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Abstract
Fungal endobiome has over the period of time evolved from being defined just as 
the microbes living within plants indicating not only their location but also the 
type of association that they have with the host. They are the organisms that live 
asymptomatically within the internal tissues of the plant and exhibit a variety of 
relationships with their host ranging from symbiotic to pathogenic. They have a 
very intimate and also a co-evolutionary relationship with their host and there-
fore have the potential to influence the physiology of the plant. Endophytes from 
medicinal plants especially represent an important and potential source of bioac-
tive compounds. Endophytic fungi under the influence of multiplexed interac-
tions within its niche, viz., host plant, produce a plethora of secondary metabolites 
which belong to diverse chemical groups including terpenoids, alkaloids, phen-
ylpropanoids, polyketides, peptides, flavonoids, steroids, lignans, etc. Terpenoids 
and polyketides are most commonly purified from endophytes, whereas flavo-
noids and lignans are rare. Due to chemical diversity of their secondary metabo-
lites, endophytic fungi have been explored for medicinal, agricultural, and 
industrial uses. These are proven useful for novel drug discovery and can be used 
as potential sources of pharmaceutical leads. These metabolites are known to 
possess a wide variety of biological activities like antimicrobial, antioxidant, 
immunomodulatory, anticancerous, antidiabetic, acetylcholinesterase, etc. 
Endophytes are viewed as an outstanding source for bioprospecting new drugs, 
and their importance lies in the fact that they represent an ecological group which 
is less explored and develop in special and sequestered environments. Their 
diversity and specialized habituation make them an exciting field to search for 
novel bioactive compounds.
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Abbreviations

AgNPs	 Silver nanoparticles
DPPH	 1, 1-Diphenyl-2-picrylhydrazyl base pairs
IC50	 Half maximal inhibitory concentration
MDR	 Multidrug resistance
ml	 Milliliter
MLR	 Mixed lymphocyte reaction assay
sp.	 Species
WHO	 World Health Organization
α	 Alpha
μg	 Microgram

7.1	 �Introduction

7.1.1	 �Endobiome

The plant endobiome consists of various microorganisms residing inside the endo-
sphere, i.e., internal compartments of the plant. Various studies have significantly 
advanced the understanding of the composition and structure of plant microbiomes 
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which indicate that abiotic factors, as well as plant–microbe, microbe–microbe, and 
plant–plant interactions, contribute to plant endobiome composition and structure. 
The community structure of the endobiome depends on the combination of ability 
to colonize and the allocation of plant resources. The drivers for which include soil, 
host plant, and microbes. Factors such as latitude, elevation, temperature, and pre-
cipitation can also interact and influence the endobiome composition. The interac-
tions between the endobiome and plant are highly complex and dynamic and can be 
beneficial (mutualistic), neutral (commensalism), or detrimental (parasitic). 
Consequently, the plant endobiome dramatically affects plant health and productiv-
ity (Turner et al. 2013; Berg et al. 2014; Schlaeppi and Bulgarelli 2015). The plant 
microbiome is known to induce or prime plant defenses against a broad range of 
pathogens and insect herbivores. Studies on the plant–microbe interaction involved 
in endosphere provide an alternative for the manipulations of different biosynthetic 
pathways responsible for the production of various bioactive and novel molecules of 
commercial importance. Additionally, the plant endobiome is a crucial player in 
global biogeochemical cycles, participating significantly in the biochemical cycling 
of the products of photosynthesis. Therefore, manipulation of plant endobiome is 
believed to have the potential to interfere with plant disease development, promote 
plant secondary metabolite production, and ease chemical inputs, leading to more 
sustainable agricultural practices and enhanced productivity.

Fungal endobiome can precisely be called as the endophytes and is defined func-
tionally by their occurrence within tissues of plants without causing any immediate 
overt effects (Bacon and White 2000; Hyde and Soytong 2008). Endophytes are 
ubiquitous and have been found in all the species of plants studied to date. Host–
endophyte interactions fall within a continuum ranging from mutualism to com-
mensalism and ultimately pathogenicity. Mutualistic relationship provides benefit 
to both the partners. Endophytes get nutrition and shelter from the host, while endo-
phyte contributes to the well-being of the host by providing adequate nutrient sup-
ply, improved growth, and resistance from herbivores, pathogens, drought, salinity, 
etc. Colonization of host plants by endophytic fungi can have a profound effect on 
the plant ecology, fitness, and plant community health (Gopalakrishnan et al. 2015). 
Enormous biological diversity coupled with their capability to biosynthesize sec-
ondary metabolites has provided the impetus for a number of investigations on 
endophytes. They are particularly interesting due to their easy biological utilization 
on the large commercial scale and have proven to be a promising source of novel 
and biologically active natural products, extracellular enzymes, and plant growth-
promoting agents of biotechnological interest.

7.1.2	 �Fungal Endophytes

Over the period of time, the research on endophytes has taken a long leap, but the 
basic definition given by various researchers remains more or less the same, i.e., 
“Microbes that exist within the living tissues of plants intercellularly or 
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intracellularly, at least for a part of their life cycle without causing any harm to their 
host are known as endophytes” (Nisa et  al. 2015). Endophytes in Greek means 
“within plant” (endo = within, phytes = plants). The term endophyte was first coined 
by De Bary in 1866 (Jain and Pundir 2015). The endophytic microorganisms which 
constitute the plant endobiome include bacteria, fungi, and actinomycetes which 
form a range of relationships with their host plant including symbiotic, mutualistic, 
commensalism, parasitic, etc. (Stepniewska and Kuzniar 2013; Swarnalatha et al. 
2015). The infection caused by endophytes within the invading tissues of the host 
plant is inconspicuous and symptomless unless endophytes become pathogenic 
under stressful conditions. Some endophytes assume a quiescent state either for the 
whole lifetime or for an extended period of time. A harmonious symbiotic associa-
tion generally exists between plant and endophyte in which both of them are bene-
fitted. Most of the mycologists use the term “endophyte” strictly for those fungi that 
never cause any visible disease symptoms at any specific moment. Endophytes get 
nutrition and shelter inside the host and in return provide resistance to the concerned 
host against biotic and abiotic stresses. They can have a profound effect on the plant 
ecology, fitness, and plant community health. They reside entirely within host tis-
sues and emerge during host senescence unlike mycorrhizal fungi that colonizes 
plant roots and grow into the rhizosphere.

The importance of endophytes lies in the fact that they represent the ecological 
group with less explored fungal species. Each plant, in turn, is host to one or more 
endophytes. As documented by Hawksworth (2001), only 1 lakh fungal species is 
presently known out of estimated 1.5 million fungal species. The remaining undis-
covered fungi may be in the form of hidden endophytes. Endophytes develop in 
special and sequestered environments and represent a huge diversity of microbial 
adaptations. Their diversity and specialized habituation make them an exciting field 
of study in the search for new medicines or novel drugs. Endophytic fungal diversity 
is supposed to be high in tropics as compared to temperate regions. It is assumed 
that fungi within tropical tree leaves may be hyperdiverse. Their diversity even var-
ies from one location to another.

Another interesting point in studying endophytes is because of the hope it brings, 
by synthesizing diverse and novel secondary metabolites. The new and bioactive 
compounds can provide assistance and relief in all aspects of human conditions like 
drug resistance, treatment of new emerging diseases, and safe bioactive compounds 
(Kaul et al. 2012). A list of all approved agents has been prepared from 1981 to 
2006 in which microbes/endophytes were found to be the main source of a signifi-
cant number of natural products (Pimentel et  al. 2011). Synthesis of new active 
secondary metabolites by the endophytes may be induced by metabolic interaction 
between the host plant and endophytes.

The discovery of paclitaxel-producing endophytic fungus Taxomyces andreanae 
from Taxus brevifolia (yew trees) increased the importance of endophytes and cre-
ated an impetus among the researchers for a more comprehensive and elaborative 
examination in this area (Selim et al. 2012). The presence of a microbial source of 
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the drug could eliminate the need to harvest and extract the slow growing and rela-
tively rare yew trees, and the price for the drug would also be reduced. The drug 
would be available to cancer patients, since paclitaxel (taxol) could be produced via 
fermentation in the same way that penicillin is fermented (Strobel 2003). 
Fermentation of endophytic fungus producing bioactive compounds has several 
advantages like reproducible and dependable productivity. It can be grown in fer-
menters to provide an inexhaustible supply of bioactive compound and thus can be 
exploited commercially. Direct changes in the culture conditions can be explored as 
a method of optimizing various biosynthetic pathways that lead to the production of 
derivatives and analogs of novel compounds (Strobel et al. 2004). Later in the years 
to follow, taxol has been detected in numerous other endophytic fungi, isolated from 
diverse host plants. In addition to taxol, other medicinally important plant com-
pounds have also been produced by endophytic fungi (Kaul et al. 2012).

There are many assumptions that endophytes uptake plant DNA into their own 
genome during their long co-evolution with host plants. This adaptation and genetic 
variation could have led to endophytes with the ability to synthesize phytochemicals 
originally associated with the host plant. Horizontal gene transfer makes the endo-
phyte capable of producing associated plant compounds. For example, an endo-
phyte Fusarium solani could produce precursors of camptothecin. However, in 
order to synthesize camptothecin, endophyte uses host’s strictosidine synthase, an 
enzyme involved in the synthesis of camptothecin (Kusari et al. 2012). Initially, it 
was thought and hypothesized that the endophytic fungi do not synthesize paclitaxel 
independently but derived it from the host and later accumulates it in their cell walls 
(Heinig et al. 2013). On the contrary, in a recent study, a large set of potential genes 
involved in paclitaxel synthesis have been reported in Penicillium aurantiogriseum 
NRRL 62421, an endophyte of Corylus avellana. This study has however ruled out 
the possibility of horizontal gene transfer between endophytic fungus and host plant 
(Yang et al. 2014a).

Host–endophyte association is very important and influences the synthetic abil-
ity of endophytes. Under stressful conditions, endophytes affect the host plant in 
producing defense chemicals against invading pathogens. During this hostile envi-
ronment, the ability to synthesize diverse and novel bioactive compounds by endo-
phytes also increases. Thus, environment affects host plant which in turn affects 
endophyte to change its metabolite profile, increasing synthetic ability and overall 
biological activity of its secondary metabolites (Selim et al. 2012).

7.2	 �Fungal Endophytes from Medicinal Plants

Since time immemorial, medicinal plants have been used as a source of medicine. 
They produce unique and divergent secondary metabolites and harbor a distinctive 
microbiome (Qi et al. 2012). The endophytes that live inside the plant have distinct 
but similar metabolic pathway for the production of secondary metabolites. Inducing 
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factors from both plants and endophytes affect the accumulation of secondary 
metabolites. Researchers around the globe have been prompted to explore the 
medicinal plants for isolation of endophytes. This is because of the importance of 
secondary metabolites from medicinal plants in pharmaceuticals and their influence 
on the synthetic ability of endophytes. Endophytes are also known to mimic the 
bioactive compounds as produced by the plant itself. Therefore, it is significant to 
bioprospect endophytes from medicinal plants which have been used for centuries 
as a source of important bioactive compounds. Endophytes isolated from medicinal 
plants may result in the inexhaustible and cost-effective production of desired com-
pounds and therefore help to conserve the biodiversity. Endophytes from medicinal 
plants are believed to be the source of unique and novel compounds associated with 
diverse biological activities (Jain and Pundir 2015). Their capability to biosynthe-
size bioactive secondary metabolites has provided the impetus on bioprospection of 
endophytes.

Different workers have investigated and documented the isolation of endophytic 
fungi and their metabolites from Indian medicinal plants. Eight medicinal plants of 
Western Ghats of India were sampled for endophyte isolation. Fifteen species were 
recovered, out of which Alternaria sp., Nigrospora oryzae, and Papulospora sp. 
showed antimicrobial activity (Raviraja et al. 2006). Similarly, medicinal plants of 
Jammu and Kashmir, namely, Digitalis lanata, Digitalis purpurea, Plantago ovata, 
Dioscorea bulbifera, and Crocus sativus, have been sampled for the isolation of 
endophytes (Ahmed et al. 2012; Sharma et al. 2015). Furthermore, 30 species of 
endophytic Pestalotiopsis sp. have been isolated from four medicinal plants 
Terminalia arjuna, T. chebula, Azadirachta indica, and Holarrhena antidysenterica 
(Tejesvi et al. 2007). Likewise, endophytic fungi from Garcinia atroviridis, G. dul-
cis, G.mangostana, G. nigrolineata, and G. scortechinii have been documented as 
the potential source of antimicrobial agents (Phongpaichit et  al. 2006). Fungal 
endophytes isolated from indigenous medicinal plants belonging to North 
Maharashtra region of India have been investigated for antimicrobial activity. The 
isolates from roots of Aloe vera possess strong antibacterial activity (Jalgaonwala 
et al. 2010).

Chinese traditional medicinal plants have also been immensely explored for iso-
lation of endophytes. Li et al. (2005) have studied 12 Chinese medicinal plants for 
fungal endophyte isolation. One hundred thirty endophytic fungi were reported, out 
of which 9.2% of the isolates exhibited antitumor activity and 30% exhibited anti-
fungal activity. Similarly, Huang et al. (2007) have reported 292 morphologically 
distinct endophytic fungi from 29 Chinese medicinal plants. The endophytes recov-
ered from Ginkgo biloba have shown different bioactivities like antimicrobial, anti-
oxidant, cytotoxic, etc. (Li et  al. 2014c; Ye et  al. 2013; Yuan et  al. 2013). 
Bioprospecting of fungal endophytes from different medicinal plants for the period 
2010–2016 has been tabulated (Table 7.1).
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7.3	 �Fungal Endobiome as a Source of Bioactive Metabolites

Endophytic fungi exist within a niche where it communicates with diverse commu-
nities of microorganisms. Variegated cross talks take place among endophytic fungi, 
endophytes and host, endophytic fungi and endophytic bacteria, etc. Under the 
influence of such multiplexed interactions and environmental conditions, a plethora 
of secondary metabolites is synthesized by the fungal endophytes (Kusari et  al. 
2014). Secondary metabolites are defined as small molecules that are not necessary 
for normal growth or development. Although it is not possible to reproduce such an 
array of diverse metabolites by endophytes under in vitro conditions, however, it is 
interesting that using controlled fermentation condition, by altering the accessible 
culture and process parameters (media composition, aeration, pH, incubation 
period, shaking conditions, inoculum size, etc.), the endophyte can be optimized for 
the production of surplus biologically active secondary metabolites (Kusari et al. 
2012).

Secondary metabolites from endophytes have a tremendous impact on the soci-
ety and proven useful for novel drug discovery and can be used as a potential source 
of pharmaceutical leads. These belong to diverse chemical groups including terpe-
noids, alkaloids, phenylpropanoids, aliphatic, polyketides, peptides, flavonoids, ste-
roids, lignans, etc. Terpenoids and polyketides are most commonly purified from 
endophytes, whereas flavonoids and lignans are rare (Mousa and Raizada 2013). 
Due to chemical diversity of their secondary metabolites, endophytic fungi have 
been explored for medicinal, agricultural, and industrial uses. These metabolites are 
known for a wide variety of biological activities like antimicrobial, antioxidant, 
immunomodulatory, anticancerous, antidiabetic, antiviral, etc.

Some of the important categories of bioactive secondary metabolites produced 
by fungal endophytes of medicinal plants are as follows.

7.3.1	 �Anticancer Compounds

Cancer is a killer disease affecting more than six million people every year. It is 
characterized by unregulated cell proliferation. Due to uncontrollable growth of 
cells, an abnormal mass of tissue is formed which is generally called as a tumor. 
Antitumor agents are the compounds that are capable of counteracting the forma-
tion of malignant. Plant-based compounds have played an important role in the 
development of several clinically useful anticancer drugs like taxol, vinblastine, 
vincristine, topotecan, and etoposide (Nirmala et al. 2011). Despite this, there is a 
need to explore alternative source with more diversity and novelty. Endophytes with 
their unique secondary metabolites provide tremendous diversity. Active metabo-
lites isolated from endophytes provide anticancer action with minimum side effects. 
These compounds could be an alternative approach for discovery of novel antican-
cer drugs (Kharwar et al. 2011; Kaul et al. 2012; Chen et al. 2014). Various antican-
cer compounds have been reported from fungal endophytes. For the sake of 
convenience, some of the anticancer compounds from fungal endophytes have been 
tabulated (Table 7.2).

S. Kaul et al.



185

Ta
bl

e 
7.

2 
A

nt
ic

an
ce

r 
co

m
po

un
ds

 f
ro

m
 e

nd
op

hy
tic

 f
un

gi
 o

f 
m

ed
ic

in
al

 p
la

nt
s 

(2
01

2–
20

16
)

S.
 n

o.
M

ed
ic

in
al

 p
la

nt
s

Fu
ng

al
 e

nd
op

hy
te

s
A

nt
ic

an
ce

r 
co

m
po

un
d

R
ef

er
en

ce
1.

P
ip

er
 h

is
pi

du
m

D
ia

po
rt

he
 s

p.
(1

 →
 3

,1
 →

 6
)-

d-
gl

uc
an

s
O

rl
an

de
lli

 e
t a

l. 
(2

01
7)

2.
M

ed
ic

in
al

 p
la

nt
B

ip
ol

ar
is

 s
et

ar
ia

e
O

ph
io

bo
lin

 A
B

ha
tia

 e
t a

l. 
(2

01
6)

3.
A

ca
nt

ho
sp

er
m

um
 a

us
tr

al
e

A
sp

er
gi

ll
us

 c
al

id
ou

st
us

O
ph

io
bo

lin
 K

 a
nd

 6
-e

pi
op

hi
ob

ol
in

 K
C

ar
va

lh
o 

et
 a

l. 
(2

01
6)

4.
U

nc
ar

ia
 r

hy
nc

ho
ph

yl
la

C
ol

le
to

tr
ic

hu
m

 g
lo

eo
sp

or
io

id
es

C
ol

le
to

tr
ila

ct
am

 A
–D

W
ei

 e
t a

l. 
(2

01
6)

5.
A

ca
nt

hu
s 

il
ic

if
ol

iu
s

A
sp

er
gi

ll
us

 fl
av

ip
es

M
er

ot
er

pe
no

id
s 

(g
ui

gn
ar

do
ne

s)
B

ai
 e

t a
l. 

(2
01

5)
6.

H
ev

ea
 b

ra
si

li
en

si
s

E
ut

yp
el

la
 s

co
pa

ri
a

C
yt

oc
ha

la
si

ns
K

on
gp

ra
pa

n 
et

 a
l. 

(2
01

5)
7.

D
ip

hy
ll

ei
a 

si
ne

ns
is

A
sp

er
gi

ll
us

 fu
m

ig
at

es
Fu

m
itr

em
or

gi
n 

an
d 

fu
m

itr
em

or
gi

n 
D

L
ia

ng
 e

t a
l. 

(2
01

5b
)

8.
Si

no
po

do
ph

yl
lu

m
 e

m
od

i
A

lt
er

na
ri

a 
te

nu
is

si
m

a
Po

do
ph

yl
lo

to
xi

n
L

ia
ng

 e
t a

l. 
(2

01
5a

)
9.

M
an

gr
ov

e 
pl

an
t

L
as

io
di

pl
od

ia
 s

p.
L

as
io

di
pl

od
in

s
L

i e
t a

l. 
(2

01
5b

)
10

.
Pa

ri
s 

po
ly

ph
yl

la
 v

ar
. 

yu
nn

an
en

si
s

A
sp

er
gi

ll
us

 v
er

si
co

lo
r

V
er

si
co

lo
ls

 A
 a

nd
 B

Z
ho

u 
et

 a
l. 

20
15

11
.

Ta
be

bu
ia

 a
rg

en
te

a
A

sp
er

gi
ll

us
 n

ig
er

L
ap

ac
ho

l
C

ha
nn

ab
as

av
a 

an
d 

G
ov

in
da

pp
a 

(2
01

4)
12

.
Tr

ip
te

ry
gi

um
 w

il
fo

rd
ii

Pe
ni

ci
ll

iu
m

 s
p.

Pe
ni

fu
py

ro
ne

C
he

n 
et

 a
l. 

20
14

13
.

G
in

kg
o 

bi
lo

ba
C

ha
et

om
iu

m
 g

lo
bo

su
m

C
ha

et
og

lo
bo

si
ns

 A
, G

, V
, V

b,
 a

nd
 C

L
i e

t a
l. 

(2
01

4c
)

14
.

L
ud

w
ig

ia
 p

ro
st

ra
ta

C
ol

le
to

tr
ic

hu
m

 s
p.

Py
re

no
ci

ne
s 

N
–O

Y
an

g 
et

 a
l. 

(2
01

4b
)

15
.

C
er

at
on

ia
 s

il
iq

ua
Pe

ni
ci

ll
iu

m
 c

it
ri

nu
m

Ta
nz

aw
ai

c 
ac

id
s 

G
–H

, 6
-m

et
hy

lc
ur

vu
lin

ic
 a

ci
d,

 
8-

m
et

ho
xy

-3
, 5

-d
im

et
hy

lis
oq

ui
no

lin
-6

-o
l, 

an
d 

1,
2,

3,
11

b-
te

tr
ah

yd
ro

qu
in

ol
ac

ta
ci

de

E
l-

N
ek

et
i e

t a
l. 

(2
01

3)

16
.

O
ci

m
um

 te
nu

ifl
or

um
Pe

ni
ci

ll
iu

m
 c

it
ri

nu
m

Tw
o 

ne
w

 a
lk

al
oi

ds
L

ai
 e

t a
l. 

(2
01

3)
17

.
M

iq
ue

li
a 

de
nt

at
a

Fo
m

it
op

si
s 

sp
.

C
am

pt
ot

he
ci

n
Sh

w
et

a 
et

 a
l. 

(2
01

3)
18

.
Ta

m
ar

ix
 c

hi
ne

ns
is

Pe
ni

ci
ll

iu
m

 s
p.

A
ri

su
ga

ci
ns

 I
 a

nd
 J

Su
n 

et
 a

l. 
(2

01
3)

19
.

M
en

th
a 

pu
le

gi
um

St
em

ph
yl

iu
m

 g
lo

bu
li

fe
ru

m
A

lte
rs

ol
an

ol
 A

Te
ite

n 
et

 a
l. 

(2
01

3) (c
on
tin

ue
d)

7  The Fungal Endobiome of Medicinal Plants: A Prospective Source of Bioactive…



186

Ta
bl

e 
7.

2 
(c

on
tin

ue
d)

S.
 n

o.
M

ed
ic

in
al

 p
la

nt
s

Fu
ng

al
 e

nd
op

hy
te

s
A

nt
ic

an
ce

r 
co

m
po

un
d

R
ef

er
en

ce
20

.
Ta

xu
s 

ch
in

en
si

s
Pe

re
nn

ip
or

ia
 te

ph
ro

po
ra

Pe
re

nn
ip

or
in

 A
W

u 
et

 a
l. 

(2
01

3a
)

21
.

A
st

ra
ga

lu
s 

le
nt

ig
in

os
us

E
m

er
ic

el
la

 s
p.

Se
co

em
es

tr
in

 D
X

u 
et

 a
l. 

(2
01

3)
22

.
A

vi
ce

nn
ia

 s
p.

Pe
ni

ci
ll

iu
m

 s
p.

4-
(m

et
ho

xy
m

et
hy

l)
-7

-m
et

ho
xy

-6
-m

et
hy

l-
1(

3H
)-

is
ob

en
zo

fu
ra

no
ne

Y
an

g 
et

 a
l. 

(2
01

3)

23
.

B
ru

gu
ie

ra
 s

ex
an

gu
la

Pe
st

al
ot

io
ps

is
 fo

ed
an

(−
)-

(4
S,

 8
S)

-f
oe

da
no

lid
e 

an
d 

(+
)-

(4
R

, 
8R

)-
fo

ed
an

ol
id

e
Y

an
g 

an
d 

L
i (

20
13

)

24
.

H
up

er
zi

a 
se

rr
at

a
C

er
ip

or
ia

 la
ce

ra
te

C
er

ip
on

ol
s 

A
–K

,
Y

in
g 

et
 a

l. 
(2

01
3)

25
.

A
nn

on
a 

m
ur

ic
at

a
Pe

ri
co

ni
a 

sp
.

Pe
ri

co
ni

as
in

s 
A

–C
Z

ha
ng

 e
t a

l. 
(2

01
3)

26
.

C
aj

an
us

 c
aj

an
H

yp
oc

re
a 

li
xi

i
C

aj
an

ol
Z

ha
o 

et
 a

l. 
(2

01
3)

S. Kaul et al.



187

7.3.2	 �Antioxidant Compounds

Oxidation is an essential process that utilizes oxygen and metabolizes macromole-
cules for energy production. Paradoxically, this vital mechanism may also lead to 
cell and tissue damage through production of free radicals and reactive oxygen spe-
cies. These radicals get stabilized by reacting with cellular components including 
lipids, proteins, and DNA leading to impairment in their normal structure and func-
tion. This ultimately leads to the development of pathologies such as diabetes and 
cardiovascular and neurodegenerative diseases. An antioxidant is a molecule that 
slows down the oxidative damage caused by the free radicals and inhibits the delete-
rious effect caused by oxidation chain reaction. Antioxidant compounds can be 
obtained from plants, fruits, and vegetables. Since few antioxidants are approved for 
clinical application due to health safety issues, exploration of novel compounds 
from endophytes can be considered as an alternative source. Investigation of anti-
oxidant compounds from endophytes gained importance after the discovery of 
pestacin and isopestacin as antioxidant compounds from endophyte Pestalotiopsis 
microspore residing in Terminalia morobensis (Harper et al. 2003). Since then, dif-
ferent studies on isolation of diverse antioxidant compounds have been reported 
from endophytes.

It is presumed that phenolic and flavonoid compounds are known to possess 
good antioxidant capacity. Huang et  al. (2007) showed a positive correlation 
between the antioxidant capacity of Chaetomium sp., an endophyte of Nerium ole-
ander, to phenolic and flavonoid compounds which were the major antioxidant con-
stituents isolated from fungal extract (Huang et  al. 2007). Similarly, Xylaria sp. 
isolated from Ginkgo biloba has been reported to show antioxidant activity. The 
activity was due to the presence of phenolic and flavonoid compounds present in the 
methanolic extract of the fungus (Liu et al. 2007). Similarly, Chaetomium globosum 
(CDW7), an endophyte of Ginkgo biloba, has been reported to synthesize antioxi-
dant compound flavipin. The compound has been reported to be used in the therapy 
for free radical-associated diseases (Ye et al. 2013). Yuan et al. (2013) also isolated 
Penicillium sp. from roots of Ginkgo biloba. Six known metabolites have been 
obtained from this endophyte out of which three compounds, viz., adenosine, ade-
nine, and 2-deoxyadenosine, exhibited potential DPPH scavenging activity.

Some new metabolites possessing antioxidant activity have also been reported 
from endophytes. In a recent study, phomopsidone A, a novel pentacyclic depsi-
done, has been reported from mangrove endophytic fungus Phomopsis. The com-
pound exhibited antioxidant activity in addition to antifungal and cytotoxic activities 
(Zhang et  al. 2014). Huang et  al. (2012) also reported a new isobenzofuranone 
derivative 4, 6-dihydroxy-5-methoxy-7-methylphthalide from Cephalosporium sp. 
AL031 endophytic in Sinarundinaria nitida.

An exopolysaccharide, rhamnogalactan was obtained from endophyte Fusarium 
solani SD5 isolated from Alstonia scholaris. The compound showed the significant 
free radical scavenging effect on DPPH radicals with an IC50 value of 578.5 μg/ml 
(Mahapatra and Banerjee 2014). In another study endophytes for antioxidant com-
pounds glutaminase enzyme possessing free radical scavenging activity were 

7  The Fungal Endobiome of Medicinal Plants: A Prospective Source of Bioactive…



188

isolated from the endophytic fungus Penicillium citrinum. The IC50 value of enzyme 
for DPPH, reducing power, nitric oxide, and hydroxyl radical scavenging activity 
were found to be 94.65, 117.73, 87.26, and 105.62, respectively (Sajitha et al. 2014). 
Antioxidant compounds palmarumycins C2 and C3 from endophyte Berkleasmium 
sp. Dzf12 and terrain from Aspergillus terreus have been reported in different stud-
ies (Mou et al. 2012; Al-Trabolsy et al. 2014). An antioxidant compound graphislac-
tone A was obtained from endophyte Cephalosporium sp. IFB-E00, a resident of 
Trachelospermum jasminoides. The compound was confirmed to have stronger anti-
oxidant activity in vitro as compared to butylated hydroxytoluene and ascorbic acid 
which were used as positive control (Song et al. 2005). Cajaninstilbene acid, a natu-
ral antioxidant, has been reported from Fusarium, an endophyte of pigeon pea 
Cajanus cajan (Zhao et al. 2012).

7.3.3	 �Antimicrobial Compounds

Secondary metabolites produced by fungal endophytes having antimicrobial activ-
ity are a promising way to overcome the increasing threat of drug-resistant microbes. 
These can also be used as food preservatives in the control of food spoilage and 
food-borne diseases (Liu et al. 2007). Antimicrobial metabolites (antibiotics) are 
low-molecular-weight organic compounds produced by microorganisms that are 
active at low concentrations against other microorganisms not required for its 
growth. They are produced as an adaptation for a specific function in nature and are 
the most frequent bioactive natural products isolated from endophytes.

Penicillium sp. has always been the important source of antimicrobial com-
pounds. The literature reviewed revealed several examples where antimicrobial 
compounds have been reported from diverse species of Penicillium. Five new pico-
linic acid derivatives penicolinates A–E have been isolated from an endophytic fun-
gus Penicillium sp. BCC16054. Penicolinates B and C have displayed activity 
against Bacillus cereus and Candida albicans (Intaraudom et al. 2013). Chemical 
investigation of Penicillium citrinum, a fungal endophyte of Ocimum tenuifolium, 
has led to the isolation of two new alkaloids along with 14 known polyketides and 
4 known alkaloids. Perinadine A, alternariol, and citrinin were found to be moder-
ately active against Staphylococcus aureus (Lai et al. 2013). Another Penicillium sp. 
isolated as endophyte of Curcuma longa has been reported to exhibit antimicrobial 
activity against Staphylococcus aureus and Escherichia coli (Singh et  al. 2014). 
Staphylococcus aureus was also susceptible to antimicrobial compounds isolated 
from Penicillium sp., an endophyte of Acrostichum aureum. The compounds have 
been identified as cyclo(pro-Thr), cyclo(pro-Tyr), and liquiritigenin (Cui et  al. 
2008).

Various species of Aspergillus isolated as endophytes from different medicinal 
plants have been described as the promising source of antimicrobial compounds. 
Aspergillus sp. from Bauhinia guianensis yielded alkaloidal antimicrobial com-
pounds pseurotin and fumigaclavine C. The latter was found to be active against 
Bacillus subtilis (Pinheiro et  al. 2013). Nigerasterols A–B and malformins A–C 
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have been isolated from culture extract of Aspergillus niger, an endophyte of man-
grove plant Avicennia marina. Malformins A–C displayed weak activity against S. 
aureus (Liu et al. 2013). Another mangrove endophyte Aspergillus sp. yielded anti-
microbial compound asperterpenoid A. It exhibited strong inhibitory activity against 
Mycobacterium tuberculosis (Huang et  al. 2013). Aspergillus sp. isolated from 
Melia azedarach afforded seven metabolites. All the isolated compounds have been 
evaluated against several phytopathogenic fungi and pathogenic bacteria. 
Compounds asperpyrone A, asperazine, and rubrofusarin B were found to inhibit 
fungal pathogen Aspergillus solani. Asperpyrone A also exhibited antibacterial 
activity against Staphylococcus aureus and Bacillus subtilis with MICs of 25 mm 
(Xiao et al. 2014b).

A large number of diverse antimicrobial compounds have been reported from 
Xylaria residing in different host plants as endophytes. 7-Amino-4-methylcoumarin 
was obtained from Xylaria sp. YX-28, an endophyte of Ginkgo biloba, displayed 
antibacterial and antifungal activity against many pathogenic organisms (Liu et al. 
2007). Three compounds chaetomugilin D, chaetomugilin A, and chaetoglobosin C 
were isolated from Chaetomium globosum endophytic in Ginkgo biloba. All of 
them exhibited significant activity against Artemia salina and Mucor miehei (Qin 
et  al. 2009). Compounds 2-hexyl-3-methyl butanodioic acid and cytochalasin D 
possessing antifungal activity were recovered from endophytic Xylaria sp. The 
endophyte was isolated from Palicourea marcgravii (Cafeu et al. 2005). Likewise, 
Xylaria F0010, an endophyte of Abies holophylla, was found to be a potential pro-
ducer of antifungal antibiotic agent griseofulvin. The compound has been used for 
the treatment of human and veterinary mycotic diseases (Park et al. 2005).

Endophytic Phoma sp. isolated from different medicinal plants has been reported 
to be a promising source of antimicrobial compounds. Santiago et al. (2012) have 
reported a polyketide compound 5-hydroxyramulosin from Phoma sp., an endo-
phyte of Cinnamomum mollissimum. The isolated compound exhibited antifungal 
activity against Aspergillus niger. In another study mycelial extract of Phoma sp. 
NRRL 46751, inhabiting Sauracia scaberrinae, afforded three new alkaloids: pho-
mapyrrolidones A–C out of which phomapyrrolidones B and C exhibited weak 
activity against Mycobacterium tuberculosis (Wijeratne et  al. 2013). Similarly, a 
compound phomodione, an usnic acid derivative, was reported to be produced by 
Phoma sp. isolated from Saurauia scaberrinae. The compound displayed antibacte-
rial activity against Staphylococcus aureus (Hoffman et al. 2008). Bioassay-guided 
fractionation of culture filtrate of fungal endophyte Phoma, isolated from Taraxacum 
mongolicum, led to the isolation of 2-hydroxy-6-methyl benzoic acid. The com-
pound showed antibacterial activity against five bacterial test pathogens: Escherichia 
coli, Staphylococcus aureus, Aeromonas hydrophila, Edwardsiella tarda, and 
Pasteurella multocida (Zhang et al. 2013a). Four compounds, phomafuranol, pho-
malacton, (3R)-5-hydroxymellein, and emodin, were isolated from ethyl acetate 
extract of Phoma sp., a marine endophyte isolated from plant Fucus serratus 
(Hussain et al. 2014).

A broad diversity of endophytic fungi exists in the rhizome of Paris polyphylla 
var. yunnanensis, a medicinal plant used in traditional Chinese medicine. Fusarium 

7  The Fungal Endobiome of Medicinal Plants: A Prospective Source of Bioactive…



190

sp. Ppf4 from this plant yielded two sterols and one fatty acid by bioassay-guided 
fractionation. The compounds were elucidated as 5alpha, 8alpha-epidioxyergosta-6, 
22-dien-3beta-ol and ergosta-8(9), 22-dien-3beta, 5alpha, 6beta, 7alpha-tetraol and 
displayed antimicrobial activity (Huang et al. 2009). Fusarium redolens DzF2 was 
isolated from Chinese medicinal plant Dioscorea zingiberensis. Beauvericin was 
obtained using bioautographic antibacterial assay. The compound displayed activity 
against six test bacteria: Bacillus subtilis, Staphylococcus haemolyticus, 
Pseudomonas lachrymans, Agrobacterium tumefaciens, Escherichia coli, and 
Xanthomonas vesicatoria (Xu et al. 2010). Taynung et al. (2011) have reported four 
compounds, 1-tetradecene, 8-octadecanone, 8-pentadecanone, and octylcyclohex-
ane and 10-nonadecanone, from Fusarium solani isolated from Taxus baccata. All 
the compounds showed antibacterial as well as antifungal activity. Fusarium tricinc-
tum was isolated from Rhododendron tomentosum. Transcriptome of this endophyte 
was sequenced; 12,006 contigs were assembled. On analyzing transcriptomic 
library, it yielded a peptide resin. The compound was found to be active against 
Staphylococcus carnosus, Candida albicans, and Candida utilis (Tejesvi et  al. 
2013).

Colletotrichum is one of the important genus frequently isolated as an endophyte 
from different hosts. The endophyte has been investigated during different studies 
for the isolation of antimicrobial compounds. Colletotriolide a new macrolide was 
obtained from Colletotrichum sp. residing in Pandanus amaryllifolius. The com-
pound showed low activity against E. coli (Bungihan et al. 2013). Similarly, Chithra 
et al. (2014) have reported the ability of Colletotrichum gloeosporioides to produce 
piperine, a compound originally synthesized by the host plant Piper nigrum. The 
compound has antimicrobial activity. One new compound 2-phenylethyl 1H–indol-
3-yl-acetate was obtained from endophyte Colletotrichum gloeosporioides isolated 
from Michelia champaca. The compound possessed antifungal activity against 
Cladosporium cladosporioides and C. sphaerospermum (Chapla et al. 2014). Some 
of the antimicrobial compounds isolated from fungal endobiome have been dis-
cussed, and the rest of the data has been tabulated (Table 7.3).

7.3.4	 �Immunomodulatory Compounds

Immunomodulatory compounds are those compounds that help in modulating the 
immune system either by stimulating it or suppressing it. Immunosuppressive com-
pounds are required to deal with autoimmune disorders and allograft rejection in 
transplant patients. Immunomodulatory drugs play a key role in the treatment of 
cancer. Due to the emergence of new autoimmune disorders and their role in the 
treatment of cancer, an intensive search is going on for more effective agents that 
provide aid in this regard. Since fungal endophytes have the capacity to produce 
novel compounds, these could prove a useful source for potentially active immuno-
modulatory compounds (Kaul et al. 2012). Several immunomodulatory compounds 
have been reported from fungal endophytes in the recent past.

S. Kaul et al.
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Pestalotiopsis sp. isolated from Taxus brevifolia (Yew tree) has been reported for 
immunosuppressive pestalotiopsins A and B (Pulici et al. 1996). Another immuno-
suppressive compound cytochalasin U has been produced by Pestalotia sp. isolated 
from Cassia fistula (Burres et al. 1992).

Subglutinols A and B, two immunosuppressive compounds, have been obtained 
from Fusarium subglutinans, inhabiting Tripterygium wilfordii. Both the com-
pounds were nontoxic and very potent in the thymocyte proliferation (TP) assays 
and mixed lymphocyte reaction (MLR) (Lee et  al. 1995). Cyclosporine-A, an 
immunosuppressive drug isolated from endophyte, was found to be 104 times more 
potent in the TP assay and roughly as potent in the MLR assay (Bentley et al. 2000). 
Similarly, Pestalotiopsis leucothoe from Tripterygium wilfordii has been docu-
mented to produce three compounds designated as BS, GS, and YS. All the com-
pounds showed variable effects on T and B cells and monocytes. Hence, these 
represent a new source of immunomodulatory compounds for the treatment of 
human immune-mediated diseases. However, the structure of the compounds has 
not been elucidated yet (Kumar et  al. 2005). Another potent immunosuppressive 
fungal metabolite used for the treatment of autoimmune diseases and organ trans-
plantations has been documented to be produced by fungal endophytes Penicillium, 
Aspergillus, Byssochlamys, and Septoria species. The compound was identified as 
mycophenolic acid (Larsen et al. 2005).

Ren et  al. (2008) have recorded collutelin-A and cyclosporine-A from 
Colletotrichum dematium inhabiting Pteromischum sp. growing in the tropical for-
ests of Costa Rica. The compound displayed strong immunosuppressive activity by 
inhibiting CD4 T-cell activation of interleukin-2 production, whereas cyclosporine-
A showed moderate activity in the same experiment.

Recently, an endophyte Phomopsis longicolla yielded four tetrahydroxanthone 
dimers, of which phomoxanthone A showed immunostimulation and pro-apoptotic 
activity. The compound exhibited immunostimulation by activating T lymphocytes, 
NK cells, and macrophages (Ronsberg et  al. 2013). Similarly, Botryosphaeria 
dothidea isolated from Kigelia africana has been evaluated for its immunomodula-
tory potential. It was found to suppress T-cell proliferation by 50% and also inhib-
ited TNF-α production (Katoch et al. 2014). These examples depict the potentiality 
of endophytes for exploring rare and uncommon immunomodulatory compounds.

7.3.5	 �Antidiabetic Compounds

Diabetes mellitus is the highest cause of death among other chronic diseases. It can-
not be cured but controlled. In 2015, about 415 million people had diabetes world-
wide, with type II diabetes accounting for about 90% of the cases (Cui et al. 2016). 
It can cause complications such as cardiovascular disorders, kidney failure, impo-
tency, blindness, and gangrene. One of the strategies used to cure this is by inhibit-
ing digestion of complex carbohydrates in the small intestine into glucose, resulting 
in the reduction of intake of glucose into the blood. Alpha-glucosidase and 
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alpha-amylase inhibitors are known to possess such activity. Medicinal plants for 
diabetes are a potential source of microbes producing alpha-glucosidase inhibitors.

α-Glucosidase is an important enzyme for breaking down complex carbohy-
drates for absorption; α-glucosidase inhibitors such as acarbose, miglitol, and vogli-
bose, all originating from natural products, are widely used to treat type II diabetes, 
indicating that natural products are an important source of antidiabetic drugs.

Syncephalastrum sp. isolated from Adhatoda beddomei exhibits antidiabetic 
activity by inhibiting α-amylase (Prabavathy and Valli 2013). The alpha-glucosidase 
inhibitory activity of endophytic fungi isolated from Cassia siamea has also been 
reported (Munim et al. 2013). α-Amylase inhibitor from endophytic fungi of anti-
diabetic medicinal plants of the Western Ghats retards the liberation of glucose from 
dietary complex carbohydrates and delays the absorption of glucose. Antidiabetic 
activity of ethanolic and acetone extracts of endophytic fungi Syncephalastrum rac-
emosum isolated from the seaweed Gracilaria corticata by alpha-amylase inhibi-
tion has been reported (Ushasri and Anusha 2015). Similarly, endophytic Alternaria 
sp. isolated from Viscum album exhibited strong antidiabetic activity on alloxan-
induced diabetic rats (Govindappa et al. 2015). The additional examples of antidia-
betic activity of fungal endophytes have been tabulated (Table 7.4).

7.3.6	 �Acetylcholinesterase Inhibitory Activity of Fungal 
Endophytes

Alzheimer’s disease is a neurodegenerative disease of the central nervous system. 
The first clinical manifestation is recent memory dysfunction, which is followed by 
persistent intellectual impairment, loss of judgment and reasoning abilities, aphasia, 
and movement dysfunction. A study found that of the 10–15% of elderly people 
with different degrees of dementia, approximately 60–70% of the cases are due to 
Alzheimer’s disease. However, the pathogenesis of senile dementia is not clear. 
Cholinergic nerve injury is the most accepted hypothesis of Alzheimer’s disease 
pathogenesis, and if this is true, acetylcholinesterase inhibitors could be developed 
to effectively improve Alzheimer’s disease treatment.

The use of acetylcholinesterase inhibitors is the most effective approach to treat-
ing the cognitive symptoms of Alzheimer’s disease (Zhang et  al. 2011) and has 
other possible therapeutic applications in the treatment of Parkinson’s disease, 
senile dementia, and ataxia (Zhang et al. 2011; Singh et al. 2012). Acetylcholinesterase 
inhibitors such as eserine, tacrine, donepezil, rivastigmine, and galantamine are the 
drugs currently approved for the treatment of Alzheimer’s disease (Anand and 
Singh 2013). The additional examples of acetylcholinesterase inhibitory activities 
of endophytic fungal isolates have been tabulated (Table 7.5).
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7.3.7	 �Endophytes as a Source of Silver Nanoparticles

Nanotechnology is the ability to work at atomic, molecular, and supramolecular 
levels. It involves production, manipulation, and use of material ranging from less 
than a micron. Nanoparticles have a wide range of applications in diverse fields like 
catalysis, sensors, medicine, etc., and these depend on the physical and optical prop-
erties of the particles. As the field of nanotechnology is progressing, the knowledge 
of physical and chemical characteristics of nanoparticles has greatly increased. The 
most well-known nanoparticles are made from silver metal. Silver is used in medi-
cal fields as a topical bactericide. Silver nanoparticles possess broad-spectrum mul-
tifunctional activities and have the promising therapeutic potential to be used for the 
treatment of burns and variety of infections. The emphasis is being given to their use 
in prophylaxis and treatment of different types of cancers and microbial infections. 
The silver nanoparticles can change the 3D structure of proteins by interfering with 
S–S bond and block the functional operations of microorganisms (Sunkar and 
Nachiyar 2013). In the recent years apart from silver, gold nanoparticles have also 
been the focus of interest because of their emerging applications in the areas such as 
bioimaging and biosensors (Alappat et al. 2012).

Silver nanoparticles can be synthesized using chemical approaches, but it leads 
to the presence of traces of toxic chemicals absorbed on the surface which is unde-
sirable in the medical applications (Bharathidasan and Panneerselvam 2012). 
Moreover, a lot of hazardous by-products are generated using this approach. 
Considering these facts, an alternative approach for nanomaterial synthesis has to 
be thought of. An important aspect in the field of nanotechnology is to develop a 
reliable and eco-friendly process for the synthesis of nanoscale materials.

Green technology is emerging nowadays and involves the use of microorganisms 
in the synthesis of nanoparticles (Razavi et al. 2015). The synthesis of nanoparticles 
using biological systems provides new routes to develop nanoparticles with desired 

Table 7.5  Acetylcholinesterase inhibitory activity of endophytic fungi isolated from medicinal 
plants

S. no.
Medicinal 
plants Fungal endophytes Activity

Extract/compounds 
isolated References

1. Catharanthus 
roseus

Alternaria 
alternata

Acetylcholines 
terase inhibitory

Altenune Bhagat 
et al. 
(2016)

2. Panax 
notoginseng

Chaetomium 
globosum

Acetylcholines 
terase inhibitory

3-Methoxy 
epicoccone, 
epicoccolides B

Li et al. 
(2016a)

3. Huperzia 
serrata

Colletotrichum sp., Acetylcholines 
terase inhibitory

Ethanol Wang et al. 
(2016b)

4. Phlegmariurus 
phlegmaria

Ceriporia lacerate Acetylcholines 
terase inhibitory

Chloroform Zhang et al. 
(2015b)

5. Huperzia 
serrata

Paecilomyces 
tenuis YS-13

Acetylcholines 
terase inhibitory

Huperzine A Su and 
Yang 
(2015)
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properties for making their exploitation possible in diverse fields (Pugazhenthiran 
et  al. 2009). The nonpathogenic and eco-friendly behavior of endophytes makes 
them as good candidates for the synthesis of nanoparticles (Kaul et al. 2014). Fungal 
endophytes can be exploited for large-scale extracellular synthesis of nanoparticles 
which makes the downstream processing easier (Verma et al. 2011). Various studies 
on fungal endobiome described their ability to synthesize nanoparticles particularly 
silver nanoparticles (Ag-Nps) (Table 7.6).

7.3.8	 �Antitubercular Compounds

Tuberculosis is currently a major public health problem due to the advent of 
multidrug-resistant (MDR) forms of bacilli as well as human immunodeficiency 
virus epidemics. The World Health Organization (WHO) estimated that currently 50 
million people are infected and 1,500 people die each hour from tuberculosis world-
wide. After emergence and spread of Mycobacterium tuberculosis-resistant strains 
to multiple drugs, the search for new antimycobacterial agents is timely. The globe 
recognized medicinal plants as a repository for fungal endophytes with metabolites 
containing the novel molecular structure and biologically active compounds against 
various human pathogenic diseases for potential use in modern medicine. Endophytic 
fungi are a good source for exploring the possibility of new antimycobacterial 
drugs. Recently, polyketide such as penialidin C has been isolated from endophytic 

Table 7.6  Nanoparticle producing endophytic fungi isolated from medicinal plants

S. no. Endophyte Plant Nanoparticle Activity References
1. Penicillium sp. Calophyllum 

apetalum
Ag-Nps Not reported Chandrappa 

et al. (2016)
2. Aspergillus 

versicolor
Centella asiatica Ag-Nps Antimicrobial Netala et al. 

(2016)Antioxidant
3. Fusarium solani Withania 

somnifera
Ag-Nps Antibacterial Vijayan et al. 

(2016)Cytotoxic
4. Colletotrichum sp. Andrographis 

paniculata
Ag-Nps Antibacterial Azmath et al. 

(2016)
5. Fusarium sp. Withania 

somnifera
Ag-Nps Antibacterial Singh et al. 

(2015a)
6. Penicillium sp. and 

Alternaria sp.
Gloriosa superba Ag-Nps Antibacterial Devi et al. 

(2014)
7. Cryptosporiopsis 

ericae
Potentilla fulgens Ag-Nps Antimicrobial Devi and Joshi 

(2014)
8. Penicillium sp. Curcuma longa Ag-Nps Antimicrobial Singh et al. 

(2014)
9. Epicoccum nigrum Phellodendron 

amurense
Ag-Nps Antifungal Qian et al. 

(2013)
10. Penicillium sp. Centella asiatica Ag-Nps Antimicrobial Devi et al. 

(2012)
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Penicillium sp. of Garcinia nobilis that exhibits significant activity against 
Mycobacterium tuberculosis (Jouda et al. 2016a).

A new isofuranonaphthalenone isolated from endophytic fungus Nodulisporium 
sp. of Antidesma ghaesembilla displayed antimycobacterial activity with IC50 val-
ues of 3.125 μg/mL (Prabpai et al. 2015). Asperlones A and B, dinaphthalenone 
derivatives, asperterpenoid A, and alterporriol-type dimmers from mangrove endo-
phytic fungus Aspergillus sp. and Alternaria sp., respectively, exhibited potent 
inhibitory effects against Mycobacterium tuberculosis protein tyrosine phosphatase 
B (MptpB) with IC50 values of 4.24 ± 0.41, 8.70, and 2.2 μM, respectively (Xia et al. 
2014, 2015; Huang et al. 2013). Peniphenones A−D from endophytic Penicillium 
dipodomyicola of Acanthus ilicifolius exhibited strong inhibitory activity against 
Mycobacterium tuberculosis protein tyrosine phosphatase B (MptpB) (Li et  al. 
2014b).

Numerous secondary metabolites are known from endophytic strains of Phoma 
sp. Phomapyrrolidones A−C, alkaloids from the endophytic fungus Phoma sp. of 
Saurauia scaberrinae, possess significant antitubercular activity (Wijeratne et al. 
2013). Penicolinates A–E from endophytic Penicillium sp. of grasses belonging to 
Poaceae family were found to possess antitubercular activity (Intaraudom et  al. 
2013). Colletotriolide, a macrolide isolated from Colletotrichum sp. endophytic to 
Pandanus amaryllifolius, exhibited an inhibition of greater than 90% at 128 μg/mL 
for M. tuberculosis (Bungihan et al. 2013).

7.3.9	 �Antihelminthic, Antiplasmodial, and Antileishmanial 
Compounds

Parasitic diseases such as malaria and leishmaniasis affect millions of people world-
wide and pose a major health problem in developing countries. Malaria and leish-
maniasis have affected major population with increasing number of new cases each 
year. Leishmaniasis is caused by protozoan parasites that belong to the genus 
Leishmania and is transmitted by the bite of certain species of sand fly (subfamily 
Phlebotominae). Most of the current drugs used to treat parasitic diseases are 
decades old and have many limitations, including the emergence of drug resistance. 
For leishmaniasis, either the first-line pentavalent antimonials or second-line drugs 
such as amphotericin B are available, which are costly and have serious side effects 
and are getting resistant to pathogens after treatment for several weeks, and hence 
there is a need for new antileishmanial agents with improved efficacy and fewer side 
effects for both visceral and cutaneous leishmaniasis.

Malaria remains the world’s most devastating human parasitic infection, afflict-
ing more than 500 million people and causing about 2.5 million deaths each year. It 
is an infectious disease caused by the main four protozoan species of the genus 
Plasmodium (Plasmodium falciparum, P. malariae, P. ovale, and P. vivax) (Mendis 
et al. 2009). The increasing resistance to existing antimalarial drugs demands the 
exploration of novel drugs and treatment efforts to eliminate this deadly disease. 
Natural products contain a great variety of chemical structures and have been 
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screened for antiplasmodial activity as potential sources of new antimalarial drugs 
(De Silva et al. 2013).

The development of anthelmintic resistance in helminths reported in a number of 
countries gives a clear indication that control programs based exclusively on their 
use are not sustainable. The development of integrated programs to control hel-
minths is vital, but such control programs require viable alternatives to the use of 
anthelmintics. The history of herbal medicine is almost as old as human civilization. 
Medicinal plants have served through ages, as a constant source of medicaments for 
the exposure of a variety of diseases. The endophytic fungi act as an alternative to 
provide a rich source of anthelmintics, antibacterials, and insecticides.

Screening of mangrove endophytic fungi for antimalarial natural products dis-
plays the most favorable bioactivity profile (Calcul et al. 2013). Two unusual diben-
zofurans, preussiafurans A–B, isolated from the fungus Preussia sp. occurring in 
Enantia chlorantha possessed antiplasmodial activity against erythrocytic stages of 
chloroquine-resistant Plasmodium falciparum (Talontsi et al. 2014). Reduced per-
ylenequinone derivatives from an endophytic Alternaria sp. isolated from Pinus 
ponderosa were found to have antileishmanial and antimalarial activities (Idris et al. 
2015). Meroterpenoid, isocoumarin, and phenol derivatives isolated from seagrass 
endophytic fungi Pestalotiopsis sp. exhibited antimalarial activity (Arunpanichlert 
et al. 2015).

Chemical and biological investigation for the endophytic fungus Nigrospora 
sphaerica led to the isolation of nigrosphaerin A, a new isochromene derivative with 
moderate antileishmanial activity having IC50 values of 30.2, 26.4, and 36.4 μg/ml, 
respectively (Metwaly et al. 2013). Enniatins (ENs), a group of antibiotics commonly 
produced by various strains of Fusarium, are six-membered cyclic depsipeptides 
formed by the union of three molecules of D-α-hydroxyisovaleric acid and three 
N-methyl-L-amino acids. The endophyte Fusarium tricinctum isolated from the 
fruits of Hordeum sativum showed antileishmanial activities (Zaher et al. 2015b).

The genus Aspergillus represents a diverse group of fungi, which are among the 
most abundant fungi in the world. Biologically active metabolites from endophytic 
fungus A. terreus isolated from the roots of Carthamus lanatus were found to have 
antileishmanial activity. Terrenolide S, a new butenolide derivative, together with 
(22E,24R)-stigmasta-5,7,22-trien-3-β-ol and stigmast-4- ene-3-one exhibited anti-
leishmanial activity toward Leishmania donovani with IC50 values of 27.27, 15.32, 
and 27.27  μM, respectively, and IC90 values of 167.03, 40.56, and 14.68  μM, 
respectively (Elkhayat et al. 2016).

7.3.10	 �Extracellular Enzymes

Among a large number of microorganisms capable of producing useful enzymes, 
filamentous fungi are of particular interest due to their easy cultivation and high 
production of extracellular enzymes. Fungal enzymes are gaining importance in 
agriculture, industry, and human health as they are often more stable (at high tem-
perature and extreme pH) than the enzymes derived from plants and animals (Maria 
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et al. 2005). Fungal endophytes known to be the treasure of new compounds repre-
sent an interesting alternative to be explored for enzyme production with different 
potentialities (Bhagobaty and Joshi 2012). Diverse array of extracellular enzymes 
produced by endophytes include cellulases, chitinases, amylases, lipases and prote-
ases, pectinases, laccase, etc., having wide application in various industrial pro-
cesses such as baking, brewing, textile, confectionaries, paper, pulp and leather, 
manufacturing corn syrup, hydrolyzing milk proteins, removing stains, separating 
racemic mixtures of amino acids, bioremediation, and biosensing (Kaul et al. 2014). 
The extracellular enzyme production varies among the fungal isolates. By optimiz-
ing the conditions, these isolates can prove to be a novel source of industrially rel-
evant enzymes.

Different studies have been carried out on the screening of endophytes for 
enzyme production. For example, 50 fungal strains isolated from medicinal plants 
(Alpinia calcarata, Bixa orellana, Calophyllum inophyllum, and Catharanthus 
roseus) were screened for their ability to produce extracellular enzymes such as 
amylase, cellulase, laccase, lipase, pectinase, and protease on solid media. Variation 
in the enzyme production was recorded among the isolates. The array of enzymes 
produced by different fungal isolates often depends on the host and their ecological 
factors (Sunitha et al. 2013).

Endophytic fungi isolated from Opuntia ficus-indica were analyzed for prelimi-
nary screening for enzyme production. Among the 24 isolates which were studied, 
Aspergillus japonicus presented pectinolytic activity, and cellulase activity was 
exhibited by Xylaria (Bezerra et al. 2012).

Similarly, 30 fungal endophytes isolated from indigenous monocotyledonous 
and dicotyledonous plants have been evaluated for amylase, cellulase, protease, 
lipase, and laccase activity, and most of them showed positive results (Patel et al. 
2013). Endophytes from Lantana camara have been screened for amylase, lipase, 
and laccase production, and three isolates were shown to produce three enzymes 
(Desire et al. 2014). Fungal endophytes isolated from Butea monosperma, a tropical 
medicinal plant, and Bacopa monnieri were found to be potential producers of 
industrial enzymes such as amylase, cellulase, pectinase, protease, and lipase 
(Tuppad and Shishupala 2014; Katoch et al. 2014a, b). The extracellular enzymatic 
activity of endophytic fungi Cladosporium sp., Rhizoctonia sp., Aspergillus sp., 
Chaetomium sp., Biosporous sp., Fuzarium sp., Curvularia sp., Cladosporium sp., 
and Colletotrichum sp. isolated from medicinal plants Azadirachta indica, Citrus 
limon, Gossypium hirsutum, Magnolia champaca, Datura stramonium, Piper betle, 
and Phyllanthus emblica has been reported (Patil et al. 2015a). Endophytic fungi 
from leaves of Calophyllum inophyllum produce extracellular enzymes such as 
amylase, protease, lipase, and cellulase (Patil et al. 2015a). Endophytic microbial 
resources producing extracellular enzymes can establish a unique niche for ecologi-
cal adaptation during symbiosis with the host frankincense tree Boswellia sacra 
(Khan et al. 2016). A few more examples of common enzymes isolated from fungal 
endobiome of medicinal plants are enlisted below (Table 7.7).
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7.4	 �Conclusions

Fungal endobiome of medicinal plants is considered as an important and viable 
component of microbial biodiversity that offers a plethora of advantages to its host 
plant by producing bioactive secondary metabolites. In the continuous search for 
novel drug sources, endophytic fungi have proven to be a promising, largely 
untapped reservoir of natural products. A perusal of the literature indicates many 
ethnomedicinal plant species known to harbor potential endophytes that produce 
bioactive metabolites. Therefore, it is significant to bioprospect endophytes from 
medicinal plants for bioactive secondary metabolites. Bioactive metabolites from 
fungal endobiome could be a resolute solution to the present-day problems like the 
emergence of new diseases and resistance to existing drugs. The ability of endo-
phytes to produce bioactive metabolites is influenced by its interaction with the host 
plant and its cross talk with other microbiota associated with the host. So it is very 
much significant to understand the mechanisms underlying the plant–microbe inter-
action. Improvization of isolation and purification methods needs to be done for 
commercial production of bioactive metabolites. Many novel and valuable com-
pounds with antioxidant, anticancer, antimicrobial, immunomodulatory, and anti-
diabetic activities have been reported from fungal endophytes. This proves that 
fungal endobiome of medicinal plants certainly holds in them great potential to 
improve future in medicinal cure along with various industrial applications.
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Table 7.7  Extracellular enzymes produced by fungal endophytes of medicinal plants

S. no. Fungal endophytes Medicinal plants Enzyme References
1. Corchorus olitorius Aspergillus terreus Xylanase Ahmed et al. (2016a)
2. Marine habitat Aspergillus sp. L-asparaginase Ahmed et al. (2016b)
3. Cupressus torulosa Alternaria alternate Protease Rajput et al. (2016)
4. Artemisia annua Aspergillus sp. Amylolytic Ogbonna et al. (2015)
5. Eurotium sp. Curcuma longa Asparaginase Jalgaonwala and 

Mahajan (2014)
6. Preussia minima Eremophila longifolia Amylase Zaferanloo et al. (2014a)
7. Alternaria alternate 

and Phoma 
herbarum

Eremophila longifolia Protease Zaferanloo et al. (2014b)

8. Sordaria humana Cedrus deodara and 
Pinus roxburghii

Cellulase Syed et al. (2013)
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