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ABSTRACT

Endophytic Streptomycetes are the most exploited group in the medicinal and agro based
industries. In this review, we correlated recently identified its bioactive compounds with plant
chemical structures. Booming the global warm is the important problem to inerease the alternative
research initiatives for green chemicals. During long genetic co-evaluation with plants
Streptomycetes have created novel and interesting chemistry. Their ability to produce plant related
chemicals has increased its importance. It also reduces the need of harvesting plants for drug.
Specific approaches from ethanobotanical valued plants with medicinal applications could be the
key to1solating bioactive compound producing strains.
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INTRODUCTION

The rise of new and more drug resistant infectious diseases as a result of climatic change and
deforestation remain one of the biggest killers in developing countries (Stella ef al., 2010).
Additionally, the resistance pattern of pathogens to synthetic drugs often creates a need for
stronger and stronger drugs or an increased dosage that could result in severe detericration of the
patient’s health and an unexpected growth of drug resistance organisms like NDM-1 bacteria
(Kumarasamy et al., 2010). So, countries spend billions of dollars to identify new breoad spectrum
antibiotics (Breman et al., 2007). Antibictics have undoubtedly made major contributions to the
improvement of health and welfare in both human and animals. In recent year there has been an
alarming rise in the prevalence of resistance to some agents among certain groups of pathogens
{(Carl and Pascal, 2006). Concern is growing that therapeutic options will become increasingly
limited if resistance rates continue to rise as it has in the past few decades. There 1s widespread
agreement that immediate action is required to reverse or at least slow this process. Vector
transmitting pathogens are a high level threat to humans and animal. The climatical changes will
tremendously influence life cycles of arthropod vectors for the maximum productivity which
resulting in changes in both vector and pathogen distribution and changes in the ability of
arthropods to transmit pathogens (Tabachnick, 2010). So, there is an urgent need to study the most,
commonly used drugs for their potency in reducing parasite growths and symptoms of the disease
{Talisuna et al., 2004),

Traditional approaches from natural sources: The World Health Organmization estimates that
over 65% of the world's population relies on traditional medicine for their primary health needs
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{(Wang et al, 2007, Fabricant and Farnsworth, 2001). The planet has wvarious plant
biodiversity. Natural products especially plants has used to treat various infectious diseases for
thousands of years. Almost all plant varieties have at least some minimal source of medicinal
properties. History records the use of natural products (Bhutani and Gehil, 2010) to cure many
diseases 1.e., TB, Leprosy, Gonorrhoea, various skin diseases and some internal disorders. In the
battle field, wounded soldiers were treated with extracts of various plant leaves. Indian Ayurvedic
systems, Susruta and Charaka dating back to 1000 BC and still now widely practiced, have used
plant extracts as their main source of treatment (Kapoor, 1990). After invention of Penicillin by A.
Flemming, the biomedical world has realized importance of microbial sourcing. The discovery of a
plethora of microbes for applications has span broad spectrum active medicines (anti-TB, malaria,
cancer, ete.).

Plants based phenols and pelyphenols, flavoncids, isoflavones, terpenes and glucosinolates are
responsible for bitterness (Drewnowski and Gomez-Carneros, 2000) and these “bitter,” chemicals
generate signals which affect a cascade of regulatory events resulting in chemical differentiation
in Streptomyces genome by activating “cryptic pathways” for secondary metabolite biosynthesis
(Rigali et al., 2008) and offers new prospects in the fight against emerging diseases. The chemical
and biological diversity of nature is immeasurable and provides an extracrdinary resource for the
discovery of new drugs (Luke ef al., 2005),

Endophytes are microorganisms that colonize inside plant tissue and are relatively crucial for
the medical and agricultural industries (Lodewyckx ef @l., 2002). They habitat in tissues below the
plant’s epidermal cell layers due to the fact that some host plant’s tissues are transiently
asymptomatic (Strobel, 2003; Tharek ef «l., 2011). Some plants were studied for endophytes;
fortunately, the opportunmty to find novel endophytic microorganisms from variety of plants in the
ecosystems was great.

Scientific classification of streptomyces:

Kingdom : Bacteria

Phylum : Actincbacteria
Class : Actinobacteria
Order . Actinomycetales
Family . Streptomycetaceae
renus . Streptomycetes

Almost all vascular plants harbor several endophytic actinomycetes, which would help to
improve the host plant’s growth and promotional activity against diseases (caused by plant
pathogens andfor various environmental stress factors) (Sachiko ef al., 2008). Antibiotic
productivity has been known to closely related to the cultural conditions that exist in a relevant
environment. (Takao, 2008). Research attempts to discover new bicactive compounds from
prokaryotic organisms and in particular, Actinomyecetes, seem to have declined over the recent
years. Recently, various new genera of actinomycetes were found, resulting in the discovery of new
bicactive substances. Bioactive compounds from endophytic Streptomyces have distinct chemical
structures that may form the basis for synthesis of new drugs. Pharmaceutical companies and
research and development units are trying to develop new biocactive compounds from the
organisms by change their molecular characteristics to overcome the drug resistance problem
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{Bhattacharya and Sen, 2006). Plants have a myriad of chemical and anatomical defenses. The
defense intensity level depends on biotic and environmental influences (Mika et al., 2008),
Precursors often stimulate production of secondary metabolites by increasing the rate of a imiting
precursors and unusual structures. Their formation regulated by nutrients, growth rate, feedback
control, enzyme inactivation and enzyme induction (Demain, 1998). Individual organisms that
collectively malke up the biota have specific properties that make them of direct value in satisfying
the consumption and production needs of society. The organisms occupying the endosphere are not,
accidentally there but most probably have selected for this niche by the plant; due to the beneficial
effects they offer their host and their ability to resist the plant’s natural defense mechanisms. The
energy lost by a plant in the production of endophytic biomass is in all likelihood adequately
compensated for the improvements in plant health derived from the presence of endophytic
microorganisms (Backman and Sikora, 2008). The innovative biotechnology field has at its disposal
an infinite pool of novel chemistry from microbial diversity (Kekuda ef al., 2010). Therefore the
study of endophytic microbial diversity is more crucial than ever in understand and combating
emerging diseases. Kndophytic microbes seem to fit perfectly into this natural ‘warehouse’ of which
only a small part, up te now, we have been able to exploit {(Agata ef al., 2008),

Collection and isolation of endophytic organisms: Accordingly ethanobotanical history, the
plant leaves, stems and root portions can be taken for the study. The lecations plotted by global
positioning system. Small piece of sample can be collected in sterile polythene bag cover and can
be stored at 4°C up to the experiment. During the experiment, the plant samples are thoroughly
cleaned in tap water to remove the surface soil debris materials. Then the samples can thoroughly
treated with 70% ethanol and dried under the aseptic condition. This will removes the epiphytes
that present on the samples. Then, using sterile scalpel blade, the xylem and phloem tissues were
excised, fragmented and inoculated on to water agar medium and selective isolation mediums. Then
after prolong incubation the emerging of the hyphal growth can be screened and purified on the
selective nutrient mediums. Their taxonomy can be confirmed by molecular biology techniques such
as 165 rENA gene sequencing. Finally, the pure cultures can be inoculated on the broth culture
for the fermentation study. The culture growth parameters can be optimized for the production of
the isolate and its bicactive metabolites. From the liquid culture the spores can be transferred
into 15-20% glycerol and stored at -70°C as long storage. The bioactive metabolites can be assayed
against variety of pathogens and it can be purified using commonly available procedures.

Endophytic microbial products: Endophytic microorganisms are a significant reservoir of
genetic diversity and an important source in the discovery of novel bioactive secondary metabolites.
These group of strains can produce single or multiple kinds of antibictics including terpenoids,
alkalods, aromatic compounds and polypeptides (Gao et al., 2010) which are similar to host plant
chemicals, thus triggering the expectation that endophytes can serve as an alternative source
(Priti et al., 2009), So, plants with beneficial ethanobotanical history are alse likely candidate for
study. Since the medicinal uses to which the plant may have selected relates more to its population
of endophytes than to the plant biochemistry itself. The microorganisms living inside the plant
tissue for long duration will eveolve due to the genetic variation with the host. This paves the best.
way to produce some phyto-chemicals by the guest organisms (Zhang et al., 2008). Endophytic
organisms are found in all the types of plant tissues such as stems, roots, leaves, fruits, ovules,
seeds, tubers, rachis and bark. Probably, hundreds of endophytic species from a single plant. are
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also possible and among them, at least one generally shows host specificity (Tan and Zou, 2001).
Thus, if endophytes can produce the same rare bioactive compounds as their host plants, this would
not. only reduce the need to harvest the slow-growing and possibly rare plants but also keep the
world’s ever-diminishing biodiversity and cut human induced climate change.

These endophytes, displaying a broad spectrum of biclogical activities against plant pathogens
continue to increase biocontrol significance. As a general rule, a single endophytic strain will
produce multiple bioactive compounds (Strobel ef al., 1993). In this respect, future success rests on
the ability to find novel endophytic actinomycetes from plants. Previously, many fungal organisms
were used for production of similar plant chemicals e.g., Colletotrichum gloeosporioides produces
taxol (Justicia gendarussa) (Gangadevi and Muthusamy, 2008); Broad spectrum active
Cuanacastepene (Singh ef al., 2000) antiviral active cytonic acid A and B (Guo ef al., 2000),
hinnuliquinone (Singh et af., 2004), iscbenzofuranones, pestacin and isopestacin (Strobel ef al.,
2002), paclitaxel (Stierle et al., 1993; La ef al., 1998a, b; Benedikt ef al., 2008). These like gifted
bioactive endophytes will play the greatest role in bio-prospecting and will conserve the medicinal
plants (Strobel et al., 2005) which were needed for novel drug discovery (Bhutani and Goehil, 2010).

Endophytic streptomycete and its novel compounds: Wang ef al. (2010) has 1solated four
new p-aminoacetophenonic acids, Fig. 1-4 from endophytic Streptomyces sp. HK10552 of the
mangrove plant Aegiceras corniculatum.

Fig. 1. Chemical structure of (2E)-11-(4-amincphenyl)-5,9-dihydroxy-4,6,8-trimethyl-11-0xo-
undec-2-encic acid

3
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Fig. 3: Chemical structure of (2E)-11-(4-aminophenyl)-5, 9-O-cyclo-4,6,8-trimethyl-11-oxe-undec-
Z-enoic acid
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Fig. 4: Chemical structure of 9-(4-aminophenyl)-3, 7-O-cyclo-2, 4, 6-trimethyl-9-oxo-nonoic acid

p-aminoacetophenonic acids: The compound 1 and 2 show structural similarity to the polyene
antibiotic, candicidin. Streptomyces griseus, which consists of the aromatic moiety, the macrolide
ring and the amino sugar moiety. They have different polyketide chain lengths which may due to
different biosynthetic polyketide assembly procedures (il and Campelo-Diez, 2003). This Polyene
macrolide antibiotic can actively inhibit the fungal pathogens (Zotchev, 2003).

Antimycin A Streptomyces albidoflevus isolated from mangrove plants able to produce
Antimyecin A,,, showed broadly spectrum of against pathogenic microorganisms (Yan ef al., 2010).
Previously Antimycin 1-7 was reported from Streptomyces sp. K01-0031 (Shiomi ef al., 2005). A
microbial alkaloid, 4-methyl-2-quinazolinamines produced by Streptomyces sp. GS DV232 which
is 1solated from Traditional Chinese Medicinal plants (TCM). This new alkaloid has shown
anti-proliferative bicactivity (Vollmar et al., 2009).

Arylcoumarins: S. aureofaciens CMUAc130 isolated from Zingiber officinale Rose, reported for
production of antifungal and antitumor compound 4-Aryleoumarins (5, 7-d i me t h o x y-4-p-
methoxylphenylecoumarin (1), 5, 7-dimethoxy-4-phenylcoumarin (2) (Taechowisan et al., 2005).

These compounds showed possible inhibitory effect on growth of s.c. transplanted Lewis Lung
Carcinoma (LLC) BDF-1 mice by intraperitoneal administration. The T/C value of 5, 7-dimet
h ¢ x y-4-p-methoxylphenyleoumarin is 80.8 and 50.0% at the doses of 1 and 10 mg kg™!, where,
5, 7-dimethoxy-4-phenylcoumarin is 81.5 and 44.9% at the doses of 1 and 10 mg kg™ '. These two
antitumor compounds show low toxicity in normal human cell lines and potentially active in
malignant cell lines (Taechowisan ef al., 2007),

Kakadumycin A: Sireptomyeces sp. A35-1 (NRRL 30566) isolated from Grevillea pteridifolia,
produced broad spectrum antibiotic kakadumyecins. This quinoxaline compound related antibioctic
is more effective against plant pathogenic fungi including Boetryvtis sp., Alfernaria sp.,
Helminthosporium sp. and Pythium ultimum. They are potentially active against varicous drug

resistant pathogenic bacteria. It shows activity against malaria parasite Plasmodium falciparum
with an IC,; of 4.5 ng mL™" (Castillo et al., 2003).

Coronomycin: Sireptomyces sp. MSUJ-2110 1solated from Monstera sp., reported to produce
coronomycing, a novel peptide antibiotic. It shows activity against human fungal pathogen
Cryptococeus neoformans. It acts against the malaria parasite, Plasmodium faleiparum, with an 1C,,
of 9.0 ng mL™! (Ezra et al., 2004).

Munumbicins A-D: Streptomyces NRRL 30562 1solated from Kennedia nigricans, produces broad
spectrum active munumbicins A, B, C and D. These all are highly active against Bactllus anthracts,
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multidrug resistant Mycobacterium tuberculosis, Methicillin Resistant Staphylococcus aureus
(MRSA), Glycopeptides Intermediate and Staphylococcus Aureus (GISA) and plant pathogenic
fungal organisms. Munumbicin A shows activity against Vancomycin Resistant Enterococcus
faecalis (VRE). Munumbicin B shows activity against Mycobacterium tuberculosis with I1C,, of
10 and 48 pg mL™. Munumbicin C shows activity against malaria parasite Plasmodium falciparum
with an 1C,, of 8.5 ng mli !, compared to an 1C,, of Chloroquine of 7 ng mL . Munumbicin D
showed activity against the malaria parasite Flasmodium falciparum, having an 1C,, of
4.5+0.07 ng mL™". Munumbicin B and C showed greatest anticancer activity in ME-180 cancer
cell lines {cervical epithelial epidermocid carcinoma). The LC,, value is 0.1-0.14 pg mL™*
{Castillo et al., 2002),

Lansais: An endophyte Streptomyces aureofaciens CMUAe130 produces lansais (5, 7-dimethoxy-4-
p-methoxylphenyleoumarin and B, 7-dimethoxy-4-phenyleoumarin) (T aechowisan et al., 2009). The
compound C and D have anti-inflammatory compounds which inhibits the inducible nitric
oxide synthase and nitric oxide which induced by pro-inflammatoery eytokines during inflammation
in LPS-induced RAW 264.7 cells., They mainly inactivate the nuclear factor kB and signal
transducer and transcription-1 activator, which are a significant transcription factors for iNOS
(Taechowisan ef al., 2010).

Cyclopentenone: Streptomyces sp. (GT-20026114) isolated from the mangrove plant Aegiceras
cornteulatum collected in Scuth China. This organism produces four new cyclopentencne
derivatives on seawater-based medium. These rare compounds already reported from Trichoderma
sp. which has the potential to convert ciprofloxacin and norfloxacin to those conjugates
{(Parshikov et al., 2002). They are namely (BR) 3-amino-b-hydroxy-5-vinyl-2- cyclopenten-1-one
(1), (BR) B-hydroxy-3-[(methoxycarbonyl) amine]-B-vinyl-2-cyclopenten-1-one (2}, (BR) 5- hydroxy-
3-[[2-(4-hydroxyphenyl)ethyl]amino]-5-vinyl-2- cyclepenten-1-one (3) and 3-isobutylpropanamide-
2- eyclopenten-1-one (4) (Lin ef al., 2005),

Isocutellarin and cichoriin: An root endophyte Streptomyces sp. TeOB2 isclated from
Alpinia galanga, produces antimicrobial active kaempferol, isccutellarin, umbelliferone and
cichoriin which is active against gram positive, gram negative and yeast cells. Its overall MIC
value is 64-128 ug mL™" (Taechowisan et @l., 2008).

p-aminoacetophenonic acids: An endophyte Streptomyces griseus isolated from Kandelia
candel, produces three new sesquiterpenes (p-aminoacetophenonic acids) which are the
antimicrobial compounds (Guan et al., 2005).

Fistupyrone: Spring onion isclated Streptomyces sp. TP-A0B69 producing fistupyrone, has been
reported for potent antifungal activity (Aremu et al., 2003) against the Alternaria brassicicola
which causes black leaf spot in Brassica plants (Igarashi et al., 2000),

Pterocidin: A new cytotoxic compound isolated from the endophytic Streptomyces hygroscopicus
TP-A0451. It showed cytotoxicity against some human cancer cell lines with IC,, values of
2.9~7.1 uM (Igarashi et al., 2006). Endophytic Streptomyees laceyi MSH3 producing 6-alkylsalicylic
acids; salaceyins A and B has more cytotoxicity against a human breast cancer cells (Kim et al.,
2006).
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CONCLUSION

Natural products are powerful biochemical tools. They serve as ‘pathfinders’ for molecular
biology and chemistry and are the investigators of cellular functions (David et al., 2009).
The WHO estimates that approxmately 80% of the world’s inhabitants rely on traditional medicine
for their primary health care (Fabricant and Farnsworth, 2001). It 1s noteworthy that, of the nearly
300,000 plant species that exist, each individual plant 1s host to one or more endophytes. Only a
few of these plants have been completely studied for their endophytic biology. Accordingly, an
opportunity to find new and beneficial endophytic microorganisms among the diversity of plants
in different ecosystems is considerable (Ryan et al., 2008). Currently, endophytes looked upon as
a prominent source of bicactive natural products. It appears that these bictypical factors can be
important in plant selection, since they may govern the novelty and biological activity of the
products associated with endophytic microbes (Strobel, 2003). Sometimes extremely unusual and
valuable organic substances produced by these endophytes which may assist in solving health
problems in humans (Khucharcenphaisan et al., 2012), plants and animals. A specific rational
approach for endophytic isclation needed to discover products (Gunatilaka, 2006). The plant choice
can be adopted by the geographical nature of the plants and ethanobotanical value of the plants
{Gordon et al., 2009). This 1s one of the most attractive and significant research themes for plant-
microbe interactions (Sachiko et al., 2006). Finding new varieties of antibiotics can be one of the
greatest events in the history of medicine. This discovery will have a profound effect on human life
and ocur environment (Bhattacharya and Sen, 2006). A search for specific endophytes that may
produce antibiotics can have its origin in ethnobotany, which uses the medicinal lore of native
peoples.

The over explaitation of wild medicinal flora and fauna for use in modern medicinal systems has
led to a significant threat to the endemic medicinal flora and fauna (Arora et al., 2010). There 1s
an enormous possibility for 1sclation of novel secondary metabolites (Joseph and Priya, 2011) from
this poorly investigated group of microbial floras of ethanobetanical valued plants which, is an
ample and reliable source of bicactive and novel chemical compound. Majority of naturally
occurring compounds in these biological systems are endlessly in a metabolie flux, due to continuous
interactions and fresh synthesis. Thus, need to that endophytic Streptomycetes from unexplored
or underexploited niches be pursued as source of novel bicactive secondary metabolites (Lam, 2006;
Zin et al., 2011; Raja et al., 2011). Although the use of this vast resource has just begun, it 1s
already clear that there is a tremendous opportunity for discovering of organisms, products and the
use stimulates continuous hope. It hoped that more efficient and effective application of natural
products will improve the drug discovery process. Insights from such research may give alternative
methods of producing natural drugs which could be reliable, economical and environmentally safe
and will conserve natural biodiversity.
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