from 500,000 happy trees which are fifteen years 

old). Although the historical range of happy tree's distribution is wide. According to the 

results of investigation, wild happy tree populations are in few provinces of China owing to 

the exhaustive harvesting of trees from the wild. Recently the tree has been declared 

vulnerable (prop. 11.58). 

In India catnptothecin is being isolated from various parrs of Nothapotfylts nimmOlliallQ 

(formerly Mappia foe/ida) (Icacinaceae). CPT is mainly isolated from the stems of N 

nimmonMna. 

Nothapaclytes nimmoniana: 

Nf)thapodyJu nimmDlliana, Graham, fonnerly known as NoJhapudyfeJ foe/ida Sleumer and 

Mappia jodida Metts is a small tree belonging to the family Icacinaceae. N. nimmolliallo 

commonly referred to as "Stinking Tree", is native to warmer regions of South India. The 
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tree is distributed in the shola forests in Nilgiris and present in both the Western Ghats and 

the Eastern plateau. It is also distributed in Sri Lanka, Myarunar, Indonesia and Thailand 

(Hornbe Gowda el a/2002; Ku and Tang 1980; Wu ff a/ 1980). The species exhibits a wide 

array of breeding systems including male, female, hermaphlOdite, monoecious, 

andromonoecious, gynornonoecious and trimonoecious individuals (Hombe Gowda tl 111 

2002). 

Nothapodytes nimmoniana ricb source of CPT: NOlhapotiy/(J nimHlollialltl has gained 

international importance because of its pharmacologically important compound 

Carnptothecin. It is the potential source of CPT and its derivatives than any other botanical 

sources known to occur in the country. The dried plant material has about 0.14-0.24% of 

CPT (puri If a/1999). The stem bark, stem wood, root bark, root wood and leaves are 

significant sources of the anticancer alkaloid. Raja and HebJe (1994) reported that shoots of 

mature trees of M. foe/ida contained 0.075% CPT and om 3% of 9-methoxycamptothecin 

(gePT). Traditionally, CPT has been extracted from root, root bark and fruits (Liu If 111 

1999). Fairly good amounts (0.10%) of these alkaloids are also found in the seeds (pun 11(11 

1999). 

A recent study on different tissues for CPT content revealed that stern bark and root 

bark had high concentration of 0.23% and 0.29% respectivdy. Over aU, bark tissue had 

significandy higher CPT than any other plant pan. The leaf had lowest CPT of 0.08% 

(padmanabha tt (12006). 

Studies of Suhas IJ 01 2007 provide one of the most exhaustive chemical screenings 

of N. IIi",,,,olliallll for CPT. The study is perhaps the first to report at least 5 to 8 fold more 

CPT in N. lI;mmOlliana than is hitherto reponed. The study has demonstrated a significant 

population levd variation in CPT content-a tool kit that can be exploited for developing 

clonaUy multiplied material from the identified high-yielding populations. 

Threats: NOlhapodylti /Ii/II/!/oll;anl1 has been exploited quite intensively from its natural 

populations in the Western Ghats forests. In many areas of western/south western 

Karnataka, the species has been very heavily extracted The export data recorded at the 
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Bombay port during 1994 shows the ell:port of wood chips of this species to the tune of 54 

tunes. Based on its assessed decline of more than 20 % over the last 10 years, this species has 

been assigned the threat status i.e. vulnerable at the regional level in south India (Ravi kumar 

and Ved, 2000). 

6. Endophytic fungi: 

Endophytes are microorganisms whose infection is generally inconspicuous, the host 

tissues infected are at least transiently sytnptomless. Microbial colonization can be 

demonstrated to be internal, either through histological means or by isolation from strongly 

surface disinfected tissue, or most recendy, through direct amplification of fungal nuclear 

DNA from colonized plant tissue (Stone ,I o/. 2000). They are quite ubiquitous and have 

been found in all plant species ell:arnined to date (Arnold el 0/ 2000). Endophytes mediate 

interactions between host plants and their competitors, herbivores and pathogens (Carroll 

1988; Clay 1990; Oay and Holah 1999). 

In addition, fungal endophytes have been recognized as a repository of novel secondary 

metabolites. Some of which have beneficial biological activities (Bills and Polishook 1991; 

Strobel and Daisy 2003). A recent comprehensive study has indicated that 51 % of bioactive 

substances isolated from endophytic fungi were previously unknown (Schutz 2001). Out of 

many bioactive molecules, paclitaxel and some of its derivatives represent the first major 

group of anticancer agents that are produced by endophyte •. This compound is the world's 

first billion-dollaI anticancer drug and is used in the treatment of several human cancers. 

Another molecule camptothecin (CPT), a monoterpenoid alkaloid found in NOlhapot!ytes 

nimmolliona is one of the most sought after compounds for treatment against certain forms of 

cancer. Recently, Puri e/ a/200S have isolated an endophytic fungus which produces CPT 

from NothapoifJtts nimmoniana. Hence, the endophytic fungi are expected to be a potential 

source for new natural bioactive products. 

7. SSR markets: 

In recent yeats Microsatellite markers or simple sequence repeats (SSRs) have become a 

popular tool for genetic mapping (Weissenbach et. aI., 1992), and analysis of paternity, and 

21 



gene flow (Chase et. al., 1996). SSR's contain tandem repeats of simple motif sequences 

distributed throughout the genomes and are capable of detecting a large number of aIlcl~s 

with high reproducibility CUtt and Luty 1989; Tautz 1989). Th~se nucl~otide repeats are 

often flanked by unique sequences which are conserved and hence it is possible that SSR 

primer developed foe one species can be used to detect polymorphism at "homologous" loci 

of a related species. The high degree of polymorphism and co-dominance of microsatdlites 

make them extremely informative (Beckman and Weber 1992). Hence they arc markers of 

choice for 'DNA fingerprinting' applications and have been used to investigate questioll5 

relating to effective population size, population structure, migration and colonization rates 

and roaring systems (Luikart aDd England 1999; Ouborg e( 011999; Sunnucks 2000; Morgan 

and Conner 2001; Clauss rI4120(2). 

Microsatellites, markers appear to be hyper variable, in addition to which their co­

dominance and reproducibility make them ideal for genome mapping, as well as for 

population genetic studies (Dayanandan (I 01, 1998). Inter-SSRs are a variant of the RAPD 

technique, although the higher annealing temperatures probably mean that they are more 

rigorous than RAPDs. Chloroplast microsatellites (cpSSRs), are similar to nuclear 

microsatellites but the repeat is usually only 1 bp (f) •. 

Microsatellite variation results from differences in the number of repeat units. These 

differences are thought to be caused by errors in DNA replicatioD (Moxon and Willis, 1999; 

Jame and Lagoda, 1996). The DNA polytnerase "slips" when copying the cepeal region, 

changing the number of repeats (Jame and Lagoda, 1996). Larger changes in repeat number 

are thought to be the result of processes such as unequal crossing over (Strand e/ o/, 1993). 

Such differences are detected on polyacrylanIide gels, where repeat lengths migrate different 

distaDces according to their sizes. MicIOsatellites, which detect variation at individual loci, 

have been thought of as the "new allozymes". Consequently much of their use has been in 

studies where aIlozymes have been used, e.g. diversity studies (Roseno d of, 1999), gene flow 

and mating (Chase II 01,1996) systems and paternity analysis. 
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As with .AFLPs, the great advantage of microsatellite analysis is the large munber of 

polymorphisms that the method reveals. One locus in soybean (GlYcine ma.:,<) is reported to 

have 26 alleles (Cregan e/ ai, 1994). Furthermore, the ability of the method to differentiate 

individuals when a combination of loci is examined makes the technique very useful for 

gene-flow experiments, cultivar identification and paternity analyses (Hokanson et ai, 1998). 

Since microsatellites only survey one locus at a time, they are not direcdy comparable to 

AFLPs. Comparisons that include microsatellites with other single loci markers, such as 

RFLPs and isozytnes. For example, Rossetto et al. (1999) found that observed heterozygosity 

(HJ for Mtlakucl1 alttmifo/ia microsatellites to be 0.724, much higher than the value for 

allozymes (Ho = 0.154). McCouch tt at (1997) compared the number of alleles revealed by 

RFLPs and microsatellite loci in rice (Oryza sp.) and found 2-25 alleles per micro satellite loci 

compared with 2-4 alleles per RFLP loci, illustrating the large number of polymorphisms 

potentially highlighted by microsatellites. 

Unlike AFLPs, microsatellites are co-dominant markers, thus heterozygotes can be 

readily identified. Microsatellite co-dominance will increase the efficiency and accuracy of 

population genetic measures. Furthermore, the identity of heterozygotes in the F I generation 

makes gene flow, hybridisation and paternity analyses simpler (Schlotterer and Pemberton, 

1994). Since the method is DNA-based, this brings advantages, such as high-throughput 

and the ability to use dried leaf material. In comparison with allozymes, SSRs are thought to 

be selectively neutral is one of the assumptions of using markers in many analyses, which 

though not essential for phylogenetic studies. 

23 





III MATERIALS AND METHODS 

In this chapter, we present the materials and methods pertaining to 1) Chemical profiling 

of different populations of NolhopoqyleJ nimmoniana for camptothecin and its related alkaloids and 

2) Molecular characterization of populations of Nothapodytrs nimmolljolla in the Central Western 

Ghats, India using SSR markers 3) Prospecting phylogenetically related general species of 

Nothapoqylu nimnroniana for camptothecin and 4) Prospecting endophytic fungi from NolhapoqyleJ 

nimmoniallo for camptothecin. 

1. Chemical profiling of populations of Nothapodytes nimmoniana for CPT and its related 

alkaloids. 

Notbapodytes nimmoniana: Ecology and disuibution 

NOlbapfJqytelllimmfJllialta Graham formerly known as NothapoqyleJ joelidl2 Sleumer and Mapp;/} 

joetida Metts is a small tree belonging to the family Icacinaceae (Figure 3.1). The genus NOlhopodyl6J 

includes N. obllllifolio distributed in China, N. montana distributed in Thailand, north eastern 

Sumatra, western Java, western Sumbava and N. pitfo.tpomideJ, distributed in China and Indonesia. 

It is also reported in Taiwan. N. nimmoniano commonly referred to as "Stinking Tree", is native to 

warmer regions of South India. It is reported in the western parts of Deccan peninsula, N ocl 

Bengal and Assam. The tree is distributed in the shola forests in Nilgiris and present in both th, 

Western Ghats and the Eastern plateau. It is also distributed in Sri Lanka, Myanmar, Indonesh 

and Thailand (Hombe gowda et at, 2002). 

The species exhibits a wide array of breeding systems including male, femal, 

hennaphrodite, monoecious, andromonoecious, gynomonoecious and trimonoecious individua 

(Hombe gowda eI ai, 2002). The trees flower during July-August and most of the early flawerin 

trees are dioecio\lS, whereas late flowering trees are monoecious, hermaphrodite and a mixture ( 

other breeding types (Hombe gowda tlol, 2002) (Figure 3.1). The fruits tipe during Novemb( 

Decemberand germinate during May-June after the onset of monsoon rainfall (Figure 3.1). 



Figure 3.1: Nolhopotiyles lIiIHmolliollo trce showing 1\ ) tree under profuse flowering In October 2007 and 
pollinated by flies that arc artracted to foerid smell. B) tree with immarure fruits q tree with mature fnuts. 

(photo credits: D r. G Ravikanth). 
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Disuibution of Norbapodyra nimmoniana in Westem Ghats, India. 

NDIIHtpot!yIU nim1JlOllitmO is distributed all along the Westem Ghats. The distribution is dense 

in northem parts of Western Ghats comprising the regions of Amboli in Maharastla and parts of 

Sirsi in Northem Kamataka. The distribution is sparse in southern parts of Westem Ghats in 

Kerala; populations were located in only 3-4 regions such as Mananthwady, Periyar Tiger Reserve 

(PTR) and Kuttikanam. There was nearly an even distribution of the species in southern parts of 

Karnataka comprising parts of Hassan, Agumbe, BR Hills and Kemmanagundy etc. The species 

was not recorded in the region between Mananthawady and Periyar Tiger Reserve and in parts of 

Tamilruldu as far as the primary data sets were considered (Figure 3.2). 

Figure 3.2: Map showing the distribution of NOlhapotfyles nim1Jloniona in Western Ghats of India. 
Map was developed based on primary points of occurrences (n=64 records) of N. nimmoniana. 
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3.1.1 Study sitefl and Sample coUection 

The samples were drawn from an earlier collection of 147 tre~s that w~re chemically profil~d 

for camptothecin (Sums tl a/, 2007). These trees were sampled from 11 populations along the 

Western Ghats (from SO N to IS" N latitude), one of the three-megadiversity hotspots in India. 

Twenty-three of the trees from 4 populations were found to have CPT in excess of 1 per cent cith~r 

in their stern or root barks. These individuals were sampled again and subjecu:d for con~istency 

analysis as well as detailed chemical profiling using LC-MS and LC-MS/MS chromatographic 

techniques to identify new Camptothecines if any. 

We chose 17 of these 23 trees (9 for which highest CPT was reported from stem bark and 8 

from root bark) for the HPLC/LC-MS qWlntification of camptothecin as well as in deu:cting other 

camptothecines in these tissues. Each of the trees was given a unique identification number and the 

details of collection (tissue collected), name of the sitt, latitude and longitude of collection, were 

recorded in a registry maintained at the School of Ecology and Conservano", University of 

Agricultural Sciences, GKVK, Bangalore, India. For each tree, the girth at breast height was 

recorded. For stem bark collections, the outer bark at breast height was scrapped using a knife and a 

section of the inner bark (5cmXScm) was collected into a plastic bag and sealed Similarly for the 

root bark samples, exposed (surface) loots were scrapped and the inner bark was coUecttd into a 

separate plastic bag and sealed 

3.1.2 Extraction of Camptothecines 

CPT was extracted using the following two protocols and was further subjected for 

HPLC and LC-MS/MS analysis. 

61% ethanol extraction: All samples were dried [0 constant moisture content at f/)"C for 96 

hours in a hot air oven. The dried samples were ground to fine powder using a pesde and 

mortar. 0.1 g of fine tissue powder of each of the samples was extracted in 10mL of 61% 

ethanol at 60·C for 90 min in a shaking water bath (padmanabha tl oJ, 2005). After cooling to 

room temperature, 1 mL of the extract was centrifuged at 10,000 rpm for 10 min at 10"C. The 

27 



supernatant was passed through 0.211m filter (farsons, India) and analyzed for CPT content 

using a HPLC CPT accumulation was determined for different tissues. 

Methanol extraction: 100 mg of the dried plant material (6-8% moisture contents) was 

extracted in a centrifuge tube with 2ml of methanol by sonication (2x30 sec). The mixture was 

mixed with 18 ml water and 20 ml dichloromethane and the material was stirred vigorously for 5 

min on a magnetic stirrer. Centrifugation for 10 min at 2000 rpm yielded two phases. The 

dicbloromethane phase was separated and evaporated to dryness. The residue was dissolved in 1 

mL of chloroform. These extracts were dried to give camptothecinoids residues. The residues 

were reconstituted in chloroform: methanol (3:1) mixMe and filtered through 0.2 11m filter and 

analyzed by LC-MS :and LC-MS/MS. 

3.1.3 HPLC analysis 

CPT was analyzed by reverse phase HPLC (LC-I0AS, Shimadzu, Japan) on a C18 

column (25Ox4.6mm, 5flll1). The HPLC conditions were: 254 run as the detector wavelength, 

L6mL/min £low rate and lOflL sample loop. The mobile phase was adjusted as follows: 40% 

acetonitrile and 60% water+O.l%Trifluro-acetic acid (fFA) in an isocratic mode (Yan cf oJ, 

2003). CPT (Sigma, 95% HPLC purified) standard was procured from Sigma Chemicals. The 

standard CPT was prepared using DMSO and methanol in 1:3 (v Iv) ratio respectively. 

The retention time of CPT was 3.4 min. For every five runs, the HPLC was re­

standardized using the CPT standard. On an average, the coefficient of variation for the peak 

area for five consecutive runs of standard CPT was 0.55 per cent. Standard curve was devdoped 

by injecting following concentrations of standard CPT: 0.05mg/mL, 0.1 mg/mL, 0.15 mg/mL, 

0.20 mg/mL and to 0.25mg/mL and best fit was obtained (R'::=0.99). By using the (y :: 

lOOOOOO+06x - 26335) equation of the standard curve amount of CPT in the sample was 

calculated (Figure 3.3). The data were subjected to relevant statistical treatment using the 

Statistica version 4.0 software package (Statsoft 1993). 
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3.1.4 LC-MS analysis 

For HPLC-MS analysis, the same HPLC which was used for HPLC analysis was coupled 

to Ion Trap of camptothecin mass spectrometer (Enquire- 3000) from Bremen (Germany). The 

mass spectrometer was equipped with an atmospheric pressure ionization (API) electro spray 

interface. High purity nitrogen from a nitrogen generator was used as a carrier gas. All the 

interface paxameters were optimized by injecting standard solution of carnptothecin during the 

HPLC-MS experiments. The conditions for mass spectrum analysis during the LC-MS studies 

were set at a dry gas flow rate of 11 L/ min, nebulizer pressure of 35 psi and drying gas 

temperature was set at 320°(, The mass range was from 50-700m/z, ICC target value 8000, 

while the maximum accumulation time was 200ms. 

By applying these conditions in the positive mode of ESI-MS, carnptothecin exhibited a 

molecular adduct (M+H) + at m/z 349.1 (Figure 3.5). The sodium adduct of CPT was also visible 

at m/z 371 [M+Naj-. The molecular ion peak at m/z 349 was carried for quantification during 

the LC-MS studies, as this was the most intense peak in the spectrum. 

Quantification of CPT was carried out using selective ion monitoring (SIM) detection of 

the molecule at m/z 349 [M+Hr (Figure 3.4 and 3.5). Quantification of CPT in the extracts 

prepared from different stem and root barks was done on the basis of the calibration curves 

established by injecting five concentrations of the CPT standard in the concentration range of 

IJ-lg to lOIl!\ each time before sample analysis. Linear calibration curve of CPT with in the 

concentration range of 11lg to 10J.l{l (R2 = curve co-efficient 0.999) was obtained (Figure 3.8). 

Validation of the method was carried out by spiking 101lg of standard camptothecin to 10mg of 

the plant extract and the recovery was within the range of 93.8 to 102.5%. Total camptothecin 

concentration in plant tissues was expressed on a dry weight basis. The qualitative and 

quantitative analysis of camptothecin was carried out by LC-MS. 

3.LS LC-MS scan analysis for new Camptotbecines 

The other minor camptothecinoids were identified on the basis of MS and mass 

fragmentation peaks. A number of molecular compounds having different retention times (Rt) 

but same molecular weight were identified. These compounds are isomeric entities of 
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camptothecinoids. Besides the 8 minor Camptothecinoids detected in tht accessions of N 

nimmoniana and there were number of other constituents that could not be identified only by LC­

MS. 

3.1.6 LC-MS/MS analysis of plant samples 

Plant samples were also subjected for LC-MS/MS analysis bastd on l\£RM mode (Multi 

Reaction Monitoring). Analysis was done on Waters Quattro Premier Micromass system The 

assay uses a reversed phase C18 HPLC column (150x2.1 mm, 5um) and mobile phase consisting 

of acetonitrile/water (60/40 v/v) containing 0.1% formic acid pumped at a flow rate of 0.3 

mL/min. High quality argon gas was used for collision and nitrogen gas for desolvation. The 

conditions for mass spectrum analysis during the LC-MS/MS studies were set at a capillary 

voltage of 2.99 kV, cone at 18 V, source temperature at 100°C, desolvation temperaturt at 30QoC 

and collision temperature at 25 0(. All the interface parameters were optimized by injecting 

standard solution of camptothecin during the LC-MS/MS experiments. Sample introduction and 

ionization was dectrospray ionization in the positive ion mode. The MS was operated in the 

MRMmode. 

Mass tuning was done at three transitions using MRM mode. The mo1erular ion peak at 

m/z 349 [M + H] • was taken for MS/MS studies. 'Ibis parent ion upon ionization and 

fragmentation exhibited different daughter ions as follows: Parent 1 > daughter I 349 > 305, 

Parent 2> daughter 2 349 > 317, Parent 3> daughter 3 349> 262 (Figure 3.6 and 3.7). Using 

this technique both parent (molecular mass), and its daughter ions were monitored 

simultaneously (product ion) in a MRM mode. Among the daughter ions monitored the one 

with best intensity transition was used for quantification and rest for confumation. The daughter 

ion peak at m/z 305 was taken up for quantification (Figure 3.1). Quantification of CPT in the 

fungal extracts from different isolates was done on the basis of the calibration curves eSl3blished 

by injecting six concentrations of the CPT standard in the concentration range of 5 to 5000ppm. 

Linear calibration curve of 305 ion of CPT with in the concentration range of 50 to 5000ppm 

(R' = curve co-efficient 0.982) was obtained. Validation of the method was carried out by 

spiking Sug of standard camptothecin to t OOppm of the plant extract and the recovery was 

within the range of93.8 to 102.5%. 
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3.1.7 Ecological niche modeling and I;hemical data: Arulysis of the CPT content of the 

different populations was also done based on the habitat suitability predicted by the ecologtcal 

niche model. Accordingly, sites were categorized as unsuitable, poorly swtable, mOOeratdy 

suitable and highly suitable and the mean percent CPT computed. Individuals with IllQre Uun 

t % CPT by dry weight were reclaaified into different habitat suitability categoDcs and nwnbt.,. 

of individuals with more than t % CPT in different categories were compamL 

3.1.8 Development of Sustainable halVe.ling protocol (ot Camptorhecin (rom 

Nothllpodytes lIimmOnM1II1 

An effort was rrude to develop strategies for sustairuble Iwvesting of N. ";",,,,,,"ioIlO for 

an important metabolite camptothecin. The study has also been designed to ~!Udy the amount of 

biomass production, CPT yield as well as on the CPT concentration at different stages of grm>1h 

of N. "illlllloniollo. 

The study was carried out in the seedlings, saplings and adult trees of N. "il1J!11oni01ro. 

The seedlings were raised from seeds obtained flOm 10 to 15 years old trees of N. ni_otUOIId 

from $irsi forest and Biligiri Rangaswamy Temple Wildlife Sanctu2!')' (BR Hills). Seedlings were 

grown in a polyhouse and after one year, seedlings were rm1o\'ed from the polythcne bags and 

observations on biorruss and camptothecin (CP1) content were recorded. The saplings, which 

were 5 years old, were also collected for CPT estimation. Si:mib.rly leaves from coppice were also 

collected and CPT was estimated Leaf samples were coUected from 123 iodi\iduals of one and 

half year old seedlings, 29 individuals of three to four year old coppices, 22 indi\.jduals of five 

year old saplings and 30 individuals of to to 15 y= old adult trees. 

3.2 Molecular characterizatioD of Nothapodytes nimmoniana populations using SSR 

markers. 

3.2.1 Development of SSR markers for Nothapodytes nimmoniana 

Microsatellite rrurkers were developed using the selective hybridization technique (Figure 

3.9 Zane tI0/2oo0). 
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Isolation of genomic DNA from Notbapodytes Ilimmoniana: Mature leaf samples of 

Nothapocfytu nimmoniana were collected and stored at 40 C until DNA was extracted. Good quality 

genomic DNA was isolated using C-TAB method as described below (Doyle and Doyle 1980). 

I. 200 rng of leaf tissue was ground to fine powder using liquid nitrogen, in a sterile mortar 

and pestle. After mixing the powder with approximately 70 mg PVPP, the powder was 

transferred into the centrifuge eppendorff tube containing the 1.0 ml of extraction buffer 

(20 mM Na EDTA in 100 roM Tris HCI: pH 8.0) and 1 percent 13-mercaptoethanol. 

II. The contents were thoroughly mixed by inverting the tubes several times and incubated at 

(fJ0 C fot one hour with intermittent shalcing. After incubation, it was cooled to mom 

temperature and 0.5 ml of Chloroform: Isoamyl alcohol (24:1 v/v) was added and mixed 

gently by inverting the tubes 20-25 times until it fonned an emulsion. 

III. The mixture was centrifuged at BODO !pm for 15 minutes and the clear aqueous phase was 

transferred to a new sterile tube. Centrifugation was repeated twice by adding Chloroform: 

Isoamyl alcohol (24: 1 v Iv) amounting to 1 17th volume of the supernatant. 

IV. Finally, one volume of chilled isopropanaol was added and mixed gently and kept 

overnight for incubation at -40" C. After the incubation, it was subjected to centrifugation 

at 8000 rpm for 10 minutes at room temperature. The supernatant was discarded and the 

pellet was washed with 76 % ethanol and centrifuged at 5000 rpm for 5 minutes. The wash 

was repeated once again to completely remove the salts and polysaccharides. The 

supernatant was then drained out and only the pellet was retained. Ethanol was 

completely removed by leaving the tubes uncovered at 37° C for 30-40 minutes. 

V. After drying, the pellet was Ie-suspended in 200J.lL ofTris EDTA buffer and treated with 

RNAase (Smg/ml). 

VI. DNA was quantified using Nandrop spectrophotometer and accordingly working 

concentration of DNA was prepared by diluting the stock DNA to 20ng/uL. 

Purification of DNA Since the DNA preparations obtained by the above method contained 

considetable amounts of RNA, polysaccharides, phenolics and other impurities; the extract was 

subjected to further purification (Doyle and Doyle 1980). To the DNA samples, one tenth of the 

volume of 3M sodium acetate of pH 5.5 was added and mixed gently. Twice the volume of cold 

ethanol was added to it, mixed gently and kept on ice for further precipiration for about 2 hrs. 
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This was centrifuged at GooO rpm fat S minutes to pellet out the DNA. It was washed with 70 % 

ethanol and the ttaces of ethanol were removed by air-drying for one to two hours. The pelleted 

DNA was re-dissolved in 100).11 of sterile TE buffer, treated with 10)J1 RNAse and incubated at 

35° C for 30 minutes. For longet use, it was stored at _200 C after ethanol precipitation. 

Quantification of Genomic DNA: The method adopted for the quantification of DNA is 

based on the spectrophotometric measurement of IN absorbance at 260 run in Nanodrop 

instrument. The ratio of OD 260 to OD 280 provides infonnation about the purity of DNA 

sample, DNA samples with a ratio between 1.8 to 2.0 was chosen for further analysis. 

Restriction digestion: About 2-3).lg of good and intact genomic DNA was used in restriction 

digestion. Digestion mix was made by mixing the components as given in the protocol and the 

mix were incubated in a 37°C water bath for 30-60 min (Travis Glen, 2000). 

Ligating Linkers to DNA Fragments: Following linkers (called 'SuperSNX,) were ligated 

onto each end of each DNA fragment that provides the primer-binding site for subsequent PCR 

steps. The SuperSNX linkers also incorporates a GTIl "pig-tail" that facilitates non-template A 

addition by Tag DNA polymerase during PCR which then can be used for TA cloning (Travis 

Glen, 2000). 

SuperSNX24 Forward: 5'GTIlAAGGCCTAGCfAGCAGAA TC 

SuperSNX24+4P Reverse: 5'pGA TTCTGCTAGCTAGGCCIT AAACAAAA 

Double stranded (ds) SuperSNX linkers were prepared by mixing equal volumes of 

SuperSNX24 and SupetSNX24+4p primers to get a final concentration of 10 fill1 each. NaCl 

was added to the solution to a finnl concentration of 100 mM. The resultant solution was heated 

to 9:,°C and was allowed to cool slowly to room temperature. The following ligation mix was 

added to 10J.U~ of cut DNAs and the mixture was incubated at room temperature for 2 hrs or 

ideally at 16°C overnight. The ligation mixture consisted of the following components: lO.Oj-tL 

reaction consists of7.0fLL ds SuperSNX linkers, t.O~ lOx Ligase Buffer and 2.0flL DNA ligase 

(400 unitshtL). 

To ensure that the ligation is working, a PCR of the linker ligation was performed using 

SuperSNX-24 P as primer with 2.0 ilL Linker ligated DNA fragments as template. The peR 
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reaction mixture contained 2.5 ilL of lOx PCR buffer, 2.5 ilL BSA (250 f!g/mL), 1.5 J..IL dNTP's 

(150 IlM final), 2.0 ilL MgC12 (2.0 roM final) and 0.2 ilL Taq DNA Polymerase (5 units/ilL) to a 

final volume of 251lL. PCR cyclic conditions were set as follows: 95°C for 2 min.; then, 20 cycles 

of 95°C for 20 sec., 600 e for 20 sec., 72°e for 1.5 min. 

Dynabead Enrichment for Microsatellite-containing DNA Fragmeots 

DNA fragments obtained in the previous step were subjected for hybridization with biotinylated 

oligos (microsatellite probes) and these hybridized fragments were captured using the magnetic 

dynabeads in a magnetic particle-collecting unit (Travis GJen tI a/, 2006). Hybridization reaction 

was carried out in a tbenna! with the cylicling conditions as given in the Travis Glen 2000. 

SOf.lL of Dynabeads were taken and resuspended in their original tube containing 250 Ili­
of TE. Beads were captured using the Magnetic Particle Collecting (MPC) unit The process 

repeated with TE and twice with lxHyb Solution and finally resuspended in 150 iiL of IxHyb 

Solution. DNA +probe (hybridization mix) mix was added to the lS0iiL of washed, Dynabeads 

(i.e., to the 1.5mL tube). The mix was then incubated on 3 rotator at room temperature for 30 

min and beads were captured using the MPe unit. The Supernatant obtained was removed by 

pipetting. Dynabeads that stuck to one end of the tube were washed two times with 400 Ili-
2xSSe, 0.1 % SDS and two additional times using 4001JL 1 x SSC, 0.1 % SDS at 45 or 50°C. In the 

final capture ZOOf.lL of TI..E was added, vortexed, incubated at 95°C for 5 minutes and 

supernatant waS quickly removed. To the resultant supernatant, 22 ,.u.. of 3 M NaOAc was added 

and mixed by flicking. The pellct thus obtained, was washed with 444 iiL of 95% ethanol and 

was resuspended in 25 j.IL of TIE Pure gold DNA was obtained by subjecting it for one round 

of amplification with SuperSNX-Z4F as primer. 

Transformation of plasmid DNA: Using Fermentas TA cloning Kit (MBI, Fermentas), pure 

gold DNA was incorporated into a multiple priming site of pTZ57R plasmid (NEB: 1m! 

Fermentas) vector. The l1ansfonned plates were left overnight at 37"C and the next day plates 

were scanned for blue and white colonies. 

Colony PCR: Using sterile toothpicks, distinct white colonies were picked and added inro a 

peR tube containing master mix (Z5f1L reaction contained 2.50 IJL of 250~/mL BSA, 2.50 )JL 
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of lOX peR reaction buffer, 0.625 fJL (to ),LM) M13 forward primer, 0.625 j.1L (1O),LM) M13 

reverse primer, 1.50 fJL 25 mM MgCl2, 1.50 fJL of 2.SmM dNTP's (2.5 mM each), 0.10 ).lL Taq 

DNA Polymerase and remaining volume was made up with dHP). The cyclic conditions were 

set at 95· for 3 minutes of initial denaturation followed by 35 cycles of 95" for 20 seconds, 50" 

for 20 seconds and 72" for 1 minute and 30 seconds. The peR products were electrophoresed 

on a 1% agarose gel along with a 100bp ladder. The peR products with different sizes ranging 

from 500-1000 bp were selected and further purified using eppendorfs DNA cleaning kit. 

Sequencing of peR products and editing the sequences: The purified peR products were 

sequenced using Cycle sequencer (Bangalore Genei, India). Sequences were edited and imported 

into online SSR finder software to look for microsatellites. 

Designing the primers: Sequences that contained microsatellites were short-listed. The primers 

were designed using the software Primer 3.0 (Available online). The criteria adopted to reduce 

the amplification of nonspecific bands in PCR reactions included a minimum primer annealing 

temperature (ra) of 50DC, a maximum difference of l DC in Ta between the two primers of an 

SSR locus, and G + C content ranging from 40 to 50%. The primers were synthesized by Sigma 

(Sigma-Aldrich, Bangalore). SSR primers thus obtained were used in evaluating the amplification 

success. 

3.2.2 Genotyping Notbapodytes nimmoniana populations using SSR markers . 

Study siles and Sample collection 

The study was conducted on NOlhapo4:JleI nimmoniano Graham. (Icacinaceae). Using both 

primary and secondary data sets, a spatially explicit distribution map was developed on a GIS 

platform (Figure 3.2). Based on the distribution map, we selected 6 representative sites from 

central Western Ghats for estimating population genetic variability of NOfhapo4:Jfes nimmoniollo 

(Figure 3.10 and Table 3.1). At each of the chosen sites, individuals were sampled from an area 

of at least 5 hectares. 
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Figure 3. 10: Map of study sites in central the Western Ghats of IndIa. Distinct sites were chosen 
based on the distribution of Nothapodytes nimmoniana in the Western Ghats. 
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Based on the population size (number of individuals/site), on an average about W to 15 trees 

were sampled randomly from the respective sites (Table 2.1). Samples were washed with tissue 

paper and stored in polythene bags and transported to the laboratory. Data on number of 

adults/quadrant, regenerating individuals, girth and number of stems cut were recorded. 

Table 3.1: Details of study sites Qatitude, longitude and number of samples collected from each 

of the sites). 

SIno Population name Latitude ON Longitude °E Number of 
Samples collected 

1 Sirsi 14.69 75.07 7 

2 Kemmangundy 13.35 75.45 IO 

3 Al!\llllbe 13.50 75.09 9 
4 Islur 14.83 75.36 7 

5 Vodagere 14.37 7S 7 

6 Mugali/bisle 12.85 75.65 10 

Isolation of Genomic DNA: Samples were subjected for isolation of genomic DNA using C­

TAB method as described previously. 

peR protocol: The primer nucleotide sequences were synthesized (Sigma-Aldrich, Bangalore, 

India). 22 primers were evaluated for their site-specific amplification using the respective 

annealing temperature as listed in the Table 3.2. The peR amplification was carried out in 25!JL 

volume reaction mixture containing 100 ng template DNA, Sprnol each forward and reverse 

primer, 1.5 mM MgCl,.O.S U of Taq DNA PQ!ymmue and 100mM of each dNTPs. peR cycles 

included initial denaturation at 94°C for 2 minutes followed by 35 cycles of 40 sec denaturation 

at 94° C, 1 min annealing at 52° C and 2 min polymerization at 72° C. Finally, extended 

polymerization at 72· C was done for 10 minutes. 

Agarose electrophoresis: To check for peR success a1iquots of 10flL PCR reaction products 

was elctrophoresed on 3% agarose gels at 100v for 45 min. The gel was stained with ethidium 

bromide and visualized under UV-transilhnuniror. Samples that gave good amplification in the 

expected size range were further subjected for Polyacrylamide-Gel electrophoresis. 

Polyacrylamide-Gel electrophoresis: 12% PAGE gel was prepared using acrylamide: bis­

acrylamide (19:1) solution. Gel was removed from the casting apparatus and washed with IX 
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THE. Th~ gel was allowed to pre-run in IX TBE for about 3Q-60min at ,}OV. After pre-run 

samples were loaded and electrophoresed for about 12-15 hIS at lSO-200mh. 

Silver Staining of PAGE gels 

Fixing the gel: Fixing solution was prepared using 10% ethanol and 0.5% acetic acid in a total 

volwne of 200mL ultra pure distilled water. Gel plate was placed in the toy with the gel facing 

upward, covered with fix/stop solution and agitated well for 20 minutes. After fixing. fix/stop 

solution was saved to tenninate the developing reaction in the: last step. Finally the gel was 

washed twice for 5 minutes with 1 L ultrapure water with agitation. 

Staining the gel: Gel was transferred to the plate containing staining solution (0.2% silver 

litrate in 200mL of water) 2lld was agitated for 30 minutes. 

IUnse the gel: The gel WaS dipped briefly into the tray containing ultrapure wa~r, drained and 

)laced immediately into the tray containing devdoping solution (developing solution: 1.2% 

\laOH and 0.3% of 37% formaldehyde). 

)eveloping the gel: The gel was agitated by shaking until the bands became visible. Prolonged 

levelopmenr time could lead to a higb background. Developing reaction was temun2ted by 

dding the fix/ stop solution. 

,coring Microsatellite Loci: SSR-PAGE gels were scored in co-dominant fashion. Bands in 

ample lanes were scored using the stand2rd allele names. Bands th2r wer~ diffused Or toO 

iffieult to score were considered as missing data and in cases of multiple bands of vatjing 

ltensicy the most intense band was scored. - - -

opulation genetic analysis: SSR dam geneuted based on eo-dominant scoring was used and 

lalyzed using the GenAlex Excel based programme (peakall and Smouse, 2006). Following 

:netic parameters were calculated using the programme, numbers of alleles, allele frequencies, 

~terozygosity, F-statistics, genetic distances and AMOVA_ 

2.3 Niche modeling and Heterozygosity of N nimmQlIiana populations: Using the 

ological aiche model, the potential geographical disttibutiofl map of NOlbapot!Jtes ninrmOlliQll1l 

IS developed. The mid points (longitudes and latitude) of 64 primary locations of occurrence 

the species comprised the input dam. The program DIVA-GIS ver 5.2 was used to predict the 

:tributian in the Western Ghats following Bioclim classic model (Includes 19 biodil1latic 
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variables). Based on the habitat suitability, the model provides the information on highly suitable 

to unsuitable locations in the specified ref!).on. 

In this study an attempt was made to compare the heterozygosity of N lIimmon;ollo and 

degree of habitat suitability of respective sites/populations in the Western Ghats. Six 

populations were classified into three ~ow, medium and excellent) habitat suitability categories. 

Frequency distribution of heterozygosity values of the populations that falls into three Qow, 

medium and excellent) habitat suitability categories was developed and tested for its significance 

using Kolmogorov-Smimov test (Statsoft 1993). 

3.2.4 Cross-amplification of SSR markers in phylogenetically related genera of N 

nimmoniana 

SSR primers that were developed for N nimmolliamna were used in cross-amplification with its 

related genera in the family lcacinaceae. Following genera were short listed S arrosligmo kleinii, 

Nalnatllm htrpaJimm, Fynnacantha I/Olubilis, Apo4YJes dimidiaJa, GOJJljJhalldro letrandra. Leaf samples of 

all these species were collected from differellt locations in south India. Genomic DNA was 

isolated from these species and subjected for peR amplification using SSR primers. 
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3. Prospecting phylogeneticaUy related speciesj genera of N nimmoniana for 

Camptothecin. 

3.3.1 Mapping the distribution of related genera of N nimmonit(Tld in Westem Ghats: 

Information about the distribution of related genera was obtained from secondary data such 

as floras, herbaria, books, and other published sources including forest deparnnent records. 

Besides the secondary sources, primary survey in major forest divisions in the Western 

Ghats was also done to obtain data on distribution of NOlhapo4Jus l1illl1ll0l1iol1(/ and related 

genera. The latitude and longitude of the sites were obtained using a global positioning 

system (GPS Model 2.03). The geographical coordinates, both from tho: prinury and 

secondary data, were digitized using GIS Map-Info software. 

3.3.2 Study sites and sample collection: Based on the maps developed efforts were made 

to collect samples from some of the sites in the Western Ghats. Samples wele also collected 

from different herbaria collections like FRLHT herbaria, hl':rbaria of French Institute, 

Pondichery and Suhas 1101, 2007(Table 3.3). 

3.3.3 Chemical profiling of related species for Camptothecin: Extraction and 

quantification of camptothecin (HPLC and LC.MS(MS) from all the related genera of N 

nimmonioNO was done according to the protocol that is described in earlit:r sections. 

3.3.4 ndbF gene phylogeny of Asterids 

Several candidate chloroplast genes have been suggested for phylogenetic studies (Olmstead 

and Palmer 1994). "dhF has recently been demonstrated to be useful for phylogenetic studies 

at intra-familial levels compared with the TbcL gene which has been widely used at higher 

taxonomic levels (Olmstead and Sweere 1994; Kim and Jansen 1995). The utility of se'lucoce 

change in the rbeL gene has been recently evaluated for the estimation of divergence time 

between woody-taxon pairs (Albert el a/, 1994). In the present study, ndhF sequences were 

used to reconstruct phylogenetic relationships of different genera of Icacinaceae. DNA was 

extracted from fresh material using standard protocol as described previously (Doyle and 
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Doyle 1980). ndhF gene was amplified using the following pair of primers, first half of ndhF: 

15F(5'ATGGAACAGACATATCAATAYGSRTG3,)8R(5'ATAATCCGCACATATAAAA 

TGCGGTTC3,), Second half of ndhF: 7F(S' AGGTACACTITCTCTTTGCGGTATICC 

3') and 2133R (5' CAGGAACAAGAGGGATCCACCGAA 3'). peR amplification was 

carried out in 25 fl.L volume reaction mixture containing 25 ng template DNA, 2.5 fl.l lOx 

reaction buffer containing 15 fLM MgC12. 3 fl.M of each dNTP, 0.5 fl.M of each primer and 

0.5 U unit Taq DNA polymerase (Bangalore Genei, India). The PCR was set for 3 min at 

94oC, followed by 35 cycles of 45 s at 94oC, 45 s annealing at 450 C and 2 min extension at 

72oC, and a final extension cycle of 8 min at noc. Five microliters of each PCR reaction was 

run on a 1.5% agarose gel to check the quality of amplification. To purify the resulting 

DNA, 20iJL of each PCR reaction was run on a 1.0% TBE agarose gel. Agarose blocks 

containing the DNA were excised from the gd with a scalpd over UV light and purified. 
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The purified double stranded DNA products were sequenced directly by automatic 

sequencing. ndhF sequences of different species/genera of Icacinaceae and its related family 

were obtained from Gene bank database. ndhF sequences of members from different orders 

like Comales and Ericales were also obtained from the database. All the sequences were 

subjected for pair wise and multiple sequence alignment in MEGA using CLUSTAL Wand 

X. 

Phylogenetic analysis: The sequence data were used in phylogenetics analysis. Neighbor 

joining tree was developed using the MEGA 3.1 programme, with all changes weighted 

equally (transitions and transversions). Analyses of the complete data set were performed 

rooting the tree with member taxa from each of the order; Ericales and Comales. To 

evaluate relative levels of support for individual clades, the bootstrap method was used with 

SOO replicates. 

Mapping the occurrence of Camptothecin on Angiosperm Phylogenetic tree: Minimal 

phylogenetic tree was developed for Astends based on JldhF gene sequences. Tree thus 

developed was overlaid with presence of camptothecin on different clades and clades that 

contain camptothecin were identified. 

3.4 Prospecting endophytic fungi of NQthapodytes nimmoniana for camptothecin 

3.4.1 Sample collection and preservation of samples for Isolation of endophytic fungi 

The samples were drawn from an earlier collection of 147 trees that were chemically 

profiled for camptothecin. These trees were sampled from 11 populations along the Western 

Ghats (from SO N to 15° N latitude), one of the thtee-megadiversity hotspots in India. 

Samples were collected froln six of the trees from 2 populations (Central Western Ghats) 

that reported to produce CPT excess of 1 per cent by dry weight in the stern barks. These 

are by far the highest yields of CPT reported thus far (Suhas tl 012007). Details of the study 

sites are given in Table 3.4 and Figure 3.11. 

Each of the trees was given a unique identification number and the details of collection 

(tissue collected), name of the site, latitude and longitude of collection, were recorded in a 

registry maintained at the School of Ecology and Conservation, University of Agricultural 
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Table 3.4: Sample uscl in isolation of endophytic fungi NolhaJxl<&llI ";"'",OflUlfIIJ. 

Trc:e ID Plant part Host CPT contc:nt (%) 

olsa Stem bark 1.89 
02Sa Stem bark 0.37 
ossa Stembarl< 1.48 
D6Sa Stembm 0.56 
08Sa Stem bark 0.46 
09Sa Stem bark 0,32 
OIOSS Stembarl< 1.31 
Ol5SB Slemblllk 0.67 
KGISH Stem bark 1.21 
KG4SB Stem bark 2.82 

Stem bark 2.82 
Stem bark 2.82 

KG6SB Stembarlt 0.22 
Stem bark 0.22 

KGlOSB Stem bark 1.99 
Stem bark 1.99 

Cutting Stem bark 0.46 
Leaf Dctiole Stem bark 0.40 

KodSB-l Stem bark 0.14 

NLSB·II Stem bark 
NLSB·J2 Stemblll1< 
NLS8-J3 Stem bark 
Per SB-II Stembarl< 0.-41 

Per S8·12 Stem bark 0.41 

KodSB-J Flowerb"'" 
Callus CullU~ 
Conus cultu~ -
Seedlin!! raised Invitro SeedlinR leaf 

- Stem . 
- S!emllpex 

Leaf 
- Leaf 
- Stem -

Note: (DSB: devimani stc:m bark 'aD'pl •• Kamaoab, KGSB: Kcmmannagundy .1t1Ilindr. wnpi<, Kama..u 
NLSB: Nalmukh .tem Inrk ,"",pic, Kerili. Per SB: Pm;' in s:omplr, Kmla. and Kodt-}'al ,,,,m bark SWlpk. 

Kerala.). 

Sciences, GKVK, Bangalore, India_ For stem bark collections, the outer bark at breast height 

was scrapped using a knife and a section of the inner bark (ScmX5cm) was coUected inlO • 

plastic bag and sealed. Similarly leaf samples from seedlings and young flower buds from 

. flowered trees were collected, sealed in a plastic bag and tranSported to the laboratory. 24 

samples of NOlhapoJy11! nUttfllolliono were used in isolating endophytic fungi. Out of 24 two 

were calli material raised out of embryo, one cutting raised out of • tree from Bisle 

population. one flower bud from Kodeyar population and remaining aU were stem bark 
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samples from Devimani Ghat, Kemmannagundy from Kamataka part of the Western Ghats. 

Nalmukh and Kodeyar from Kerala part of the Western Ghats . 
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Figure 3.11: Map of the srudy sites at the Western Ghats, India. From five sites, samples of 
NOlhapodyltI nimmolliono were collected for isolation of endophytic fungi. 

3.4.2 Isolation of endophytic fungi from Nothapodytes nimmoniana: Stem bark, leaf 

petiole, flower buds and cuttings of N n;mnJoll;ono were used in isolation of endophytic fungi. 

The material was treated with 95% ethanol, and pieces of the inner bark of the stem were 

placed on aqueous agar and incubated at 28 ± 2 °C until fungal growth started. The tips of 

the fungal hyphae were then removed from the aqueous agar and placed on mycological 

medium (potato dextrose agar) or Sabouraud agar. 

The pure cultures obtained were transferred to Sabouraud agar (dextrose 40 giL; 

peptone 10 giL; agar 20 giL). In the process, 26 differenr endophytic fungi were isolated. 
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Each microbe was grown in liquid Sabouraud medium (tOO mL) and 5cr~ened (or CITf 

production. To establish the tit nO/IIJ production of CPT by the isolated fungi, the growing 

mycelium was serially transferred several times to fresh mycological agar to dimllllltr the 

possibility of the fungal hyphae carrying residual camptothecin as 'contaminant' from the 

initial plant material. 

3.4.3 Morphological characterization of fungal isolare.: Traditional ld~ntification 

includes culture characteristics and the morphology of ftuiting bodies and spores. l\f;my of 

these fungi were non-sporulting hence a special protocol was used 10 induce sporulation. 

The fungi on 3gl1r plates were inoculated onto sterilized banana leaf bits (I em') impregnated 

on water agar medium. The plates were continuously monito[l:d for spore formation by 

stereo and light microscopy. Microscopic slides were prepared, stained using Iactophenol 

cotton blue (Vainio (/ 01,1998) and were examined under light microscope (Olympus, USA). 

Photographs were taken by using a digital camera (C-2100 ultra zoom, Tokyo, Japan) and 

identifications of the endophytic fungi wert bas~d on their morphology. 

3.4.3 Molecular characterization of fungal isolates suing ITS (Inter Transcribed 

Spacer region): 

DNA extraction from fungal mycelia: 

The mycelium sample was collected from fresh fungal cells on the cultute plares of 

Sabouraud aglll (SEA). The freeze-dried mycelium sample was groWld in liquid nitrogen and 

the resultant powder (to-So mg) transferred into a 1.5-ml eppendorff rube. Total genomic 

DNA was extracted using a standard protocol (Cappiccino and Shennan, 1996). The DNA 

was quantified using nanodrop spectrophotometer. Two microliter of the DNA suspension 

was used for peR amplification. 

peR amplification and ITS Sequencing: Amplification of the ribosomal ITS regions 

ITS! and ITS2 flanking the 5.85 subunit was perfoemed using a pair of primers ITSI (5'­

TCCGTAGGTGAACCfGCGG- 3) and ITS4 (S'-TCCTCCGCITATTGATATGC-3') as 

described previously (White II oj 1990). The amplifications were performed in a cppendorf 

PCR set at the following profile: an initial step at 95°C for 5 min; 35 cycles at 95°C fOI 30 S, 
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54°C for 30s, and 72°e fot 45s; a final elCtension step at 72°e for 10 min. The peR­

amplified nuclear ITS ribosomal RNA gene was purified from 2% agarose gel using the 

eppendorff gel elCtraction kit (Eppendorff) and sequenced directly. 

BLAST and Phylogentic analysis using ITS sequence data: 

To identify endophytic fungal isolates from NUlhapot!Jlrs nimmonirJ/ld, ITS sequence of 

each of the isolate was compared with the sequence reported in the GenBank. Hits with 

maximum identity and BLAST score were listed ag.rinst each of the isolates. Similarly 

Phylogenetic analyses were conducted using MEGA software (ver. 3.1). Phylogenetic trees 

were inferred from the aligrunents and analyzed by the neighbor-joining (NJ) method. One 

thousand bootstrap replicates were used to estimate the reliabilities of the nodes on 

phylogenetic trees. The distanc~ matrix of neighbor- joining tree was calculated using 

Kimura's two-parameter model (Kimura 1980). 

3.4.4 Extraction of Camptothecin from fungal mycelia: Mycelia and broth were 

separated by filtration. Mycelia were thoroughly washed with sterile distilled water and 

homogenized in " cell disintegrator. Both cell homogenate and cell-free broths were 

extracted four times with equal volume of chloroform: methanol (4: 1 v/v). The solvent was 

evaporated using a rotary evaporator leaving behind the organic residue, which was dissolved 

in DMSO: methanol (3:1 v/v) and analyzed by using HPLC. The rest of the residue was 

used for quantification of CPT by LC-MS/MS .. _. 

3.4.5 HPLC and LC-MSMS analysis of fungal extracts: HPLC and LC-MSMS protocol 

was followed as described in the previous section. 
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IV RESULTS 

In this chapter the results pertaining to the following studies are presented. 1) Chemical 

profiling of different populations of Nothapoe!Jtes nimmoniana for camptothecin and its 

related alkaloids and 2) Molecular characterization of populations of Notbapodytes 

ni1111110niana in the Central Western Ghats, India using SSR markers 3) Prospecting 

phylogenetically related genera/species of Nothapo4Jtes nimmoniafla for camptothecin and 4) 

Prospecting endophytic fungi from Nothapoe!Jtef nimmOlliona for camptothecin. 

4.1.1 Chemical profiling of different populations of Nothapodytes nimmoniana for 
CPT and its related alkaloids 

Different populations of N nimmonialla showed significant variation in mean CPT content 

both in stem bark (one-way ANOVA, P < 0.004) and root bark (P < 0.001). Petcent CPT 

in stem bark ranged from as low as 0.03 to as high as 2.7, with an overall mean of 0.7. The 

mean CPT content in the root bark ranged from 0.003 to 1.41 %, with an overall mean of 

0.48% (Figure 4.1.1). CPT content of stem bark was significantly positively correlated with 

that of the respective root bark (n = 126; r = 0.320, P < 0.05). Finally, the frequency 

disttibution of CPT content over all populations was highly positively skewed (Figure 

4.1.1). Twenty-three of the individuals showed CPT in excess of 1 %. 

CPT yields- LC-MS analyses 

Foe this study, 17 of the 23 trees (9 for which highest CPT was reported by Suhas et al, 

2007 from stem bark and 8 from root bark) for the HPLC/LC-MS quantification of 

camptothecin as well as in detecting other camptothecines in the tissue. 

HPLC-MS analysis profile showed CPT peak at 20.17 min in stem bark sample. This peak 

passed through the £low cell of the DAD detector. The column eluate was directly 

transferred to MS detector without any split and mass of the eluate was read, in this case 

CPT (349). In all the samples, mass spectra showed presence of 349 peak indicating the 

presence of CJYf and this was used in quantification of CPT in all the samples (Figure 

4.1.3). 
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LC-MS estimate of CPT in the 17 trees studied ranged from as low as 0.4% to 1.86%. Six of 

the 17 trees had CPT in excess of 1 per cent (w /w). These results corroborate those obtained 

earlier for the same trees by Suhas et al (29) who quantified the CPT using HPLC analysis 

(Figure 4.2.1). There was a significant positive correlation between the LC-MS estimates with 

the HPLC estimates reported by Suhas et al., (29); (r=0.47, p<O.OS Figure 4.1.2). 

Together these results are significant in that, for the first time, nearly 5 to 8 fold higher CPT 

yields than hitherto reported in NOlhaporfytes nimmon;ona have been recovered from individual 

trees. The incredibly high yields of these individuals from several populations could not be 

attributed to their girth; the difference in the CPT yields among the individuals was not related 

to their stem girth (r=0.16: NS). 

56 



30 

25 

'" 
20 

'" ~ 
C 

15 ., 
e 10 ., 
a.. 

5 

0 

a) 

N=148 individuals 
Mean=0.70 percent (w/w) 

skew=1.88 

A CPT >1.0% 

'\ 

0.1 0.30.50.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 2.5 2.7 

Stem bark percent CPT 

b) 

N=126 individuals 
Mean=0.48 percent (wlw) 

Skew=0.97 

0.000.15 0.300.44 0.59 0.74 0.88 1.03 1.18 1.33 1.47 

Root bark percent CPT 
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root bark (b) of NOlhapot!Jles nimmoniQnQ (Adapted from Suhas et aJ 2007). 
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4_1_2 New class of Camptotbecines/CPT related alkaloids from Notbapodytes 

nimmoniana 

Liquid Chromatography (LC) combined with UV and mass spectrometric detection (LC­

UV-MS), especially high-resolution mass spectrometry, offers the possibility to calculate 

elementary composition of a compound In the present srudy, 17 samples of N lIimmoniana 

were subjected for LC-MS scan analysis in the range 100-900 m/z. Using retention time, 

mass and mass of fragmentation peaks data, some of the molecules were identified. LC-MS 

analysis of stem and root bark tissues of NOlhapot!fI(J lIillfmOlliana accessions indicated tbe 

presence of a total of 10 carnptotbecinoids and a number of as yet unidentified 

campothecines (Uk) (Table 4.1.1 and Figure 4.1.3). 

The ten camptothecinoids identified based on their retention time, MS and mass 

fragmentation peaks were diacetoxy carnptothecin (4) (t. 13.0min;m/z=431), diacetoxy-9 

methoxy camptothecin (5) (t.14.2rnin; m/z 461.2), acrtoxy camptothecin glucopyranoside 

(6) (t. 17.5 m/z 511.1), 9-methoxy mappicine 20-B-glucopyranoside (7) (t.18.4min; 
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Figure 4.1.3: Mass spectra and chemical structure of CamptotheclO, 9-methox), 
camptothecin and other Camptothecines from NOlbopadylu ntmmoniano. Mapplcme-20-~­
glucopyranoside (1), Camptothecin (2), 9-l\!ethox)' carnptothccm (3), Diacetoxy­
camptothecin (4), Diacetoxy-9-methoxy camptothecin (5), Acetoxy-camptothecm­
glycoside (6), 9-Metho>;y-mappacine-20-~-glucopyranoside f!) and 10-Hydrox)' 
camptothecin (8). All the chemical structures were drawn In j\IDL ISIS Draw 2.5 sofrware 
programme (http://en.blo-,Qft.net/chemdraw IlSISDRA W.html). 
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m/z=499.2), mappicine 20·B-glucopyranoside (1) (tR 17.5 min;m/z=496.2) along wi!:h major 

camptothecin (2) and 9-methoxy camptothecin (3) (Figure Sa and 5b) Mappicine 

glycopyranoside (1) and methoxy-mappicine (7) reponed here are normally products 

obtained upon hydrolysis during the isolation process. Many of these compounds were 

derived only from few of the 17 accessions of N nimmoniallo analyzed and !:heir 

concentrations were highly variable among !:he individuals assessed. Except, diacetolty-9 

methoxy camptothecin and acetoxy camptothecin glucopyranosidc which were not detected 

in the root bark, all other campothecines were common to the stem and root bark analysed 

Thus for the first time compound (1), (4), (5), (6), (7) and (8) in stem and root bark of 

ryolhQjJIJ4Y/~s nimmoniano have been identified. However besides camptothecin, all other 

:ampothecinoids were relatively smaller in their content. For example in sample tree # 4, 

:vhich had 7 of the ten known campothecines, the largest peak corresponded to 

:amptothecin with aU others being available in smaller concentrations (Figuze 4.1.4). 

ifiese results have important implications for not only harnessing the high yidding 

~dividuals for clonal multiplication but also for exploiting some of the minor 

:amptothecines, which also have been shown to have imponant anti-cancer and anti-viral 

ctivity . 

• 1.3 Ecological niche modeling for CPT accumulation: 

.ne of the key challenges in prospecting for high yielding sources of specific punt 

Letabolites is to develop a1goritIuns or approaches that can help predict hot-spars of 

stribunon of the metabolite. Recently, a GIS based approach cilled the ecological niche 

.odel has been used tD model the spatial distribution Df a given species and offer 

'edictions on the habitat suitability of the species. In the present study, attempt has been 

ade to extend the use of ecological niche modeling tools to offer predictions on the spatial 

smbution of plant metabolites. An underlying assumption of this application is that, plants 

)u1d be selected to accwnulatc secondary metabolites at sites predicted to be highly 

Ltable for the given species compared to sites, which are not predicted to be suitable. In 

~ present study ecological model was used to develop distribution maps based on the 

mary distribution points of N lli!lflllOltialTO in the Western Ghats (Uma Shaanker et al 2(08) 
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(Figure 4.1.5). The percent CPT content in the stem bark was correlated with the predictions 

of habitat suitability generated using the DIVA-GIS. The CPT content of individuals 

occurring in the different habitat suitability areas indicated that individuals in highly suitable 

areas accumulated significantly higher levels of CPT compared to those that occurred in 

unsuitable or poorly suitable areas (Figure 4.1.6). Furthermore, more than 60 percent of trees 

in the excellent habitats accumulated more than 1 percent CPT (Figure 4.1.6). 

The frequency distribution of CPT content of individuals occurring in the different habitat 

suitability ~ow, medium and excellent) indicated that higher proportion of individuals in 

highly suitable areas accumulated higher levels of CPT compared to those that occurred in 

low and medium suitable areas (Figure 4.1.7). 

Environmental variables influencing CPT production 

In order to arrive at the possible environmental variables that influence the accumulation of 

CPT content in N. nimmoniana. we carried out a forward step-wise linear regression using the 

19 climatic variables that are loaded with the DIVA-GIS program. The program is loaded 

with the data on the climatic variables for 30 years (1960-1990). The mean values of the 

climatic variables for each individual WaS taken and correlated with the CPT content of the 

same individual. Only two variables namely, mean temperature of the driest and wettest 

quarter of the year significantly explained the differences in stem bark CPT among the 

populations (Figure 4.1.8 and Figure 4.1.9). 
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4.1.4 Sustainable harvesting of camptothecin from N nimmoniana: 

Leaf samples were collected from 123 individuals of one and half year old seedlings, 29 

individuals of rhree to four year old coppices, 22 individuals of five year old saplings and 30 

individuals of 10 to 15 years old adult trees of Nothapotfytes nimmoniatlo from Sirsi and Biligiri 

Rangaswamy Temple Wildlife sanctuary (BRT). All these samples were analyzed for CPT 

using HPLC and total camptothecin concentration in leaf tissue was expressed on a dry 

weight basis. To confirm the HPLC results, some of these samples were also subjected for 

LC-MS analysis at RRL, Jammu. In all the samples, mass spectra showed presence of 349 

indicating the presence of CPT. 

Mass spectra of all the leaf samples showed rhree signatures at m/z 371 [M+NaJ+, (M+H)' 

at m/z 349.1 and a fragment of CPT m/z 305 (M+H-COzf (result of partial fragmentation 

of CPT). The molecular ion peak at m/z 349 was carried for quantification during the LC­

MS studies, as this was the most intense peak in the spectrum (Figure 4.1.10 to Figure 

4.1.14). 
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Variation in the Leaf Camptothecin content: 

There was a significant positive correlation between HPLC and LC-MS CPT estimates in 

some of the leaf samples of one-year-old seedlings (Figure 4.1.15). 

In seedlings of BRT population, the leaf percent CPT varied from 0.027 to 0.92. The mean 

percent CPT in seedlings from BRT Sanctuary was 0.30 ± 0.17 and seedlings from Sirsi had 

a mean percent CPT of 0.29 ± 0.20. Over all, the mean CPT in seedlings across both the 

populations was 0.29 % (Figure 4.1.16 Figure 4.1.17 and Figure 4.1.20). 
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Figure 4.115: Association between HPLC and LC-MS CPT estimates in leaves of coppice 
and one year old seedling systems of N nimmoniana. 

Further, there were higher percentages of seedlings producing more than 0.2% CPT (Figure 

4.1.16 Figure 4.1.17). In fact, some seedlings had leaf CPT of more than 1 % (Figure 4.1.16 

Figure 4.1.17). The leaf CPT content in the trees did not exceed 0.2% (Figure 4.1.19) . 

In the leaves of three to four years old coppices, the percent CPT varied from 0.12 to 0.48 

with a mean value of 0.26 ± 0.10 (Figure 4.1.18). Leaf percent CPT of saplings ranged from 
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0.022 to 0.176 with a mean of 0.082 ± 0.042 (Figure 4 1.20). In adult trees of BRT, the 

percent CPT varied from 0 to 0.071 with a mean value of 0.009 ± O.f)J7 (FIgure 4.1 J9 and 

4.1.20). Mean leaf per cent CPT was maXlIDum in seedlings followed by coppIces. 'me adult 

tree leaves had the lowest CPT content (FIgure 4.1 .20). 
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Figure 4.1.16: Frequency disrribution of CPT content In one-year-old seedlings populaoon 

from BR hills (n=70). 
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Figure 4.1.17: Frequency distribution of en content in one-year-old seedlings population 
from Sirsi (n=53). 
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Figure 4.1.18: Frequency distribuoon of en content in coppice population from Sirsi 
(n=29). 
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Amount of biomass and Camptothecin production in N. lIimmoniana seedlings. 

Since the seedlings showed highest leaf percent CPT, they were further analyzed for amount 

of biomass and total CPT yield. One-year-old seedlings of N. nimmoniallQ produced a total 

biomass of 16.53 g per seedling on dry weight basis. Among the different tissues measured, 

root wood contributed a maximum biomass of 4.61 ± 1.34g per seedlings with a mean 

percent CPT of 0.26 ± 0.13 followed by a shoot wood, which had a biomass of 4.58 ± 1.13g 

per seedlings with a mean percent CPT of 0.25 ± 0.11. The leaf biomass produced per 

seedlings was 3.32 ± 0.73g with a mean CPT value of 0.30 ± 0.17. Total amount of 

Camptothecin produced by one-year-old seedling was 46.78 mg. The root and shoot wood 

contributed 11.99 mg and 11.45 mg of CPT respectively (Table 4.1.2). 

Table 4.1.2: Biomass, percent CPT and CPT yield (mg) in different tissues of N. lIimmolliana 

seedlings. 

Biomass per seedling± SD 
%CPT±SD 

CPT yield 
(Dry weight in g) (mg) 

Leaf 3.32 ± 0.73 0.30 ± 0.17 9.96 

Shoot bark 1.67 ± 0.34 0.28 ± 0.16 4.68 

Shoot wood 4.58 ± 1.13 0.25 ± 0.11 11.45 

Root bark 2.34 ± 0.50 0.37 ± 0.12 8.68 

Root wood 4.61 ± 1.34 0.26 ± 0.13 11.99 

Total 16.53 0.29 46.78 
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4.2 Molecular characterization of populations of Nothapodytes lIimmoniana in the 

Central Western Ghats, India using SSR markers. 

4.2.1 Development of SSR markers for Nothapodytes nimmoniana. 

Genomic DNA of N nimmolliana was isolated and subjected for resmcOon cbgestJon usl1lg 

Rsal. A continuous smear around Soo-1000bp I1lcbcated successful cbgestJon (FIgure 42.1). 

A cbgested DNA fragment was punfied using eppendorff gel c1eanl1lg kit and to the ends 

both the ends of DNA fragments linkers were ligated. To confirm ligaoon and I1lcrease the 

yield of linker-ligated products, PCR was done by using the linker-ligated DNA fragmc-nts 

as template. Again continuous smear around Soo-10oobp showed successful ligatJon of 

linkers to the DNA fragments (Figure 4.2.2A). 

SSR sequences from N nimmoniana were caprured usmg the blOtynlated oligos (CA)., (CAA). 

and (AAG) •. Enrichment for folloWl1lg SSR repeats has resulted m a small smear 111 1 5% 

agarose gel incbcating presence of complimentary SSR repeats m N mmmomana. However, 

the intensity of the smear was light incbcating presence of few SSR repeats 111 tbe species 

(Figure 4.2.2B) . 

Figure 4.2.1: Restriction digestion of NolhapodylfS nimmoniana genomic DNA uSl1lg RsaI (M; 
Marker, 1: Uncut DNA, 2&3: samples). 
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(A) (B) 

Figure 4.2.2: A; 1.5 % agarose gel showing smear around SOObp. Arrow indicates 500bp 
fragment of the lKbp ladder. 1,2,3 and 4 are samples. B; Smear around 500bp in samples 1, 
2,3 and 4 indicated recovery of pure gold DNA (microsatellite enriched se'luences). 

Transformation of plasmid DNA with inserts: 

Pure gold DNA was purified and then ligated into a TA vector (PTZ57R). Vector ligated 

with the pure gold DNA insert was transformed into competent E coli cells. Overnight 

incubation of plates at 37°C has resulted in appearance of blue and white colonies. Less than 

10% of the colonies were blue indicating high degree of transformation (Figure 4.2.3). All 

the distinct white colonies were indi,nduals picked and transferred to a 96-well plate. All the 

white colonies were subjected for colony PCR using M13 primers. Almost all the white 

colomes gave good amplification in the size ranging fwm 400-700bp (Figure 4.2.4). Some 

colonies, which were partially blue, also had a band in the expected range. 

Sequencing the inserts: 

Different sized fragments were carefully chosen, eluted from the gel and se'luenced. Thirty­

seven distinct clones were se'luenced and evaluated for presence of rnicrosatellites using the 

online free programme SSR finder (http://bioinfo.agri.gov.il/cgi-bin/GE_SSR_Finder.pl). 

Of the sequences that were scanned for presences of rnicrosatellites only 2B clones (75%) 

were found to contain rnicrosatellites of adequate size. Only clones with rnicrosatellites size 
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of more than 15 bases were consIdered for de~igrung pruners. Of the 'c 28 dones. 22 had 

microsatcllite sequences and a flanlung region of adequate sIZe for the d~lgn of forward and 

reverse pruners (Figure 4.2.5A&B). Primers were designed for these 22 'cqucnc~ u mg the 

default parameters of pruner 3 avaIlable onlIne (http://frodo wUnJlcdu/cgl­

bin /primer3/pnmer3_www.cgi). 

Figure 4.2.3: E coli cells transformed WIth pTZ57R plasrrud. Blue (",thout msert) and wlutc 
transformed E coli colonies (with msert) on anobJOoc selecoon media 

500bp 

500bp 

Figure 4.2.4: 1.5 % Agarose gel showing msert length \·anarion. InsertS were amplified using 

M13 F and R primers (M; 100 bp ladder). 
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(A) 
Clone no: 50 
>ACTCGTTACATTCTGGGCAAGTTTAAACTTAAGTTTCTACTTTGATATTGAAT 
CAGTCATTACCTCTGCCAGGATGCATGCCGACATATAGTGAACAAATTTTGGA 
CATTGCATATGATCTCAGTTCACCATAGCAGAAAAGGATATAGCTACTGATGG 
AAATCAAATTGGAGATATCAACGTATAAGTAGATTGGATTCACATTAGGTTCA 
ATTCACACTTTTAACTTCGCAACAACAACAACAACAACAACAACAACACTAAGC 
CTCAATCCCAGCAATAGGGGTCGGTTATATGAATCTTTCTTTTTCGTTCAGTAC 
GATTTAAGGTCGTCGACTCAGCTAATTGGT 

Primer3 Output 

lib .U~'''''-'>Q !.>b'uy sl>O":.f .. 4 
US~l-~.~-e..c"P'>'ldona 

(B) 

~::. .u.ll..lg~~.....AJn_";:'= 
2 21 !o'.Il' 42:.'6'.~OO_O'~TI"7'ItoCA~T'!CT 

IU.!itftPl'.lMQt U1Z'60.0460.C01.DOO.OOG'"~'J(: 
~.ru;Jn 
lK:l.'.<:oalP.!:Gl_n:;t, In 

~ Hl:E ~. I'7UII ».JO' COHn; l.O'. 'AD,]' C<lKJ~: 0.01) 
1!UIiiItTS ,.c.n. lUll' 26.(4 

1~T'I"fN:1~liC.tih"'''''Ulv'G[''I''ICJOiG1GiGlG'~ 
"""">H>"'~>"»>"n"" ............................... .. .. . 

Figure 4.2.5: A; Nucleotide sequence of clone no 50 with CAA repeat of size 29 bases. B; 
pnmer3 output for clone no: 50 willi forward and reverse primers indicated. 
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4.2.2 Population genetic variability of N nimmoniana popuilltions in the Central 

Western Ghats. 

Standardization ofSSR amplification: 

Microsatellite DNA loci or simple sequence repeats (SSRs) have become important sources 

of genetic information for a variety of purposes (Webster and Reichart 2004). To amplify 

microsatellite loci by peR, p.rimers must be developed from the DNA that funks specific 

microsatellite repeats. In the present study 22 SSR primers were developed for NOlhapo4J/u 

nimmoniana and primer details are listed in the table 3.2 (materials and methods section). All 

these primers were evaluated for amplification success against one individual of N 

nimmoniana and were separated on 3.5% agarose gels. Out of 22 primers evaluated for 

amplification success, 11 primers gave good amplification in the expected range. For further 

genotyping studies ovec different populations, -' primers that were polymorphic on J.5% 

agarose gels were selected. For example at one of the loci Nrun 7, different alleles were 

observed in the range of 221-241bp with all of them occurring in the expected range (Figure 

4.2.6). 

Fifty individuals of N nimmoniana over 6 populations were evaluated for allelic diversity at 5 

selected loci. The amplification products were separated initially on 3.5% agaxose gels and 

further resolved on 10% PAGE gel. The PAGE gels were silver stained and caprured using 

UV transilluminator. Amplification profile over six populations of N lIimmolliana at 5 loci 

reveled good allelic variation (Figure 4.2.7 and Figure 4.2.8). 

Population genetic was variability assessed using the SSR markers. Out of 22 SSR primers, 

11 primers revealed target specific amplification with ampliJied product in the expected 

range. Five out of eleven revealed good polymorphism. Using the genetic data on six SSR 

primers over six populations of NOlhapodyltI nimmoniallfJ following genetic variability 

parameters were estimated. 
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200bp 

l00bp 

200bp 

l00bp 

Figure 4.2.6: 3.5 % agarose gel showing SSR amplification over different populations of 
NOlhapodylts n;mmon;ono, at Nnm 7 SSR locus. White arrows indicate different alleles in the 
population. 

Number of alleles: The number of alleles detected over all loci across different populations 

was either 4 or 5. The mean number of alleles across different populations and over all loci 

was 3.6±O.15. Maximum of four alleles were observed in Vodagere population, followed by 

Agumbe (3.8±O.37), Mugali (3.6±O.24), and Sirsi (3.6±0.50). In Kemmannagundy and Is}ur 

least number of different alleles were observed (Table 4.2.1) . 

Effective numbers of alleles (Ne): Effective numbers of alleles (those that are required to 

rruuntain current level of heterozygosity) was also estimated over all populations. In Sirsi, 

Kernmannagundy, Agumbe and Vo~gere populations, estimated Ne was 2.81-2.83 followed 

by 2.45 and 2.66 ID Islur and Mugali respectively. Over all populations, effective number of 

alleles was 2.7±O.1 (Table 4.2.1). 

Allele frequency: At locus I (Nnm6), 6 different alleles were observed. Allele one was most 

frequent in all populations of NOlhopodykJ nimmof/iof/o. Some of the alleles at this locus were 
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observed in only one or two populations. Allele nwnber 5 was observed in Sirsi and Islur 

populations. At locus3 (Nnm 14) 5 different alleles were observed and allele 3 was most 

frequent in Mugali population. AUeIe 5 was observed only in Mugali population. Some of the 

common alleles at locus 4 (NnT4) and locus 5 (Nn 54) were found in 50% of the individuals 

over all populations of NOlhapo4Jles nimmon;alla. Alleles that are specific (0 one or two 

populations were allele 6 at Nnm7, allele 1 and 5 at Nn54 in less than 20% of the individuals 

indicating their uniqueness \Figure 4.2.9). 

Table 4.2.1: Population genetic parameters of six different populations of 
Nothapo4Jtes lIimmonwna based on 5 SSR primers. 

Populations Na Ne Ho+SD Hc+SD 

Sirsi 3.6+0.50 2.82+0.43 0.83+0.11 0.61+0.05 

KemmanlW!'Wldy 3.4+0.6 2.81+0.49 0.58+0.08 0.599+0.06 

Agumbe 3.8+0.37 2.83+0.28 0.51+0.13 0.63+0.03 

Islur 3.2+0.20 2.45+0.09 0.82+0.10 0.59+0.01 

Vodagare 4+0.31 2.Bl+0.17 0.74+0.09 0.64+0.02 

Mu23li 3.6+0.24 2.66+0.39 0.56+0.12 0.578±0.OB 

Over all populations and alllQci 3.6+0.15 2.7+0.1 0.67+0.04 0.60+0.01 

Na: Obsaved number of alleles. Ne: Exp<cted number of alleles, Ho: Observed heterozygoslIy, He: <xpccled 

heterozygosity and SO: Standard deviation. 

Heterozygosity: The mean obse!\Ted heterozygosity over all populations at all loci was 

O.67±O.04. Mean observed hetrozygosity (over all populations and at all loci) was more than 

expected heterozygosity based on Hardy Weinberg equilibrium O.60±O.Ol. Among different 

populations Sirsi (0.83±OJ 1), Islur (O.82±0.10) and Vodagere (0.74±0.09) had highest 

observed heterozygosity and in all the three cas~s Ho was more than expect~d 

heterozygosity. Kernmannagundy, Agumbe and Mugali populations had least observed 

heterozygosity. In summary populations in the nonhero part of the Western Ghats, 

maintained higher heterozygosity compared to the ones in the southern Western Ghats 

(fable 4.2.1). 
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Figure 4.2.9: Allele frequency pattern over different populanons of Nol/"rJMtiyttJ ntmmOnlana 

based on 5 different 55R primers. 

AMOVA: An AMOVA of the 6 populations tndlcated that a large percentage of total 

genetic variation (83) was within populanons, with only about (17% P<O.OI) was among 

populations (fable 1.2). 

Table 4.2.2: Analysis of Molecular Vanancc (AI\10VA) based on 5 SSR pomer data over 
different populations of N Olbapodylu mmmoniana in the \X'estern Ghats. 

Variable de 5S MS Est. Var. % Stat Value Probability 

Among Populations 5.00 139.53 27.91 1.30 0.17 

;Vithin Pops 94.00 600.59 6.39 6.39 0.83 Rs( 0.17 0.01 

[rotal 99.00 740. 12 34.30 7.69 

Association between Ho and latitude of populations: Levels of heterozygosl!J' at each 

populations was correlated wid1 their respecnve latitude of collections. There was a posJOve 

and significant correlation between absenTed heterozygosity of the population and latitude, 

indicating populations in the northern part of the Western Ghars are genetically mOre 

diverse as compared to ones in the southern part (Figure 1.13: P<O.OI). 
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nimmoniona populations in the central Western Ghats. 
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4.3 Prospecting phylogeoeticaUy related genera/species of Nothapodytes 
nimmoniana for Camptothecin. 

4.3.1 Mapping the related genera of Nothapodytes nimmoniana in the Western Ghats 
India. ' 

Based on the secondary data obtained from herbaria sheets and floras the distribution maps 

of all the related genera of Icacinaceae members in the Western Ghats were developed 

ApotJyles beddomei was found in Kemmanagundi, pms of Shiridi Ghats in Karnataka and in 

the belt of Mananthawady and Silent valley in Ketala. This genus was also found in southern 

Western Ghats in parts of Thirunevelli etc (Figure 4.3.1). Sarrosligma klei"tii was found in 

Makut ofCoorg and is reported in many parts of Kerala like Gudalur, Devala, Udumanparai 

md Thenmala etc. This genus is restricted to Ketala part of the Western Ghats (Figure 

H2). 

['he genus Gomphandra has two species, which are restricted to the Kerala part of the 

X'es tern Ghats. In Kamataka it is found in parts of Bababudangiri hills. Gomphandra 

)Ofymorpha is densely distributed in parts of Kennakadu, Karimham, Thovai, Annamalai, etc 

)f Kerala. Similarly species Gomphandra conaceae is sparsely distributed in southern parts of 

(erala and parts of Tamil Nadu in Quilon (Figure 4.3.3). 

'yrmacanlha volllbiliJ is distributed in south-east of Andhra Pradesh in Hajjipuram and in 

:annangudi in east and in many parts of Tamil Nadu in east (Figure 4.3.4). The genus 

Jalsiatllm htrpalicum is very sparsely distributed in eastern parr of Tamil Nadu and Andhra 

radesh (Figure 4.3.5A). 

fiqurlia drntata is distributed in regions of Chirnmini dam, Idokki and Silent valley in Kerala 

~d in south-east of Karnataka in Bettagiri (Figure 4.3.5B). In summary except genus 

Tolhapot/yltJ minmoniona which is widely distributed in the Westem Ghats, rest of the 

:accinaceae genera have a relatively restricted distribution in the Western Ghats. 
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Figure 4.3.1 : Map showing the distribution of ApodyleJ beddomei m the Western Ghats. Map waS 
developed based on the data from herbaria sheets, floras and other records. Pressed herbaria 
speamen with collection details is also sbown. 

hgure 4.3.2 ; Map showmg the distribution of 
SanoJIIgma MenlI in the Western Ghats. Map was 
devtloped based on the data from herbana sheets, 
flr>ra. and other records. Pressed herbana image of 
., lpodyw btddoln<1 with collccQon details is also 
s.hr)wn. 
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Gotnpbandro pol,morpba 

GOll7pbundra rand,,,,,, 

Figure 4.3.3: l\!ap showing the dismbution of GOlllpbtllldra In \X 'cstem Ghats of lnwa. lIlap was 
developed based on the data from herban. shects, fl oras and other records. Pressed herban. 
speciJnen WIth collection derails is also shown. 

96 



Figure 4.3.4: Map showing the distribution of pYf7i1locolltha I/O/Ilbi/is in parts of Tamil Nadu, 
lnrua. Map was developed based on the data from herbaria sheets, floras and other records. 
Pressed herbaria specimen with collection details is also shown. 

hgurl" 435,\ M.p .hoWlng the d"Ulbuuon of Na/sm/II/IJ he1'(l//(/"" on 111(ua. Map was 
dl"'c':if .ped ba~.('d on the data frc..Im herbana she<:ts, floras and othc:r n:corcis. Pressed herbaria 
"'p'JIIJ1('U with C{)lIcc[l()n derails I ') als() .hown 
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Figure 4.3.53 : Map showlng rh~ ,u,rnbutlon of ,\[IIf"<iia dmldk! '" Wesrern Ghars of JndlO. 
!vIap was developed based on rht.' dam from he-cbana sheets, floras .:tnd otht'r records Ptt ....... :-icd 
herbaoa speamcn wuh collecnon de£<uJs IS n150 shown. 
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4.3.2 Chemical profiling o[ related genera of Nothapodytes nimmoniana ill the 

Western Ghats, India. 

In the present study, different phylogenetically relared genera of N nimmo/liana were selected 

and screened for Camptothecin. About 8 different genera were short listed for the study and 

spatially explicit distribution maps were developed for the study. Using the distribution maps 

samples of:ill these genera including different plant parts were collected. All these samples 

were subjected for CPT analysis. 

HPLC results 

Presence and quantity of CPT was been confirmed by HPLC analysis. HPLC profile of all 

the related genera extracts showed the presence of CPT except in SlrombOluia i!Jlanica 

(Figure 4.3.6). Among the lcaccinaceae genera that were screened for CPT NatsiatuIN 

ImpatiCllm fruits had maximum CPT of 0.026% followed by Sarr:ostigma klenii leaf (0.018%) 

and Gomphandra POIYmorplm fruits (0.011 %). The genera Pyrrnacantha PfJlHbilis, Apo4Jlf! dimidiala 

and Gomphalldra tetrandra had CPT less than 0.01% in both the leaf and stem bark samples 

analyzed In Apot!Jtes dimidiata cn was detected only in the stem bark sample and was not 

detected in the leaf sample. Across different plants parts of different genera analyzed, CPT 

was higher in stem bark than in leaf or fruits (Table 4.3.1). 

Two genera OplJiorhiza pumila and Tohrrmon/(1II1l hrynwno belonging to the family Rubiacaeae 

and Apocynaee3e respectively were also screened for CPT. CPT was detected in both the 

parts of OpJJiorhi'{a pI/mila and Tobennontalla hryneanQ. Opbiorhi<p pumila root had more CPT 

(0.1%) followed by stern bark of Tohermonlana hryneana (Figure 4.3.6 and Table 4.3.1). Leaf 

sample of Ophiorhi:;p plI/wi/a had more CPT (0.052%) as compared to leaf samples of other 

species screened. 

Among the 13 different species belong to three different families (lcacinaceac, Rubiaceac 

and Apocynaceae) screL"IIcd for CPT herbarium specimens of ooe of the specimens 

C')nsistently had m()re CPT In the fruits (Figure 4.3.7). HPLC profile of R56 and R59 (for 

proprietary reasons the specimen name has been coded) showed string signals presence of 
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more elY!" (Figure 4.3.7). Leaves of the herbarium specimen of thIs species had very les5 

CPT and it was not detected in one of the sample (data not gi\'cn). 

Efforts were also made to collect fresh specimens of R56 from the Western Ghats, India. 

Leaf and very young fruit samples of R56 were collected from the Western Ghats during 

June 2007. I-lPLC analysis of these samples showed a CPT peak and the concentration was 

0.011 and 0.008% in two fruit samples respectively (Figure 4.3.8). This con<;entratlon is 1()() 

times less than the concentration that is present in the matured fruits of herbarium 

specunens. 

Four months after initial collection, again the fruit samples of 9 different plants of RSG were 

collected from same site (during October 2007). To see the pattern of accumulation of CPT 

with in a fruit, fruit coat and embryo were separated and analyzed using HPLC. I-JPLC 

profile showed the presence of CPT in both fruit coat and embryo with considerable 

variation in the quantity (Figure 4.3.9 and 4.3.1 0). CPT coorent in fruit coat ranges from 

0.03%-0.14% with a mean of 0.069±0.035%. Similarly in the embryo it ranged from 0.31-

0.83% with a mean CPT content of0.55%±0.25% (Table 4.3.2). 
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hgure 4.3.6: J lPLC profile of dIfferent genera "f 1c:lCcm.cac and others. HPLC profile of standard 
CamptothcclO lOdlcated a peak at 3.52 min. suntlarlv 10 different plant samples CPT peAk I S mdlcated 
wlth an arrow. A~ GomplxJlJdra Itlrandru stem barh B; ,flln-o.1/igmll kI~ifJil leaf C; l~yrentJflIlJfb(/ vo/ubi/is leaf 
D~ Op/,jorM';!l pumila stem E; Nalfla(1I1fJ !Jupatiflllll (n.ut~. 
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\ 52 Ifun CfTl 

Is(MI m,\ L', 254nm, 4nm (I.(I{) 

Sl2ndatd CPT 

450 mAU. 254nm, 4nm (1.00) 

A CPT: 1.16% 

400 mAU, 254nm, 4run (1.00) 

B CPT: 128·. 

"I!(urc 4.3.7: HPLC chromatograms ShOWUlg CIYI" f"'3k In standard at 3.52 min and In 

,amp"'"" .. \; R56 (rwo fruits) B; R59 (one fewt). 
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3.-17 man 

Standard CPT 
'-------

Fruit 1: 0.011% 

Fruit 2: 0.008% 

00 0.5 1.0 20 ~5 30 35 40 4.5 min 

Figure 4.3.8: HPLC chromatograms standard CPT showing CPT peak at 3.47 min, similarly 
1I1 unatme fruit samples (fruit! and fruit2) of R56 collected during June 2007 from the 
Western Ghats, India. 
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3.24 n"n 

Slmdard CPT 

Embryo I· 0.83% 

Figure 4.3,9: HPLC chromatograms of standard CPT ,howlng CPT peak at 3.1~ nun ParnaUr 
matured frUlf samples of R56 collected duong October 1007 from {he \Ve,S{crn Ghats, $howed CPT 
0 [0. 14°/0 10 frlUt coal and st"ed coat and O.83°/u I11I[S embryo (s:l.f11ple no: I) 
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.1.24 mm 

Standard CPT 

FfUlt and seed coat 8: 0.06% 

T~· ..-.--/ 
. s 

Embryo 8: 0.85% 

FIgure ·U. lO: J JPLC chromatograms of standard e lYf showing ( lY!" peak at 3.24 rrun. Parually 
matured frul! samples of R56 collected dunng October 2007 from the Western G hats, showed CPT 
of 0.06% In frul! coat and sced coat and 0.85% In I!5 embryo (sample no: B). 
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Table 4J .. 2: P~rc~nt CPT cOlltent in fruit and seed coat and r~:'r~Cu\'e tlnhryo> In parualh' 
matured Inn!s of R56 colkm:d Juring Cklober 2007 from \X'es tern Glw, . 

Percent C!Yf baseJ 011 III'LC 

SI no fruit and seed coat Embry .. 
Pruit 1 0.14 OR) 

Pruit2 0.03 

fruit 3 0.04 0.33 .-
Fruit 4 0.06 0.31 

FruitS 0.06 033 

Fruit 6 0.1 0.78 

Fruit 7 0.09 1.1.46 

Fruit 8 0.06 0.85 

Fruit 9 0.04 

Mean 0.069 0.556 

SD 0.035 0.253 

LC-MS/MS results 

liquid chromatography-tandem mass spectrometty (LC-MS/MS) is a versatile systCffi which 

combines both selectivity and sensitivity, and it is generally coosiderc=d as the most reliable 

technique to quantify chemical compounds in crude extracts. The method is highly sensitive 

and helps in detection of nano grams quantity of compound of interest in plants extracts. In 

the present study LC-MS/MS (done at RRL, Jammu) was usc=<! to quantify CPT from 

various plants extracts. 

The same plant exttacts (13 different species belong to three different families (kacirulceae, 

Rubiaccae and Apocynaceae) were used in detection and quantification of CPT using LC­

MS/MS. The daughter ion peak at m/z 305 was taken up for quantification (FiguJe 4.3.11). 

In some cases quantification was done based on all the three transitions (loos). 

LC-MS-MS profile of standard CPT showed appt:arance of m/z '105 ion at 8.11 min. 

Similarly in the samples Fjrrno(onlho II()/ubilis leaf, Opbiorbi:;_ll pllmih stem and SomIJligma kif/NY 

leaf ion e1ured at 8.09 min (Figure 4.3.11). LC-MS/M5 profile of samples R56 and RS9 

showed appearance of all the three ions (m/z 305, m/z 263, mh 247) of parenl molecule at 

8.09 min. CPT in these two extracts has been quantified based on aU rhe three transitions 

(Figure 4.3.12). 
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LC-I\IS-MS results showed that, among the Icacinaceae genera screened for CPT Sl1t'fTIJ/igllltl 

klrinii leaf. had maximum CPT (0.14%) followed by I:yretll1<'11l1fbli vaillbi/is leaf (0.04%) lind 

then in No/siob/Ill hrrpOlitf'llI fruits (0_01%). Least CPT was found in GOlnphalldra lelrondro 

stem bark (0.0008%). Stem samples of Ophiorhito plln/i/o and Tabermonfolla brylleallo had CPT 

0[0.02°'0 each (Table 4.3.1). 

LC-MS-MS estimation also showed presence of significant amount of CPT in fruit samples 

of R56 (1.61%) and R59 (0.45%). Along with these two samples one more fruit sample 

R6/R10 also showed high CPT of 0.9% (Table 4.3.1). In sununary among all the samples 

screened, fruit samples of R56 had highest CPT compared to other species. 
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Figure 4.3.11: A: Structure of 
Camptodlecin and a Schematic diagram 
showing LC-ESI-MS/MS fragmentation 
pattern of Camproiliecin. B: ESI-MS/MS 
chromatograms of different genera of 
leaccinaceae and oiliers. ESI -MSMS 
chromatogram of standard Camptoiliecw 
showing a daughter lOn of 305 at 8.11 min, 
similarly in plant samples: I; standard CPT, 
2; P),lTlltlfallfha I'olllbtlis leaf, 3; Ophiorhi:;:.a 
pl/II/ila Stem, 4; S(lrro.rfignJa k/ellli; leaf. 
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figure 4.312: ESI MS/MS chromatograms of R56 and R59 samples. ESI-MSMS 
chromawgrams of th ree daughter )(>11 , of CamptothecUl 305, 263 and 247 <:luang at 8.09 and 
fl . II !TUn 10 both the samples rc ' pctuvcly 

109 



Table 4.3.1: Ust of genera/species of Icaccinaccac, Rubiaccae, Apocyanaccae and Olacaceac 

with Percent CPT contcnr based in IIPLe and LC-J\l~/l\IS. (Note: NO: ~ot d<twed. NA: Not 
analyzed.). 

Plant Noof HPLC LC-MSMS 
Sino Species Part individuals % CPT bydw) (%CPT bydw) 

1 rpyrena((Jlllho vollibiliJ Lcai 6 O.OO64+0.()()S'J 1).tH'~·" 

Stem 6 0.0071 ±0.OO48 NA 

2 Sarrosli.P.ma kkllii Leaf 1 0.0042 N.\ 

Leaf 1 O.ot8 0.14% 

iStem barl< I 0.0037 N.\ 

Fruits I 0.00036 NA 

3. VlPqdyles dimidia/a Leaf 2 ND I'D 

Stem bark 2 0.0051 +0.0014 NA 

Leaf 1 ND No\ 

Stem bark 1 0.00076 NA 

5 GOl7l/ihalldru/f/randra ~J 1 0.00045 :-J.,\ 

, Stem bark 1 0.006 0.0008% 

.~. G.o/.Il'p"palidra f)Q/YIIJo1'fJh. Fruits 1 0.011 Nc\ 

7 iNa/sial Jim bfI'jJaliCllm Fruits 1 0.026 0.01% 
" 

8 lrt1llmpaRsia Zey/aRiro Stem bar~ 1 ND ~.\ 

9 Ophiorhizu p"mila Leaf 1 0.052 NA 

Stem .1 0.052 JJ.021'v 

Root 1 0.14 NA 

10 TQb'(7JIOR(!IIla heylltunQ Leaf 1 1),006 N.\ 

Stem bad 1 0.1 0.02% 

11 R56, Fruit 1 1.}6 I.G! 

12 R59 Fruit 1 0.62 0.45 

13 !KG/RIO Fruit 1 ).28 U.') 
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4.3.3 ndhF phylogeny of Icacinaceae and others: 

In the present study to construct minimal phylogeny of CPT producing plants ndhP gene 

sequences of different species/ genera were downloaded from the Gene bank and subjected 

for the Phylogenie analysis. 

For some of the genera of Icacinaceae there were no ndhF sequences available in the 

database, these genera were subjected for l/dbF gene amplification. PCR amplification profile 

of these species showed amplified products in the expected range (Figure 4.3.13) and in 

some case there were more than one band, in that case one prominent band in the expected 

range was considered. 

Phylogenetic tree: In the strict consensus tree of the ndhF analysis, Icacinaceae. 

(represented by 15 genera and 16 sequences) together with Garryales form a monophyletic 

group as sister to the other euasterids 1. With in this monophyletc clade, Notsiotllm herpotiCllm, 

N nimmolliona and Mappio rocemoso clustered together with a bootstrap value of 96 and 

remaining genera formed a different cluster. 1bis cluster also included Pyrmoconlbo, lcocino, 

Afiquefio, Pl!Jlomne and Slad!yalllhlls (Figure 4.3.14). 

Emmo/um and ApOt!J/ts form a separate clade within J caccinaceae. 1bis group in turn 

clustered with genera of the families Rubiaceae, Apocynaceae, Loganiaceae and 

Gelsemiaceae. Within Aquifoliales there were two separate sub groups, which bdonged to 

the families Cardiopteridaceae and Stemonuraceae. Genera Pennantia is well supported with 

a separate group in ApiaJes. 

In summary, Icacinaceae are polyphyletic. The genera included belong to both euasterids I 

and II and should be rearranged into three different orders: Garryales, Aquifoliales, and 

Apiales. 
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Figure 4.3. 13: Amplification profile of chloroplast ndhF gene of Abqlldlo dlnlofa and 

NOfbujJotjyfes lIi""110IliuIIO. M: Lambda double digest ladder, I ' t\ I'qlf(/io dmfafa' 1 S[ half ndhF, 

2: N JJ1/J/IIJoJJiaJJu : ] st half ndhF, 3: Miql/fJia dmfalu: 2nd half ndbF' and <I 5 . N HllllhI"JIIOna : 

2nd h.lf ndhF. 
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100 Nyssaceae o Cornales 
Nyssaceae 
Stachyanthus zenkeri 
Miquelia dentata 
Pyrenacantha grandifolia 
Pyrenacantha malvifolia 
Phytocrene oblonga Icaccinaceae/Garryales 
Icacina senegalensis 
lodes liberica 
Natsiatum herpeticum 
Mappia racemosa 
Nothapodytes foetida 
Emmotum nitens 

~ Ic","naoeaeiGarryale, 
Ottoschulzia pallida 
Cassinopsis ilicifolia 
Apodytes dimidiata 

45 Raphiostylis beninensis 
Rubiaceae 

~ Gentianale, 

Apocynaceae 
Gelsemiaceae 
Loganiaceae 
Loganiaceae 
Loganiaceae 

43 Citronella gongonha 
Citronella moorei 
Leptaulus citroides 
Leptaulus daphnoides Aquifoliales 
Lasianthera africana 
Irvingbaileya sp. 
Discophora guianensis 
Grisollea myrianthea 
Pennantia corymbosa ~APia les 

100 Pennantia cunninghamii 

figur" 4.3.14: ;\uOlmal phylogeny of Astcnds developed l>.,ed on ndhF scqu<:nccs. 
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4.4 Prospecting endophytic fungi from Nothapodytes nimmoniana f(lf CamplolbeciD. 

4.4.1 Endophytic fungi from different pfant parts aDd populations o( N 

nimmoniana : 

Individuals of NOlbapodytes nimmonial/a that differ in C}Tf in stem bark were used for 15(.laooo 

of endophytic fungi with a presumption that individuals might also differ in their endophytic 

fungal composition. With this hypothesis twenty-six endophytes were isolated from 24 trres 

and 4 tissue samples (rable 4.4.1). These were designated as putative endophyres. 'Ihere 

were no isolates obtained from explants that Were unsterilized. All the fungal isolates Marred 

appearing on the 3'd day after inoculation on to the agar plates. Isolates signilkanrly diffcrcd 

in their rate of colony formation on the agar plates that indicated their uniqueness. (Figure 

4.4.1). Maximum of three isolates were obtained from a single stem bark sample of 

Kemannagundy, Nalrnukh and Persia population. Leaf and stem sample of in vitro-raised 

seedling did not give any endophytes however N "illlfffo"iang seed tissue that was used for 

callus induction showed fungal initiation after three months of inoculation on to the MS 

media. There was no correlation observed between host CPT content and number of 

different isolates obtained from the same tissue. 

4.4.2 Camptothecin production by endophytic fungi. 

HPLC analysis: 

All endophytic fungal isolates were subcultured to ensure an axenic culture; each fungal 

culture has been continuously maintained since the original isolation, with transfer [0 frl'sh 

medium every 4-5 weeks (Figure 4.4.1). CPT estimation was done when isolate, wereto 3
nl 

subculture (3"' generation away from the host). Twenty-six endophytic fungal isolates from 

N. lI;mmoniona were cultured in shake flasks as described earlier and C}Tf estimated at the: 

end of the growth period in both broth and hyphae (Figure 4.4.1). CPT presence "la' 

confirmed by matching retention time of authentic CPT with that of endophytic iunl,"" 

extract. Some of the isolates showed good CPT signal in hyphae as well as broth. its 

presence \Vas confu111cd in all the 26 isolates. 



Table 4.4.1: Sample used in isolation of endophytic fungi from NOlhoporfylcs lIillJmOlliollO. 

Trt~ ID Plant part Hosl CPT Isolale code Day.1 "hieh fungal 
conlent ("!o) initialion starled after 

inoculation 
DISS Slem bark 1.89 UAS005 151h 
D2SB Stcmb.rk ().37 
DSSB Slem bark 1.48 
D6SB Slemba,k 0.56 
DSSB Stem bark 0.46 
D9SB Slem bark 0.31 
DIOSB Slem bark 1.31 UAS004 8th 
DI5SB Stem bark 0.67 UAS026 11th 
KGISB Stem bark 1.21 UASOOG Sth 
KG4SB Stem bark 2.82 UASOOl 6th 

Slem bark 2.82 UAS007 7th 
Slembar!< 2.82 UASOO8 11th 

KG6SB Slcmbark 0.22 UASOO9 3 
5tembark 0.22 UASQIO 7 

KGIOSB Slcmbark 1.99 UASOII 7 
Stem bark 1.99 UASOl2 5 

Cuttino Stem bark 0.46 UASOI3 7 
Leaf petiole 5tembark 0.40 UAS014 7 
KodSB-l Stem bark 0.14 UAS018 5 
NLSB·l1 Stcmbark UAS020 20 
NLSB-12 Slembark UAS021 II 
NLSB·13 Slem bark UAS022 7 
Per SB-\ I 51embark 0.4\ UAson 2S 
Per SB·\2 Slemhark 0.41 UAS025 II 
KodSS-1 Flower buds UAS024 7 
Callus culture UASOOI 90 
Callus culture . UASOO2 90 
Soedling raised Seedling leaf - -
Invitro 

Slem -
Stem apex -
l",r -
leaf 
Stem -

Note: DSB: D",'imani stem bar!< sampl., Karnataka, KGSB: Kemmaon~ndy stem bark sample, Karnataka 
NL<;B: Nalmukh stem bark ,.mp)e, Kcrala, Per Sa: Persia Junction sample, Keral. , and Kodeyar stem bark 
sample, Kenla. 
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A) 

B) 

C) 
Figure 4.4.1: A; Plates showing the emergence of fungal hyphae from cut ends of srem bark of N 
nimmonionD. B; Plate sbowing the growth of sub-cultured endophytic fungi. q Growth of 
endophytic fungi in shake flask culture. 
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Quantification of the compound was made in the samples in which CPT was detected. orr 

was expressed as fig per 100mg of hyphae or fig per 100 mL of the broth. CPT content in 

the hyphae ranges from O.lOfig to 9.8flg. Highest CPT 9.8flg was found 111 hyphae of Ui\S 

011 and lowest was found in LIAS 006 (0.10)lg). Six isolates (UAS 004, UAS 011, Ul\S 016, 

UAS 018 UAS 019 and UAS 020) produced CPT more than Iflg per 100mg of dry hyphal 

biomass. Four isolates produced more than or equal to 0.5flg ofePT in the hyphae. Similarly 

in the broth, the highest CPT content in broth was 0.30 f.lg and in many of the isolates CPT 

was not detected in the broth. In six of 26 isolates cn was detected in the broth and 

amount was more than or equal to 0.1 f.lg. UAS 018 isolate produced more CPT (2flg) in the 

hypahe as well as broth (0.3f.1g) (fable 4.4.2). 

LC-MSMS analysis: 

The same extracts were subjected for LC-MSMS analysis. Detection and quantification of 

CPT was made based on multiple ion-monitoring mode in LC-MSMS. The mass spectrum 

of fungal camptothecin was identical to the published spectrum (Van Hengel et aI 1992), 

having a molecular ion peak at ml z 349 with characteristic fragments. CPT presence and its 

quantity in fungal extract~ were confinned by appearance of characteristic ions after 

fragmentation of parent molecule mlz 349. 11u:ee ions were observed upon fragmentation 

m/z 305 (M - C02), m/z 247 (m/z 275 - CO) and m/z 263. Some of these extracts 

ptoduced clear 305 signals like UAS 017, UAS 021, UAS13, UAS 019 and UAS 018 (Figure 

4.4.2). In all the isolates CPT was detected, but quantification was possible in few of the 

samples because of amount of cn in rest of the samples was below limit of quantification 

in LC-MSMS. 

UAS 005 had the maximum CPT 13J.lg followed by UAS 025 (7.lflg) and UAS 013 (4.1~. 

Isolates UAS 012 and UAS 006 had 2.9 and 2.3 f.lg of CPT respectively. UAS 001, UAS 009, 

UAS 014, UAS 015, UAS 018, l!t\S (J19 and UAS 022 isolates produced CPT less than Iflg. 

HPLC CJY[ estimates of hyphae were correlated with LC-MSMS CPT estimates. There was 

no correlation observed between (IPLC CPT estimates and LC-MSMS estimates (fable 

4.42). 
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B) 
Figure 4.4.2: A) LC-l\ISMS chromatogram of ""ndard CPT ,howing 305 peak at 12.50 min. 
l~) LC-M5I\fS chromatogram of endoplwoc fungal e<CT:lcr (l ..\5(13) showmg 305 p""k or 

12.45. 
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Tabk 4.4.2: C1Y I' in hyphae and broth of 26 cndophyric fungal isolat("s from stem bark of 
;\!olj,',/,od)'lfJ 1I;I11mOIl;OIlO based on HPLC and LC-I\1SMS. CPT in mycelia extracts of 26 
endophytic: fungal isolates from stem bark of Nolb"/,odylts lI;nJlfJOII;all(/ based on LC-MSMS. 
Based on multiple ions monitoring system in LC-l\fSMS CPT was guantified based on three 
molecular ion> 305, 247 and 263. 0; CPT detected in LC-MS(MS but guantity was bclow 
limit of quantification. 

HPLC estimates I LC-MSMS estimates 

Isolate code Jldl00m~ (hyphae) Jl~/100mL (broth) Jl~/100mg (hyphae) 
UI\S 001 0.40 0.10 0.068 
UAS002 0.50 0.00 0 
L',\SOO3 0.80 0.00 0 
liAS 004 1.50 0.00 D 
liAS 005 0.00 0.10 13 
UASOO6 0.10 0.00 2.3 
{JAS 007 0.10 0.00 D 
UASOOS 0.20 0.00 D 
L'AS 009 0.60 0.00 0.5 
VAS 010 0.40 0.00 D 
UASOll 9.80 0.10 D 
UAS012 0.30 0.10 2.9 
LIAS 013 0.40 0.00 4.1 
UAS 014 0.10 0.00 0.2 
UAS015 0.50 0.00 0.93 
UAS 016 1.10 0.00 D 
UAS017 0.60 0.00 D 
UAS018 2.10 0.30 0.85 
L'AS 019 1.80 0.00 0.13 
UAS020 6.20 0.00 D 
UAS021 0.20 0.10 D 
CAS 022 0.20 0.00 0.23 
VAS 023 DAD 0.00 D 
UAS024 0.20 0.00 D 
l:.\S 025 0.10 0.00 7.1 
lJ;\S 026 0_00 0.00 D 
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4.4.3 ITS taxonomy and phylogeny of endophytic fungi from N nimmoniana. 

The ITS PCR producllcllgrhs of aJ1 the isolates range {mm .SIIi/- 7::!lIbp (FIb'l.lfe 4.4 . .1); rJ.us 

then' was a considerable lellgth variation observed aero,s the isn)arl". 

A comparative analysis of the ITS sequence alignmcms for the hemn studied endophytic 

fungal isolates was carried out using CLVSTALW software (Ibnmpsrm et a!. 1994). AnalysIs 

of the ITS region among the different strains reveal"d sequence van ability. Each of the 

sequence was processed and subjected for BLAST analysis. BLAST analysis results arc giycn 

in the Table 4.4.3; against each isolate a BLAST hit with highest BLAST SCOre, perc~nt 

identity, gene bank accession number and species name was given. Taxonomic identity for 

each of the isolate was given in the Table 4.4.3, Seventeen out of 26 lsolates were classified 

as Fusarium; remaining isolates belong to five different genera of fungi. Fusarium isolates 

belongs to two different species Pl/lanllm 101am' (Nrrfna batmalocf)(co; m,-"al Jla!! of FJII0ni,m 

solam) and I'iaorill'" oJo.YJjJtmlm (Gibbmlla moniliformil: sr:><:lIo/ slagt of FllIony", 0:>;JJjJ0tum). Isolate 

VAS 002 and VAS 014 had a ITS similarity of 98 and 100% with Di<1fMrtJJ( (QIMntfff and 

PhonlopJis JjJ. MAFF 665006 respectively, Except It'JKx (isolate UAS()U9) and Phun'f"Drhtlo; 

(UAS021) belongs to Basidiomycetes fungi and remaining isolates belongs to Ascomycetes 

group of fungi. 

Phylogenetic analysis of isolates revealed three different clusters. The cltL'ter [ conrained 17 

FJlJanHnJ isolates. There are three species of Flisanllm from thi, cluster, which includes 

Fllsanl/If} o>'_"'I1fJomm isolates, FIIsorillm SO/OI/; isolates and ""i/JIIll"m bto!on/l( and the cluster \V2S 

supported with a bootstrap value of 75%. The cluster [J cont..uncd D",porlhr and PhOIHOspJll 

isolates and this duster was well supported by bootstrap value of 6-'V-'". Further one isolate of 

BOlryospbatra was in a separate cluster III and was closely clu.tered with Dia/JOrl/;t isolates. 

This isolate separated with a bootstrap value of 94%. The clt15tt:r 1\' contaim isobtes 

belong~ [(l Basidiomycetes fungi and there are three isolate" in th,' cluster, namely 

Ga/adolllJ'l"rS .cp, hprx /adtlls and PIJanrf"O{ouela IlIbtrm/ula. "prx /ud(/IJ and Ph,JII((fhl',l(ltJ 

l"bm"lu/a ar~ very closely clustered inlo a small sub·cluster Mth " boott'trap of 99'''0 
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indicating their high degree of ITS similarity. ITS marker was able to disllnl,'Uish different 

isolates and were clearly sl'gregated into scpamte clusters (Figure 4.4.4). 

The isolates clustered clearly into separate groups based on ITS similanty and there ",'a_s no 

geographical association of the isolates observed. Isolates coming from different popul2u(jns 

of N. n;mmoniona did not duster mto a single group. Isolates that arc oblJlined from different 

plant parts of N. nimmoniana clustered separately like, Diaptlrtbf and Phomoplir were isolated 

from leaf petioles, Galocl0"'lm from flower buds of N. l1i"'111l1oiuno, renuining all other 

isolates were originated from stem bark of N. lIimmolliono indiating the tissue specifiOl)" of 

endophytic fungal isolates in N. "illlmoniono. 
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V DISCUSSION 

It is estimated that over 50 per cent of all drugs (and their derivatives and analogs) in clinical 

use, are derived from higher plants. According to the WHO, about 80 per cent of the people 

in developing countries still rely on traditional medicine for their primary health care, and 

about 85 per cent of such medicines involve the use of plant extracts. In other words, an 

incredibly large number of people (about 3.5 to 4 billion) in the world rely on plants as 

source of drugs (Farnsworth 1988; Raskin .1012002). 

In recent years, with the advent of newer tools including high throughput screening for 

bioactive molecules, there is a resurgence of interest in mining higher plants for a variery of 

metabolites. In fact, nowhere has the effort been more pronounced than in the National 

Cancer Institute USA, which has screened over 35,000 plants for anti-neoplastic effects 

(Daniel and Fransworth, 2001). Plant based natural products have played a significant role in 

the development of contemporary cancer chemotherapy. A number of novel anti-tumor 

compounds, including taxols, camptothecin and its derivatives, maytansine, tripdiolide, 

homoharringtonine, vinblastine, vincristine, indicine-N-Oxide, baccharin, podophyllotoxin 

derivatives and etoposide etc are being extracted from plant sources (Nalwade ,I 0/2003; 

Yan et 01 2003). Considering the enormous potentialiry of these compounds, several 

laboratories worldwide have been striving to intensively mine them and standardize 

methodologies for their large-scale production. 

Among the plant-derived compounds catnptothecin, a pyrrolo quinoline alkaloid, has been 

extensively used as a novel anti-tumor compound. CPT is lauded as onc of the most 

promising anticancer drugs of the twenry-first century (Lorence and Craig, 2004). CPT 

exhibits a broad spectrum of anti-tumor activity both under in vitro and ill pi"" conditions 

(Valdu d 012000). CPT and its analogues in the presence oftopoisomerase-I produce DNA 

damage by binding to and stabilizing a covalCllt DNA-topoisomerasc-I complex in which 

one mand of DNA gets broken (Nalwadc ., 012003; Yan ,111/2003; Li (f a/1994; Wall ,I al 

1966; Craig tI pi 1997). 
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lrrinorecan and Topotecan two water-soluble derivatives of CPT, have been approved by 

the FD,\ for treating small cell lung cancer, colorectal and ovarian cancer (Masuda e/ 011992; 

Abigers rI 0/1995; Lilenhautn et 011995; Romanelli el 011998; Clements el aI1(99). These 

have also heen approved by FDA for the treatment of AIDS (priel el a/1991). 

Camptothecin was first discovered in the Chinese deciduous tree, Cantplolheco omminala 

(Nyssaceae) (Wall el of, 1(66). The other plant species from which CPT is isolated are 

MerriliodendTM mtgacarpllln (Arisawa el al 1981) and NOlbapotfyles nimmoniana Graham 

(Goyindachari and Vishwanathan, 1972) hath belonging to the family Icacinaceae, 

OpbiTTObi'-if1 mugos (fafur u a/1976) and O. pllmila (Aimi et a11990) from the family Rubiaceae. 

ErOMtomw hryneana (Gunasbekera tt al 1(79) belonging to Apocynaceae and Mostllra bnmollu 

(Dai ef 0/19(9) belonging to the family Loganiaceae (Table S.l). However to date, the 

highest content of CPT has been realized from NOfbapotfyles nimmoniana (about 0.3 % w/w) 

(Govindachari and Visbwanathan, 1(72). 

The market demand for irinorecan and topotecan has been ever increasing and has currently 

reached approximately one thousand million US dollars, which represents approximately one 

ton of camptothecin in terms of natural material (Walase el af 2004; Raskin el af 2002). r-.-1ost 

of this demand is currendy met from plantations of C aClimi/Ja/a that have been extensivdy 

established In China. 

In India. however N. nimmoniana remains the main source of CPT. Based on current market 

price, it is estimated that Nothapotfyltl nif1If11Qniana available along the northern part of the 

Western Ghats per It is worth over US$ 350 million (Ganeshaiah and Uma Shaanker, 

unpublished). While official records are not available, it is reliably learnt that the tree is 

extf7l,ively harvested from the Western Ghats and the billets exported for commercial 

extraction of c]Yr. In fact, it is estimated that in the last decade alone, there has been at least 

20% decline in [he population leading to the red listing of the species (Hombc Gowada 1101 

2()()2; Ravi Kumar and Ved, 2000). Indiscriminate felling of trees for short-term gains could 

p<:rhap' kad to the )os> of elite individuals and populations that otherwise could potentially 

S(:,lV<: ~, ,f,urces of high CJYr. 
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With no synthetic source of thi, alk.lloid and with lin increasing global demand. It has 

become imperative that the demand for camptothccin is met from a susrainable supply 

rather than the current dcstructi,'c harvesting. Among the various approaches. prospecting 

for populations and or individuals of the species for higher yields of the alk:.loid could 

potenrilllly help in eswblishing high yidding donal orchards and in developing III vitro 

production systems and thereby relieving the pressure on natural populations. Another 

approach is to identify alternate sources of Camptothecin, by screening phylogcneticaUy 

related species/genera/family of the taxa in which the compound has been already reported. 

This would help in combating the heavy demand on single species of plants. Yet another 

approach could be sourcing the endophytic fungi of the host plants, which also reportedly 

mimic the host plants by producing same metaboliccs. 

Towards this end, in recent years, attempts have been made to chemically characterize 

populations of N. nimmollitlnq along the distrubutional range of the species in the Western 

Ghats, India, with an ultimate aim of identifying populations/individuals with high CPT 

yields. High yielding sources can be used to produce material for donal multiplication and co 

develop cell lines with high CPT yield. Attempts have also been made to idencify the 

ecological conelates of camptothecin accwnulation and identify ecological niche of N. 

Ilimmoniantl in Western Ghats and identify the "hot-spots" of CPT accwnulatioll. The lattel 

can guide collection of accessions for conservacion as well as fOf use in sustainable models of 

extraction of CPT. 

An attempt has been made to prospect catnptothecin from phylogenetically related 

species/genera of N nimmoniana in the family Icacinaceae. Identification of alternate sources 

would lea d to sustainable supply of camptothecin and decrease pressure on single species. 

Besides this, an attempt to isolate and screen endophytic fungi from N. lIimmonidlla has also 

been carried out. ldentilication of endophytic fungal scrains that produce camprothean 

under ill vitro condition is also discussed. 
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Basic patterns of accu~ulation of Camplothecin in NOlbapodytes nimmoniana 

Though CPT has been reported in over nine species, the basic patterns of accumulation of 

CPT are well documented only in Cantplolhe,'(J dClIH';fldld and to a lesser extent in NOlbcrpodytes 

nin'fllofl;afla. Yan el 01 (2003) reported highest levels of CPT in leaves of Catnplolbec(/ amm;flala. 

CPT content was at least 10-folds higher in young leaves (Yan e/ aI2003). In fact, the high 

concentration of CPT in leaves has reportedly lead to the poisoning of goats; even the honey 

bees foraging on the floral rewards arc also known to be affected (Yan et 012003). Though 

precise mechanism of transport and storage of CPT is not fully understood, it is conjectured 

that CPT is synthesized in leaves and sequestered in old and dead tissues (Yan el ,112003). At 

cellular level, CPT is localized in mesophyll and sub-palisade layers of young leaves (Yan tJ pJ 

2003). CPT has also been reported to be localized in vacuoles of young and older leaves 

(Nolte 1999). 

The basic patterns of accumulation of CPT in Nothapodyles nimmofliofla have been 

characterized with respect to age and sex of plam and plant parts (padmanabha elo/, 2006). 

Among the various plant parts, inner root bark is reported to yield the highest CPT content 

followed by inner stem bark. The average CPT content in the inner root bark is about 

0.33±0.21% compared to 0.23±0.15% in inner stem bark (Figure 5.1). The CPT content in 

the root and stem wood is significantly lower than that of the respective inner bark tissue. 

Wbile the root wood contained 0.18±0.09%, the stem wood contained only 0.14±0.12% 

CPT. Seeds on an average contained only about 0.17% CPT (padmanabha (1012006). The 

CPT content in two-year-old seedlings was highest in the root tips (0.4%) followed by leaves 

and stem (0.2%). The CPT content did not differ between the old and the young leaves. 

There was no difference in the eVI content between the sexes (padmanabha r(012006). 

These studies reaffirm the earlier findings of Govindachari and Vishwanathan (1972) who 

reported highest yields of CPT from roots of NOlhapotf,trs n;mmOlliaflo. In fact traditionally, 

CPT has been extracted from rOOI, root bark and fruits (Roia and I-Ieble 1994). Fairly good 

amounts (0. t 0%) of the alkaloid have also been reported from seeds (Raja and Beble 1994). 

Quite obviously, because of the relatively low levels of CPT in leaves, extraction of CPT 

from these: trees has been mostly destructive involving the felling of the trees. 
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Figure 5.1: Mean percent CPT per gram dry we!ght 10 different Qssues at three Slles 10 the 
\Vestern G hats. The nwnbers on the rustograms Inchcate nwnb"r of trees u,cd JD the 
analysis. Respective rustograms with disslI11ilar letters Indicate a sigruficant difference in CPT 
content (t l<sl p< 0.05) (redrawn from radman.bha tt «/, 2006). 

Section I 

Chemical profiling of p opula tions o f Nothapodytes nimmonialla for CPT 

While Notl'<Tjloc!),I(f tIIl/JlIIOllialia fomls one of [he nches< sources of CPT, commercial 

production of the alkaloid IS still limited for want of lugh YIelding lines. Prospecnng for rugh 

YIelding IndivIduals or populallons across the disrnbullonal range of the 'peats could help ill 

using the Identified high yjdding lines for clonal muJopucaoon and commerCIa] production 

of CPT Towards this end, recently, Suhas (/ "I, (20(17) chcnucally profiled populanons of 

No/f,{/podyIU JI//I/llJoml.1IItl along rhe \X/estern Ghats. :1 llloun(JJn cham runnLng paraUel co the 

west CO:l~r of south India, conSidered as one of [he .' .... -mcga·bio<hverSltY 'hol-spors' of the 

world (t'-.[ytr.;: d a/ ::!OOO)_ Based on pn01:1ry ::1110 secontbry da(~ SOurCC5. the occurrc::nCi.: of 

131 



the 'peaes 10 the Western Ghats was digitized on a GIS platfonn. While the speae occurs 

along the length of the Western Ghats, it is clear that the distribution is not urufonn; certaUl 

parts, namely the southern and central Western Ghats have a greater denSity of records of 

distllbution. Based on the relative distribution, Suhas ,1 01., (2007) analysed 11 populations 

from 8° to 15° N latitude. For each of the 11 populations, 10 to 15 trees were sampled 

randomly and the CPT estimated in the inner stem and root bark tissues respectively. 
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Figure 5.2: hC'Iuency distribution of CPT (%. w/w) in stem bark of N. 111111111011;011(/ 

populations (.\dapted from Suhas tI ai, 2007). 
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Significant variation existed among populatiolJJi in their mean CPT content both in stem 

bark (one-way ANOVA, P < 0.004) and root bark (P < 0.001). Per cent CPT in stem hark 

ranged from as low as 0.03 to as high as 2.7, with an overall mean of 0.7. The mean CPT 

content in the root bark ranged from 0.003 to 1.41%, with 2n overall mean of 0.48%. The 

northern Kerala populations had the highest CPT content both in their stem bark (1.1 0 

±0.462%) and root bark (0.93 ± 0.359%). CPT cont~nt of stem bark was significantly 

positivdy correlated with that of the respective root bark (n ::; 126; r = 0.320, P < 0.05). 

Finally, the frequency distribution of CPT content over all populations was higbly positively 

skewed (Figure 4.U in results section)_ 

Suhas tl at., (2007) found no clear relation between CPT content and girth size of trees. In 

seven of the II populations, there was no relation; however of the remaining four, in three 

there was significant positive relation (r :: 0.678, r'" 0.762, , '" 728; all P < 0.05), while in 

one it was negativdy related (r = ...{I.72S; P < 0.(5). Thus the differences in CPT content 

among populations and individuals could not be attributed to possible ~ or siu class 

differences. Suhas tI rll (2007) also showed that even after nonnalizing for ginh differenc~s 

if any, among the trees, the CPT content expressed as CPT/girth was signifiundy different 

among the populations (P ::: 0.0016). The meAn CPT content of populations was not 

correlated with latitude, longitude or altitude of their occurrence and collection. CPT content 

in Cf1f1fjJIOlhml a/JImina/tJ was found to vary significantly across latitude (Liu 61 011999 and 

2000). 

In this study, the results obtained by Suhas tl al, 2007 bav~ been tonfumed using LC­

MS/MS analysis. The results pro-vide one of the most exhaustive chrorical screenings of N 

lIi.I/JIIJonMIIIJ for CPT. The study assumes significance in that it is pec~ps tM first to report at 

least 5 to 8 fold more CPT in N. Ifinrmon;ana than is hitherto reported. Of the 148 individwls 

assayed, 23 yielded more than 1 per cent CPT. These estimates are nearly 5 to 8 fold mou 

than what has been reported hitherto in the literature (Govindac:bari and Viwanathan 1'172). 

The study has demonsttated a. significant population level variation in CPT content -a tool 

!cit that can be exploited for developing donally multiplied material from the identified high­

ridding populations, While it will be important to examine if these differences reflect 

ntOnsic geneti<; predisposition of populations to synthesize and a~cumulate CPT, 
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preliminary analyses do indicate a genetic basis. Clearly, more studies will be required to 

critically e:tarnine this issue. Populations in the northern Western Ghats had the highest 

meat! CPT and JellS! intra-population variation both based on the stem and root bark 

analysis. These populations could be imponant source material for developing high yielding 

clonal materials. Further, it will be important to study the heritability of the accumulation 

patterns across generations by analyzing the parent-offspring regression in the accumulation 

of CPT. It would be interesting to investigate the proximate/ultimate reasons for the 

enormously high levels of CPT produced by these trees, as a first step towards domesticating 

the species for obtaining high CPT yields. 

LC-MS estimate of CPT in the 17 trees studied ranged from as low as 0.4% to 1.86%. Six of 

the 17 trees had CPT in excess of 1 per cent (w /w). The incredibly high yields of these 

individuals from several populations could not be attributed to their girth (r=O.164: NS). It 

would be interesting to assess the underlying reasons for the high production and if such 

high levels are indeed genetically determined The finding has immense potential to develop 

clonally multiplied material to lead to a sustained production technology for supply of 

camptothecin. Subject to further confirmation, these "elite" trees could be focused for 

conservation and judicious utilization for clonal multiplication as also for deriving tissue 

material for ill vitro production systems as was done for several other systems such as taxane 

from T IlXIII lIJpl/Uhiana (poupat et til 2000) and for podophyllotoxin from Podopl[y"um pelttltum 

(Rita II til, 2002). 

New class of Camptothecins/CPT related alkaloids from Nothapodytes nimmoniana 

New families of camptothecines were identified from Nothopotfylts nimmoniana. Some of the 

camptothecins are at various stages of clinical development. This raises the hope of further 

intensifying the screening of populations of the species in the Western Ghats with the aim of 

discovering high yielding individuals. For example, search for high yielding lines of 10-

hydroxy CPT could be useful as the compound can serve as precursor for irinotecan and 

topotecan. lO-HCPT has been sbown to be more potent and less toxic than CPT (Zhang tl 

al, 1998; Wiedenfeld II aI, 1997) and exhibited a strong apoptosis-inducing effect on human 

hepatoma Hep G2 cells (Zhang tl ai, 1999; Zhang and Xu, 2000). to-HePT itself is in 
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clinical trails against colon cancer and in Co10-205 cells. lO-HCPT significantly repressed the 

cell proliferation at a relatively low concentration (5-20 nM) compared to pre\~ous studies. 

These results implied the potent antitumor activity of lO-HePT at low-doses clinically (ping 

el ai, 2005). 

In fact, studies that could lead to the identification of high yielding individuals of mappicine, 

first reported in the species by Govindachari and Viswanthan 1972 could be potentially 

important and interesting. The alkaloid, so far reported only from N. nil1Jllfoniona along with 

its ketone analogue nothapodytine B have been shown to have potent antiviral activity 

against herpes viruses (HSV) and human cytomegalovirus (HCMV). Hossain tf a/ 2003 

reported the generation of a 128-merober library of tnappicine analogues (64 racemates) and 

a 48 member library of nothapodytine B analogues, by solution phase parallel synthesis, 

based on a radical cascade annulation (pedro tl 01, 2003). Recently, Hossain tt 01, 2003 

discovered that certain analogues of tnappicine are potent inhibiton; of HN-l RT-associatcd 

RNAase-R In this regard and because of the fact that these are associated with absence of 

significant cytotoxicity, mappicine analogues are believed to represent aD interesting new 

class of anti-retroviral agents. 

These results have important implications for not only harnessing the high yielding 

indi-vidurus for clonal multiplication but also for exploiting some of the minor 

camptothecines, which also have been shown to have important anti-cancer and anti-vir.U 

activity. 

Modeling habitat suitability for CPT production 

One of the key challenges in prospecting for high yielding sources of specific plant 

metaholites is co develop algocitluns Of approaches mar can help predict hot-spors of 

distribution of the metabolite. Prediction of hot-spots and its subsequent validation can not 

only help focus efforts in collecting material from such sites but also serve to prioritize sires 

at which plants can be domesticated or conserved. Unfortunately few studies have seriously 

modeled the conditions that might help predict the spatial distribution of metabolites. 
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Recently, a GIS based approach called the ecological niche model has been used to model 

the spatial distribution of a given species and offer predictions on the habitat suitability of 

the species. Using specific algorithms, the model iteratively identifies habitats over a 

landscape that best match the climatic variables corresponding to sites of known occurrence 

of the species. Accordingly habitats are classified from those that are highly suitable (highest 

match) ro those that are nor suitable Qeast match) for the potential occurrence or invasion of 

the species (Ganeshaiah tt 01, 2003; Hijmans and David 2004). The ecological niche models 

have been used successfully in a variety of scenario including in locating rare and threatened 

species and in rationalizing the choice of habitats for species re-introduction (Hijmans and 

David, 2004). 

In this study, attempts have been made to extend the use of ecological niche modeling tools 

to offer predictions on the spatial distribution of plant metabolites. An underlying 

assumption of this application is that, plants would be selected to accumulate secondary 

metabolites at sites predicted to be highly suitable for the given species compared to sites 

which are not predicted to be suitable. Thus, one would expect that a phytochemical such as 

santalols is best produced in sites suitable for the growth of sandal trees and not in those 

which are predicted to be unsuitable. Recently, Prakash Kumar (2007) modeled the 

distribution of Wi/bonia somniJtra in south India and showed that individuals in sites predicted 

to be highly suitable accumulated higher levels of withaferin-A and withanolide-A compared 

to individuals in sites that were predicted to be unsuitable or poorly suitable. 

Figure 4.1.5 (results section) shows the predicted habitat suitability for N. nimmoniana in the 

Western Ghats. It is evident that nor all regions in the Western Ghats are uniformly suitable 

for the species. In fact within the Western Ghats, certain areas (in red) are highly suitable 

and others (in grey) are unsuitable. In fact, two distinct sites in the central and northern 

Western Ghats are predicted to be excellent in their match to the habitat requirements of the 

species. Analysis of the CPT content of individuals occurring in the different habitat 

suitabiliry areas indicated that individuals in highly suitable areas accumulated significantly 

higher levels of CPT compared to those that occurred in unsuitable or poorly suitable areas 

(Figure 4.1.7 in results section). Furthermore, over 60 pec cent of the trees that accumulated 

greater that 1 percent CPT were all from regions predicted to be highly suitable (Figure 4.1.6 
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in results section). In summary these results, for the first time, have demonstrated the utility 

of the ecological niche models in predicting the spatial richness of plant metabolites and 

hold several important implications. 

Further, a forward step-wise regression for CPT content using 19 climatic variables averaged 

over 30 yeal:S for each of the sites of collection was conducted. Only two variables namely, 

mean temperature of the driest and wettest quarter of the year significantly explained the 

differences in stem bark CPT among the populations; for root bark CPT, only one variable, 

namely, the mean monthly temperature was significant. Similar studies conducted in C. 

acmninolo showed that CPT content varied significantly with several envirol1IDental variables 

such as temperature, evaporation capacity as well as precipitation. Low temperarure and 

precipitation was found to increase the CPT content ~ an eJ 01, 2003). 

The results raise interesting prospects for further research on how the habitat suitability or 

otherwise can influence the accumulation of a secondary metabolite. Do ecologically good 

habitats serve as areas in which the species are genetically predisposed to synthesizing 

secondary metabolites and other defense compounds that can lead to a potentially higher 

fitness of the populations? The outputs of the ecological niche model provide a powerful 

handle and direction to further explore newer populations of N. nimmoniono in areas/regions 

that have no! yet been sampled from in search for higher CPT yields. The results have 

important implications for intelligent prospecting for economically important secondary 

metabolite such as CPT. 

Development of sustainable extraction approach 

The ever-increasing worldwide market of irinotecan and topotecan, the derivatives of CPT, 

has currendy reached onc thousand million dollars. This represents approximately one ton of 

CPT in terms of raw material (Watase 'Io/, 2004). Realizing the demand for CPT, plantations 

of C. acum;nalo have been established in China since 1993 to supply material for CPT 

extraction (!iu el 011999). In India, the major source of CPT continues to be N. ni_oniand. 

However since there are no commercial plantations, aU of the demand is sourced from the 

trees extracted destructively from the natural populations of N. nilJ"'loniana. TIlls of course is 

not sustainable in the long run, because of loss of standing populations of the trees in the 
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distributioruU range of the species. For example, assuming an average concentration of 

about 0.3 per cent CPT, about 333.3 tons of wood chips (equivalent to about 22,200 adult 

trees will be required). While no detailed inventory of the distribution and abundance of the 

tree are available in the Western Ghats, it is conjectured that the estimated demand may not 

be met solely by sourcing trees from their natural populations. Clearly strategies need to be 

e"olved that can ensure a sustained supply of CPT from N. l1immortiana. 

Several approaches could be deployed to ensure the sustainable extraction of N. tJimmoniana. 

For example, establislunent of captive plantations using clorutlly multiplied material from 

high yidding lines could greatly contribute to the rising demand for the compound without 

jeopardizing the naturally occurring populations. In fact towards this end, efforts have been 

made to identify high yidding lines and populations from the distributional range of the 

species. The discovery of population vatiability for CPT accumulation in N. nimmoniana 

bolds immense promise in developing high yidding clonal orchards and other captive 

plantations (Suhas tI aI2007). 

Extraction of renewable plant parts such as leaves and fruits instead of bark could be one of 

the possible approaches to sustain the extraction. However because of the extremely low 

levels of CPT in the leaves and fruits of trees, this is not economically attractive. 

The CPT content of leaves could be strongly related to the age of the plant just as was 

shown in C. aCllmil1ata (!..iu el a/1999). Thus leaves of seedlings could accumulate relatively 

higher levels of CPT than those of juveniles and adults (Figure 5.3). For example, Tumer 

(1995) surveyed 41 woody species and reported that irnrnature leaves contained a 70% 

higher phenolic and tannin content than mature leaves. In Qynog/oJsJlm officinale young leaves 

contained 190 times more pyrtolizidine alkaloids than older leaves (Van Dam el al. 1994). 

The same trend has also been observed in C. amlminafa, where an inverse relationship 

between leaf age ~nd CPT concentration has been reported (Liu, 2000). Similarly, in this 

study, highest CPT content was foood in the seedlings of N. nimmoniana (Figure 5.3). It is 

estimated that one year old seedlings producing about 15 to 20 g of leaf biomass can easily 

yield about 50 mg of CPT. Though the economics of extraction need to be further analysed, 
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it appears that by simple ratoorung of the seedling crop once a year, CPT could be extracted 

on a sustatnable basIs. 
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Figure 5.3: CPT in leaves of Seedlings, Coppice, Saplings and adults of ·V mmmomona. 

Histograms with dissimilar letters indicate significance at 5% (Srudents 11(11). 

Sustainable extraction of CPT could also be arrived by explonng several In VlUO produceon 

systems. For example, stabilization of cell cultures from high )'lelding indiVIduals could help 

develop ill vilro production systems. However the econonuc viability of this approach will 

depend upon optinrizing several protocols Including the sustatned growth of the cell culture, 

in vitro elicitation of CPT, CPT yields etc. 
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Section II 

Population genetic variability of N nimmoniana populations in the central Western 

Ghats, India. 

In the present study SSR markers for N. niIHIIlOniatl11 have been developed. SSR primers were 

developed using selective hybridization technique with biotinylated repeat probes, which 

were captured using srreptavidin coated magnetic beads (Zane (/ 111 2002). 'Thirty-seven 

clones were sequenced and 22 primers were designed with a success rate of 59%. 

Uris study for the first time reports the SSR primer information for N nimmoniana, which can 

be used in detailed analysis of population genetics structure and mating system of N 

nimmoniana in the Western Ghats. In the present study these markers were used to evaluate 

levels of genetic variability of few populations of N nimmoniana in the central Western Ghats, 

The markers were also used in evaluating the success of cross-amplification of the markers 

against different genera ofIcacinaceae. 

Population genetic variability of N nimmoniana in central Western Ghats 

Population genetic variability of six populations of N nimmoniana was evaluated using six SSR 

primers; mean number of observed alleles over all populations of N nimmoniana was 4-5 and 

mean number of alleles per locus ranged from 3.4 to 4. Similarly the mean expected (He) and 

observed (Ho) heterozygosities for N nimmoniana were 0.60 and 0.67, respectively. High 

levels of genetic diversity was observed, a feature typical of highly out crossing species, with 

the same mean observed and expected heterozygosities across loci. 

There was a significant positive association observed between latitude and heterozygoity of 

the populations, populations in the north were genetically more diverse compared to those 

in the southern Western Ghats. The north Western Ghats populations were denser favoring 

exchange of gene pool and have contributed to higher genetic diversity. 
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The mean pair wise genetic differentiation bec:ween the popuhtions is low (PST = (J.095), 

indicating that the generic diversity is maintained within rather than among populations and 

there is no isolation by distance. "This observation was also supported by the AMOVA, 

which indicated that a large percentage of total genetic variation (83) within populations, 

with litde amount (17% P<O.OI) among populations. Tltis observation is sinulac (0 chat 

reported by Hamrick d tJ/ (1992) on tropical forcst tree populations. The low population 

differentiatioIl in N l1im11lDlIioIJQ could be due to the extensive seed mediated gene flow 

between the populations, as seeds are dispersed by the birds which can carry the seeds to 

long distances. 

Ecological niche Illodeling and heterozygosiry oC N nimrnoniana populations: 

10 this study, attempts were also made to extend the use of ecological niche modeling tools 

to offer prediction on the genetic variability of the species. An underlining assumption here 

was that, sites predicted to be highly suitable for a species should also have greater variability 

compared to sites that are unsuitable. 

Analysis of heterozygosity occurring in different suitability ar~ indicated that indh,iduals in 

highly suitable areas were genetically more variable. The frequency distribution of observed 

heterozygosity from the low habitat suitability areas was positively skewt'd and the Ho was 

negatively skewed for excellent habitat sites. The distribution was significant (Ks test). This 

aruliysis has indicated that, individuals of the populations clut are [oWld in excellent habitat 

suitability category are genetically more diverse among themselves as compared to the oncs 

in the low habitat suitability category (Figure 5A: Ks test P<O.Ol Low vs E:lcr.llent). The 

study has demonstrated for the fust time that ecological niche modeling tool can be also be 

used in predicting the genetic slaOlS of the populations of !Topical !Tee species such as N 

nimmo/liana. 

There are very few studies that have anempted to address niche modeling and genetic 

:liversity in tropical uee species. This study forms the basis and has major implications in 

:erms of conservation of N nimmoniantJ populations that are genetically diverse. 
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Figure 5.4: Frequency distribution of observed heterozygosity values for populations from 

different degree habitat suitability. 

Section III 

Prospecting pbylogeneticaUy related genera/species of Nothapodytes nimmoniana 

for Camptorbecin 

In order to ensure a reliable supply of Camptothecin, several attempts have been made to 

Idennfy alternate sources rhat would help in combating rhe heavy demand on single species 

of plants and some of rhem yielded good results. One of rhe approaches was to search or 

screen for such compounds in phylogenetically related species/genera/family of the taxa in 

which compound has been already reported (Wink 1992; Wink, 2003). 

In rhe present study the related genera of N. nilllTIIOnialio in the family Ieaccinaceae was 

screened wirh an assumption that related genera are known to share similar biosynthetic 

pathways, suggesting a commonality of certain compounds or produce same class of 

compounds. These are often found in the same phylogenetic group made up of different 

genera and/or monophyletic dades. However, this is not always the case, and if the 

compound IS ubiqwtous, similar pathways may also be detected in totally disparate taxa. 
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Mapping the disrribution of related genera of N nimmoniana: 

As a first step towards prospecting for CJYf in members of Icacinaceae, was Ill2de an 

attempt to map the distribution of phylogenetically related species of N "iml110nialla in the 

Western Ghats. The distribution of seven rdated genera using secondary data sources was 

mapped. None of the related general species is as widely distributed as NOlbapo4,ln 

nimmoniana. In fact very few records of the related genera were recorded mdicating that 

these species may be quite rare and sparse in their distribution in the Western Ghats. Unlike 

NOlbapot!J'tlrs lIimmolliana, several of the species were indeed found to be distributed in 

Eastern Ghats of the country. To date only two other members of Icacinaceae, namely, 

Merriliodtndron megararpll11l (0.05%) and IY""oconlho kltinii (0.00004%) have been assayed for 

the CJYf content (Zhou el ai, 2000). The sparseness of their distribution coupled with the 

lack of access, constrained the collection of these genera for estimating their CJYf content in 

this study. However efforts were made to access me related genera and explore them for 

possible sources of high yields of CJYf, just as was accomplished in the search for 

phylogenetically profitable sources for the exploitation of taxol (Swapna tlo/, 2(02). 

Chemical profiling of related genera of N nimmoniana for Camptothecin: 

Present study has demonstrated the usefulness of phylogenetics approach in locating 

alternate taxa as source of complex bioactive moleroles. In this case CPT an important 

pharmaceutical precursor. Five genera that belong to Jcacinaceac and three other genera 

coming from families Apocynaceae, Rubiaceae and Olacaceae were screened for the CPT 

content using both HPLC and LC-MSMS analysis. The presence of CPT Iw been 

confirmed in five new genera besides the previous r"P0rtS. Similarly CPT Iw also been 

reported from few other members out side the family fcacinaceae Ophiomiza plmtila belongs 

to the family Rubiaceae, Tobmnon/ana hrynrana belongs to the family Apocynaceae and 

MOlt/Ita bninonsh belongs to the family Loganiaceae (Saiw tl oj 2001; Gunasekara tl of 1979; 

Dai el aI1999). 
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Same extracts were subjected for CPT quantification using HPLC and LC-MS/MS. There 

was a good correlation observed between HPLC and LC-MSMS estimates indicating the 

reliability of HPLC estimates (r=0.91;p<0.01). Many of these new genera had very less CPT 

either in their leayes or fruits or stem. The results confirmed the earlier results by Zhou et a/ 

and others (Saito ef 0/2001; Gunasekara ef 011979; Dai et 0/1999) where in most of the 

genera had CPT of less than 0.1 % by dry mass (PyrmoconfDo k/eillii: 0.00004%, Merri/iodendron 

megocorpl/1/T. 0.05% and 0 pumila : 0.1 % in stem). 

AD. important finding from this study was that the highest level of CPT is found in dried 

fruits of R56 (1.61% by dry mass), approximately equal to what has been reported in stem 

bark of Nothopodytes ni1l1mo1li0110 (Suhas et al, 2007), approximately 5 times more than in seeds 

and leaves of C aruminata (0.3% by dry mass in Yamazaki et a/2003) and approximately 4 

times more than in cotyledons of N lIimmOlliP11a (0.4% by dry mass in Devanand and Satdive, 

2005). Again this is the highest ever-reported estimate of CPT from any plant source. The 

R56 has been confirmed in both fresh and herbarium material. 

Partially matured fruit samples of R56 had approximately 20 times more (0.8% by dry mass) 

CPT compared to immature fruit samples (0.01% dry mass) collected June of 2007. This 

indicated fully matured fruit samples of R56 accumulated more CPT. Similarly with in the 

fruit; embryo accumulated approximately 10 times more CPT (0.5%±0.25%) compared to 

fruit coat and other parts (0.069±0.035%) (Figure 5.5 t test p<0.01). In contrast to this in N 

nimmoniallo Devanand and Satdive, (2005) have reported maximum concentration of 

camptothecin in cotyledons, which was 1.6-fold higher than that of the root and 4.5-fold 

higher than that in the leaves of the same trees. Immature seeds of the tree accumulated 

alkaloid concentrations that were twice that of the mature seed of the same rree. These 

results obtained not only demonstrate differential regulation of accumulation of the CPT but 

also suggest some interesting features pertaining to d~ novo biosynthesis. conversion, 

transport, and degradation. Results indicate that in seeds of R56 de novo biosynthesis of 

CPT must also have been stimulated, simi1arly in cotyledons of C oCllmillata it was reported 

that there was high levels of CPT and HCPT r:r an el aI, 2003). 
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Figure 5.5: Mean CPT content in fruit and seed coat and embryo of dJfferent fruit samples 

of R56 collected dunng October 2007 from Western Ghats. 

In general, seeds, buds and young tissues tend to sequester or synthesIZe luge amounts of 

defense chemicals during vulnerable stages of the plant hfe cycle. Young leaves ha"e been 

shown to contain much higher amounts of CPT than older leaves (Lopez <I at. 1994; Llu ,I 

aI, 1999; Yan .1 at, 2003). Endosperm, the numove part of the seed, contams the hIghest 

levels of the animal toxin CPT. Similarly ill coryledons and ernbryoruc aXlS of young 

seedlings CPT and HCPT reached their maximums (Yan .1 al, 2003). Further, the fresh 

samples of R56 started accumulaong more CPT as the seed staned marurmg, indJcaong role 

of CPT as a defense chemical. The accumulation of these secondary metaboutes at this 

vulnerable stage may imply an important role for these twO defenSive compounds Ul juvenile 

stages of development. 
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Phylogeny of CPT containing plants: 

Five new genera were found to contain CPT in this study. Together with this data and what 

has been reported in the literature for the other species, phylogenetic tree of CPT producing 

plants were developed. So far CPT has been reported from 12 different taxa of Angiosperms 

(Figure 5.6). Pattern of distribution of particular secondary metabolite over an angiosperm 

phylogenetic tree depends on a correct interpretation of a phylogenetic tree. Karehed (2001) 

showed that Icacinaceae did not belong to the order Celastrales (Lorence and Craig, 2004), 

instead the family contained several lineages associated with either Garryales in the lamiid 

dade or Aquifoliales in the campanulid clade (Figure 5.6). Phylogenetic data revealed that 

CPT accumulation is limited to the Asterids. Within the Asterids, CPT is restricted to the 

orders Comales, Garryales and Gentianales. Order COffiales being the ancestral ones to 

contain en. Subsequently en is absent in order Ericales and appeared in the orders: 

Garryales and Gentianales. It can be argued in two ways. First, it is apparent that ancestral 

members of a group evolved the biosynthetic capacity to pIOduce cn. This could be one 

evidence for this argument that carnptothecin biosynthesis is acquired only in taxa also being 

able to produce other monoterpene- indole alk2.loids, namely within early diverging asterids 

(Comales) and lanilids (Gartyales and Gentianales) as shown in (Figure 5.6). The absence of 

such a trait in phylogenetically derived groups such as Ericales, Solanales and Laroiales, as 

well as to the campanulid clade is probably due to differential gene expression, in that the 

corresponding genes are not lost but switched off. This is necessary to discuss aspects such 

as monophyly of biosynthetic potential or parallel/ convergent evolution of such pathways 

(Wmk, 2003). The benzyl-isoquinoline alkaloids are biosynthesized from (S)-nor-coclaurine 

and investigations ofits synthase have revealed that this group has a monophyletic origin. In 

accordance it is reasonable to assume that the monoterpene-indole alkaloids have a 

monophyletic origin, as they are biosynthesized from strictosidine. Since secondary 

metabolites playa vital role as defence and signal compounds, their occurrence apparently 

reflects adaptations and particular life str<ltegies embedded in <I particular phylogenetic 

framework. 

However in second, an instance particularly secondary metabolite may occur in several 

unrelated clades and/or plant families. The erratic secondary metabolite distribution can be 
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due to simple convergence, in that the genes that encode a particular biosynthetic pathway 

evolved independendy in several parts of a phylogeny. 

Use oCPhylogenies in Bioprospeeting: 

In the search for alternatives to production of desirable medicinal compounds from plants, 

phylogenetic approach has been a good choice, specifically, screening phylogenetically 

related general species of plants in which the target compound has already been reported. 

In this case, Camptothecin, a mono terpene indole alkaloid: is a precursor for the chemical 

synthesis of Topotecan and Irrinotecan drugs and is tremendously important to the 

pharmaceutical industry (Lorence and Craig, 2(04). This approach has helped in discovering 

CPT from various genera of Asterids. The low concentration of Camptothecin present in 

some of these species (Sarcosligma kleinii, Nalsiall/m httpalirom, PJ"nacanlha ro/l/bila, ApotfyltJ 

dimidiala, Gomphandra po!Jmorpha, Gomphandra I(frandra, Ophiomiza p"miia (Rubiaceae) and 

Tobermonfana heynlana (ApOCYllJlceae) precludes its use as a source of Carnptothecin for 

commercial production. Since Carnptothecin has now been found in high concentrations in 

RSfi, it might prove useful to screen for CPT in other members of the genus R56, as well as, 

in other taxa of the Apocynaceae and Rubiaceae. 

Section IV 

Prospecting endophytic fungi from Nothapodytes nimmonittna for Camptothecin: 

Endophytes are microbial entities that live within living tissues of plants. The term 

endophyte is applied to fungi (or bacteria), which live within plant tissues, and cause no 

apparent infections. They are considered to be mutualists because they receive nutrition and 

protection from their hosts, while the hosts receive benefits through increased resistance to 

herbivores, pathogens and drought etc (Masheswari, 2006). Many are capable of synthesizing 

bioactive compounds (anticancer, antidiabetic, insecticidal and immunosuppressive 

compounds) that can be used by the plant for defense against pathogenic fungi and bacteria. 

Some of these compounds have proven useful for novel drug discovery (Strobel and Daisy, 

2003). Recently these endophytic fungi frOID plants have been widely accepted as an 
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important source of some of the known novel metabolites. A large number of compounds 

with new structures and various bioactivities are continuously isolated (Stierle rt oj 1993; Tan 

and Zon, 2001; Schulz rt 012002; Strobel and Daisy 2003). It is known that many bioactive 

agents produced by plants such as Taxo], could also be produced by endophytic fungi and 

form an important alternate source for these novel and high value metabolites (Strobel el al 

1993). 

The discovery of fungal endophytes that produce camptothecin has significant biological and 

commercial implications. Commercially, the fungal culture can be scaled to provide adequate 

camptothecin production to satisfy new drug development and patient treatment needs. This 

production reduces the need to harvest wild populations of the source plants, presetving 

these species. In a recent study, Puri et al200s were successful in isolating endophytic fungi 

from Nothapo4Jlts nimmomona that produced camptothecin (CP1), ranged between smg per 

100 g of mycelial biomass. Though there was promise in utilizing the endophytic fungus for 

the production of CPT, it would be unviable to produce on a commercial scale because of 

the low yield. In this direction, a comprehensive study was required to isolate different 

fungal strains from N. nimmoniona that were capable of producing higher concentrations of 

this compound and a fungus that can produce Camptothecin even after several generations 

of sub-culture. 

Suhas et 01 (2007) reported substantial variability in the production of CPT in trees of 

Nothapo4Ytes nimmoniana from the Western Ghats, India. It is likely that the underlying 

variability could be associated with the endophytic fungal load. 

The present study was designed to isolate, screen and identify high CPT producing 

endophytic fungal strains. 26 Endophytic fungi were isolated from these high yielding trees 

of N. nimmoniano. The high yielding trees reportedly produce more than 1 % CPT (SOOas et 

af, 2(07). Isolation of endophytic fungi from these high yielding trees would help in 

identifying strains, which also yield higher CPT. The discovery that fungi can bio-synthesize 

camptothecin increasingly lends support to the possibility of horizontal gene transfer 

between N. nil11moniana and its corresponding endophytic fungal isolates (Young el ai, 1992). 
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Isolation of endophytic fungi from N nimmoniana: 

Twenty~six endophytes were isolated from 24 trees, 4 tissue samples coming from five 

different sites. Endophytic fungal species from of N nimmolliono were more abundant in the 

Kernannagundy, Nalrnukh and Persia (more than three isolates) compared to other sites. 

These populations are relatively in the wet zone compared to the other populations like 

Devimani, which occurs in northern part of the Western Ghats (Dry zone). This site-specific 

disparity might be attributed to abiotic conditions such as humidity and density of 

vegetation. The humid environment could be more congenial for the horizontal transmission 

of fungus from plant to plant and survival of the fungi. (Arnold il oj 2000; Arnold and 

Edward 2003; Tan and Zou, 2000). Most of these (16 out of 26) isolates were obtained from 

stem bark tissue of N TlimmoTliollo, than leaf or other parts. 

Some of the isolates showed tissue specificity that was indicated by their rate of appearance 

on water agar media. Isolates from stem bark tissue from Kenunannagundy population 

appeared quickly as compared to ones from Devlmani population. Similarly in vilro raised 

seedling did not give any endophytes; it could be because of complete sterilization of the 

explant tissue during initial stages of inoculation. It bas been shown in one of the srudy 

where in vitro raised plants of Banana were also free of non-pathogenic micro~ organisms 

such as endophytes (pereira t/ 0/1999). 

Host CPT content and endophytic fungi frequency: 

In the present srudy, the correlation between host CPT content and abundance of 

endophytic fungi was evaluated and it indicated there was no correlation (G test p<0.05). In 

contrast to this, several studies have attempted to address the effect of host chemistry on 

endophyte species composition, however few studies have showed that there exists an 

association (Arnold tl 01 2000; Arnold and Edward, 2003). Among foliar endophytes, 

frequent association between particular fungal species and hosts (Arnold il 01 20(0), and 

variable growth rates of endophytes on media containing leaf extracts of various host species 

(Arnold and Edward, 2003) suggest that endophytic fungi are sensitive to gross leaf 

chemistry. 
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Figure 5.6 : Distribution of CPT in different orders of Angiosperms. The top tree shows the 
phylogeny of different orders of Angiosperms adopted from Olmsted et al 2004. Small tree is blow up 
of the Asterids with different orders showing the presence of CPT. The lower panel showing the 
minimal phylogeny of Asterids developed based on ndhF sequences (present study). Species in the blue 
clades contain CPT and some are new reports of CPT derived from the present study. 
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Production o{Camptomecin by endopbytic fungal i.olate.: 

HPLC analysis of 26 cndophyrit fung2l extracts indicated production (If CPT. 26 holaks 

exhibited more wriation in the amount of CPT produced (both in mycdu and broth) under 

in vitro conditions. CPT content of all the endophytic fung2J strains culrurcd in duke tlasJu; 

was estimated for three consecutive gcneratioll5 i.e. second, third (dat.a !liv,,") ~nd founh 

generation (JlfI}Jllblished dtJJd). The isolates produceJ CPT even after ,n·cr1o! generations of 

sub-cu1t:ure away from the host; however the isolates showed more vui2tion in amount of 

CPT produced from one generation to the other (tlflpNbliJhtd JaW). The coruinenf production 

of CPT by endophytic fungal isolates of N. ",,,,/110";0"0 further supports the theory of Young 

and co-workers (1992) that during the course of evolution. the symbiont endophytcs 

developed machinery to biosynthesixe and tolerate high levels of secondary metatx.liteS In 

order to better compete and survive in association with the medicinal plant. Prt'Vious 

workers have reported the production of the antileukemic and antitumor drug ruol from the 

endophytes of T axus spp. like T /JXfI1Iry&rS atrdrrallDe and Peswlotiopris mim!poro (Socrle (I (1/, 

1993). Others workers have reported lh~ production of anti-fungal compounds by 

endophyte::!. 

In the present study the data for third generation lw been presented. These results Were also 

confirmed by LC-MS/MS results, where 12 isolates showed l)[csence of CITf both in HPLC 

and LC-MS/MS. QuantiI}' of CPT was confirmed for 5 out of 12 isolates scrttned. 

However, there was no corrdation observed betWcen HPLC and LC-MS/MS results in 

terms of amOUJ1t of CPT produced A ccording to LC-MSIMS iwllt.es VA5006 and VASOl J 

produced maximum CPT of 2.3 and 4.1 ..,g/tOOmg of CITf respectivdy. Arona fI oj 2006 

reported a fungus from N "im",oniafla that produced Q.40fAg/100m.g. CPT produced by 

isolates UASOQti and UAS 013 is 5 to 10 times more than what bas been reported by Amaa 

e/ (1/ 2006. Besides this several studies have also attempted to isolate and screen endophytic 

fungi from plants that bas been reported to conWn CPT. For enmple, lin d 0/ YJ7 

isolated 174 endophytic fungi from C Dltlm;tlata (host plant reported to contain CPT) and the 

study has not reported even a single isolate that produced CPT. However 4% of these 

.solates has been reported to show the cytotoxicity in vitro studies. Similarly Liu and 

Ileinscheid, (2007) have reported two endophytic isolates that docs not produce CPT but are 
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reported to be not sensitive to externally applied CPT in culture medium. Indicating 

endophytic fungi has the mechanism to live with such a toxlc chemical. 

Association between host CPT and endophytic fungal CPT cOntent 

These 26 endophytic fungi were isolated from high yielding trees reportedly producing more 

than 1 % CPT (Suhas el ai, 2007). The high CPT production in these trees may be because of 

presence of efficient endophytic strains. The CPT produced in the fungal isolates was 

however not correlated with the host tree CPT content indicating that the isolated fungal 

endopbytes do not reflect its host CPT content. On the contrary, some of the studies indeed 

have reported positive correlation between bost metabolite concentration and that produced 

by in vitro cultured endophytes. For example, endophyte-infected locoweed populations 

produced swainsonine, and the swainsonine level of endophyte strains in vitro was highly 

correlated with the swainsonine level of their host plant populations (Braun el 0/2003). This 

indicates that endophyte has equally contributed to the overall metabolite yield in the plant. 

Molecular taxonomy and phylogeny of endophytic fungi 

Twenty-six endophytic fungal isolates of N nimmoIJiana were characterized using ITS region 

of ribosomal DNA. Many of these isolates were non-sporulating, and hence morphologically 

difficult to identify. It has often been reported that the ITS regions of the rRNA gene are 

often highly variable with respect to nucleotide composition and that this characteristic: can 

be used to distinguish both morphologically distinct fungal species and strains of the same 

fungal species (Bel trame-Botelho .1 «I 200s). DNA sequence comparisons of region 

containing the two internal transcribed spacer (ITS) regions (ITS 1 and ITS2) and the S.8S 

rRNA gene are useful in determining relationships between fungal genera and species (White 

el 0/1990; Tanabe el aI2004). 

In the present study, using a set of universal primers containing ITS1, ITS2 and S.8S rRNA 

genes, the fungal DNA were amplified. There was considerable degree of amplified product 

length variation observed across 26 different isolates. The 26 isolates belonged to five 

different genera indicating low diven>ity of endophytic fungi as compared to any tree species 

like A indica, which is reported to have isolates belonging to 15 different genera of fungi The 
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low fungal diversity in N nimmoniono could be due to the presence of Camptothecin, which is 

reported to have antifungal properties (Lu and Reinscheid, 2(07) and fungal species that are 

not sensitive to CPT can only inhabit N nimmoniano. 

Different genera were dearly segregated into different clusters based on the length 

polymorphism, indicating length variation is species specific. BLAST analysis of ITSl, ITS2 

and 5.85 rRNA sequence data revealed, 26 isolates belong to five different genera of 

endophytic fungi and seventeen of them are FI/lorillm species. Three genera were reponed 

from Ascomycota (FI/sarillm, PhOIflOPsil and Bolryospboeara). Of these Fusari1lm is the most 

common genus and dominant endophyte isolated from different tissues and sites of N. 

lIimmolliana in the Western Ghats. Most of them are F. oxyspontl1l isolates (10 of them) and 

remaining belongs to F solani and F beofromi. F oxyspontm as an endophyte reported to be 

present in many different hosts. Un (I a/ (2007) and Liu and Reinscheid, (2007), also have 

isolated endophytic fungi from a host reported to have CPT (C 011l11li1l010) and many of these 

isolates were identified as F1Isari1lm and PhomospsiJ. Remaining two isolates belongs to 

Basidiomycetes and one of the isolate that was identified as BOlfJosphataro POTIJQ is also 

reported from C. ocul1linata as an endophyte (Lin il 012007). FUJari1l11l and Phomospsis indicate 

that two phylogenetically different hosts N ni_onianQ and C oCllminolo, which contain CPT 

seems to inhabit same set of endophytic fungi. Ths indicated some degree of similarity in 

composition of endophytic fungi from hosts that are similar in their chemistry. In conrrasts 

to this a totally different endophytic fungi has been reported by Puri tI 01 (2005) that also 

produces CPT, however the study was not exhaustive and resulted in recovery of ()nly one 

isolate that yielded CPT. 

Phylogenetic analysis of 26 endophytic isolates using ITS sequence data revealtd three 

different dusters. Three clusters were occupied by species belongs to the genera F1Isori1lm, 

Phomopsis and others (I~x, Bolryopsphoff'a affd Galacto11tJCt1 etc). There was no geographical 

association observed betwun isolates from where they are derived, indicating their 

consistency in colonization of N ff;mmoffiaffo by same set of endophytes. This was observed 

in many cases, for example a species of Phomopsis dominated the endophyte assemblages of 

teak, irrespective of the location of the host trees (Suryanarayanan .1 al 1998). In another 
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case, among the endophytes, the genus Pes/ololiopm dominated the endophyte assemblage of 

T. O!}lIno conected from different locations. 

Isolates from N nimmoniona showed more tissue specificity, where most of the isolates were 

derived from stem bark samples and all belong to the genus Fllsarilllll. Similarly Diaporthe and 

Phomopsis were isolated from leaf petioles, Gaiartonryces from flower buds of NOlhapoqyles 

nimmoniana. Flisarilim and Phomopsis are predominantly isolated from twig xylem and stem 

bark of many hosts, but not from leaf or root (Kumar & Hyde 2004). 

Phylogeny and CPT content 

To identify high CPT producers and distinguish them from the low producers, CPT data of 

the isolates was correlated with the ITS phylogeny by computing the mean CPT for each 

duster. Mean CPT of different duster did not differ significantly, indicating there was no 

phylogenetic association. 

Prospects of endophytic fungi from N nimmoniana: 

Isolates UAS006 and UAS013 produced maximum CPT as compared to any other strains 

and one of them was identified as F oxyspomm (G sacchari its telomaprh). UAS006 did not 

give any BLAST hits indicating it is a unique isolate and also producing more CPT under in 

vitro conditions. These results offers promise for industrial up scaling and further 

commercialization of the technology to produce CPT under in vitro conditions, which 

would not only help in conserving the host species from overexploitation but also meet the 

market demand. This fungal library (26 isolates) from NOlhapoqytes nimmoniana couId also be 

used to prospect for interesting metabolites that may be potentially be useful. Besides CPT 

endophytic fungi may be potentially useful in screening them for other related 

Camptothecines like lO-OHCPT, Mappicine and others. 

In this regard, besides CPT, many authors have also reported different biological activities 

for Fusarillm, Phomopsis, lrplx and Botryosphaera endophytes. For example Endophytic Fusarium 

oxyspomm mains isolated from healthy banana plants inoculated into tissue culture banana 

plantlets have shown control of the banana weevil and the nematode, indicatiog use of F 

oxyspomm isolates as biocontrol agents. An interesting study by Pamphile II al (2004), 
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demonstrated the effectiveness of endophytic fungi as (especially F. o:qf/Jof71m strains) 

vectors for the introduction of characteristics of biotechnological or agricultural interest into 

tropical host plants. In their study a blue precipitllte was clearly observable in the mycelium 

of F. IICrlici//ioidu GUS' trans formants colonizing maize roots, indicating that the co­

transformant expressed the gene in the plant. Similarly many of the Pho1lfIJs!JJiJ isolates also 

reported to have anticancer properties and was demonstrated by Li (I 1.1/ (2005) and culture 

extract of Irpex laclens being able to inhibit the growth of C. a/bicans, C. g/abrala, C. parppsi/IJsis, 

B. eemlS, E. coli, s. f]phimur7u1If, and S. ourellS (Rosa eI of 2003). This has indicated a promise in 

prospecting N lIimmoniona isolates for other compounds which are potentially useful. Some 

isolates like F o><yf/Jorum could also be used in meubolic engineering studies and isolating 

genes responsible for production of CPT, as this fungus is reported to be generically highly 

tractable (Strobel and Daisy, 2003). 
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VI SUMMARY 

Western Ghats constitutes one of the unique biological regions and biodiversity hot 

spots of the world. Among the biodiversity hotspots, it ranks 5'" in its bioprospecting value 

(pushpam Kumar, 2004). Many plants from these regions are the basis of age-old traditional 

medicine systems. With high richness medicinal plants distributed all along Western Ghats, 

there is immense potential for bioprospecting biologically active compounds in this region. 

Drugs from plants have played a dominant role in pharmaceutical care for the treatment of 

various diseases, especially cancer. The greatest recent impact of plant-derived drugs was 

probably felt in the antitumor area, where taxol, vinblastine, vincristine and camptothecin 

have dramatically improved the effectiveness of chemotherapy against some of the deadliest 

cancers. 

Among the plant-derived compounds camptothecin (CPT), a pyrrolo quinoline 

alkaloid, has been extensively used as a novel anti-tumor compound. CPT, a monoterpene 

alkaloid is an important anti-cancer compound obtained from several plant sources. 

However to date, the highest content of CPT has been reported from NOlhapodyl(J 

nimmoniamJ (about 0.3 % on a dry weight basis) compared to any other botanical source (Ku 

and Tang, 1980). N. nimOloniana, is a small tree of the family Jcacinaceae and constitutes the 

major and perhaps the only source in India. 

In India NOlhapodylts nimmoniana is extensively harvested from the Western Ghats and 

the billets exported for commercial extraction of CPT. In fact, it is estimated that in the last 

decade alone, there has been at least 20% decline in the population leading to the red listing 

of the species (Ravi Kumar and Ved, 2000). Indiscriminate felling of trees for short-term 

gains could perhaps lead to the loss of elit~ individuals and populations that otherwise could 

potentially serve as sourc~s of high CPT. Therefore it is essential to find alternative and 

consistent sources to meet the pharmaceutical demand. In order to ensure a reliable supply 

of Carnptothecin, several attempts are undenvay to identify alternate sources. 

With this background the present study was specificaIly planned to screen 

populations of N nim",oniana in the Western Ghats to identify high CPT yielding lines/ 
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individuals. This would lead to the development of clonal systems from high cvr yielding 

lines or could be used in sustainable production of CPT. 

Chemical profiling of populations of Nothapodytes nimmoniana for CPT 

In this study, ] 7 trees (9 for which highest CPT was reported from stem bark and 8 from 

root bark) were selected and screened for the HPLC/LC-MS quantification of camptothecin as 

well as in detecting other camptothecines in the tissue. For the fitst time, nearly 5 to 8 fold 

higher CPT yields man hitherto reported in Nothapor!Jtes nimmoniana have been recovered from 

individual trees. Further new families of camptothecines were identified from Nothapor!Jtes 

nimmoniana. Many of these compounds were derived only from few of the 17 accessions of N 

nimmomana analyzed and their concentrations were highly variable among the individuals 

assessed These results have important implications for not only harnessing the high yielding 

individuals for clonal multiplication but also for exploiting some of the minot Camptothecines, 

which also have been shown to have important anti-cancer and anti-viral activity. 

Sustainable harvesting of camptothecin from N nimmoniana: 

Leaf samples were collected from 123 individuals of one and half year old seedlings, 

29 individuals of three to four year old coppices, 22 individuals of five year old saplings and 

30 individuals of 10 to 15 years old adult trees of Nothaporfytes tlimmoniana from Sirsi and 

Biligiri Rangaswamy Temple Wildlife sanctuary (BRT). All these samples wete analyzed for 

CPT using HPLC and total camptothecin concentration in leaf tissue was expressed on a dry 

weight basis. There were higher percentages of seedlings producing more than 0.2% CPT. In 

fact, some seedlings had leaf CPT of more than 1%. The leaf CPT content in the trees did 

not exceed 0.2%. Thus, it was found that the mean leaf percent CPT was maximum in 

seedlings followed by coppices. The adult tree leaves had the lowest CPT content. 

Molecular characterization of populations of Nothapodytes nimmoniana in the 

Central Western Ghats, India using SSR markers 

For the first time 22 microsatellite markers have been developed for NOlhaporfyles 

nimmQniana. Out of 22 SSR primers 1] primers revealed target specific amplification with 
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amplified product in the expected range. Five out of eleven revealed good polymorphism. 

Using the genetic data on six SSR primers over six populations of Nolbapot!Jlu nimmo1liana 

following genetic variability parameters were estimated. A bout 50 individuals of N 

nimmol1iano over (j populations evaluated for allelic diversity at 5 selected loci. Amplification 

profile over six populations of N nimmoniana at 5 loci reveled good allelic variation. The 

number of alleles detected over all loci across different populations ranged from 4-5. Mean 

number of alleles detected across different populations and over all loci was 3.6±0.15. The 

mean observed heterozygosity over all populations at all loci was 0.67%±0.04%. Mean 

observed hetrozygosity (over all populations and at all loci) was more than expected 

heterozygosity based on Hardy Weinberg equilibrium 0.60±0.01. In summary populations in 

the northern part of the Western Ghats, Illilintained more heterozygosity compared to the 

populations in the southern Western Ghats. 

Prospecting phylogenetically related genera/species of Notbapodytes nimmoniana 

for Camptothecin 

Based on the secondary data obtained from herbaria sheets and floras the 

distribution maps of all the related genera of Icacinaceae members in the Western Ghats 

were developed. For about 8 different genera spatiaJly explicit distribution maps have been 

developed. Using the distribution maps samples of all these gt:nera including different plants 

parts were collected. All these samples were subjected for CPT analysis. HPLC profile of all 

the related genera extracts showed the presence of CPT except in Siromoolluo wlanica• 

Among the Icacinaceae genera that were screened for CPT Na/sin/Jlm hetpalimm fruits had 

maximum CPT of 0.026% followed by SarcDstigmo k/tllii leaf (0.018%) and Gompholldra 

pofymorphll fruits (0.011%). In Apo4Jtes diTllidiata CPT was detected only in the stem bark 

sample and was not detected in the leaf sample. Across different plants parts of different 

genera analyzed for CPT, it was more in stem bark than in leaf or fruits 
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Phylogeny of Icacinaceae 

In the present study a minimal phylogeny of CPT producing plants was constructed 

using ndhF gene sequences of different species/ genera and subjected for the phylogenie 

analysis. The analysis showed that Icacinaceae are polyphyletic. The genera included belong 

to both euasterids I and II and should be rearranged into three different orders: Gar.ryales, 

Aquifoliales, and Apiales. 

Prospecting endophytic fungi from Nothapodytes nimmoniana for Camptothecin. 

Individuals of Nothapo4Jtes nimmoniana that differ in CPT in stem bark were used for 

isolation of endophytic fungi with a presumption that individuals might also differ in their 

endophytic fungal composition. All endophytic fungal isolates were subcultured to ensure an 

axenic culture; each fungal culture has been continuously maintained since the original 

isolation, with transfer to fresh medium every 4-5 weeks. CPT estimation was done when 

isolates were in 3nl subculture (3nl generation away from the host). CPT presence was 

confirmed by matching retention time of authentic CPT with that of endophytic fungal 

eJ<rract. Some of the isolates showed good CPT signal in hyphae as well as broth, its 

presence was confirmed in all the 26 isolates. Quantification of the compound was made in 

the samples in which CPT was detected. CPT content in the hyphae ranged from 0.10j.l.g to 

9.8j.1g. Highest CVI 9.8f!g was found in hyphae of UAS 011 and lowest was found in UAS 

006 (0.10jig). Six isolates (UAS 004, UAS 0l1, UAS 016, UAS 018 UAS 019 and UAS 020) 

produced CPT more than Ij.1g per 100mg of dry hyphal biomass. Four isolates produced 

more than or equal to O.5j.l.g of CPT in the hyphae. The same extracts were subjected for 

LC-MSMS analysis. CPT presence and its quantity in fungal exrracts were confirmed by 

appearance of characteristic ions after fragmentation of parent molecule fill Z 349. Three ions 

were observed upon fragmentation m/z 305 (M - C02), m/z 247 (m/z 275 - CO) and m/z 

263. Some of these extracts produced dear 305 signals like UAS 017, UAS 021, UAS13, 

UAS 019 and UAS 018 (Figure 4.4.2). In all the isolates CPT was detected, but quantification 

was possible in few of the samples because of amount of CPT in rest of the samples was 

below the limit of quantification in LC-MSMS. 
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The ITS peR product lengths of all the isolates ranged from 500- 720bp. There was 

a considerable length variation observed across the isolates, with a 200bp difference between 

the shortest to the longest fragment. Length variation seems to be species/isolate specific 

and indicating a greater diversity of isolates from N ni",mon;alla based on ITS length 

polymorphism. Seventeen out of 26 isolates were classified as Fusarium; remaining isolates 

belong to five different genera of fungi. FUJmiu", isolates belongs to two differelJ[ species 

FUIorill'" solani (Nec/ria hoema/oC()cca; sexual Slage of Fusarium solam) and FlIJorium 0XYJ/!0rum 

(Gibbmllo moniliformis: seXU4/ slage ojFlIsari«m o'f]porum). 

Phylogenetic analysis of isolates revealed three different dusters. The duster I 

contains 17 Fusanilm isolates. The Diaj>rJrlhe and PhO"'0J/!IiJ isolates formed the II duster and 

one isolate of Bo/ryosphatra was in the III cluster. The IV duster contained isolates belonging 

to Basidiomycetes fungi. The isolates clustered clearly into separate groups based on ITS 

similarity and there was no geographical association of the isolates observed. 
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