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Abstract:  Interest in exploring endophytic fungi has increased in recent years, especially those associated with medicinal plants, 
reflecting the great potential of these microorganisms for the production of bioactive substances. Medicinal plants shelter 
a high diversity of endophytes that represent targets for use in biotechnological processes. These fungi synthetize several 
compounds that can be used in pharmaceutical, agricultural and other industries. Additionally, endophytes produce many 
bioactive metabolites involved in host-endophyte symbiosis, such as those that increase resistance to stressful conditions, 
alter physiological properties, and produce phytohormones, toxins, antimicrobial compounds and medicinal substances, 
immunosuppressants, antitumoral agents, and other biotechnological substances of interest, such as enzymes. In this 
review, information regarding plant interactions with endophytes is highlighted, contributing to a better understanding of 
this association, benefits and potential for biotechnological utilization.
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Resumo:  O interesse em explorar fungos endofíticos tem aumentado nos últimos anos, refletindo o grande potencial destes 
micro-organismos para a produção de substâncias bioativas, especialmente aqueles associados com plantas medicinais, 
as quais abrigam grande diversidade destes micro-organismos, alvos para utilização em processos biotecnológicos. Estes 
fungos sintetizam diversos compostos que podem ser usados como produtos farmacêuticos, agrícolas e industriais. Além 
disso, endófitos produzem diversos metabólitos bioativos envolvidos na interação simbiótica entre fungos endofíticos e seus 
hospedeiros, tais como aqueles que aumentam a resistência a condições de estresse; alteram propriedades fisiológicas; 
produzem fito-hormônios, toxinas, compostos antimicrobianos e substâncias medicinais; agentes imunossupressores, 
antitumorais; entre outras substâncias biotecnológicas de interesse, tais como enzimas. Nesta revisão, informações 
sobre interações de plantas com fungos endófitos são destacadas, contribuindo, assim, para melhor compreensão desta 
associação, de seus benefícios e potencial para utilização biotecnológica.
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INTRODUCTION
The term ‘endophyte’ refers to microorganisms (primarily 
fungi and bacteria) colonizing the intercellular and/or 
intracellular regions of healthy plant tissues at a particular 
time, the presence of which does not interfere with or 
cause symptoms in the host (Stone et al., 2000; Strobel, 
2003; Schulz & Boyle, 2006). Ubiquitous in nature, these 
endophyte microbes have been isolated from different plants 
examined to date (e.g., Ginkgo biloba L., Taxus chinensis (Pilg.) 
Rehder, and Tectona grandis L. f.), and this association can 
be obligate or facultative (Nair & Padmavathy, 2014). The 
existence of interactions between plants and fungi, especially 
symbiotic and parasitic interactions, is well known. Several 
studies have reported that plants colonized by endophytic 
fungi represent an important repository of microorganisms, 
including new species (Carvalho et al., 2012; Tao et al., 
2013). Moreover, medicinal plants have been used for the 
isolation, characterization, and analysis of endophytic fungi 
that are considered an important microbial reservoir for drug 
discovery with antibiotic activities of immunosuppressants, 
anticancer agents, and biological control agents (Peixoto 
Neto et al., 2004). According to Strobel & Daisy (2003, 
p. 499): “Torreyanic acid, a selectively cytotoxic quinone 
dimer (anticancer agent), was isolated from a Pestalotiopsis 
microspora (Batista & Peres, 1966) strain”. This strain was 
originally obtained as an endophyte associated with the 
endangered tree Torreya taxifolia (Florida torreya) (Kurz, 
1938) (Lee et al., 1996).

The endophytic community encompasses a wide 
variety of microbial species, constituting a complex micro-
ecosystem (El-Shatoury et al., 2013). Endophytes play 
important roles in plant adaptation to the environment, 
even stress conditions caused by a lack of water, conferring 
several benefits to plants, including protection against 
predators and diseases through the production of toxic 
substances (Tan & Zou, 2001; Arnold et al., 2003; Gunatilaka, 
2006; Kusari et al., 2012). However, the ecological role of 
different fungal species is still not entirely clear and may even 
vary from symbiotic to antagonistic or slightly pathogenic 

(Schulz & Boyle, 2005). Some endophytes can produce 
substances that alter the plant phenotype and thus increase 
host defenses (Matiello et al., 1997; Higgins et al., 2014). 
Other endophytes produce useful natural compounds that 
can be applied in different industrial purposes (Demain, 
2014). In this context, endophytic fungi present interesting 
biochemical capabilities for the production of different groups 
of compounds, including several classes of antimicrobial 
substances, suggesting that these microbes are important 
research topics for bioprospecting (Mousa & Raizada, 2013). 
Endophytic also are biotechnologically important due to 
the ample variety of their products; such as production of 
antibiotic, antiparasitic, antifungal, and antitumor compounds, 
use in agriculture and industry, especially pharmaceuticals, 
and can used as vectors to introduce genes of interest into 
plants (Lacava et al., 2010; Kaneko et al., 2010).

A classic example of the importance of endophytes 
is Taxol, a powerful anti-cancer substance produced by 
plants of the genus Taxus and by a fungal endophyte of Taxus 
mairei (Lemée & H. Lév.) S.Y. Hu, Tubercularia sp. (Wang 
et al., 2000). In the present review, we present examples 
of bioactive substances produced by endophytic fungi, 
focusing on an overview of plant-endophytic interactions.

ENDOPHYTIC FUNGI
The term ‘endophyte’ was originally described in 1866 by 
de Bary and refers to any living organism in plant tissue 
or on the plant surface, with the exception of epiphytes, 
as well as organisms acting as plant pathogens (De Bary, 
1866). In other words, endophytic fungi are organisms 
that colonize the internal tissues of plants without 
causing damage during at least one stage of their life 
cycle (Bacon & White, 2000; Hyde & Soytong, 2008). 
Regardless of the environment in which the host plant 
grows, including the Arctic and Antarctic, geothermal 
soils, deserts, oceans, forests, mangroves, and coastal 
forests, endophytes are ubiquitously present in their 
inner tissues. These microorganisms have been isolated 
from algae, bryophytes, pteridophytes, gymnosperms, 
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and angiosperms (Kharwar et al., 2011; Chowdhary et 
al., 2012).

Recent studies suggest that fungal diversity is very 
high, i.e., approximately 5.1 million species (Blackwell, 
2011). Although there are approximately 300,000 
species of plants on the planet, few plant species have 
been studied with regard to their endophytic community 
(Strobel & Daisy, 2003). Typically, dozens of endophytic 
fungal species are present in a single plant (Gamboa et 
al., 2002). Consequently, there is a great opportunity to 
discover new and interesting endophytic microorganisms 
in plants from different ecosystems (Esposito & Azevedo, 
2010; Kusari & Spiteller, 2011).

In most plants, colonization by endophytes occurs 
by natural or artificial openings, such as stomata, injuries 
caused by agricultural implements, or the friction between 
the roots and soil (Hallmann et al., 1997). Some endophytes 
colonize plant tissue via the secretion of hydrolytic 
enzymes, and others possess specialized structures, such 
as haustoria and appressoria (Esposito & Azevedo, 2010). 
Colonization can also occur vertically via seed colonization 
(Stone et al., 1994; Aly et al., 2010). Overall, the route of 
plant colonization varies according to the plant species. 
Once inside the host, some endophytes remain in a latent 
state throughout their life or for a prolonged period until 
the emergence of favorable environmental conditions. 
Plant-endophyte associations are complex, and abiotic 
conditions can influence the patterns of this ecological 
interaction (Saikkonen et al., 1998; Aly et al., 2011).

The fungal community present in a host plant can also 
differ among various tissues and organs (Moricca et al., 2012). 
The literature reports different species of fungi belonging to 
the genera Alternaria, Colletotrichum, Phyllosticta, Diaporthe, 
Phoma, Guignardia, Cladosporium, and Xylaria as endophytes 
of various plant tissues growing under different ecological and 
geographical conditions, whereas others can be occasionally 
found colonizing host tissue and are isolated only once or 
twice from several hundred samples (Verma et al., 2007; 
Siqueira et al., 2011; Bezerra et al., 2012).

MEDICINAL PLANTS
Medicinal plants are an important source of interesting 
bioactive compounds. Endophytes from medicinal plants 
have received much attention due to the production of 
several natural products. According to Selim et al. (2012, 
p. 36), “Yu et al. (2010) showed that medicinal plants 
and plants from special environments frequently contain 
endophytic fungi that produce interesting antimicrobial 
substances”. Because of the long-term association between 
endophytic fungi and the host plants, the organisms may 
develop means to share metabolic pathways and genetic 
information to produce bioactive compounds (Chithra et 
al., 2014; Rai et al., 2014a, 2014b).

Therefore, the endophytes isolated from medicinal 
plants have great significance due to their ability to synthesize 
secondary metabolites similar to the host and show great 
potential for the discovery of new bioactive compounds 
(Kusari et al., 2008). When considering the exploitation 
of endophytic fungal metabolites in medical practices, the 
utilization of compounds isolated from plants that already have 
an ethnobotanical use, i.e., medicinal plants, is suggested.

According to Mello et al. (2010), plants and their 
derivatives have long been utilized in folk medicine, and 
currently, approximately 30% of the drugs used have 
vegetal origin. This is due, in part, to the biological properties 
of a wide variety of plants species. It is believed that 
approximately 80% of the world’s population uses plants 
as therapeutic resources, suggesting the most important 
alternative in developing countries (Bannerman et al., 1983; 
Silva & Cechinel Filho, 2002; Uprety et al., 2012). In the 
last decade, economic and social factors contributing to the 
development of public health have led to the realization of 
intense studies concerning natural therapies (WHO, 2002).

Endophytes protect plants against attack by other 
microorganisms, insects, and herbivores due to the 
production of toxins (Pileggi et al., 2002), including the 
endophytic microorganisms of medicinal plants, as many 
species are amenable to isolation by culture. Endophytes 
can also produce enzymes and other chemical compounds, 
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conferring benefits to the host plant. In many cases, these 
substances are produced by microorganisms and not by 
the host plant (Tan & Zou, 2001; Strobel, 2003; Ferrara, 
2006; Almeida et al., 2009).

The endophyte community of a particular plant may 
vary according to the health of the plant, suggesting the 
potential protective actions of some of these microorganisms 
(Yang et al., 2001; Reiter et al., 2002). The protective 
potential of endophytes reflects competition for space 
and/or nutrients, the production of antimicrobial substances, 
and the induction of systemic resistance (Pleban et al., 1995; 
M’Piga et al., 1997). Gao et al. (2005) found that seasonality 
also affects the endophyte community, showing that isolates 
obtained from Heterosmilax japonica Kunth in the spring were 
more abundant, with a greater number of species compared 
to summer. This phenomenon may reflect the fact that the 
endophyte population depends on the physiological status 
of the host plant, which, in turn, is partially associated with 
seasonal weather variations (Gao et al., 2005).

Wiyakrutta et al. (2004) reported positive results for 
endophytic fungi from medicinal plants in Thailand with 
activities against Mycobacterium tuberculosis (Zopf, 1883), 
Plasmodium falciparum (Welch, 1897), herpes simplex 
type 1 virus, human oral squamous carcinoma cells, and 
breast cancer cells. Li et al. (2005) screened Chinese herbs 
in search of endophytic fungi with antitumor and antifungal 
activity, with 9.2% of the isolates displaying antitumor 
activity and 30%, antifungal activity.

Antagonistic substances against the bacteria 
Helicobacter pylori (Goodwin et al., 1989), Sarcina lutea 
(Cohn, 1872), Staphylococcus aureus (Rosenbach, 1884) 
and the yeast Candida albicans (Berkhout, 1923) were 
isolated from the endophytic fungi obtained from Cynodon 
dactylon (L.) Pers., another medicinal plant (Li et al., 
2005). Sette et al. (2006) reported an endophytic fungus 
isolated from Coffea arabica L. and C. robusta L. Linden 
(coffee plants) with antimicrobial activity against Salmonella 
choleraesuis (Kauffmann & Edwards, 1952), S. aureus, 
Pseudomonas aeruginosa (Schroeter, 1872), four serotypes 

of Escherichia coli (Escherich, 1885), and one strain of 
Aspergillus niger (van Tieghem, 1867) from C. dactylon (a 
medicinal plant that produces metabolites with antitumor 
and antimicrobial activities) (Song et al., 2004). In addition, 
the Alternaria strain isolated from Trixis vauthieri DC., a 
plant with activity against Trypanosoma, showed up to 99% 
inhibition of the protozoan (Cota et al., 2008).

Corrado & Rodrigues (2004) isolated Diaporthe 
sp. from the petioles and leaves of the medicinal plant 
Aspidosperma tomentosum Mart. and observed antimicrobial 
activity in 13 fungal strains, and experiments with these 
extracts inhibited the growth of bacteria, yeasts and 
filamentous fungi, showing the great potential of this fungus 
as a source of bioactive compounds. Ramasamy et al. (2010) 
studied 348 endophytic fungi from 24 medicinal plants in 
Malaysia, verifying their efficacy against Bacillus subtilis (Cohn, 
1872), Micrococcus luteus (Cohn, 1872), S. aureus, E. coli and 
C. albicans, with inhibition zones ranging from 8 to 24 mm.

Zhao et al. (2011) also isolated 560 endophytic fungi 
from medicinal plants from China and verified that many 
strains displayed broad-spectrum antimicrobial activity. Qin 
et al. (2009) isolated 46 endophytes from medicinal plants 
of tropical rainforests and showed that these plants are 
reservoirs of biologically active compounds. Furthermore, 
Carvalho et al. (2012) evaluated the diversity and activity 
of endophytic fungi associated with the medicinal plant 
Stryphnodendron adstringens (Mart.) Coville and obtained 
16 taxa that exhibit activity against bacteria and fungi as 
well as Leishmania amazonensis (Laveran & Mesnil, 1903).

Rosa et al. (2012) evaluated the diversity of the 
microbial community associated with healthy Echinacea 
purpurea (L.) Moench clones, which produce bioactive 
compounds. Thirty-nine fungal endophytes were closely 
related to species of Ceratobasidium, Colletotrichum, 
Cladosporium, Fusarium, Glomerella and Mycoleptodiscus, 
and a total of 16 extracts (41%) showed antifungal 
properties. Other studies have shown that the endophytic 
fungal communities in the tissues of medicinal plant produce 
a range of metabolites with different types of biological 
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activity (Chowdhary & Kaushik, 2015; Sharma et al., 2016; 
Potshangbam et al., 2017).

HOST-ENDOPHYTE INTERACTIONS
These endophytic microorganisms confer protection 
against disease by competition for resources and space 
in intra-tissue regions and increasing plant biomass under 
conditions of stress (Schulz & Boyle, 2005; Rodriguez 
et al., 2008). According to Redman et al. (1999), plants 
colonized by endophytes show improvements in defense 
mechanisms compared to plants that are not colonized.

Endophytic fungi may become pathogenic under 
conditions of plant stress (Kogel et al., 2006). Schulz & 
Boyle (2005) proposed that asymptomatic colonization 
is a result of a balanced antagonistic interaction between 
plants and fungi. Thus, there is equilibrium between fungal 
virulence and plant defense, and if this balance is affected, 
disease develops (Schulz et al., 2002). The opposite 
situation can also occur: pathogenic fungi can become 
endophytes during certain stages of the life cycle through 
mutagenic changes (Freeman & Rodriguez, 1993; Wilson, 
1995). It has been suggested that the evolutionary origin 
of many endophytes may be the result of asymptomatic 
or latent pathogens (Saikkonen et al., 1998).

Special attention has been devoted to fungi that 
establish a mutualistic association with medicinal plants. 
Although the relationship between an endophyte and its 
host may vary, and the interactions between these organisms 
remain poorly understood, this association suggests that 
these microorganisms co-evolved with the host (Bacon & 
Hill, 1996). During the establishment of the associations, 
specific biosynthetic pathways are induced to produce new 
and diverse secondary metabolites, depending on biotic (e.g., 
species involved in the interaction) and abiotic (e.g., climate) 
factors (Khan et al., 2012; Chandra, 2012; Soliman et al., 2013).

Many bioactive metabolites are produced by 
endophytic fungi from different biosynthetic pathways and 
belong to diverse structural groups, such as terpenoids, 
steroids, quinones, phenols, and coumarins (Pimentel 

et al., 2011; Kaul et al., 2012). Xue et al. (2012) elucidated 
eight substances (cyclopentenedione, diketopiperazine, 
lactone, benzophenone, terpene, anthraquinone, diphenyl 
ethers, and alkaloid) from endophytic Aspergillus sp. isolated 
from Cephalotaxus mannii Hook. f.

Several studies have demonstrated the important 
symbiotic interaction between endophytic fungi and their 
hosts. These microorganisms have a positive influence on 
the metabolism and physiology of the host in exchange 
for protection and nutrition (Douglas, 1998; Parecer & 
Ahmadjian, 2000; Selosse et al., 2004). Besides, the 
genetic richness of these microbial communities can play a 
determinant role in both the adaptation and the evolution 
of their hosts (Zilber-Rosenberg & Rosenberg, 2008; 
Tonon et al., 2011; Simon et al., 2016). Zilber-Rosenberg 
& Rosenberg (2008) argued for the plant-microorganism 
association, referred to as the Hologenomic theory, which 
considers the ‘holobionte’ animal or plant, with all its 
associated microorganisms, as an evolutionary unit. The 
hologenome is the sum of the genetic information from the 
host and its microbiota, and these authors proposed that the 
hologenome is the basic unit on which evolutionary forces act. 
This theory considers, from a holistic/systemic point of view, 
the various genetic and metabolic interactions of symbiotic 
microbiota with the host plants (Rosenberg et al., 2007; 
Rosenberg & Zilber-Rosenberg, 2011). Many studies have 
clearly demonstrated that coevolution occurs in interactions 
among organisms and that the genetic constitution of 
the holobionte is altered in response to environmental 
stimuli (Thornhill et al., 2013, 2014; Prada et al., 2014).

An interesting aspect of endophytic fungi is that 
they can produce a wide variety of secondary metabolites 
(Kaul et al., 2012; Suryanarayanan et al., 2012; Rönsberg et al., 
2013), which, unlike primary metabolites, play an important 
role in the physiological processes of microorganisms in 
the environment (Braga et al., 1999; Conti et al., 2012). 
In addition to ecological importance, the secondary 
metabolites produced by endophytic fungi are a source of 
bioactive natural products for utilization in several areas as 
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agricultural, medical and pharmaceutical fields (Strobel & 
Daisy, 2003; Suryanarayanan et al., 2009; Kumar & Kaushik, 
2012; Rönsberg et al., 2013). These compounds have been 
exploited due to their importance to industry, especially 
substances such as antibiotics, pigments, toxins, pheromones, 
enzymes, immunomodulatory agents, pesticides, antitumor 
agents and plant growth promoters (Okafor, 2007).

Natural products, which are typically secondary 
metabolites, are produced by an organism in response 
to external stimuli, such as nutritional changes or infection 
(Strohl, 2000). Aly et al. (2011), De Souza et al. (2011) and 
Gutierrez et al. (2012) summarized the comprehensive 
information on compounds from endophytic fungi and 
described potential trends for future research, together with 
the botany, phytochemistry, pharmacology, and toxicology, 
and they discussed the possible trends and the scope for future 
research of endophytes. According to Gutierrez et al. (2012), 

modern pharmacological studies reported by 
theses authors demonstrated that their crude 
extracts and active compounds possess wide 
pharmacological actions, especially for anti-
microbial drug discovery, with neuroprotective, 
antioxidant, nematicidal, antiplasmodium, anti-
inflammatory activities.

The ability of endophytic fungi to synthesize the 
metabolites produced by the host plant is most likely due the 
transfer of genes from the host to the fungus, or vice-versa 
(Kusari et al., 2013). According to Selim et al. (2012, p. 41), 
quoting Moricca & Ragazzi (2007), “the type of interaction 
between an endophyte and a plant is controlled by the genes 
of both organisms and is also modulated by the environment”. 
During co-evolution, endophytic fungi gradually adapted to 
specific micro-environments by genetic variation, including 
the uptake of some plant DNA segments into their own 
genomes, as well as the insertion their own DNA into the 
host genome. One typical example is the production of 
gibberellins by both fungi and plants (Perez et al., 2002).

Some endophytes have the ability to produce different 
substances, such as bioactive volatile organic compounds 

(VOC), including esters, lipids, alcohols, organic acids, and 
ketones, which can be lethal to other microorganisms and 
are thus useful for reducing or eliminating diseases in the 
preservation of seeds, fruits and flowers, and other plant 
parts during storage or transport (Gutierrez et al., 2012; 
Kudalkar et al., 2012; Kusari et al., 2013). The endophytic 
fungus Muscodor albus (Woropong et al., 2001) is often 
cited in the literature as a promising producer of VOC. 
A non-sporulating Xylariaceae isolated from the leaves of 
Cinnamomum zeylanicum Blume (Cinnamon) was found to 
be lethal to certain fungi and bacteria due to the production 
of a mixture of volatile compounds; VOC analysis by gas 
chromatography identified the production of 25 different 
volatile compounds (Strobel et al., 2001; Strobel, 2003).

A mixture of different volatile compounds produced 
by Muscodor sp., mainly naphthalene, 2-methyl-propanoic 
acid, and methyl ester, was found to inhibit many pathogenic 
microorganisms (Zhang et al., 2010). Pimenta et al. (2012) 
isolated endophytic fungi from plum (Prunus domestica L.) 
leaves and determined whether the microbes produce 
compounds that inhibit Monilinia fructicola (Honey, 1928) 
and Colletotrichum gloeosporioides (Pen.) Sacc. Compelling 
evidence for variation was observed in only 4 of 141 isolates 
of Phaeosphaeria nodorum (Hedjaroude, 1969), which 
produced antifungal volatiles inhibitory to M. fructicola, 
whereas no isolate produced volatiles inhibitory to C. 
gloeosporioides. However, these reports demonstrate the 
antagonistic potential of VOC produced by endophytic fungi 
and their acceptance for utilization in agriculture and medicine.

BIOTECHNOLOGICAL POTENTIAL OF 
FUNGAL ENDOPHYTES
The beneficial effects of plant endophytes are very 
promising, and, accordingly, these microorganisms have 
become an important tool for obtaining natural products 
with biotechnological applications. Bioprospecting is 
defined as the exploration and investigation of plants, 
animals and microorganisms to identify active ingredients 
useful in different areas such as biotechnology. Endophytic 
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fungi are a huge source of bioactive substances, particularly 
considering that living organisms are constantly evolving 
(Trigueiro, 2002; Strobel & Daisy, 2003).

Many prospecting studies have identified more 
than 20,000 bioactive compounds (Ownley et al., 2010). 
Endophytes produce substances of different chemical 
classes, and those with antagonistic activity include aliphatic 
compounds, phenolic compounds (phenols and phenolic 
acids, isocoumarin derivatives, lignans, flavonoids, and 
quinones), alkaloids (indole derivatives, amines, and 
amides), peptides, polyketides, steroids, and terpenoids 
(primarily sesquiterpenes, diterpenes, and triterpenes) 
(Mousa & Raizada, 2013) (Appendix).

Yu et al. (2010) highlighted alkaloids as products 
commonly obtained via the secondary metabolism of 
endophytic fungi. The biological activities shown by these 
compounds are highly diverse and have many applications, 
including antimicrobial, antiparasitic, neuroprotective, 
antioxidant, antidiabetic, immunosuppressive, antiviral, 
anticarcinogenic, and cytotoxic activities (Aly et al., 2011; 
Wang et al., 2012).

Bioactive compounds that are co-produced by plants 
and their associated endophytes include the anticancer 
drug camptothecin, the natural insecticide azadirachtin, 
penicillin from Penicillium sp., and the immunosuppressant 
cyclosporine from Tolypocladium inflatum (Gams,1971) and 
Cylindrocarpon lucidum (Booth, 1966) (Puri et al., 2005, 
2006; Kusari et al., 2012).

The most striking example of a metabolite with 
bioactive properties is the anticancer drug paclitaxel (Taxol®), 
which was originally produced from the plant Taxus brevifolia 
Nutt. (Zhou et al., 2010). This drug interferes with the 
proliferation of cancer cells, reducing or stopping their 
growth and spread. The production of this compound by 
an endophytic fungus was first demonstrated by Stierle et al. 
(1993), who showed that the endophytic fungus Taxomyces 
andreanae (Strobel et al., 1993) isolated from T. brevifolia 
produced Taxol in vitro. Subsequently, other studies have 
also shown that different species of endophytic fungi are 

able to produce Taxol. Some examples include Pestalotiopsis 
microspora isolated from Taxus wallichiana Zucc. (Strobel et 
al., 1996), Tubercularia sp. isolated from Taxus mairei (Wang 
et al., 2000), Colletotrichum gloeosporioides (Penzing & 
Saccardo, 1884) isolated from Justicia gendarussa Burm. f. 
(Gangadevi & Muthumary, 2008), Pestalotiopsis terminaliae 
(Agarwal & Hasija, 1961) isolated from Terminalia arjuna 
(Roxb. ex DC.) Wight & Arn. (Gangadevi & Muthumary, 
2009), Gliocladium sp. isolated from Taxus baccata L. 
(Sreekanth et al., 2009), and Guignardia mangiferae (Roy, 
1968) isolated from Taxus media Rehder (Xiong et al., 2013).

In addition to Taxol, many other secondary metabolites 
produced by endophytic fungi showing biotechnological 
activities are reported in the literature (Marinho et al., 2005; 
Borges & Pupo, 2006; Pastre et al., 2007; Momesso et al., 
2008; Silva et al., 2010a; Budhiraja et al., 2013), and one of 
the main applications of these natural products is as inhibitors 
of pathogenic organisms (Idris et al., 2013). Some important 
examples of these metabolites include phomopsichalasin, a 
metabolite produced by the endophytic fungus Diaporthe 
sp., with important antibacterial activity (Horn et al., 1995); 
cryptocandin, a metabolite produced by the endophyte 
fungus Cryptosporiopsis cf. quercina (Petrak, 1924), with 
antifungal activity (Strobel et al., 1999); cercosporin, 
a substance with antiparasitic action produced by the 
endophytic fungus Mycosphaerella sp. (Moreno et al., 2011); 
and cytochalasins, substances produced by the endophytic 
fungi Chaetomium globosum (Kunze, 1817) (Momesso et 
al., 2008) and Xylaria sp. (Silva et al., 2010b), with many 
biological activities, including cytotoxic action.

Endophytic fungi have been the subject of studies 
aimed at identifying new bioactive natural products that 
can be used not only in the pharmaceutical industry but 
also in food and agriculture (Porras-Alfaro & Bayman, 2011; 
Liang et al., 2012; Quadri et al., 2013). The relationship of 
the food industry with fungi is longstanding and extensive. 
With the development of food science, it may be possible 
to determine the processes by which fungi modify foods 
(Pastore & Macedo, 2004).
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In addition, extracellular fungal enzymes can confer 
host resistance to a particular threat and provide soluble 
products to the host that may be absorbed and utilized as 
food. Enzymes are used extensively in the textile (amylase, 
cellulase, and oxidoreductase), detergent (protease, lipase, 
cellulase, and oxidoreductase), food (pectinase, protease, 
cellulase, and oxidoreductase), paper (xylanase, lipase, 
and oxidoreductases) and leather (protease and lipase) 
industries (Nielsen & Oxenboll, 1998).

Torres et al. (2003) studied endophytic fungal 
producers of lipases, which can be applied in the detergent 
industry for the synthesis of high-value compounds (Kirk 
et al., 2002; Jaeger & Eggert, 2002; Panke & Wubbolts, 
2002). Proteases are used in industrial processes, such as 
detergent manufacturing, brewing, and baking, and under 
appropriate conditions, these enzymes can catalyze the 
synthesis of commercially valuable peptides (Beynon & 
Bond, 1989). Xylanases are extracellular enzymes mainly 
produced by fungi (Pham et al., 1998) that can be used in the 
paper industry for the bleaching of kraft pulps. Cellulases, as 
well as other hydrolases, are induced in microorganisms for 
secretion, allowing them to grow in cellulose media (Kubicek 
et al., 1993). In the food industry, cellulases are used in many 
processes, mainly in the extraction of components of green 
tea, soy protein, essential oils, flavorings, and sweet potato 
starches (Mester & Tien, 2000; Hofrichter, 2002).

Amylases occur widely in animals, plants, and 
microorganisms. However, due to advantages such as 
reduced production time, the amylases produced by fungi 
have preference in the enzyme market (Reddy et al., 2003). 
The genus Mucor represents a group of microorganisms 
responsible for the production of amylases that are widely 
used in industry (Zare-Maivan & Shearer, 1988; Petruccioli 
& Federici, 1992). Pectinases are a group of enzymes with 
applications in the food industry (Castilho et al., 2000; 
Jayani et al., 2005). Fungi have also been directly implicated 
in environmental recovery, involving the recycling of 
agricultural and agro-industrial waste and the biodegradation 
of lignocellulosic materials (made of cellulose and lignin), 

especially wood (Ferraz, 2010). These degradation processes 
are usually catalyzed by oxidative enzymes, especially laccase 
and peroxidase enzymes (Dúran, 2004).

Another use for the products obtained from fungi is 
biological control in agriculture. Endophytes can also reduce 
disease symptoms caused by plant pathogens or various 
environmental stresses (Aravind et al., 2010; Shimizu, 2011). 
Until recently, the control of pests, diseases, and weeds has 
largely been based on crop spraying with many synthetic 
chemical pesticides (Cook, 2000). However, this practice 
increased the use of toxic and carcinogenic chemicals due 
to the increased agricultural demand to sustain population 
growth, which may severely compromise the health of the 
plant and the consumer (Montesinos, 2003).

Overall, the ability of endophytes to produce 
substances that inhibit the growth of other species of 
microorganisms has stimulated much research (Arnold, 
2008). The effectiveness of endophytes as biological 
control agents depends on many factors, including the 
specificity of the host plant, the dynamics of the population 
and degree of plant colonization, the ability to move 
within plant tissue, and the ability to induce systemic 
resistance (Azevedo et al., 2002). The first researcher 
to report biological control using an endophytic fungus 
was most likely Webber (Webber, 1981). At the time, the 
fungus Phomopsis oblonga (Traverso, 1906) produced toxic 
compounds with repellent effects and the ability to protect 
host plants against attack by the beetle Physocnemum 
brevilineum (Say, 1824), the vector of the pathogen 
Ceratocystis ulmi (Moreau,1952), which causes Dutch 
elm disease (Azevedo et al., 2000; Dutta et al., 2014).

Currently, fungal species, such as Metarhizium 
anisopliae (Sorokin, 1883) and Beauveria bassiana (Vuillemin, 
1912), among others, are often used in agriculture as insect 
pest controllers. When inhabiting plants as endophytes, 
these microorganisms may control insect attacks and can 
be artificially inoculated into the hosts. The production 
of toxins by endophytic fungi is related to their ability to 
repel insects, inducing weight loss and decreased growth 
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and delaying development, thereby reducing the pest 
population (Azevedo et al., 2000).

As demonstrated by Carroll (1988), the mechanism 
underlying fungal activity is based on the ability to make 
the host unpleasant to various plant pests, such as 
aphids, beetles, and grasshoppers. Muscodor vitigenus 
(Strobel et al., 2002), isolated from Paullinia paullinioides 
Radlk. in the Peruvian Amazon, is capable of producing 
naphthalene, which acts as an insect repellent (Daisy et al., 
2002). Additionally, the endophytic fungus Neotyphodium 
coenophialum (Morgan-Jones & Gams, 1982), which 
colonizes Festuca arundinacea Schreb., reduces the aphid 
population, affecting the reproductive process (Bultman & 
Bell, 2003). Muscodor albus, isolated from the Cinnamomum 
zeylanicum stem, has both fungicidal and bactericidal 
activities (Worapong et al., 2001). The endophytic fungus 
Diaporthe sp., isolated from Aspidosperma tomentosum 
leaves and the petioles of the medicinal plant Spondias 
mombin L., shows great potential as a bioactive producer, 
with extracts that inhibit the growth of bacteria, yeasts, and 
filamentous fungi (Corrado & Rodrigues, 2004).

Metabolites obtained from a Diaporthe helianthi 
(Mihaljcevic & Petrov, 1981) strain inhibited the growth of 
Moniliophthora perniciosa (Aime & Phillips-Mora, 2005), 
an important plant pathogen, in vitro. Assante et al. (2004) 
highlighted the biological control of plant pathogens through 
mycoparasitism. The endophyte Cladosporium tenuissimum 
(Cooke, 1878) grows inside the spore pathogen Uromyces 
appendiculatus (Strauss, 1833), filling its interior with mycelia 
and forming conidiophores and conidia that emerge from 
the spore. The species Trichoderma viride (Persoon, 1794), 
T. harzianum (Rifai, 1969), T. stromaticum (Samuels & Pardo-
Schultheiss, 2000), and T. virens (Miller et al., 1957) were 
reported to control the phytopatogenic fungus Rhizopus 
stolonifer (Ehrenberg, 1818), the causal agent of floral passion 
fruit rot (Bomfim et al., 2010). Moreover, the endophytic 
fungi present in the tropical plant Theobroma cacao L. 
(Malvaceae) in Panama improved plant defense against one of 
its primary pathogens, Phytophthora sp. (Arnold et al., 2003).

Thus, biological control programs should be based 
on the selection of antagonistic microorganisms, and testing 
can be performed in vitro or in vivo (Mariano, 1993). As 
biological control agents, endophytes should demonstrate 
good colonization and growth, combined with antagonism 
to the target pathogen (Mejía et al., 2014). Much remains 
unknown about the microbial ecology and antagonism of 
plant pathogens in different agricultural systems (Kerry, 
2000). Thus, research to identify new endophytic fungi and 
develop more efficient application processes are essential 
for the development of effective biological control strategies 
in agriculture (Tjamos et al., 2010).

CONCLUSION
This review highlights the importance of studying 
endophytic fungi associated with medicinal plants, since the 
sampling effort is considerably reduced as these plants are 
already used as medication. Substances present in these 
plants can either be produced by the plant itself, by the 
endophytic fungi alone, or by the plant and the endophytic 
fungi together. The possibility of utilizing substances of 
microbial origin is far more viable than of vegetable origin. It 
is worth noting that with endophytis fungi the time needed 
for production is shorter, and the area of cultivation is 
smaller, and this preserves native plant species in nature.

Therefore, we conclude that the study of endophytic 
fungi associated with medicinal plants should gain more 
attention as it reduces technological risks once the samples 
are previously directed.

ACKNOWLEDGEMENTS
The authors thank C. Martins Coelho and M. R. Marson 
Oliveira for technical support and the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior (CAPES) for 
financial support (AUXPE–PRO-AMAZONIA- 3312/2013/
process n. 23038.010315/2013-66). L. H. Rosa thanks 
the Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (CNPq) and Fundação de Amparo à Pesquisa do 
Estado de Minas Gerais (FAPEMIG) for the financial support.



A review of bioactive compounds produced by endophytic fungi associated with medicinal plants

340

REFERENCES
ALMEIDA, N. F. L., S. R. S. SILVA, J. M. SOUZA, A. P. N. 
QUEIROZ, G. S. MIRANDA & H. B. OLIVEIRA, 2009. 
Levantamento etnobotânico de plantas medicinais na cidade de 
Viçosa – MG. Revista Brasileira de Farmacognosia 90(4): 316-320. 

ALY, A. H., A. DEBBAB, J. KJER & P. PROKSCH, 2010. Fungal 
endophytes from higher plants: a profilic source of phytochemicals 
and other bioactive natural products. Fungal Diversity 41(1): 1-16. 
DOI: <https://doi.org/10.1007/s13225-010-0034-4>.

ALY, A. H., A. DEBBAB, C. CLEMENTS, R. EDRADA-EBEL, B. 
ORLIKOVA, M. DIEDERICH, V. WRAY, W. LIN & P. PROKSCH, 
2011. NFκB inhibitors and antitrypanosomal metabolites from 
endophytic fungus Penicillium sp. isolated from Limonium tubilorum. 
Bioorganic & Medicinal Chemistry 19(1): 414-421. DOI: <https://
doi.org/10.1016/j.bmc.2010.11.012>.

ARAVIND, R., S. J. EAPEN, A. KUMAR, A. DINU & K. V. RAMANA, 
2010. Screening of endophytic bacteria and evaluation of selected 
isolates for supression of burrowing nematode (Radopholus similis 
Thorne) using three varieties of black pepper (Piper nigrum L.). 
Crop Protection 29(4): 318-324. DOI: <https://doi.org/10.1016/j.
cropro.2009.12.005>.

ARNOLD, A. E., 2007. Understanding the diversity of foliar 
endophytic fungi: progress, challenges, and frontiers. Fungal 
Biology Reviews 21: 51-66. 

ARNOLD, A. E., 2008. Endophytic fungi: hidden components of 
tropical community ecology. In: S. SCHNITZER & W. CARSON 
(Ed.): Tropical forest community ecology: 254-271. Blackwell 
Scientific, Oxford.

ARNOLD, A. E., L. C. MEJÍA, D. KYLLO, E. I. ROJAS, Z. 
MAYNARD, N. ROBBINS & E. A. HERRE, 2003. Fungal 
endophytes limit pathogen damage in a tropical tree. Proceedings 
of the National Academy of Sciences 100(26): 15649-15654. 

ASSANTE, G., M. SARACCHINI, G. FARINA, S. MORICCA & 
A. RAGAZZI, 2004. Hystological studies on the mycoparasitism 
of Cladosporium tenuissimum and urediniospores of Uromyces 
appendiculatus. Mycological Research 108(2): 170-183. DOI: 
<https://doi.org/10.1017/S0953756203008852>.

AZEVEDO, J. L., W. MACCHERONI JUNIOR, J. O. PEREIRA & W. 
L. ARAÚJO, 2000. Endophytic microorganisms: a review on insect 
control and recent advances on tropical plants. Electronic Journal 
of Biotechnology 3(1): 15-16. DOI: <https://doi.org/10.2225/
vol3-issue1-fulltext-4>.

AZEVEDO, J. L., W. J. MACCHERONI, W. L. ARAÚJO & J. 
O. PERERIRA, 2002. Microrganismos endofíticos e seu papel 
em plantas tropicais. In: L. A. SERAFINI, N. M. BARROS & J. 
L. AZEVEDO (Ed.): Biotecnologia: avanços na agricultura e na 
agroindústria: 269-294. Editora da Universidade de Caxias do 
Sul, Caxias do Sul.

BACON, C. W. & N. S. HILL, 1996. Symptomless grass endophytes: 
products of coevolutionary symbioses and their role in the ecological 
adaptations of grasses. In: S. C. REDLIN & L. M. CARRIS (Ed.): 
Endophytic fungi in grasses and woody plants: systematics, ecology, 
and evolution: 155-178. APS Press, St. Paul.

BACON, C. W. & J. F. WHITE, 2000. Microbial endophytes: 1-487. 
Marcel Dekker Publ., New York.

BANNERMAN, R. H. O., J. BURTON & W. C. CHEN, 1983. 
Traditional medicine and health care coverage: a reader for health 
administrators and practitioners. World Health Organization, Geneva.

BEYNON, R. J. & J. S. BOND, 1989. Proteolytic enzymes: a pratical 
approach. IRL Press, Oxford.

BEZERRA, J. D. P., M. G. S. SANTOS, V. M. SVEDESE, D. M. M. 
LIMA, M. J. S. FERNANDES, L. M. PAIVA & C. M. SOUZA-MOTTA, 
2012. Richness of endophytic fungi isolated from Opuntia ficus-indica 
Mill. (Cactaceae) and preliminary screening for enzyme production. 
World Journal of Microbiology & Biotechnology 28(5): 1989-1995. 
DOI: <https://doi.org/10.1007/s11274-011-1001-2>.

BLACKWELL, M., 2011. The fungi: 1, 2, 3… 5.1 million species? 
American Journal of Botany 98(3): 426-438. DOI: <https://doi.
org/10.3732/ajb.1000298>.

BOMFIM, M. P., A. R. SÃO JOSÉ, T. N. H. REBOUÇAS, S. S. 
ALMEIDA, I. V. B. SOUZA & N. O. DIAS, 2010. Antagonic effect in 
vitro and in vivo of Trichoderma spp. to Rhizopus stolonifer in yellow 
passion fruit. Phytopathology 36(1): 61-67. DOI: <http://dx.doi.
org/10.1590/S0100-54052010000100011>.

BORGES, W. S. & M. T. PUPO, 2006. Novel anthraquinone 
derivatives produced by Phoma sorghina, an endophyte found in 
association with the medicinal plant Tithonia diversifolia (Asteraceae). 
Journal of the Brazilian Chemical Society 17(5): 929-934. DOI: 
<http://dx.doi.org/10.1590/S0103-50532006000500017>.

BRADY, S. F., M. P. SINGH, J. E. JANSO & J. CLARDY, 2000. 
Cytoskyrins A and B, new BIA active bisanthraquinones isolated 
from an endophytic fungus. Organic Letters 2(25): 4047-4049.

BRAGA, G. U. L., R. H. R. DESTÉFANO & C. L. MESSIAS, 1999. 
Protease production during growth and autolysis of submerged 
Metarhizium anisopliae cultures. Revista de Microbiologia 
30(2): 107-113. DOI: <http://dx.doi.org/10.1590/S0001-
37141999000200004>.

BUDHIRAJA, A., K. NEPALI, S. SAPRA, S. GUPTA, S. KUMAR & K. 
L. DHAR, 2013. Bioactive metabolites from an endophytic fungus 
of Aspergillus species isolated from seeds of Gloriosa superba Linn. 
Medicinal Chemistry Research 22(1): 323-329. DOI: <https://doi.
org/10.1007/s00044-012-0032-z>.

BULTMAN, T. L. & G. D. BELL, 2003. Interaction between fungal 
endophytes and environmental stressors influences plant resistance 
to insects. Oikos 103(1): 182-190. 

https://doi.org/10.1007/s13225-010-0034-4
https://doi.org/10.1016/j.bmc.2010.11.012
https://doi.org/10.1016/j.bmc.2010.11.012
https://doi.org/10.1016/j.cropro.2009.12.005
https://doi.org/10.1016/j.cropro.2009.12.005
https://doi.org/10.1017/S0953756203008852
https://doi.org/10.2225/vol3-issue1-fulltext-4
https://doi.org/10.2225/vol3-issue1-fulltext-4
https://doi.org/10.1007/s11274-011-1001-2
https://doi.org/10.3732/ajb.1000298
https://doi.org/10.3732/ajb.1000298
http://dx.doi.org/10.1590/S0100-54052010000100011
http://dx.doi.org/10.1590/S0100-54052010000100011
http://dx.doi.org/10.1590/S0103-50532006000500017
http://dx.doi.org/10.1590/S0001-37141999000200004
https://doi.org/10.1007/s00044-012-0032-z
https://doi.org/10.1007/s00044-012-0032-z


Bol. Mus. Para. Emílio Goeldi. Cienc. Nat., Belém, v. 12, n. 3, p. 331-352, set.-dez. 2017

341

BUNGIHAN, M. E., M. A. TAN, M. KITAJIMA, N. KOGURE, S. G. 
FRANZBLAU, T. E. E. CRUZ, H. TAKAYAMA & M. G. NONATO, 
2011. Bioactive metabolites of Diaporthe sp. P133, an endophytic 
fungus isolated from Pandanus amaryllifolius. Journal of Natural 
Medicines 65: 606-609.

CAMPOS, F. F., L. H. ROSA, B. B. COTA, R. B. CALIGIORNE, A. 
L. T. RABELLO, T. M. A. ALVES, C. A. ROSA & C. L. ZANI, 2008. 
Leishmanicidal metabolites from Cochliobolus sp., an endophytic 
fungus isolated from Piptadenia adiantoides (Fabaceae). PLoS 
Neglected Tropical Diseases 2(12): e348. 

CARROLL, G. C., 1988. Fungal endophytes in stem and leaves: 
from latent pathogen to mutualistic symbiont. Ecology 69(1): 2-9.

CARVALHO, C. R., V. N. GONÇALVES, C. B. PEREIRA, S. 
JOHANN, I. V. GALLIZA, T. M. A. ALVES, A. RABELLO & M. 
E. G. SOBRAL, 2012. The diversity, antimicrobial and anticancer 
activity of endophytic fungi associated with the medicinal plant 
Stryphnodendron adstringens (Mart.) Coville (Fabaceae) from the 
Brazilian savannah. Symbiosis 57(2): 95-107. DOI: <https://doi.
org/10.1007/s13199-012-0182-2>.

CASTILHO, L. R., T. L. M. ALVES & R. A. MEDRONHO, 2000. 
Production and extraction of pectinases obtained by solid state 
fermetation of agro-industrial residues with Aspergillus niger. 
Bioresource Technology 71(1): 45-50. DOI: <https://doi.
org/10.1016/S0960-8524(99)00058-9>.

CHANDRA, S., 2012. Endophytic fungi: novel sources of anticancer 
lead molecules. Applied Microbiology and Biotechnology 95(1): 
47-59. DOI: <https://doi.org/10.1007/s00253-012-4128-7>.

CHITHRA, S., B. JASIMA, P. SACHIDANANDANB, M. JYOTHISA 
& E. K. RADHAKRISHNANA, 2014. Piperine production by 
endophytic fungus Colletotrichum gloeosporioides isolated from 
Piper nigrum. Phytomedicine 21(4): 534-540. DOI: <https://doi.
org/10.1016/j.phymed.2013.10.020>.

CHOWDHARY, K., N. KAUSHIK, A. G. COLOMA & C. M. 
RAIMUNDO, 2012. Endophytic fungi and their metabolites isolated 
from Indian medicinal plant. Phytochemistry Reviews 11(4): 467-
485. DOI: <https://doi.org/10.1007/s11101-012-9264-2>.

CHOWDHARY, K. & N. KAUSHIK, 2015. Fungal endophyte 
diversity and bioactivity in the Indian medicinal plant Ocimum 
sanctum Linn. PLoS ONE 10(11): e0141444. DOI: <https://doi.
org/10.1371/journal.pone.0141444>.

CONTI, R., D. O. GUIMARAES & M. T. PUPO, 2012. Aprendendo 
com as interações da natureza: microrganismos simbiontes 
como fontes de produtos naturais bioativos. Ciência e Cultura 
64(3): 43-47. DOI: <http://dx.doi.org/10.21800/S0009-
67252012000300014>.

COOK, R. J., 2000. Advances in plant health management in the 
20th century. Annual Review of Phytopathology 38: 95-116. DOI: 
<http://dx.doi.org/10.1146/annurev.phyto.38.1.95>.

CORRADO, M. & K. F. RODRIGUES, 2004. Antimicrobial evaluation 
of fungal extracts produced by endophytic strains of Phomopsis sp. 
Journal of Basic Microbiology 44(2): 157-160. DOI: <http://dx.doi.
org/10.1002/jobm.200310341>.

COTA, B. B., L. H. ROSA, E. M. FAGUNDES, O. A. MARTINS-
FILHO, R. CORREA-OLIVEIRA, A. J. ROMANHA, C. A. ROSA 
& C. L. ZANI, 2008. A potent trypanocidal component from 
the fungus Lentinus strigosus inhibits trypanothione reductase and 
modulates PMBC proliferation. Memórias do Instituto Oswaldo 
Cruz 103(3): 263-270. DOI: <http://dx.doi.org/10.1590/S0074-
02762008000300007>.

DAISY, B. H., G. A. STROBEL, D. EZRA, U. CASTILLO, G. BAIRD 
& W. M. HESS, 2002. Muscodor vitigenus sp. nov., an endophyte 
from Paullinia. Mycotaxon 84: 39-50.

DE BARY, A., 1866. Morphologie und Physiologie Pilze, Flechten, 
und Myxomyceten. Hofmeister’s Handbook of Physiological 
Botany 2: 1-316.

DEMAIN, A. L., 2014. Importance of microbial natural products 
and the need to revitalize their discovery. Journal of Industrial 
Microbiology and Biotechnology 41(2): 185-201. DOI: <http://
dx.doi.org/10.1007/s10295-013-1325-z>.

DE SOUZA, J. J., I. J. VIEIRA, E. RODRIGUES-FILHO & 
R. BRAZ-FILHO, 2011. Terpenoids from endophytic fungi. 
Molecules 16(12): 10604-10618. DOI: <http://dx.doi.org/10.3390/
molecules161210604>.

DING, G., Y. C. SONG, J. R. CHEN, C. XU, H. M. GE, X. T. 
WANG & R. X. TAN, 2006. Chaetoglobosin U, a Cytochalasan 
alkaloid from endophytic Chaetomium globosum IFB-E019. Journal of 
Natural Products 69(2): 302-304. DOI: <http://dx.doi.org/10.1021/
np050515+>.

DOUGLAS, A. E., 1998. Nutritional interactions in insect-microbial 
symbioses: aphids and their symbiotic bacteria Buchnera. Annual 
Review of Entomology 43: 17-37. DOI: <http://dx.doi.org/10.1146/
annurev.ento.43.1.17>.

DÚRAN, N., 2004. Enzimas ligninolíticas. In: E. ESPOSITO & J. L. 
AZEVEDO (Ed.): Fungos: uma introdução à biologia, bioquímica e 
biotecnologia: 245-259. Editora da Universidade de Caxias do Sul, 
Caxias do Sul.

DUTTA, D., K. C. PUZARI, R. GOGOI & P. DUTTA, 2014. 
Endophytes: exploitation as a tool in plant protection. Brazilian 
Archives of Biology and Technology 57(5): 621-629. DOI: <http://
dx.doi.org/10.1590/S1516-8913201402043>.

EL-SHATOURY, S. A., O. A. EL-KRALY, M. E. TRUJILLO, W. M. 
EL-KAZZAZ, E.-S. G. ELDIN & A. DEWEDAR, 2013. Generic 
and functional diversity in endophytic actinomycetes from wild 
Compositae plant species at South Sinai-Egypt. Research in 
Microbiology 164: 761-769. DOI: <http://dx.doi.org/10.1016/j.
resmic.2013.03.004>.

https://doi.org/10.1007/s13199-012-0182-2
https://doi.org/10.1007/s13199-012-0182-2
https://doi.org/10.1016/S0960
https://doi.org/10.1016/S0960
https://doi.org/10.1007/s00253-012-4128-7
https://doi.org/10.1016/j.phymed.2013.10.020
https://doi.org/10.1016/j.phymed.2013.10.020
https://doi.org/10.1007/s11101-012-9264-2
https://doi.org/10.1371/journal.pone.0141444
https://doi.org/10.1371/journal.pone.0141444
http://dx.doi.org/10.21800/S0009
http://dx.doi.org/10.1146/annurev.phyto.38.1.95
http://dx.doi.org/10.1002/jobm.200310341
http://dx.doi.org/10.1002/jobm.200310341
http://dx.doi.org/10.1590/S0074-02762008000300007
http://dx.doi.org/10.1007/s10295-013-1325-z
http://dx.doi.org/10.1007/s10295-013-1325-z
http://dx.doi.org/10.3390/molecules161210604
http://dx.doi.org/10.3390/molecules161210604
http://dx.doi.org/10.1021/np050515+
http://dx.doi.org/10.1021/np050515+
http://dx.doi.org/10.1146/annurev.ento.43.1.17
http://dx.doi.org/10.1146/annurev.ento.43.1.17
http://dx.doi.org/10.1590/S1516-8913201402043
http://dx.doi.org/10.1590/S1516-8913201402043
http://dx.doi.org/10.1016/j.resmic.2013.03.004
http://dx.doi.org/10.1016/j.resmic.2013.03.004


A review of bioactive compounds produced by endophytic fungi associated with medicinal plants

342

ESPOSITO, E. & J. L. AZEVEDO, 2010. Fungi: introduction 
to biology, biochemistry and biotechnology: 2. ed. Editora da 
Universidade de Caxias do Sul, Caxias do Sul.

EYBERGER, A. L., R. DONDAPATI & J. R. PORTER, 2006. 
Endophyte fungal isolates from Podophyllum peltatum produce 
podophyllotoxin. Journal of Natural Products 69(8): 1121-1124. 
DOI: <https://doi.org/10.1021/np060174f>.

FERRARA, A. M., 2006. Potentially multidrug-resistant non-
fermentative Gram-negative pathogens causing nosocomial 
pneumonia. International Journal of Antimicrobial Agents 27(3): 
183-195. DOI: <https://doi.org/10.1016/j.ijantimicag.2005.11.005>.

FERRAZ, A., 2010. Biotechnology application in the production of 
pulp and paper: industrial biotechnology-fermentation and enzymatic 
processes: 3. ed. Edgard Blucher, São Paulo.

FREEMAN, S. & R. J. RODRIGUEZ, 1993. Genetic conversion of 
a fungal plant pathogen to a nonpathogenic, endophytic mutualist. 
Science 260(5104): 75-78. DOI: <https://doi.org/10.1126/
science.260.5104.75>.

GAMBOA, M. A., S. LAUREANO & P. BAYMAN, 2002. 
Measuring diversity of endophytic fungi in leaf fragments: does 
size matter? Mycopathologia 156(1): 41-45. DOI: <https://doi.
org/10.1023/A:1021362217723>.

GANGADEVI, V. & J. MUTHUMARY, 2008. Isolation of 
Colletotrichum gloesporiodes, a novel endophytic taxol-producing 
fungus from the leaves of a medicinal plant, Justicia gendarussa. 
Mycologia Balcanica 5: 1-4.

GANGADEVI, V. & J. MUTHUMARY, 2009. Taxol production by 
Pestalotiopsis terminaliae, an endophytic fungus of Terminalia arjuna 
(arjun tree). Biotechnolology and Applied Biochemistry 52: 9-15. 
DOI: <http://dx.doi.org/10.1042/BA20070243>.

GAO, X. X., H. ZHOU, D. Y. XU, C. H. YU, Y. Q. CHEN & 
L. H. QU, 2005. High diversity of endophytic fungi from the 
pharmaceutical plant Heterosmilax japonica Kunth revealed 
by cultivation-independent approach. FEMS Microbiology 
Letters 249(2): 255-266. DOI: <http://dx.doi.org/10.1016/j.
femsle.2005.06.017>.

GIRIDHARAN, P., S. A. VEREKAR, A. KHANNA, P. D. MISHRA & 
S. K. DESHMUKH, 2012. Anticancer activity of Sclerotiorin isolated 
from an endophytic fungus Cephalotheca faveoleta Yaguchi, Nishim 
& Udagawa. Indian Journal of Experimental Biology 50: 464-468.

GUNATILAKA, A. A. L., 2006. Natural products from plant-
associated microorganisms: distribution, structural diversity, bioactivity 
and implication of their occurrence. Journal of Natural Products 
69(3): 509-526. DOI: <http://dx.doi.org/10.1021/np058128n>.

GUTIERREZ, R. M., A. M. GONZALEZ & A. M. RAMIREZ, 2012. 
Compounds derived from endophytes: a review of phytochemistry 
and pharmacology. Current Medicinal Chemistry 19(18): 2992-3030.

HALLMANN, J., A. QUADT-HALLMANN, W. F. MAAHAFFEE & 
J. W. KLOEPPER, 1997. Bacterial endophytes in agricultural crops. 
Canadian Journal of Microbiology 43(10): 895-914. DOI: <https://
doi.org/10.1139/m97-131>.

HARPER, J. K., E. J. FORD, G. A. STROBEL, A. ARIF, D. M. GRANT, 
J. PORCO, D. P. TOMER & K. ONEILL, 2003. Pestacin: a 1,3-dihydro 
isobenzofuran from Pestalotiopsis microspora possessing antioxidant 
and antimycotic activities. Tetrahedron Letters 59(14): 2471-2476. 
DOI: <https://doi.org/10.1016/S0040-4020(03)00255-2>.

HEMTASIN, C., S. KANOKMEDHAKUL, K. KANOKMEDHAKUL, 
C. HAHNVAJANAWONG, K. SOYTONG, S. PRABPAI & P. 
KONGSAEREE, 2011. Cytotoxic pentacyclic and tetracyclic aromatic 
sesquiterpenes from Phomopsis archeri. Journal Natural Products 
74(4): 609-613.

HIGGINS, K. L., A. E. ARNOLD, P. D. COLEY & T. KURSAR, 
2014. Communities of fungal endophytes in tropical forest grasses: 
highly diverse host- and habitat generalists characterized by strong 
spatial structure. Fungal Ecology 8(1): 1-11. DOI: <http://dx.doi.
org/10.1016/j.funeco.2013.12.005>.

HOFRICHTER, M., 2002. Review: lignin conversion by manganese 
peroxidase (MnP). Enzyme and Microbial Technology 30(4): 454-
456. DOI: <https://doi.org/10.1016/S0141-0229(01)00528-2>.

HORN, W. S., M. S. J. SIMMOND, R. E. SCHWARTZ & W. M. 
BLANEY, 1995. Phomopsichalasin, a novel antimicrobial agent from 
an endophytic Phomopsis sp. Tetrahedron Letters 51(14): 3969-
3978. DOI: <https://doi.org/10.1016/0040-4020(95)00139-Y>.

HUANG, W. Y., Y. Z. CAI, K. D. HYDE, H. CORKE & M. SUN, 
2007a. Endophytic fungi from Nerium oleander L. (Apocynaceae): 
main constituents and antioxidant activity. World Journal of 
Microbiology and Biotechnology 23(9): 1253-1263.

HUANG, W. Y., Y. Z. CAI, J. XING, H. CORKE & M. SUN, 2007b. 
A potential antioxidant resource: endophytic fungi isolated from 
traditional Chinese medicinal plants. Economic Botany 61: 14-30.

HUANG, X.-Z., Y. ZHU, X.-L. GUAN, K. TIAN, J.-M. GUO, H.-B. 
WANG & G.-M. FU, 2012. A novel antioxidant isobenzofuranone 
derivative from fungus Cephalosporium sp. AL031. Molecules 17(4): 
4219-4224. DOI: <https://doi.org/10.3390/molecules17044219>.

HYDE, K. D. & K. SOYTONG, 2008. The fungal endophyte 
dilemma. Fungal Diversity 33: 163-173.

IDRIS, A., I. AL-TAHIR & E. IDRIS, 2013. Antibacterial activity of 
endophytic fungi extracts from the medicinal plant Kigelia africana. 
Egyptan Academic Journal of Biological Sciences 5(1): 1-9.

ISAKA, M., A. JATURAPAT, K. RUKSEREE, K. DANWISETKANJANA, 
M. TANTICHAROEN & Y. THEBTARANONTH, 2001. 
Phomoxanthones A and B, novel xanthone dimers from the 
endophytic fungus Phomopsis species. Journal of Natural Products 
64(8): 1015-1018.

https://doi.org/10.1021/np060174f
https://doi.org/10.1016/j.ijantimicag.2005.11.005
https://doi.org/10.1126/science.260.5104.75
https://doi.org/10.1126/science.260.5104.75
https://doi.org/10.1023/A:1021362217723
https://doi.org/10.1023/A:1021362217723
http://dx.doi.org/10.1042/BA20070243
http://dx.doi.org/10.1016/j.femsle.2005.06.017
http://dx.doi.org/10.1016/j.femsle.2005.06.017
http://dx.doi.org/10.1021/np058128n
https://doi.org/10.1139/m97-131
https://doi.org/10.1139/m97-131
https://doi.org/10.1016/S0040-4020(03)00255-2
http://dx.doi.org/10.1016/j.funeco.2013.12.005
http://dx.doi.org/10.1016/j.funeco.2013.12.005
454-456.DOI
454-456.DOI
https://doi.org/10.1016/S0141-0229(01)00528-2
https://doi.org/10.1016/0040-4020(95)00139-Y
https://doi.org/10.3390/molecules17044219


Bol. Mus. Para. Emílio Goeldi. Cienc. Nat., Belém, v. 12, n. 3, p. 331-352, set.-dez. 2017

343

JAEGER, K. & T. EGGERT, 2002. Lipases for biotechnology. 
Current Opinion in Biotechnology 13(4): 390-397.

JALGAONWALA, R. E., B. V. MOHITE & R. T. MAHAJAN, 2011. 
A review: natural products from plant associated endophytic fungi. 
Journal of Microbiology and Biotechnology Research 1(2): 21-32.

JAYANI, R. S., S. SAXENA & R. GUPTA, 2005. Microbial 
pectinolytic enzymes: a review. Process Biochemistry 40(9): 2931-
2944. DOI: <https://doi.org/10.1016/j.procbio.2005.03.026>.

KANEKO, F. H., O. ARF, D. C. GITTI, M. V. ARF, J. P. FERREIRA & 
S. BUZETTI, 2010. Mecanismos de abertura de sulcos, inoculação 
e adubação nitrogenada em feijoeiro em sistema plantio direto. 
Bragantia 69(1): 125-133. DOI: <http://dx.doi.org/10.1590/S0006-
87052010000100017>.

KAUL, S., S. GUPTA, M. AHMED & M. K. DHAR, 2012. 
Endophytic fungi from medicinal plants: a treasure hunt for bioactive 
metabolites. Phytochemistry Reviews 11(4): 487-505. DOI: 
<https://doi.org/10.1007/s11101-012-9260-6>.

KERRY, B. R., 2000. Rhizosphere interactions and exploitation 
of microbial agents for the biological control of plant-parasitic 
nematodes. Annual Review of Phytopathology 38: 423-441. DOI: 
<http://dx.doi.org/10.1146/annurev.phyto.38.1.423>.

KHAN, A. L., M. HAMAYUN, J. HUSSAIN, S.-M. KANG & I.-J. 
LEE, 2012. The newly isolated endophytic fungus Paraconiothyrium 
sp. LK1 produces ascotoxin. Molecules 17(1): 1103-1112. DOI: 
<http://dx.doi.org/10.3390/molecules17011103>.

KHARWAR, R. N., A. MISHRA, S. K. GOND, A. STIERLE & 
D. STIERLE, 2011. Anticancer compounds derived from fungal 
endophytes: their importance and future challenges. Natural 
Product Reports 28(7): 1208-1228. DOI: <http://dx.doi.
org/10.1039/c1np00008j>.

KIRK, O., T. V. BORCHERT & C. C. FUGLSANG, 2002. Industrial 
enzyme applications. Current Opinion in Biotechnology 13(4): 
345-351.

KLEMKE, C., S. KEHRAUS, A. D. WRIGHT & G. M. KONIG, 
2004. New secondary metabolites from the marine endophytic 
fungus Apiospora montagnei. Journal of Natural Products 67: 
1058-1063.

KOGEL, K. H., P. FRANKEN & R. HÜCKELHOVEN, 2006. 
Endophyte or parasite – what decides? Current Opinion in 
Plant Biology 9(4): 358-363. DOI: <http://dx.doi.org/10.1016/j.
pbi.2006.05.001>.

KOUR, A., A. S. SHAWL, S. REHMAN, P. SULTAN, P. H. QAZI, 
P. SUDEN, R. K. KHAJURIA & V. VERMA, 2008. Isolation and 
identification of an endophytic strain of Fusarium oxysporum 
producing podophyllotoxin from Juniperus recurva. World Journal 
of Microbiology and Biotechnology 24(7): 1115-1121. DOI: 
<https://doi.org/10.1007/s11274-007-9582-5>.

KUBICEK, C. P., R. MESSNER & F. GRUBER, 1993. The 
Trichoderma reesei cellulase regulatory puzzle: from the interior 
life of a secretory fungus. Enzyme and Microbial Technology 
15(2): 90-99.

KUDALKAR, P., G. STROBEL, S. R. U. HASAN, G. GEARY & J. 
SEARS, 2012. Muscodor sutura, a novel endophytic fungus with 
volatile antibiotic activities. Mycoscience 53(4): 319-325. DOI: 
<https://doi.org/10.1007/s10267-011-0165-9>.

KUMAR, S. & N. KAUSHIK, 2012. Metabolites of endophytic 
fungi as novel source of biofungicide: a review. Phytochemistry 
Reviews 11(4): 507-522. DOI: <https://doi.org/10.1007/s11101-
013-9271-y>.

KUSARI, S., M. LAMSHÖFT, S. ZÜHLKE & M. SPITELLER, 2008. 
An endophytic fungus from Hypericum perforatum that produces 
hypericin. Journal of Natural Products 71(2): 159-162. DOI: 
<http://dx.doi.org/10.1021/np070669k>.

KUSARI,  S. ,  M. LAMSHÖFT & M. SPITELLER, 2009. 
Aspergillus fumigatus Fresenius, an endophytic fungus from 
Juniperus communis L. Horstmann as a novel source of the 
anticancer pro-drug deoxypodophyllotoxin. Journal of Applied 
Microbiology 107(3): 1019-1030. DOI: <http://dx.doi.org/10.111
1/j.1365-2672.2009.04285.x>.

KUSARI, S. & M. SPITELLER, 2011. Are we ready for industrial 
production of bioactive plant secondary metabolites utilizing 
endophytes? Natural Product Reports 28: 1203-1207. DOI: 
<http://dx.doi.org/10.1039/c1np00030f>.

KUSARI, S., C. HERTWECK & M. SPITELLER, 2012. Chemical 
ecology of endophytic fungi: origins of secondary metabolites. 
Chemistry & Biology 19(7): 792-798. DOI: <http://dx.doi.
org/10.1016/j.chembiol.2012.06.004>.

KUSARI, S., S. P. PANDEY & M. SPITELLER, 2013. Untapped 
mutualist ic paradigms l inking host plant and endophytic 
fungal production of similar bioactive secondary metabolites. 
Phytochemistry 91: 81-87. DOI: <http://dx.doi.org/10.1016/j.
phytochem.2012.07.021>.

LACAVA, P. T., F. L. S. SEBASTIANES & J. L. AZEVEDO, 2010. 
Fungos endofíticos: biodiversidade e aplicações biotecnológicas. In: 
E. ESPOSITO & J. L. AZEVEDO (Org.): Fungos: uma introdução 
a biologia, bioquímica e biotecnologia: 2. ed.: 533-569. Editora 
da Universidade de Caxias do Sul, Caxias do Sul.

LEE, J., E. LOBKOVSKY, N. B. PLIAM, G. STROBEL & J. CLARDY, 
1995. Subglutinols A and B: immunosuppressive compounds from 
the endophytic fungus Fusarium subglutinans. Journal of Organic 
Chemistry 60(22): 7076-7077.

LEE, J. C., G. A. STROBEL, E. LOBKOVSKY & J. C. CLARDY, 
1996. Torreyanic acid: a selectively cytotoxic quinine dimer from 
the endophytic fungus Pestalotiopsis microspora. Journal of Organic 
Chemistry 61: 3232-3233.

https://doi.org/10.1016/j.procbio.2005.03.026
http://dx.doi.org/10.1590/S0006-87052010000100017
https://doi.org/10.1007/s11101-012-9260-6
http://dx.doi.org/10.1146/annurev.phyto.38.1.423
http://dx.doi.org/10.3390/molecules17011103
http://dx.doi.org/10.1039/c1np00008j
http://dx.doi.org/10.1039/c1np00008j
http://dx.doi.org/10.1016/j.pbi.2006.05.001
http://dx.doi.org/10.1016/j.pbi.2006.05.001
https://doi.org/10.1007/s11274-007-9582-5
https://doi.org/10.1007/s10267-011-0165-9
https://doi.org/10.1007/s11101-013-9271-y
http://dx.doi.org/10.1021/np070669k
http://dx.doi.org/10.1111/j.1365-2672.2009.04285.x
http://dx.doi.org/10.1111/j.1365-2672.2009.04285.x
http://dx.doi.org/10.1039/c1np00030f
http://dx.doi.org/10.1016/j.chembiol.2012.06.004
http://dx.doi.org/10.1016/j.chembiol.2012.06.004
http://dx.doi.org/10.1016/j.phytochem.2012.07.021
http://dx.doi.org/10.1016/j.phytochem.2012.07.021


A review of bioactive compounds produced by endophytic fungi associated with medicinal plants

344

LI, J. Y. & G. A. STROBEL, 2000. Jesterone and hydroxy-jesterone 
antioomycete cyclohexenone epoxides from the endophytic fungus 
Pestalotiopsis jester. Phytochemistry 57: 261-265.

LI, H., C. QING, Y. ZHANG & Z. ZHAO, 2005. Screening for 
endophytic fungi with antitumour and antifungal activities from 
Chinese medicinal plants. World Journal of Microbiology and 
Biotechnology 21(8-9): 1515-1519. DOI: <https://doi.org/10.1007/
s11274-005-7381-4>.

LI, E., L. JIANG, L. GUO, H. ZHANG & Y. CHE, 2008a. 
Pestalachlorides A-C, antifungal metabolites from the plant 
endophytic fungus Pestalotiopsis adusta. Bioorganic & Medicinal 
Chemistry 16: 7894-7899.

LI, E., R. TIAN, S. LIU, X. CHEN, L. GUO & Y. CHE, 2008b. 
Pestalotheols A-D, bioactive metabolites from the plant endophytic 
fungus Pestalotiopsis theae. Journal of Natural Products 71(4): 664-668.

LIANG, H., Y. XING, J. CHEN, D. ZHANG, S. GUO & C. 
WANG, 2012. Antimicrobial activity of endophytic fungal isolated 
from Ophiopogen japonicas. BMC Complementary and Alternative 
Medicine 12: 238-243. DOI: <http://dx.doi.org/10.1186/1472-
6882-12-238>.

LIU, J. Y., Y. C. SONG, Z. ZHANG, L. WANG, Z. J. GUO, W. 
X. ZOU & R. X. TAN, 2004. Aspergillus fumigatus CY018, an 
endophytic fungus in Cynodon dactylon as a versatile producer of new 
and bioactive metabolites. Journal of Biotechnology 114: 279-287.

LIU, X., M. DONG, X. CHEN, M. JIAN, X. LV & G. YAN, 2007. 
Antioxidant activity and phenolics of an endophytic Xylaria sp. from 
Gingko biloba. Food Chemistry 105: 548-554.

LIU, X., M. DONG, X. CHEN, M. JIANG, X. LV & J. ZHOU, 2008. 
Antimicrobial activity of an endophytic Xylaria sp. YX-28 and 
identification of its antimicrobial compound 7-amino-4-methylcoumarin. 
Applied Microbiology and Biotechnology 78: 241-247.

MACIAS-RUBALCAVA, M. L., B. E. HERNANDEZ-BAUTISTA, 
M. JIMENEZ-ESTRADA, M. C. GONZALEZ, A. E. GLENN, R. T. 
HANLIN, S. HERNANDEZ-ORTEGA, A. SAUCEDO-GARCIA, J. M. 
MURIA-GONZALEZ & A. L. ANAYA, 2008. Napthaquinone spiroketal 
with allelochemical activity from the newly discovered endophytic 
fungus Edenia gomezpompe. Phytochemistry 69: 1185-1196.

MARIANO, R. L. R., 1993. Métodos de seleção in vitro para o 
controle microbiológico de patógenos de plantas. In: W. C. LUZ, J. 
M. FERNANDES, A. M. PRESTES & E. C. PICININI (Ed.): Revisão 
anual de patologia de plantas: 1: 369-409. Sociedade Brasileira de 
Fitopatologia, Passo Fundo.

MARINHO, A. M. R., E. RODRIGUES-FILHO, M. L. R. MOITINHO 
& L. S. SANTOS, 2005. Biologically active polyketides produced 
by Penicillium janthinellum isolated as an endophytic fungus fruits 
of Melia azederach. Journal of the Brazilian Chemical Society 
16(2): 280-283. DOI: <http://dx.doi.org/10.1590/S0103-
50532005000200023>.

MARTINEZ-LUIS, S., L. CHEIRGO, E. ARNOLD, C. SPADAFORA, 
W. H. GERWICK & L. CUBILLA-RIOS, 2012. Antiparasitic and 
anticancer constituents of the endophytic fungus Aspergillus sp. strain 
F1544. Natural Product Communications 7(2): 165-168.

MATIELLO, R. R., R. L. BARBIERI & F. I. F. CARVALHO, 1997. Plant 
resistance to fungal diseases. Ciência Rural 27(1): 161-168. DOI: 
<http://dx.doi.org/10.1590/S0103-84781997000100028>.

MEJÍA, L. C., A. H. EDWARD, J. P. SPARKS, K. WINTER, M. N. 
GARCÍA, S. A. V. BAEL, J. STITT, Y. ZHANG, M. J. GUILTINAN 
& S. N. MAXIMOVA, 2014. Pervasive effects of a dominant foliar 
endophytic fungus on host genetic and phenotypic expression in 
a tropical tree. Frontiers in Microbiology 5: 1-16. DOI: <http://
dx.doi.org/10.3389/fmicb.2014.00479>.

MELLO, A., L. MIOZZI, A. VIZZINI, C. NAPOLI, G. KOWALCHUK 
& P. BONFANTE, 2010. Bacterial and fungal communities associated 
with Tuber magnatum-productive niches. Plant Biosystems 144: 
323-332. DOI: <http://dx.doi.org/10.1080/11263500903374724>.

MESTER, T. & M. TIEN, 2000. Oxidation mechanism of ligninolytic 
enzymes involved in the degradation of environmental pollutants. 
International Biodeterioration & Biodegradation 46(1): 51-59. 
DOI: <https://doi.org/10.1016/S0964-8305(00)00071-8>.

MOMESSO, L. S., C. Y. KAWANO, P. H. RIBEIRO, A. NOMIZO, G. 
H. GOLDMAN & M. T. PUPO, 2008. Chaetoglobosinas produced 
by Chaetomium globosum, endophytic fungus associated with Viguiera 
robusta Gardn. (Asteraceae). Química Nova 31(7): 1680-1685. DOI: 
<http://dx.doi.org/10.1590/S0100-40422008000700015>.

MONTESINOS, E., 2003. Development, registration and 
commercialization of microbial pesticides for plant protection. 
International Microbiology 6(4): 245-252. DOI: <http://dx.doi.
org/10.1007/s10123-003-0144-x>.

MORENO, E., T. VARUGHESE, C. SPADAFORA, E. ARNOLD, 
P. D. COLEY, T. A. KURSAR, W. H. GERWICK & L. CUBILLA-
RIOSA, 2011. Chemical constituents of the new endophytic fungus 
Mycosphaerella sp. nov. and their anti-parasitic activity. Natural 
Product Communications 6(6): 835-840.

MORICCA, S. & A. RAGAZZI, 2007. Fungal endophytes in 
Mediterranean oak forets: a lesson from Discula quercina. 
Phytopathology 98(4): 360-366. DOI: <http://dx.doi.org/10.1094/
PHYTO-98-4-0380>.

MORICCA, S., B. GINETTI & A. RAGAZZI, 2012. Species- and 
organ-specificity in endophytes colonizing healthy and declining 
Mediterranean oaks. Phytopatologia Mediterranea 51(3): 
587-598. DOI: <http://dx.doi.org/10.14601/Phytopathol_
Mediterr-11705>.

MOUSA, W. K. & M. N. RAIZADA, 2013. The diversity of 
antimicrobial secondary metabolites produced by fungal endophytes: 
an interdisciplinary perspective. Frontiers in Microbiology 4: 1-18. 
DOI: <http://dx.doi.org/10.3389/fmicb.2013.00065>.

https://doi.org/10.1007/s11274-005-7381-4
https://doi.org/10.1007/s11274-005-7381-4
http://dx.doi.org/10.1186/1472-6882-12-238
http://dx.doi.org/10.1590/S0103-50532005000200023
http://dx.doi.org/10.1590/S0103-84781997000100028
http://dx.doi.org/10.3389/fmicb.2014.00479
http://dx.doi.org/10.3389/fmicb.2014.00479
http://dx.doi.org/10.1080/11263500903374724
https://doi.org/10.1016/S0964-8305(00)00071-8
http://dx.doi.org/10.1590/S0100-40422008000700015
http://dx.doi.org/10.1007/s10123-003-0144-x
http://dx.doi.org/10.1007/s10123-003-0144-x
http://dx.doi.org/10.1094/PHYTO-98-4-0380
http://dx.doi.org/10.1094/PHYTO-98-4-0380
http://dx.doi.org/10.14601/Phytopathol_Mediterr-11705
http://dx.doi.org/10.14601/Phytopathol_Mediterr-11705
http://dx.doi.org/10.3389/fmicb.2013.00065


Bol. Mus. Para. Emílio Goeldi. Cienc. Nat., Belém, v. 12, n. 3, p. 331-352, set.-dez. 2017

345

M’PIGA, P., R. R. BÉLANGER, T. C. PAULITZ & N. BENHAMOU, 
1997. Increased resistance to Fusarium oxysporum f. sp. radicis-
lycopersici in tomato plants treated with the endophytic bacterium 
Pseudomonas fluorescens strain 63-28. Physiological and Molecular 
Plant Pathology 50: 301-320.

NAIR, D. N. & S. PADMAVATHY, 2014. Impact of endophytic 
microorganisms on plants. The Scientific World Journal 2014: 1-11. 
DOI: <http://dx.doi.org/10.1155/2014/250693>.

NIELSEN, R. I. & K. OXENBOLL, 1998. Enzymes from fungi: their 
technology and uses. Mycologist 12(2): 69-71. DOI: <https://doi.
org/10.1016/S0269-915X(98)80048-7>.

OHZEKI, T. & K. MORI, 2003. Synthetic racemate and enantiomers 
of cytosporone E, a metabolite of an endophytic fungus, show 
indistinguishably weak antimicrobial activity. Bioscience, Biotechnology 
and Biochemistry 67(12): 2584-2590. 

OKAFOR, N., 2007. Modern industrial microbiology and 
biotechnology. Science Publishers, Enfield.

OLIVEIRA, M. N., L. S. SANTOS, G. M. S. P. GUILHON, A. S. 
SANTOS, I. C. S. FERREIRA, M. L. LOPES-JUNIOR, M. S. P. 
ARRUDA, A. M. R. MARINHO, M. N. SILVA, E. RODRIGUES-
FILHO & M. C. F. OLIVEIRA, 2011. Novel anthraquinone derivatives 
produced by Pestalotiopsis guepinii, an endophytic of the medicinal 
plant Virola michelii (Myristicaceae). Journal of the Brazilian Chemical 
Society 22(5): 993-996. DOI: <http://dx.doi.org/10.1590/S0103-
50532011000500025>. 

OWNLEY, B. H., K. D. GWINN & F. E. VEGA, 2010. Endophytic fungal 
entomopathogens with activity against plant pathogens: ecology and 
evolution. BioControl 55(1): 113-128. DOI: <https://doi.org/10.1007/
s10526-009-9241-x>.

PANKE, S. & M. G. WUBBOLTS, 2002. Enzyme technology and 
bioprocess engineering. Current Opinion in Biotechnology 13(2): 
111-116. DOI: <https://doi.org/10.1016/S0958-1669(02)00302-6>.

PARECER, S. & V. AHMADJIAN, 2000. Symbiosis: an introduction to 
biological associations: 2. ed.: 1-290. Oxford University Press, Oxford.

PASTORE, G. M. & G. A. MACEDO, 2004. Utilização de fungos 
na indústria de alimentos. In: E. ESPOSITO & J. L. AZEVEDO (Ed.): 
Fungos: uma introdução a biologia, bioquímica e biotecnologia: 311-
333. Editora da Universidade de Caixas do Sul, Caxias do Sul.

PASTRE, R., A. M. R. MARINHO, E. RODRIGUES-FILHO, A. Q. L. 
SOUZA & J. O. PEREIRA, 2007. Diversity of polyketides produced 
by Penicillium species isolated from Melia azedarach and Murraya 
paniculata. Química Nova 30(8): 1867-1871. DOI: <http://dx.doi.
org/10.1590/S0100-40422007000800013>.

PEIXOTO NETO, P. A. S., J. L. AZEVEDO & L. C. CAETANO, 2004. 
Endophytic microorganisms in plants: current status and perspectives. 
Boletín Latino Americano y del Caribe de Plantas Medicinales y 
Aromáticas 3: 67-69.

PEREZ, C., F. P. GARCIA, H. FERNADEZ & M. A. REVILLA, 2002. 
The levels of GA3 and GA20 may be associated with dormancy 
release in Onopordum nervosum seeds. Plant Growth Regulation 
38(2): 141-143. DOI: <https://doi.org/10.1023/A:1021210217659>.

PETRUCCIOLI, M. & R. G. FEDERICI, 1992. A note on the 
production of extracellular hydrolitic enzymes by yeast-like fungi and 
related microorganisms. Annali di Microbiologia ed Enzimologia 
42: 81-86.

PHAM, P. L., P. TAILLANDER, M. DELMAS & P. STREHAIANO, 
1998. Optimization of a culture medium for xylanase production by 
Bacillus sp. using statistical experimental design. World Journal of 
Microbiology and Biotechnology 14(2): 185-190. DOI: <https://
doi.org/10.1023/A:1008821827445>.

PILEGGI, M., P. M. RAIMAN, A. MICHELI, S. BEATRIZ & V. 
BOBALTO, 2002. Antimicrobial action and endophytic interaction 
in Symphytum officinale L. Publicatio UEPG 8(1): 47-55.

PIMENTA, R. S., J. F. M. DA SILVA, J. S. BUYER & W. J. 
JANISIEWICZ, 2012. Endophytic fungi from plums (Prunus domestica) 
and their antifungal activity against Monilinia fructicola. Journal 
of Food Protection 75(10): 1883-1889. DOI: <http://dx.doi.
org/10.4315/0362-028X.JFP-12-156>.

PIMENTEL, M. R., G. MOLINA, A. P. DIONÍSIO, R. M. JUNIOR & 
G. M. PASTORE, 2011. The use of endophytes to obtain bioactive 
compounds and their application in biotransformation process. 
Biotechnology Research International 2011: 1-11. DOI: <http://
dx.doi.org/10.4061/2011/576286>.

PLEBAN, S., F. INGEL & I. CHET, 1995. Control of Rhizoctonia solani 
and Sclerotium rolfsii in the greenhouse using endophytic Bacillus 
spp. European Journal of Plant Pathology 101(6): 665-672. DOI: 
<https://doi.org/10.1007/BF01874870>.

PORRAS-ALFARO, A. & P. BAYMAN, 2011. Hidden fungi emergent 
properties: endophytes and microbiomes. Annual Review of 
Phytopathology 49: 291-315. DOI: <https://doi.org/10.1146/
annurev-phyto-080508-081831>.

POTSHANGBAM, M., S. I. DEVI, D. SAHOO & G. A. STROBEL, 
2017. Functional characterization of endophytic fungal community 
associated with Oryza sativa L. and Zea mays L. Frontiers 
in Microbiology 8: 1-15. DOI: <https://doi.org/10.3389/
fmicb.2017.00325>.

PRADA, C., S. E. MCILROY, D. M. BELTRAN, D. J. VALINT, S. R. 
SANTOS, A. S. FORD, M. E. HELLBERG & M. A. COFFROTH, 
2014. Cryptic diversity hides host and habitat specialization in a 
gorgonian-algal symbiosis. Molecular Ecology 23: 3330-3340. DOI: 
<https://doi.org/10.1111/mec.12808>.

PURI, S. C., V. VERMA, T. AMNA, G. N. QAZI & M. SPITELLER, 
2005. An endophytic fungus from Nothapodytes foetida that produces 
camptothecin. Journal of Natural Products 68(12): 1717-1719. DOI: 
<https://doi.org/10.1021/np0502802>.

http://dx.doi.org/10.1155/2014/250693
https://doi.org/10.1016/S0269-915X(98)80048-7
https://doi.org/10.1016/S0269-915X(98)80048-7
http://dx.doi.org/10.1590/S0103-50532011000500025
https://doi.org/10.1007/s10526-009-9241-x
https://doi.org/10.1007/s10526-009-9241-x
https://doi.org/10.1016/S0958-1669(02)00302-6
http://dx.doi.org/10.1590/S0100-40422007000800013
http://dx.doi.org/10.1590/S0100-40422007000800013
https://doi.org/10.1023/A:1021210217659
https://doi.org/10.1023/A:1008821827445
https://doi.org/10.1023/A:1008821827445
http://dx.doi.org/10.4315/0362-028X.JFP-12-156
http://dx.doi.org/10.4315/0362-028X.JFP-12-156
http://dx.doi.org/10.4061/2011/576286
http://dx.doi.org/10.4061/2011/576286
https://doi.org/10.1007/BF01874870
https://doi.org/10.1146/annurev-phyto-080508-081831
https://doi.org/10.1146/annurev-phyto-080508-081831
https://doi.org/10.3389/fmicb.2017.00325
https://doi.org/10.3389/fmicb.2017.00325
https://doi.org/10.1111/mec.12808
https://doi.org/10.1021/np0502802


A review of bioactive compounds produced by endophytic fungi associated with medicinal plants

346

PURI, S. C., A. NAZIR & R. CHAWLA, 2006. The endophytic 
fungus Trametes hirsuta as a novel alternative source of 
podophyllotoxin and related aryl tetralin lignans. Journal of 
Biotechnology 122(4): 494-510. DOI: <https://doi.org/10.1016/j.
jbiotec.2005.10.015>.

QIN, S., J. LI, H. H. CHEN, G. Z. ZHAO & W. Y. ZHU, 2009. 
Isolation, diversity and antimicrobial activity of rare actinobacteria 
from medicinal plants of tropical rain forests in Xishuangbanna, 
China. Applied Environmental Microbiology 75(19): 6176-6186. 
DOI: <https://doi.org/10.1128/AEM.01034-09>.

QUADRI, M., S. JOHRI, A. SHAH, S. K. LATTOO & M. K. ABDIN, 
2013. Identification and bioactive potential of endophytic fungi 
isolated from selected plants of the western Himalayas. Springer 
Plus 2: 8. DOI: <https://doi.org/10.1186/2193-1801-2-8>.

RAI, M., G. AGARKAR & D. RATHOD, 2014a. Multiple applications 
of endophytic Colletotrichum species occurring in medicinal plants. 
In: A. GURIB-FAKIM (Ed.): Novel plant bioresources: applications 
in food, medicine and cosmetics: 227-236. Wiley, Chichester.

RAI, M., D. RATHOD, G. AGARKAR, M. DAR, M. BRESTIC & 
M. R. MAROSTICA JUNIOR, 2014b. Fungal growth promotor 
endophytes: a pragmatic approach towards sustainable food 
and agriculture. Symbiosis 62(2): 63-79. DOI: <https://doi.
org/10.1007/s13199-014-0273-3>.

RAMASAMY, K., S. M. LIM, A. B. BAKAR, N. ISMAIL, M. S. ISMAIL, 
M. F. ALI, J. F. F. WEBER & A. L. J. COLE, 2010. Antimicrobial 
and cytotoxic activities of Malaysian endophytes. Phytotherapy 
Research 24(5): 640-643. DOI: <http://dx.doi.org/10.1002/
ptr.2891>.

REDDY, N. S., S. NIMMAGADDA & K. R. S. SAMBASIVA RAO, 
2003. An overview of the microbial α-amylase family. African 
Journal Biotechnology 2(12): 645-648.

REDMAN, R. S., S. FREEMAN, D. R. CLIFTON, J. MORREL, 
G. BROWN & R. J. RODRIGUEZ, 1999. Biochemical analysis of 
plant protection afforded by a nonpathogenic endophytic mutant 
of Colletotrichum magna. Plant Physiology 119(2): 795-804.

REITER, B., U. PFEIFER, H. SCHWAB & A. SESSITSCH, 2002. 
Response of endophytic bacterial communities in potato plants 
to infection with Erwinia carotovora subsp. atrospetica. Applied 
Environmental Microbiology 68(5): 2261-2268. DOI: <http://
dx.doi.org/10.1128/AEM.68.5.2261-2268.2002>.

REN, X. J., Y. LIANG, J. P. LU, B. R. YANG, J. Y. XU & F. M. DAI, 
2008. Identification of Colletotrichum species from strawberry in 
Shanghai. Acta Phytopathologica Sinica 38(3): 325-328.

RODRIGUEZ, R. J., J. HENSON, E. VAN VOLKENBURGH, 
M. HOY, L. WRIGHT, F. BECKWITH, Y. KIM & R. S. REDMAN, 
2008. Stress tolerance in plants via habitat-adapted symbiosis. The 
ISME Journal 2(4): 404-416. DOI: <http://dx.doi.org/10.1038/
ismej.2007.106>.

RÖNSBERG, D., A. DEBBAB, A. MÁNDI, V. WRAY, H. DAI, T. 
KURTÁN, P. PROKSCH & A. H. ALY, 2013. Secondary metabolites 
from the endophytic fungus Pestalotiopsis virgatula isolated 
from the mangrove plant Sonneratia caseolaris. Tetrahedron 
Letters 54(25): 3256-3259. DOI: <http://dx.doi.org/10.1016/j.
tetlet.2013.04.031>.

ROSA, L. H., N. TABANCA, N. TECHEN, D. E. WEDGE, Z. 
PAN & R. M. MORAES, 2012. Antifungal activity of extracts from 
endophytic fungi associated with Smallanthus maintained in vitro as 
autotrophic cultures and as pot plants in the greenhouse. Canadian 
Journal of Microbiology 58(10): 1202-1211. DOI: <https://doi.
org/10.1139/w2012-088>.

ROSENBERG, E., O. KOREN, L. RESHEF, R. EFRONY & I. ZILBER-
ROSENBERG, 2007. The role of microorganisms in coral health, 
disease and evolution. Nature Reviews. Microbiology 5(5): 355-
362. DOI: <http://dx.doi.org/10.1038/nrmicro1635>.

ROSENBERG, E. & I. ZILBER-ROSENBERG, 2011. Symbiosis and 
development: the hologenome concept. Birth Defects Research. 
Part C: Embryo Today: Reviews 93(1): 56-66. DOI: <http://dx.doi.
org/10.1002/bdrc.20196>.

SAIKKONEN, K., S. H. FAETH, M. HELANDER & T. J. SULLIVAN, 
1998. Fungal endophytes: a continuum of interactions with host 
plants. Annual Review of Ecology, Evolution, and Systematics 
29: 319-343. DOI: <http://dx.doi.org/10.1146/annurev.
ecolsys.29.1.319>.

SANTIAGO, C., C. FITCHETT, M. H. G. MURNO, J. JALIL 
& J. SANTHANAM, 2012. Cytotoxic and antifungal activities of 
5-Hydroxyramulosin, a compound produced by an endophytic 
fungus isolated from Cinnamomum mollisimum. Evidence-Based 
Complementary and Alternative Medicine 2012: 1-6.

SAPPAPAN, R., D. SOMMIT, N. NGAMROJANAVANICH, S. 
PENGPREECHA, S. WIYAKRUTTA, N. SRIUBOLMAS & K. 
PUDHOM, 2008. 11-Hyroxymonocerin from the plant endophytic 
fungus Exserohilum rostratum. Journal Natural Products 71(9): 
1657-1659.

SCHULZ, B., C. BOYLE, S. DRAEGER, A.-K. RÖMMERT & K. 
KROHN, 2002. Endophytic fungi: a source of novel biologically active 
secondary metabolites. Mycological Research 106(9): 996-1004. 
DOI: <https://doi.org/10.1017/S0953756202006342>.

SCHULZ, B. & C. BOYLE, 2005. The endophytic continuum. 
Mycological Research 109: 661-686.

SCHULZ, B. & C. BOYLE, 2006. What are endophytes? In: 
B. SCHULZ, C. BOYLE & T. N. SIEBER (Ed.): Microbial root 
endophytes: 1-14. Springer (Soil Biology, v. 9), Berlin.

SELIM, K. A., A. A. EL-BEIH, T. M. ABDEL-RAHMAN & A. I. EL-
DIWANY, 2012. Biology of endophytic fungi. Current Research in 
Environmental & Applied Mycology 2(1): 31-82. DOI: <https://
doi.org/10.5943/cream/2/1/3>.

https://doi.org/10.1016/j.jbiotec.2005.10.015
https://doi.org/10.1016/j.jbiotec.2005.10.015
https://doi.org/10.1128/AEM.01034-09
https://doi.org/10.1186/2193-1801-2-8
https://doi.org/10.1007/s13199-014-0273-3
https://doi.org/10.1007/s13199-014-0273-3
http://dx.doi.org/10.1002/ptr.2891
http://dx.doi.org/10.1002/ptr.2891
http://dx.doi.org/10.1128/AEM.68.5.2261-2268.2002
http://dx.doi.org/10.1128/AEM.68.5.2261-2268.2002
http://dx.doi.org/10.1038/ismej.2007.106
http://dx.doi.org/10.1038/ismej.2007.106
http://dx.doi.org/10.1016/j.tetlet.2013.04.031
http://dx.doi.org/10.1016/j.tetlet.2013.04.031
https://doi.org/10.1139/w2012-088
https://doi.org/10.1139/w2012-088
http://dx.doi.org/10.1038/nrmicro1635
http://dx.doi.org/10.1002/bdrc.20196
http://dx.doi.org/10.1002/bdrc.20196
http://dx.doi.org/10.1146/annurev.ecolsys.29.1.319
http://dx.doi.org/10.1146/annurev.ecolsys.29.1.319
https://doi.org/10.1017/S0953756202006342
https://doi.org/10.5943/cream/2/1/3
https://doi.org/10.5943/cream/2/1/3


Bol. Mus. Para. Emílio Goeldi. Cienc. Nat., Belém, v. 12, n. 3, p. 331-352, set.-dez. 2017

347

SELOSSE, M. A., E. BAUDOIN & P. VANDENKOORNHUYSE, 2004. 
Symbiotic microorganisms, a key for ecological sucess and protection 
of plants. Comptes Rendus Biologies 327: 639-648. DOI: <https://
doi.org/10.1016/j.crvi.2003.12.008>.

SETTE, L. D., M. R. Z. PASSARINI, C. DELARMELINA, F. SALATI & 
M. C. T. DUARTE, 2006. Molecular characterization and antimicrobial 
activity of endophytic fungi from coffee plants. World Journal of 
Microbiology and Biotechnology 22(11): 1185-1195. DOI: <https://
doi.org/10.1007/s11274-006-9160-2>.

SHARMA, D., A. PRAMANIK & P. K. AGRAWAL, 2016. Evaluation of 
bioactive secondary metabolites from endophytic fungus Pestalotiopsis 
neglecta BAB-5510 isolated from leaves of Cupressus torulosa D.Don. 
3 Biotech 6(2): 210. DOI: <https://doi.org/10.1007/s13205-016-
0518-3>.

SHIMIZU, M., 2011. Endophytic actinomycetes: biocontrol agents 
and growth promoters. In: D. K. MAHESHWARI (Ed.): Bacteria 
in agrobiology: plant growth responses: 201-220. Springer, Berlin/
Heidelberg.

SILVA, M. L. & V. CECHINEL FILHO, 2002. Plants of the genus 
Bauhinia: chemical composition and pharmacological potential. 
Química Nova 25(3): 449-454. DOI: <http://dx.doi.org/10.1590/
S0100-40422002000300018>.

SILVA, G. H., H. L. TELES, L. M. ZANARDI, M. C. M. YOUNG, M. 
N. EBERLIN, R. P. HADDAD, L. H. FENNING, C. COSTA-NETA, 
I. CASTRO-GAMBOA, V. S. BOLZANI & A. R. ARAUJO, 2006. 
Cadinane sesquiterpenoids of Phomopsis cassiae, an endophytic fungus 
associated with Cassia spectabilis (Leguminosae). Phytochemistry 67: 
1964-1969.

SILVA, G. H., C. M. OLIVEIRA, H. L. TELES, V. S. BOLZANI, A. R. 
ARAÚJO, L. H. PFENNING, M. C. M. YOUNG, C. M. COSTA-
NETO, R. HADDAD & M. N. EBERLIN, 2010a. Cytochalasins 
produced by Xylaria sp., an endophytic fungus from Piper aduncum 
(Piperaceae). Química Nova 3(10): 2038-2041. DOI: <http://dx.doi.
org/10.1590/S0100-40422010001000006>.

SILVA, G. H., C. M. OLIVEIRA, H. L. TELES, P. M. PAULETTI, I. 
C. GAMBOA, H. S. SILVA, V. S. BOLZANI, M. C. M. YOUNG, C. 
M. CASTO-NETO, L. H. PFENNING, G. S. BERLINCK & A. R. 
ARAUJO, 2010b. Sesquiterpenes from Xylaria sp. an endophytic fungus 
associated with Piper aduncum (Piperaceae). Phytochemistry Letters 
3(3): 164-167. DOI: <https://doi.org/10.1016/j.phytol.2010.07.001>.

SIMON, M. D., D.-B. LAËTITIA, P. MORGAN, G. ANGÉLIQUE, 
C. ERWAN, B. CATHERINE & T. THIERRY, 2016. Host-microbe 
interactions as a driver of acclimation to salinity gradients in brown 
algal cultures. The ISME Journal 10(1): 51-63. DOI: <https://doi.
org/10.1038/ismej.2015.104>.

SIQUEIRA, V. M., R. CONTI, J. M. ARAÚJO & C. M. SOUZA-
MOTTA, 2011. Endophytic fungi from the medicinal plant Lippia 
sidoides Cham. and their antimicrobial activity. Symbiosis 53(2): 
89-95. DOI: <https://doi.org/10.1007/s13199-011-0113-7>.

SOLIMAN, S. S. M., C. P. TROBACHER, R. TSAO, J. S. 
GREEWOOD & M. N. RAIZADA, 2013. A fungal endophyte 
induces transcription of genes encoding a redudant fungicide 
pathway in its host plant. BMC Plant Biology 13(93): 2-10. DOI: 
<https://doi.org/10.1186/1471-2229-13-93>.

SONG, Y. C., H. LI, Y. H. YE, C. Y. SHAN, Y. M. YANG & R. 
X. TAN, 2004. Endophytic naphthopyrone metabolites are co-
inhibitors of xanthine oxidase, SW1116 cell and some microbial 
growths. FEMS Microbiology Letters 241(1): 67-72. DOI: 
<https://doi.org/10.1016/j.femsle.2004.10.005>.

SONG, Y. C., W. Y. HUANG, C. SUN, F. W. WANG & R. 
X. TAN, 2005. Characterization of Graphislactone A as the 
antioxidant and free radical-scavenging substance from the 
culture of Cephalosporium sp. IFB-E001, an endophytic fungus 
in Trachelospermum jasminoides. Biological and Pharmaceutical 
Bulletin 28(3): 506-509.

SREEKANTH, D., A. SYED, S. SARKAR, D. SARKAR, B. 
SANTHAKUMARI, A. AHMAD & M. I. KHAN, 2009. Production, 
purification, and characterization of Taxol and 10-DABIII from a new 
endophytic fungus Gliocladium sp. isolated from the Indian yew 
tree, Taxus baccata. Journal of Microbiology and Biotechnology 
19(11): 1342-1347.

STIERLE, A., G. STROBEL & D. STIERLE, 1993. Taxol and taxane 
production by Taxomyces andreanae, an endophytic fungus of Pacific 
yew. Science 260(5105): 214-216.

STIERLE, A. A., D. B. STIERLE & T. BUGNI, 1999. Sequoiatones 
A and B: novel antitumour metabolites isolated from a redwood 
endophyte. Journal of Organic Chemistry 64(15): 5479-5484.

STONE, L. K., O. VIRET, O. PETRINI & I. H. CHAPELA, 1994. 
Histological studies of host penetration and colonization by 
endophytic fungi. In: O. PETRINI & G. B. OULLETTE (Ed.): 
Host wall alterations by parasitic fungi: 115-126. APS Press, 
St. Paul.

STONE, J. K., C. W. BACON & J. F. WHITE, 2000. An overview 
of endophytic microbes: endophytism defined. In: C. W. BACON 
& J. F. WHITE (Ed.): Microbial endophytes: 3-30. CRC Press, 
Boca Raton, Florida.

STROBEL, G. A., 2003. Endophytes as sources of bioactive 
products. Microbes and Infection 5(6): 535-544.

STROBEL, G. A., W. M. HESS, E. FORD, R. S. W. SIDHU & 
X. YANG, 1996. Taxol from fungal endophytes and the issue of 
biodiversity. Journal of Industrial Microbiology 17(5-6): 417-423. 
DOI: <https://doi.org/10.1007/BF01574772>.

STROBEL, G. A., R. V. MILLER, C. MARTINEZ, M. M. 
CONDRON, D. B. TEPLOW & W. M. HESS, 1999. Cryptocandin, 
a potent antimycotic from the endophytic fungus Cryptosporiopsis 
cf. quercina. Microbiology 145: 1919-1926. DOI: <https://doi.
org/10.1099/13500872-145-8-1919>.

https://doi.org/10.1016/j.crvi.2003.12.008
https://doi.org/10.1016/j.crvi.2003.12.008
https://doi.org/10.1007/s11274-006-9160-2
https://doi.org/10.1007/s11274-006-9160-2
D.Don
https://doi.org/10.1007/s13205-016-0518-3
http://dx.doi.org/10.1590/S0100-40422002000300018
http://dx.doi.org/10.1590/S0100-40422002000300018
http://dx.doi.org/10.1590/S0100-40422010001000006
http://dx.doi.org/10.1590/S0100-40422010001000006
https://doi.org/10.1016/j.phytol.2010.07.001
https://doi.org/10.1038/ismej.2015.104
https://doi.org/10.1038/ismej.2015.104
https://doi.org/10.1007/s13199-011-0113-7
https://doi.org/10.1186/1471-2229-13-93
https://doi.org/10.1016/j.femsle.2004.10.005
https://doi.org/10.1007/BF01574772
https://doi.org/10.1099/13500872-145-8-1919
https://doi.org/10.1099/13500872-145-8-1919


A review of bioactive compounds produced by endophytic fungi associated with medicinal plants

348

STROBEL, G. A., E. DIRKSE, J. SEARS & C. MARKWORTH, 2001. 
Volatile antimicrobials from Muscodor albus, a novel endophytic 
fungus. Microbiology 147: 2943-2950. DOI: <https://doi.
org/10.1099/00221287-147-11-2943>.

STROBEL, G. A., E. FORD, J. WORAPONG, J. K. HARPER, A. M. 
ARIF, D. M. GRANT, P. C. FUNG & R. M. W. CHAU, 2002. Isopestacin, 
an isobenzofuranone from Pestalotiopsis microspora, possessing 
antifungal and antioxidant activities. Phytochemistry 60(2): 179-183.

STROBEL, G. A. & B. DAISY, 2003. Bioprospecting for microbial 
endophytes and their natural products. Microbiology and Molecular 
Biology Reviews 67(4): 491-502. DOI: <https://doi.org/10.1128/
MMBR.67.4.491-502.2003>.

STROHL, W. R., 2000. The role of natural products in a modern 
drug discovery program. Drug Discovery Today 5(2): 39-41.

SURYANARAYANAN, T. S., N. THIRUNAVUKKARASU, M. B. 
GOVINDARAJULU, F. SASSE, R. JANSEN & T. S. MURALI, 2009. 
Fungal endophytes and bioprospecting. Fungal Biology Review 23: 
9-19. DOI: <https://doi.org/10.1016/j.fbr.2009.07.001>.

SURYANARAYANAN, T. S., N. THIRUNAVUKKARASU, M. B. 
GOVINDARAJULU & V. GOLAPAN, 2012. Fungal endophytes: an 
untapped source of biocatalysts. Fungal Diversity 54(1):19-30. DOI: 
<https://doi.org/10.1007/s13225-012-0168-7>.

TAN, R. X. & W. X. ZOU, 2001. Endophytes: a rich source of 
functional metabolites. Natural Product Reports 18(4): 448-459.

TAO, G., Z. Y. LIU, F. LIU, Y. H. GAO & L. CAI, 2013. Endophytic 
Colletotrichum species from Bletilla ochracea (Orchidaceae) in 
Guizhou, China. Fungal Diversity 61(1): 139-164. DOI: <https://
doi.org/10.1007/s13225-013-0254-5>.

TAYUNG, K., B. P. BARIK, D. K. JHA & D. C. DEKA, 2011. 
Identification and characterization of antimicrobial metabolite from an 
endophytic fungus, Fusarium solani isolated from bark of Himalayan 
yew. Mycosphere 2(3): 203-213.

TELES, H. L., G. H. SILVA, I. CASTRO-GAMBOA, V. S. BOLZANI, 
J. O. PEREIRA, C. M. COSTA-NETO, R. HADDAD, M. N. 
EBERLIN, M. C. M. YOUNG & A. R. ARAÚJO, 2006. Benzopyrans 
from Curvularia sp., an endophytic fungus associated with Ocotea 
corymbosa (Lauraceae). Phytochemistry 66(19): 2363-2367. DOI: 
<https://doi.org/10.1016/j.phytochem.2005.04.043>.

THORNHILL, D. J., Y. XIANG, D. T. PETTAY, M. ZHONG & S. 
R. SANTOS, 2013. Population genetic data of a model symbiotic 
cnidarian system reveal remarkable symbiotic specificity and vectored 
introductions across ocean basins. Molecular Ecology 22(17): 4499-
4515. DOI: <https://doi.org/10.1111/mec.12416>.

THORNHILL, D. J., A. M. LEWIS, D. C. WHAM & T. C. 
LAJEUNESSE, 2014. Host-specialist lineages dominate the adaptive 
radiation of reef coral endosymbionts. Evolution 68(2): 352-367. 
DOI: <https://doi.org/10.1111/evo.12270>.

TJAMOS, E. C., S. E. TJAMOS & P. P. ANTONIOU, 2010. Biological 
management of plant diseases: highlights on research and application. 
Journal of Plant Pathology 92(4): 17-21. DOI: <http://dx.doi.
org/10.4454/jpp.v92i4sup.337>.

TONON, T., D. EVEILLARD, S. PRIGENT, J. BOURDON, P. 
POTIN, C. BOYEN & A. SIEGEL, 2011. Toward systems biology 
in brown algae to explore acclimation and adaptation to the 
shore environment. Omics 15(12): 883-892. DOI: <https://doi.
org/10.1089/omi.2011.0089>.

TORRES, M., M. M. DOLCET, N. SALA & R. CANELA, 2003. 
Endophytic fungi associated with Mediterranean plants as a 
source of mycelium-bound lipases. Journal of Agricutural Food 
Chemistry 51(11): 3328-3333. DOI: <https://doi.org/10.1021/
jf025786u>.

TRIGUEIRO, M. G. S., 2002. The clone of Prometheus-
biotechnology in Brazil: an approach to evaluation: 1-240. Ed. 
Universidade de Brasília, Brasília.

UPRETY, Y., H. ASSELIN, A. DHAKAL & N. JULIEN, 2012. Traditional 
use of medicinal plants in the boreal forest of Canada: review and 
perspectives. Journal of Ethnobiology and Ethnomedicine 8: 7. 
DOI: <https://doi.org/10.1186/1746-4269-8-7>.

VERMA, V. C., S. K. GOND, A. KUMAR, R. N. KHARWAR & G. A. 
STROBEL, 2007. The endophytic mycoflora of bark, leaf and stem 
tissues of Azadirachta indica A.Juss. (Neem) from Vanasi (India). 
Microbial Ecology 54(1): 119-125. DOI: <https://doi.org/10.1007/
s00248-006-9179-9>.

VERZA, M., N. S. ARAKAWA, N. P. LOPES, M. J. KATO, M. T. 
PUPO, S. SAID & I CARVALHO, 2009. Biotransformation of a tetra 
hydrofuran lignan by the endophytic fungus Phomopsis sp. Journal of 
the Brazilian Chemical Society 20(1): 195-200.

WAGENAAR, M., J. CORWIN, G. A. STROBEL & J. CLARDY, 2000. 
Three new chytochalasins produced by an endophytic fungus in the 
genus Rhinocladiella. Journal of Natural Products 63(12): 1692-1695.

WANG, J., G. LI, H. LU, Z. ZHENG, Y. HUANG & W. SU, 2000. 
Taxol from Tubercularia sp. strain TF5, an endophytic fungus of Taxus 
mairei. FEMS Microbiology Letters 193(2): 249-253.

WANG, L. W., B. G. XU, J. Y. WANG, Z. Z. SU, F. C. LIN, C. L. 
ZHANG & C. P. KUBICEK, 2012. Bioactive metabolites from Phoma 
species, an endophytic fungus from the Chinese medicinal plant 
Arisaema erubescens. Applied Microbiology and Biotechnology 
93(3): 1231-1239. DOI: <https://doi.org/10.1007/s00253-011-
3472-3>.

WEBBER, J., 1981. A natural biological control of Dutch elm disease. 
Nature 292: 449-450. DOI: <https://doi.org/10.1038/292449a0>.

WILSON, D., 1995. Endophyte: the evolution of a term, and 
clarification of its use and definition. Olkos 73: 274-276. DOI: 
<https://doi.org/10.2307/3545919>.

https://doi.org/10.1099/00221287
https://doi.org/10.1099/00221287
https://doi.org/10.1128/MMBR.67.4.491-502.2003
https://doi.org/10.1128/MMBR.67.4.491-502.2003
https://doi.org/10.1016/j.fbr.2009.07.001
https://doi.org/10.1007/s13225
https://doi.org/10.1007/s13225
https://doi.org/10.1007/s13225
https://doi.org/10.1016/j.phytochem.2005.04.043
https://doi.org/10.1111/mec.12416
https://doi.org/10.1111/evo.12270
http://dx.doi.org/10.4454/jpp.v92i4sup.337
http://dx.doi.org/10.4454/jpp.v92i4sup.337
https://doi.org/10.1089/omi.2011.0089
https://doi.org/10.1089/omi.2011.0089
https://doi.org/10.1021/jf025786u
https://doi.org/10.1021/jf025786u
https://doi.org/10.1186/1746
A.Juss
https://doi.org/10.1007/s00248
https://doi.org/10.1007/s00248
https://doi.org/10.1007/s00253
https://doi.org/10.1038/292449a0
https://doi.org/10.2307/3545919


Bol. Mus. Para. Emílio Goeldi. Cienc. Nat., Belém, v. 12, n. 3, p. 331-352, set.-dez. 2017

349

WIYAKRUTTA, S., N. SRIUBOLMAS, W. PANPHUT, N. 
THONGON, K. DANWISETKANJANA, N. RUANGRUNGSRI 
& V. MEEVOOTISOM, 2004. Endophytic fungi with antimicrobial, 
anticancer and antimalarial activities isolated from Thai medicinal plants. 
World Journal of Microbiology and Biotechnology 20(3): 265-272. 
DOI: <https://doi.org/10.1023/B:WIBI.0000023832.27679.a8>.

WORAPONG, J., G. A. STROBEL, E. J. FORD, J. Y. LI, G. BAIRD & W. 
M. HESS, 2001. Muscodor albus anam. gen. et sp. nov., an endophyte 
from Cinnamomum zeylanicum. Mycotaxon 79: 67-79.

WORLD HEALTH ORGANIZATION (WHO), 2002. Traditional 
medicine strategy, 2002-2005. Avaiable at: <http://www.wpro.
who.int/health_technology/book_who_traditional_medicine_
strategy_2002_2005.pdf>. Accessed on: July 27, 2002.

XIONG, Z. Q., Y. Y. YANG, N. ZHAO & Y. WANG, 2013. Diversity 
of endophytic fungi and screening of fungal paclitaxel producer from 
Anglojap yew, Taxus x media. BMC Microbiology 13(1): 1-10. DOI: 
<https://doi.org/10.1186/1471-2180-13-71>.

XUE, H., C. LU, L. LIANG & Y. SHEN, 2012. Secondary metabolites 
of Aspergillus sp. CM9a, an endophytic fungus of Cephalotaxus mannii. 
Records of Natural Products 6: 28-34.

YANG, C.-H., D. E. CROWLEY, J. BORNEMAN & N. T. KEEN, 2001. 
Microbial phyllosphere populations are more complex than previously 
realized. Proceedings of the National Academy of Sciences of the 
United States of America 98(7): 3889-3894. DOI: <https://doi.
org/10.1073/pnas.051633898>.

YU, H., L. ZHANG, L. LI, C. ZHENG & L. GUO, 2010. Recent 
developments and future prospects of antimicrobial metabolites 
produced by endophytes. Microbiological Research 165(6): 437-449. 
DOI: <https://doi.org/10.1016/j.micres.2009.11.009>.

ZARE-MAIVAN, H. & C. A. SHEARER, 1988. Extracellular 
enzyme production and cell wall degradation by freshwater 
lignicolous fungi. Mycology 80(3): 365-375. DOI: <https://doi.
org/10.2307/3807634>.

ZHANG, C.-L., G.-P. WANG, L.- J. MAO, M. KOMON-
ZELAZOWSKA, Z.-L. YUAN, F.-C. LIN, I. S. DRUZHININA & C. 
P. KUBICEK, 2010. Muscodor fengyangensis sp. nov. from southeast 
China: morphology, physiology and production of volatile compounds. 
Fungal Biology 114(10): 797-808. DOI: <https://doi.org/10.1016/j.
funbio.2010.07.006>.

ZHAO, J., Y. MOU, T. SHAN, Y. LI, L. ZHOU, M. WANG & J. 
WANG, 2010. Antimicrobial metabolites from the endophytic 
fungus Pichia guilliermondii isolated from Paris polyphylla var. 
yunnanensis. Molecules 15: 7961-7970.

ZHAO, K., P. PENTTINEN, T. GUAN, J. XIAO, Q. CHEN, J. XU, 
K. LINDSTRÖM, L. ZHANG, X. ZHANG & G. A. STROBEL, 2011. 
The diversity and antimicrobial activity of endophytic actinomycetes 
isolated from medicinal lants in Panxi Plateau, China. Current 
Microbiology 62(1): 182-190. DOI: <https://doi.org/10.1007/
s00284-010-9685-3>.

ZHAO, J., W. SUN, T. SHAN, Y. MOU, J. LOU, Y. LI, M. WANG 
& L. ZHOU, 2012a. Antimicrobial metabolites from the endophytic 
fungus Gliomastix murorum Ppf8 associated with the medicinal 
plant Paris polyphylla var. yunnanensis. Journal of Medicinal Plants 
Research 6(11): 2100-2104.

ZHAO, J., Y. FU, M. LUO, Y. ZU, W. WANG, C. ZHAO & C. GU, 
2012b. Endophytic fungi from pigeon pea [Cajanus cajan (L.) Millsp.] 
produce antioxidant Cajaninstilbene acid. Journal of Agricultural 
and Food Chemistry 60(17): 4314-4319.

ZHOU, L., J. ZHAO, T. SHAN, X. CAI & Y. PENG, 2010. 
Spirobisnaphthalenes from fungi and their biological activities. Mini 
Reviews in Medicinal Chemistry 10(10): 977-989.

ZILBER-ROSENBERG, I. & E. ROSENBERG, 2008. Role 
of microorganisms in the evolution of animals and plants: 
the hologenome theory of evolution. FEMS Microbiology 
Reviews 32(5): 723-735. DOI: <https://doi.org/10.1111
/j.1574-6976.2008.00123.x>.

ZOU, W. X., J. C. MENG, H. LU, G. X. CHEN, G. X. SHI, T. 
Y. ZHANG & R. X. TAN, 2000. Metabolites of Colletotrichum 
gloeosporioides, an endophytic fungus in Artemisia mongolica. Journal 
of Natural Products 63: 1529-1530.

https://doi.org/10.1023
http://www.wpro.who.int/health_technology/book_who_traditional_medicine_strategy_2002_2005.pdf
http://www.wpro.who.int/health_technology/book_who_traditional_medicine_strategy_2002_2005.pdf
http://www.wpro.who.int/health_technology/book_who_traditional_medicine_strategy_2002_2005.pdf
https://doi.org/10.1186/1471
https://doi.org/10.1073/pnas.051633898
https://doi.org/10.1073/pnas.051633898
https://doi.org/10.1016/j.micres.2009.11.009
https://doi.org/10.2307/3807634
https://doi.org/10.2307/3807634
https://doi.org/10.1016/j.funbio.2010.07.006
https://doi.org/10.1016/j.funbio.2010.07.006
https://doi.org/10.1007/s00284
https://doi.org/10.1007/s00284
https://doi.org/10.1111/j.1574-6976.2008.00123
https://doi.org/10.1111/j.1574-6976.2008.00123


A review of bioactive compounds produced by endophytic fungi associated with medicinal plants

350

Endophytic fungus Medicinal plant Secondary metabolite Activity Reference

Aspergillus parasiticus 
(Speare, 1912)

Sequoia sempervirens
(D. Don) Endl. Sequioatones a Anticancer Stierle et al. (1999)

Penicillium janthinellum 
(Biourge, 1923) Melia azedarach L.

Polyketide citrinin, 
1,6,8-trihydroxy-3 

hydroxymethylanthraquinone 
and janthinone 

Antileishmanicidal Marinho et al. (2005)

Pestalotiopsis guepinii 
(Steyaert, 1949) Virola michelii Heckel Isosulochrin and 

chloroisosulochrin Antimicrobial Oliveira et al. (2011)

Curvularia sp. Ocotea corymbosa (Meisn.) 
Mez Benzopyrans Antifungal Teles et al. (2006)

Phoma sorghina 
(Boerema et al., 1973)

Tithonia diversifolia (Hemsl.) 
A. Gray Dendryol e and dendryol f Antimicrobial Borges & Pupo (2006)

Penicillium sp. Melia azedarach L., Murraya 
paniculata (L.) Jack

Azaphylones, citrinin and citrinin 
h-1 Antibacterial Pastre et al. (2007)

Taxomyces andreanae 
(Strobel et al., 1993) Taxus brevifolia Nutt. Taxol Anticancer Stierle et al. (1993)

Pestalotiopsis microspora 
(Batista & Peres, 1966) Torreya taxifolia Arn. Torreyanic acid Anticancer Lee et al. (1996)

Entrophospora infrequens 
(Ames & Schneid, 1979)

Nothapodytes foetida (Wight) 
Sleumer Camptothecin Anticancer Puri et al. (2005)

Trametes hirsute (Pilát, 
1939), Aspergillus fumigatus 

(Fresenius, 1863), 
Phialocephala fortinii 

(Wang & Wilcox, 1985), 
Fusarium oxysporum 

(Schlechtendal, 1824)

Podophyllum hexandrum 
Royle, Juniperus communis 

L., Podophyllum peltatum L., 
Juniperus recurve 

Buch.-Ham. ex D. Don

Podophyllotoxin Anticancer

Puri et al. (2005), 
Kusari et al. (2009), 

Eyberger et al. (2006), 
Kour et al. (2008)

Curvularia lunata 
(Boedijn,1933)

Niphates olemda (de 
Laubenfels, 1954) Citosquirines Antifungal Brady et al. (2000), 

Ohzeki & Mori (2003)

Rhinocladiella sp. Tripterygium wilfordii Hook. f.
Cytochalasin h, cytochalasin 
j, epoxycytochalasin h and 

cytochalasin e 
Anticancer Wagenaar et al. (2000)

Chaetomium globosum 
(Kunze ex Fries, 1829)

Imperata cylindrical (L.) 
Raeusch.

Cytochalasan based alkaloid 
chaetoglobosin u, four analogues 
chaetoglobosin c, chaetoglobosin 

f, chaetoglobosin e and 
ponochalasina

Anticancer Ding et al. (2006)

Pestalotiopsis microspora Terminalia morogorensis Engl. Pestacin, 1, 3-dihydro 
isobenzofuran) and isopestacin Antioxidant Harper et al. (2003), 

Strobel et al. (2002)

Appendix. Promising reports of some medicinal plants and their endophyte fungi as sources of bioactive compounds.
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(Continue)Appendix. 
Endophytic fungus Medicinal plant Secondary metabolite Activity Reference

Cephalosporium sp. Sinarundinaria nitida (Mitford 
ex Bean) Nakai

Isobenzofuranone derivative 
4,6-dihydroxy-5-methoxy-

7-methylphthalide alongwith 
three known compounds: 
4,5,6-trihydroxy-7-methyl-
1,3-dihydroisobenzofuran; 

4,6-dihydroxy-5-methoxy-7-
methyl-1,3-dihydroisobenzofuran 

and 4,5,6-trihydroxy-7-
methylphthalide

Antioxidant Huang et al. (2012)

Cephalosporium sp. Trachelospermum jasminoides 
(Lindl.) Lem. Graphislactone a Antioxidant Song et al. (2005)

Fusarium sp. Cajanus cajan (L.) Huth
Cajaninstilbene acid, 3-hydroxy-
4-prenyl-5-methoxystilbene-2-

carboxylic acid
Antioxidant Zhao et al. (2012a, 2012b)

Xylaria sp. Ginkgo biloba L. Phenolics and flavonoids 7-amino-
4-methylcoumarin

Antioxidant, 
antibacterial and 

antifungal
Liu et al. (2007, 2008)

Chaetomium sp. Nerium oleander L. Flavonoids and phenolic Antioxidant Huang et al. 
(2007a, 2007b)

Fusarium subglutinans 
(Nelson et al., 1993) Tripterygium wilfordii Hook. f. Subglutinol-a (c27h38o4) and 

subglutinol-b Immunomodulatory Lee et al. (1995)

Colletotrichum dematium  
(Grove, 1918) Pteromischum sp. Collutelin a Immunomodulatory Ren et al. (2008)

Phomopsis archeri 
(Sutton, 1980) Vanilla albida Blume Sesquiterpenes 

phomoarcherins a-c Antimalarial Hemtasin et al. (2011)

Exserohilum rostratum 
(Leonard & Suggs, 1974) Stemona sp.

11-hydroxymonocerin, 
ofmonocerin and 

12-hydroxymonocerin
Antimalarial Sappapan et al. (2008)

Cochliobolus sp. Piptadenia adiantoides 
(Spreng.) J.F. Macbr.

Cochlioquinone a and 
isocochlioquinone a Antileishmanial Campos et al. (2008)

Edenia sp. Petrea volubilis L.

Preussomerin eg1, palmarumycin 
cp2, palmarumycin cp17, 

palmarumycin cp18, cj-12,37, 
palmarumycin cp19 and 

5-methylochracin

Antileishmanial Martinez-Luis et al. (2012)

Mycosphaerella sp. Psychotria horizontalis Sw. Cercosporin
Trypanocidal, 
antimalarial, 

antileishmanial
Moreno et al. (2011)

Phomopsis sp. Viguiera arenaria Baker
3,4-dimethyl-2-(40-hydroxy-
30,50-dimethoxyphenyl)-5-
methoxy-tetrahydrofuran

Trypanocidal Verza et al. (2009)

Phoma sp. Arisaema erubescens (Wall.) 
Schott

a-tetralone derivative (3s)-
3,6,7-trihydroxy-a-tetralone and 
cercosporamide, b-sitosterol and 

trichodermin

Antimicrobial Wang et al. (2012)
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Endophytic fungus Medicinal plant Secondary metabolite Activity Reference

Phoma sp. Cinnamomum mollissimum 
Hook. f.

Polyketide compound 
5-hydroxyramulosin Antifungal Santiago et al. (2012)

Phomopis cassiae (Saccardo, 
1880) Cassia spectabilis DC.

Cadinane sesquiterpenes 
3,9,12-trihydroxycalamenenes; 

3,12-dihydroxycalamenene; 
3,12-dihydroxycadalene and 
3,11,12-trihydroxycadalene

Antimicrobial Silva et al. (2006)

Xylaria sp. Piper aduncum L. Presilphiperfolane sesquiterpenes Antifungal Silva et al. (2010a)

Pichia guillermondii 
(Wickerham, 1966) Paris polyphylla Sm.

Ergosta-5,7,22-trienol, 5a,8a-
epidioxyergosta-6,22-dien-3b-ol, 
ergosta-7,22-dien-3b,5a,6b-triol 

and helvolic acid 

Antibacterial Zhao et al. (2010)

Fusarium solani 
(Saccardo, 1881) Taxus baccata L.

1-tetradecene, 8-octadecanone, 
8-pentadecanone, 

octylcyclohexane and 
10-nonadecanone

Antifungal, 
antibacterial Tayung et al. (2011)

Aspergillus fumigatus Cynodon dactylon (L.) Pers. Asperfumoid and asperfumin Antifungal Liu et al. (2004)

Pestalotiopsis jesteri 
(Strobel et al., 2000) Fagraea bodenii Wernham Jesterone and hydroxy-jesterone Antimicrobial Li & Strobel (2000)

Colletotrichum 
gloeosporioides

Artemisia mongolica (Fisch. ex 
Besser) Nakai Colletotric acid Antimicrobial Zou et al. (2000)

Edenia gomezpompae 
(Gonzaléz et al., 2007) Callicarpa acuminate Kunth

Napthaquinone spiroketals and 
palmarumycin: preussomerin eg1, 

eg2 and eg3
Antimicrobial Macias-Rubalcava et al. 

(2008)

Pestalotiopsis theae 
(Steyaert, 1949) Pinus taeda L. Pestalotheol-c Antiviral Li et al. (2008a, 2008b)

Phomopsis sp. Garcinia sp. Phomoxanthone a and b Antitubercular Isaka et al. (2001)

Diaporthe sp. Pandanus amaryllifolius Roxb. Benzopyranones diaportheone a 
and b Antitubercular Bungihan et al. (2011)

Fusarium oxysporum Catharanthus roseus (L.) G. 
Don Vincristine Anticancer Arnold (2007)

Trametes hirsuta, 
Phialocephala fortinii Podophylum sp. Podofilotoxin Anticancer Jalgaonwala et al. (2011)

Cytospora sp. Conocarpus erecta L. Cytoskyrin a Anticancer Brady et al. (2000)

Apiospora montagnei 
(Saccardo, 1875)

Polysiphonia violacea 
(Greville, 1824) Epiepoxydon Anticancer Klemke et al. (2004)

Cephalotheca faveolata 
(Yagushi et al., 2006) Eugenia jambolana Lam. Sclerotiorin Anticancer Giridharan et al. (2012)

Aspergillus sp. Gloriosa superba L.
6-methyl-1,2,3-trihydroxy-7,8-
cyclohepta-9,12-diene-11-one-
5,6,7,8-tetralene-7-acetamide

Anticancer Budhiraja et al. (2013)

(Conclusion)Appendix. 
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