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One sentence summary: This review presents the diversity, secondary metabolites and biological activities of endophytic fungi of medicinal leguminosae plants.

Abstract

There are many species of Chinese traditional leguminosae family plants that are well known for their medicinal applications, such
as Astragalus membranaceus, Catsia tora, Glycyrrhiza uralensis, Sophora flavescens and Albacia acacia. Their unique bioactive composition
and internal phenological environment contribute to the formation of specific and unique endophytic fungal communities, which are
important resources for new compounds used in a variety of pharmacological activities. Nonetheless, they have not been systemat-
ically studied. In the last decade, nearly 64 genera and thousands of species of endophytic fungi have been discovered from legumi-
nosae plants, as well as 138 secondary metabolites (with 34 new compounds) including flavonoid, alkaloids, phenol, anthraquinone,
macrolide, terpenoid, phytohormone and many more. These were shown to have diverse applications and benefits, such as antibac-
terial, antitumor, antioxidative, immunoregulatory and neuroprotective properties. Here, we provide a summarized overview with
the aim of raising awareness of endophytic fungi from medicinal leguminosae plants and providing a comprehensive review of the
discoveries of new natural products that may be of medicinal and pharmaceutical importance.
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Introduction
Leguminosae, the third largest family of the plant kingdom, pos-
sesses more than 650 genera and 20 000 species of plants, among
which at least 11 genera (Astragalus, Senna, Glycyrrhiza, Albizia,
Leucaen, Medicago, Sophora, Oxytropis, Trifolium, Bauhinia and Cercis)
and 490 species have been identified as Chinese medicinal plants
(Hong et al. 2019). They exhibit various pharmacological activi-
ties of traditional chinese medicine, such as “Toniflying qi and
strengthenning exterior”, “Expel pus and draw toxinclear”, “Re-
moving liver and improving vision”, “Diuresis and catharsis”, “Dis-
perses wind-heat, clears heat, and relieves toxicity” and “Resolve
phlegm to relive cough” (Yuan et al. 2016; Mazinani et al. 2017). Re-
cent studies have shown that these plants contain various natural
products including alkaloids, flavonoids, terpenoids, polysaccha-
rides, phenols and so on, which have antitumor, antimicrobial, an-
tiviral, antioxidant and other pharmacological activities. In brief,
medicinal leguminosae plants (MLPs) play an important role in
traditional Chinese medicine.

However, recent studies have shown that plant is not a pure
“independent entity”, but forms a “symbiotic functor” with its mi-
croorganisms (Kungas et al. 2020). These microbes have formed a
stable symbiotic relationship with the plant during the long-term
co-evolution process, and they colonize the internal plant tissues

without causing any apparent disease to their host plant, which
are referred to as endophytes (Zhao et al. 2021; Strobel 2018).

The particular category and content of chemical compositions
give rise to a unique chemical environment and ecological niche
in each specific plant, which is unique selective pressure on sym-
biotic microbes, and only those microbes that are fully adapted to
the new environment are selected to colonize the internal plant
tissues (Singh et al. 2021; Kuźniar et al. 2020). Thus, all the suc-
cessful settlers finally constitute the unique endophytic commu-
nity in each plant. What is noteworthy is that the species of the
endophytes are different from those of the non-endophytic en-
vironment. Most of them have undergone genovariation or the
alteration of gene function, and have even developed the ability
to produce specific compounds for adaptation (Gómez and Luiz
2018). Although the evolutionary mechanism of endophytes is still
not fully understood, they have the ability to produce a variety
of novel compounds and become a new resource of compounds
that are indeed beneficial to the host plants (Berthelot et al. 2017;
Kouipou Toghueo and Boyom 2019).

To summarize the metabolites and activities of endophytic
fungi from MLPs in the last 10 years, nearly 64 genera of endo-
phytic fungi and 138 secondary metabolites (including 34 new
compounds) were found with biological activities such as antitu-
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mor, antibacterial, antioxidant, immune regulation and neuropro-
tective activities, which provide scientific reference for the further
development of MLPs and understanding of the function of endo-
phytic fungi.

Diversity of endophytic fungi in medicinal
leguminosae plants
During long-term co-evolution, leguminosae plants have selec-
tively hosted their special and diverse endophytic fungi based on
their mutual benefits during the selection process. These fungal
endophytes transmit from generation to generation through the
“vertical transmission” mode, forming endophytic fungi that are
unique to leguminosae plant species (Palak and Syed 2019; Egam-
berdieva 2017). For example, endophytic fungi Undifilum oxytropis
and Alternaria oxytropis specifically symbiose with plants of Astra-
galus and Oxytropis plant species (Chenchen et al. 2014; Noor et al.
2020; Tan et al. 2019), and the main active substance swainsonine
in these plants is produced by these dominant fungi (Chenchen et
al. 2014; Baucom et al. 2012). Endophytic fungi have shown tissue
specificity due to differences of composition of active substances
and ecological niche in different tissues (Fernandes et al. 2015;
Russo et al. 2016). For instance, to Medicago sativa, the dominant
fungi were Fusarium. oxysporum 1 and F. oxysporum 2 in roots, As-
pergillus cremonium 1 and A. cremonium 2 in stems and A. stric-
tum and A. ochraceus in leaves, showing obvious tissue specificity
(Eman et al. 2020). On the other hand, endophytic fungi show high
diversity with different plant tissue, age, physiological state, envi-
ronment and phenological condition tropisms (Eman et al. 2020).
It was found that Trichoderma sp. and Rhizopus sp. are the dominant
species, followed by Monascus sp. in Glycyrrhiza uralensis located in
the Ural region (Yang et al. 2020). But to G. uralensis that grows in
the northwestern Himalayas, the genera of Phoma and Fusarium
were the dominant community. They constitute the main fungal
microflora of the host together with Phoma spp., Fusarium spp. and
Diaporthe spp. (Arora et al. 2019).

In summary, there are abundant endophytic fungi in medici-
nal plants of the leguminous family. They are mainly affiliated
to basidiomycota, ascomycota and zygomycota. About 64 genera
of endophytic fungi were isolated from 11 MLPs (Table 1). Table 1
shows that 20 genera of endophytic fungi were isolated from the
Albizia plants, which are the largest group, followed by 16 fungal
genera in Bauhinia spp., 14 fungal genera in Senna spp., 12 fungal
genera in Astragalus spp., nine fungal genera of Glycyrrhiza spp.,
six fungal genera in Cercis, Oxytropis or Medicago plants, four fun-
gal genera in Styphnolobium spp., two fungal genera in Trifolium spp.
and only one fungal species in L. leucocephala. In addition, Penicil-
lum, Trichoderma and Fusarium were prevalent among the 11 gen-
era MLPs. The endophytic fungi of Albizia plants were studied most
thoroughly, which involves nearly 150 plant species, among which
the commonly used medicinal plants are A. kalkora, A. julibrissin,
A. lebbeck and A. crassiramea (Mookherjee et al. 2020).

Secondary metabolites and activities of
endophytic fungi from medicinal
leguminosae plants
To date, it was found that endophytic fungi from MLPs exhibited
antitumor, antibacterial, antioxidant, immunoregulatory, neuro-
protective and other biological activities (Mookherjee et al. 2020;
Klypina et al. 2017). A total of 138 compounds including 34 novel

compounds were extracted from the fermentation broth of endo-
phytic fungi.

Antitumor activity and metabolites
Since Strobel discovered in 1991 that Taxomyces andreanae, an en-
dophytic fungus of Taxus chinensis, produces taxol, the secondary
metabolites and biological activity of endophytic fungi have at-
tracted more attention (Strobel et al. 1993). In recent years, many
endophytic fungi and bioactive compounds with antitumor activ-
ity have been discovered from MLPs. Among them, there are many
studies of the antitumor activity of endophytic fungi from A. mem-
branaceus. A strain of Fusarium sp. secretes three mycomycin com-
pounds 1-3, and compound 1 has a cytotoxic effect on tumor cell
lines MOLT-4, A549, HL-60 and BEL-7402 (Liu et al. 2015); com-
pound 2 has the effect of reversing drug resistance when com-
bined with doxorubicin and other drugs (Liu et al. 2015; Rabindran
et al. 2000); compound 3 can bind to the thorny end of actin fila-
ments and disrupt the formation of actin polymers (Liu et al. 2015;
Osada 2003). In addition, an endophytic fungus, Alternaria sp. from
A. membranaceus, can produce five novel compounds 4-8 (Fig. 1)
with antitumor potential, and among them, compounds 5 and 6
have inhibitory effects on NCI-H460 (human non-small cell lung
cancer), SF-268 (human central glioma), MCF-7 (human breast
cancer), PC-3M (human metastatic prostate cancer) and MDAMB-
231 (human metastatic breast cancer) (Bashyal et al. 2017). Eight
2,5-dicopper pyrazine active compounds 9-16 were extracted from
the endophytic Aspergillus sp. of A. membranaceus, of which com-
pounds 9-11 inhibited prostate cancer, liver cancer, cervical can-
cer, breast cancer and colon cancer, and can be used as precursor
drugs against cancer (Liu et al. 2020). The chromone compound 17
was also extracted to reduce the growth of mammospheres, de-
crease the proportion of CD44+/CD24- (breast cancer stem cells)
cells in breast cancer cells, and reduce the expression of stem
cell-associated proteins c-Myc, Sox-2 and Oct4, thus exerting an
inhibitory effect on the proliferation and migration of breast can-
cer cells (de Amorim et al. 2020; Ugai et al. 2020; Liu et al. 2020).
he compound 18 belongs to emodin extracted from Rhizopus sp.
of A. membranaceus, which can also inhibit the cytotoxicity of cer-
vical cancer cells (Zhang et al. 2020). Seven aza-anthraquinone
compounds 19-25 were extracted from endophytic Fusarium sp. of
C. tora, of which compounds 20 to 23 have significant cytostatic
effects on vero tumor cell (Khan et al. 2018), and compound 23
can significantly inhibit the proliferation of the hematological tu-
mor cell line and increase cell apoptosis (Khan et al. 2018; Adori-
sio et al. 2019). The endophytic fungus Penicillium sclerotiorum of C.
tora produces three volatile compounds 26-28, which can induce
apoptosis of cancer cells A549, A431, U251 and HeLa by activat-
ing the apoptotic mitochondrial pathway (Kuriakose et al. 2018).
The alkaloid compound 29 secreted by the specific endophytic U.
oxytropis of A. oxytropis also exhibits an obvious inhibitory effect
on A549 and HeLa cancer cells (Tan et al. 2019; Li and Lu 2019). Five
cytochalasin compounds 30-34 from endophytic Rosellinia sanctae-
crucianafenl of A. lebbeck showed significant inhibitory effects on a
series of human cancer cell lines, namely MOLT-4, A549, MIAPaCa-
2 and MDA-MB-231 (Sharma et al. 2018). Two new compounds 35-
36 (Fig. 1) showed cytotoxicity, which were from endophytic As-
pergillus sp. of C. chinensis (Zhao et al. 2021). A known quinone
mycotoxin compound 37 can interfere with the metabolic com-
munication of cancer cells and inhibit proliferation of tumor cells
(Zhao et al. 2021; Jarolim et al. 2017). All the active metabolites of
endophytic fungi from MLPs are summarized in Table 2, and their
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Table 1. Genus or species distribution of active endophytic fungi from medicinal leguminosae plants in last decade.

No.
Endophytic fungi (genes or

species) Host plants References

1 Acremonium sp. Albizia lebbeck, Medicago sativa, Cercis
chinensis, Bauhinia forficata

Eman et al. 2020; Gioia et al. 2020; Wulandari and
Suryantini 2018; Zhao et al. 2021

2 Alternaria sp. Astragalus lentiginosus, B. forficata, Swainsona
canescens, C. chinensis

Tan et al. 2019; Noor et al. 2020; Bashyal et al. 2017;
Zhao et al. 2021

3 Aspergillus ochraceus M. sativa, B. guianensis Eman et al. 2020; Feitosa et al. 2016
4 A. fumigatus Trifolium repens Yang 2013.
5 Aspergillu sp. Sophora flavescens, Acacia auriculaeformis, B.

guianensis
He et al. 2013; Jiang et al. 2008; Pinheiro et al. 2013

6 Aspergillus flavus A. lebbeck, Cassia siamea, M. sativa Khambhati et al. 2020; Eman et al. 2020
7 Aspergilus alternata C. chinensis, B. guianensis Pinheiro et al. 2013; Zhao et al. 2021
8 Botrytis sp. A. membranaceus Sun et al. 2016; Murali et al. 2007
9 Bipolaris sp. A. lebbeck Ali and Alfayed 2017
10 Cephalosporium sp. A. membranaceus Xu 2016.
11 Candida albicans M. sativa Eman et al. 2020
12 Chaetospermu sp. A. membranaceus Sun et al. 2016
13 Colletotrichum gloeosporioides Albizia hindsii, B. racemosa Murali et al. 2007; González-Teuber et al. 2014
14 Colletotrichum truncatum A. hindsii González-Teuber et al. 2014
15 Colletotrichum sp. A. hindsii Suryanarayanan et al. 2018; González-Teuber et al. 2014
16 Curvularia sp. A. lebbeck, B. monandra Araujo-Melo et al. 2017
17 Colletotrichum coccodes B. guianensis Pinheiro et al. 2017
18 Dothiorella sp. B. brevipes, C. chinensis Bezerra et al. 2019; Hilarino et al. 2011; Zhao et al. 2021
19 Diaporthe sp. Glycyrrhiza glabra Arora et al. 2019
20 Diaporthe apiculatum Leucaena leucocephala Song et al. 2019
21 Fusarium sp. A. membranaceus, G. glabra, M. sativa,

Oxytropis spp.
Chenchen et al. 2014; Yang et al. 2020; Bezerra et al.
2019; Eman et al. 2020

22 Fusarium solani Cercis alata, C. echinata, G. glabra, M. sativa Khan et al. 2018; Shah et al. 2017; Suryanarayanan et al.
2018

23 Eupenicillum javanicum A. hindsii González-Teuber et al. 2014
24 Fusarium oxysporum A. hindsii, M. sativa González-Teuber et al. 2014; Suryanarayanan et al. 2018
25 Lasiodiplodia sp. A. amara Suryanarayanan et al. 2018
26 Guisnhardi sp. T. repens, Cassia fistula Yang et al. 2013; Ruchikachorn 2005.
27 Hypoxylon sp. Glycine max, C. fistulal Khambhati et al. 2020; Nigg et al. 2014
28 Embellisia spp. Astragalus spp., Oxytropis spp. Chenchen et al. 2014
29 Embellisa oxytropis Astragalus spp., Oxytropis spp. Chenchen et al. 2014
30 Fusarium proliferatum Astragalus spp., Oxytropis spp. Chenchen et al. 2014
31 Undifilum oxytropis Astragalus spp., Oxytropis spp., A.

membranaceus
Chenchen et al. 2014

32 Exserohilum rostratum B. guianensis Pinheiro et al. 2013
33 Mucor sp. A. membranaceus Xu 2016.; González-Teuber et al. 2014; Wulandari and

Suryantini 2018
34 Moniliales sp. G. uralensis Yang et al. 2020
35 Moesziomyces bullatus A. hindsii González-Teuber et al. 2014
36 Neocosmospora solani A. lebbeck González-Teuber et al. 2014
37 Paecilomyces variotii A. lebbeck González-Teuber et al. 2014
38 Nemania sp. C. fistula Ruchikachorn 2005.
39 Nigrospra sp. C. fistula Ruchikachorn 2005.
40 Nodulisporium sp. C. fistula Nigg et al. 2014
41 Penicillium sp. A. membranaceus, G. uralensis, C. sappan, C.

fistula, S. tonkinensis, B. fortificata, A. decurrens
Jiang et al. 2008; Gioia et al. 2020; Araujo-Melo et al.
2017; Bezerra et al. 2019; Ruchikachorn 2005.; Li et al.
2012

42 Paecilomyces sp. Bauhinia pinheiro, A. lebbeck Pinheiro et al. 2013; Ali and Alfayed 2017; Wulandari
and Suryantini 2018

43 Paraphaeosphaeria sp. A. lebbeck Ali and Alfayed 2017
44 Pestalotiopsis acaciae A. lebbeck Yang et al. 2013; Hilarino et al. 2011
45 Phoma sp. A. decurrens Li et al. 2012
46 Pichia anomala B. guianensis, A. hindsii Li et al. 2012; González-Teuber et al. 2014
47 Penicillium vulpinum S. tonkinensis Qin et al. 2021
48 Papulospora sp. C. fistula Gioia et al. 2020
49 Penicilium sclerotiorum C. fistula Kuriakose et al. 2018
50 Periconia sp. C. fistula Gioia et al. 2020
51 Phomopsis sp. C. fistula, B. brevipes Bezerra et al. 2019; Ruchikachorn 2005.
52 Psathyrella sp. C. fistula Ruchikachorn 2005.
53 Pestalotiopsis sp. B. brevipes Yang et al. 2013; Pinheiro et al. 2013
54 Rhizopus sp. A. membranaceus, G. uralensis Yang et al. 2020; Ugai et al. 2020
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Table 1. Continued

No.
Endophytic fungi (genes or

species) Host plants References

55 Stilbella sp. A. membranaceus, C. fistula Ruchikachorn 2005.
56 Talaromyces sp. G. uralensis Yang et al. 2020
57 Trichoderma sp. A. membranaceus, G. uralensis, B. juncea, A.

lebbeck, Acacia auriculaeformis
Yang et al. 2020; Bezerra et al. 2019; Wulandari and
Suryantini 2018; Jiang et al. 2008

58 Rhinocladiella sp. G. uralensis Yang et al. 2020
59 Rosellinia sanctae-cruciana A. lebbeck Sharma et al. 2018
60 Verticillium sp. A. lebbeck Wulandari and Suryantini 2018
61 Xylaria sp. S. tonkinensis, A. amara, C. fistula Zheng et al. 2018; Xu et al. 2017; Suryanarayanan et al.

2018; Ruchikachorn 2005.
62 Thdiowiopsis sp. C. fistula Ruchikachorn 2005.; Gioia et al. 2020
63 Scedosporium sp. B. guianensis Pinheiro et al. 2013
64 Scedosporium apiospermum B. guianensis Pinheiro et al. 2013

Table 2. Compounds with anticancer activity produced by endophytic fungi from medicinal leguminosae plants.

No. Compound name Endophytic fungi Host plant References

1 fumitremorgin B Fusarium sp. Astragalus
membranaceus

Liu et al. 2015

2 fumitremorgin C Fusarium sp. A. membranaceus Liu et al. 2015; Rabindran et al. 2000
3 cyclotryprostatin B Fusarium sp. A. membranaceus Liu et al. 2015; Osada 2003
4 (−)-(10E,15S)-4,6-dichloro-10(11)-

dehydrocurvularin
Alternaria sp. A. membranaceus Bashyal et al. 2017

5 (−)-(10E,15S)-6-chloro-10(11)-dehydrocurvularin Alternaria sp. A. membranaceus Bashyal et al. 2017
6 (−)-(10E,15S)-10(11)-dehydrocurvularin Alternaria sp. A. membranaceus Bashyal et al. 2017
7 alterperylenepoxide A Alternaria sp. A. membranaceus Bashyal et al. 2017
8 thioperylenol Alternaria sp. A. membranaceus Bashyal et al. 2017
9 cyclo-(Pro-Gly) Aspergillus sp. A. membranaceus Liu et al. 2020
10 cyclo-(Pro-Leu) Aspergillus sp. A. membranaceus Liu et al. 2020
11 cyclo-(Pro-Ile) Aspergillus sp. A. membranaceus Liu et al. 2020
12 cyclo-(Pro-Val) Aspergillus sp. A. membranaceus Liu et al. 2020
13 cyclo-(Phe-Gly) Aspergillus sp. A. membranaceus Liu et al. 2020
14 cyclo-(Phe-Ala) Aspergillus sp. A. membranaceus Liu et al. 2020
15 cyclo-(Pro-Tyr) Aspergillus sp. A. membranaceus Liu et al. 2020
16 cyclo-(Pro-Phe) Aspergillus sp. A. membranaceus Liu et al. 2020
17 (-)-6-methoxymellein Aspergillus sp. A. membranaceus de Amorim et al. 2020; Ugai et al.

2020; Liu 2020.
18 emodin 8-O-Methyl Ether Rhizopus sp. A. membranaceus Zhang et al. 2020
19 ergosterol Fusarium sp. Cercis alata Khan et al. 2018
20 4-hydroxybenzaldehyde Fusarium sp. C. alata Khan et al. 2018
21 bostrycoidin Fusarium sp. C. alata Khan et al. 2018
22 fusarubin Fusarium sp. C. alata Khan et al. 2018
23 3-deoxyfusarubin Fusarium solani C. tora Khan et al. 2018; Adorisio et al.

2019
24 3,5,9-trihydroxyergosta-7,22-diene-6-one F. solani C. alata Khan et al. 2018
25 anhydrofusarubin F. solani C. alata Khan et al. 2018
26 hexadecanoic acid Penicillium

sclerotiorum
C. alata Kuriakose et al. 2018

27 oleic acid P. sclerotiorum C. alata Kuriakose et al. 2018
28 benzoic acid P. sclerotiorum C. alata Kuriakose et al. 2018
29 swainsonine Undifilum oxytropis Astragalus spp. and

Oxytropis spp.
Tan et al. 2019; Li and Lu 2019

30 jammosporin A Rosellinia
sanctae-cruciana

Albizia lebbeck Sharma et al. 2018

31 19,20-epoxy cytochalasin D R. sanctae-cruciana A. lebbeck Sharma et al. 2018
32 cytochalasin D R. sanctae-cruciana A. lebbeck Sharma et al. 2018
33 19,20-epoxy cytochalasin C R. sanctae-cruciana A. lebbeck Sharma et al. 2018
34 cytochalasin C R. sanctae-cruciana A. lebbeck Sharma et al. 2018
35 (+)-5’-dehydroxytalaroflavone A. alternata Cercis chinensis Zhao et al. 2021
36 (-)-5’-dehydroxytalaroflavone A. alternata C. chinensis Zhao et al. 2021
37 altertoxin I A. alternata C. chinensis Zhao et al. 2021; Jarolim et al. 2017

Note: The compounds with text in bold are new compounds.
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Figure 1. Compounds (1-150) with antitumor, antimicrobial, antioxidant and other activities from endophytic fungi of medicinal leguminosae plants.
Compound numbers are compiled according to the order of appearance in the text. The compounds with text in bold are new compounds. The
numbers in parentheses are the order in which they first appear.
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structures including new compounds 4, 5, 6, 7, 8, 35 and 36 are
depicted in Fig. 1.

Antibacterial activity and metabolites
Studies have shown that plenty of endophytic fungi and their
metabolites are indicated to have activities of antibacterial and
other pathogenic microorganisms in MLPs. Currently, at least 10
genera of endophytic fungi with antibacterial activity have been
found in MLPs such as A. membranaceus, S. cassiae, G. uralensis, S.
flavescens, etc. Those bacterium-inhibiting fungi include Staphylo-
coccus aureus, methicillin-resistant S. aureus, Listeria monocytogenes,
S. enterica and Escherichia coli and other pathogenic bacteria. It was
reported that 62 active compounds 38-99, have antibacteria func-
tions. These active compounds and their original endophytic fungi
are summarized in Table 3, and their structures including new
compounds 62, 63, 67, 68, 69, 75, 86, 87 and 88 are exhibited
in Fig. 1.

Antioxidant activity and metabolites
Antioxidant effect is another activity presenting in endophytic
fungi that is associated with MLPs. These fungi were mainly de-
rived from Astragalus, Albizia and Cercis plant species. Among
them, eight compounds 100-107 with antioxidant potential (Ugai
et al. 2020; de Barber et al. 2004; Osada 2003.; Zaehle et al. 2014)
were successfully obtained from endophytic Aspergillus sp. from
Astragalus spp., which also participate in metabolism as catalysts
and regulators, and are a class of metabolites with natural an-
tioxidant activity. In addition, the combined co-culture of endo-
phytic fungi A. eureka, Neosartorya hiratsukae and Camarosporium
laburnicola of A. membranaceus can biotransform the active com-
ponent cyclic astragalosol to 10 compounds 108-122, which in-
clude five new compounds 111, 115, 118, 120 and 122 (Fig. 1) with
telomerase activity in neonatal human primary epidermal ker-
atinocytes. Compounds 115 and 121 indicate the strongest an-
tioxidant activity, followed by compounds 114 and 117 (Ekiz et
al. 2019). Three hemiterpene compounds 123-125 (26-28) exhib-
ited antioxidant activity from endophytic P. sclerotiorum of C. scle-
rotiorum. The scavenging ability of superoxide, hydrogen perox-
ide and hydroxyl radical was enhanced and the scavenging abil-
ity of nitric oxide synthase was decreased with increasing of the
concentration of the compounds (Kuriakose et al. 2018). In ad-
dition, alcoholic substance compounds 126-127 were extracted
from endophytic fungi of A. membranaceus (Kuriakose et al. 2018),
S. cassiae (Alvarez et al. 2021; Liu et al. 2015; Wong-Deyrup et al.
2021) and C. chinensis (Feitosa et al. 2016). Among them, the vast
majority of steroids exhibited antioxidant, antiproliferative and
anti-inflammatory activities (Kuriakose et al. 2018; Duan et al.
2021; Feitosa et al. 2016). A fungicomycin compound 128, a di-
cholinesterase inhibitor, was extracted from endophytic Alternaria
sp. from C. chinensis, which showed high antioxidant activity (Zhao
et al. 2021; Bhagat et al. 2016). These active compounds and their
original endophytic fungi are listed in Table 4, and their struc-
tures including new compounds 111, 115, 118, 120, 122 are shown
in Fig. 1.

Other active metabolites
Stimulating the dormant biosynthetic genes of endophytic fungus
Aspergillus sp. from A. membranaceus using suberoylanilide hydrox-
amic acid inducers successfully yielded two new 3-(4-oxopyran)-
chromen-2-one compounds 129-130. They are also conjugated
with 3-pyranocoumarins, a rare class of fungal metabolites with
monoamine oxidase inhibitory and antioxidant effects, which

may be a lead drug against Alzheimer’s disease (de Amorim et al.
2020). Undifilum oxytropis is a representative strain from locoweed.
Ten new peroxy-sesquiterpenoid compounds 131-140 were ex-
tracted from it, and all exhibit neurotoxic, immunosuppressive,
cytotoxic or antiviral effects (Tan et al. 2019; Chenchen et al. 2014).
The endophytic fungus Rhizopus sp. from A. membranaceus pro-
duces compound 141 with anti-influenza viral property (Zhang et
al. 2020). It also produces compound 142 with melanin-specific
inhibitory effect, which prevents tyrosinase from activation af-
ter entering into skin cells and thus inhibits melanin forma-
tion (Zhang et al. 2020). And it also generates quinazolinone al-
kaloid compound 143, which is mainly used for the treatment
of cuts, ulcers, snakebites, acne and various inflammatory dis-
eases (Zhang et al. 2020). The compound 144, extracted from the
endophytic fungus Aspergillus sp. of B. variegata, is involved in
brain nerve damage and the mevalonate metabolic pathway with
an important intermediate transport and regulatory role in the
metabolic cycle (Cecatto et al. 2017; Feitosa et al. 2016; González-
Teuber et al. 2014). Various isomers were extracted from Alternaria
sp. of C. chinensis, of which compounds 145-146 selectively in-
hibit the activity of eukaryotic DNA polymerase (pols) families
X and Y (Zhao et al. 2021; Naganuma et al. 2008). Compound
147 was extracted from endophytic fungus Aspergillus sp. of M.
sativa, which exhibits anti-inflammatory activity against formyl-
methionyl leucine-stimulated inflammation, mainly inhibiting
the release of elastase (Eman et al. 2020; Hu et al. 2020). Com-
pound 148 extracted from the endophytic Pestalotiopsis sp. of A.
Durazz is a dopaminergic antagonist, 5-hydroxytryptamine antag-
onist and α-adrenergic antagonist with antipsychotic and psy-
chotropic pharmacological activity (Yang et al. 2013). Moreover,
compounds 149-150 were extracted from the endophytic fungus
Aspergillus sp. from T. repens, of which compound 149 is an in-
hibitor of cholesterol acetyltransferase with medical applications
(Yang et al. 2016). The compound 150 causes severe shock in in-
fected animals by inhibiting Ca2+-activated K+ channels, and also
inhibits the M-phase of the mammalian cell cycle (Yang et al.
2016; Rabindran et al. 2000; Kawashima et al. 2002). The above ac-
tive compounds are summarized in Table 5, and their structures
including eight new compounds 129-136 are shown in Fig. 1.

Concluding remarks and future challenges
In conclusion, the endophytic fungi of MLPs are a vast treasure
trove for overcoming the difficulties of high pollution and long
production cycle in the production of chemically synthesized
drugs. They have great application value and development poten-
tial (Wink 2013.; Skiada et al. 2019; Alam et al. 2020). Regrettably,
although there are many reports on finding and isolation from
various novel bioactive compounds from endophytic fungi, there
are few examples of stable applications in industrial production,
which require the continuous expansion of the number of endo-
phytes and screening of more active strains and compounds. How-
ever, there are still many unsolved issues and challenges: (1) a
large number of endophytic fungi have been found by using high-
throughput sequencing technology, but many have not been iso-
lated by existing culture or other separation technologies. On the
one hand, it may be generally believed that endophytes cannot
survive outside their original internal environment or that there
is no perfect medium for all microorganisms to grow. On the other
hand, there may be a synergistic effect between them and their
hosts or other microorganisms, which means some growth factors
from other living organisms may have supported their growth,
and may need to be studied in detail one after another, which will
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Table 4. Antioxidant compounds from endophytic fungi of medicinal leguminosae plants.

No. Compounds Endophytic fungi Host plant References

100 (47) (-)-6,7-dihydroxymellein Aspergillus sp. Astragalus
membranaceus

de Amorim et al. 2020; Osada
2003.; Zaehle et al. 2014

101 (48) (+)-terrein Aspergillus sp. A. membranaceus de Amorim et al. 2020; Osada
2003.; Zaehle et al. 2014

102 (-)-6-hydroxymellein Aspergillus sp. A. membranaceus de Amorim et al. 2020; Osada
2003.; Zaehle et al. 2014

103 (-)-orthosporin Aspergillus sp. A. membranaceus de Amorim et al. 2020; Osada
2003.; Zaehle et al. 2014

104 (-)-6,7-dimethoxymellein Aspergillus sp. A. membranaceus de Amorim et al. 2020; Osada
2003.; Zaehle et al. 2014

105 (2E,6E,10E)-12-hydroxyfarnesol Aspergillus sp. A. membranaceus de Amorim et al. 2020; Osada
2003.; Zaehle et al. 2014

106 (-)-5,6-dihydroxymellein Aspergillus sp. A. membranaceus de Amorim et al. 2020; Osada
2003.; Zaehle et al. 2014

107 ethyl-3-methylorsellinate Aspergillus sp. A. membranaceus de Amorim et al. 2020; Osada
2003.; Zaehle et al. 2014; de
Barber et al. 2004

108 20(R),24(S)-epoxy-6α,11β,16β,25-
tetrahydroxycycloartan-3-one

Alternaria eureka,
Neosartorya
hiratsukae and
Camarosporium
laburnicola

A. membranaceus Ekiz et al. 2019

109 20(R),24(S)-epoxy-6α,12β,25-trihydroxycycloartan-
3,16-dione.

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

110 20(R),24(S)-epoxy-6α,12β,16β,25-
tetrahydroxylanost-9(11)-en-3-one

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

111 9β,11;20(R),24(S)-diepoxy-3β,6α,16β,19β,25-
pentahydroxycycloartane

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

112 20(R),24-(S)-epoxy-3β,6α,16β,25-
tetrahydroxylanost-9(11)-en-12-one

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

113 20(R),24(S)-epoxy-6α,16β,25,30-
tetrahydroxycycloartan-3-one

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

114 20(R),24(S)-epoxy-6α,16β,25-trihydroxycycloartan-3-
one

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

115 20(R),24(S)-epoxy-3β,6α,12β,16β,25-
pentahydroxycycloartane

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

116 20(R),24(S)-epoxy-3β,6α,12α,16β),25-
pentahydroxycycloartane

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

117 20(R),24(S)-6α,16β,25-trihdroxy-3β,10β;20,24-
diepoxy-9,10-seco-cycloartan-9(11)-ene

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

118 20(R),24(S)-epoxy-3β,6α,12β,16β,25-
pentahydroxylanost-9(11)-ene

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

119 20(R),24(S)-epoxy-3β,6α,12α,16β,25-
pentahydroxylanost-9(11)-ene

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

120 3-((2S,3R,3aR,6S,7S,8S,9bS)-2,8-dihydroxy-7-(2-
hydroxypropan-2-yl)-3-((2R,5S)-5-(2-hydroxypropan-
2-yl)-2-methyltetrahydrofuran-2-yl)-3a,6,9b-
trimethyl-2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-
cyclopenta[a]naphthalen-6-yl)propanoic
acid

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

121 3-((2S,3R,3aR,6S,7S,8S,9bS)-2,8-dihydroxy-3-((2R,5S)-
5-(2-hydroxypropan-2-yl)-2-methyltetrahydrofuran-
2-yl)-3a,6,9b-trimethyl-7-(prop-1-en-2-yl)-
2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-
cyclopenta[a]naphthalen-6-yl)propanoic
acid

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019
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Table 4. Continued

No. Compounds Endophytic fungi Host plant References

122 20(R),24(S)-epoxy-6α,16β,25-trihydroxy
lanost-9(11)-en-3-one

A. eureka, N.
hiratsukae and C.
laburnicola

A. membranaceus Ekiz et al. 2019

123 (26) hexadecanoic acid Penicilium
sclerotiorum

Cercis alata Kuriakose et al. 2018

124 (27) oleic acid P. sclerotiorum C. alata Kuriakose et al. 2018
125 (28) benzoic acid P. sclerotiorum C. alata Kuriakose et al. 2018
126 (19) ergosterol Aspergillus sp. B. guianensis Kuriakose et al. 2018; Alvarez et

al. 2021; Liu et al. 2015;
Wong-Deyrup et al. 2021; Feitosa
et al. 2016

127 (43) ergosterol peroxide Aspergillus sp. B. guianensis Kuriakose et al. 2018; Duan et al.
2021; Feitosa et al. 2016

128 altenuene A. alternata C. chinensis Zhao et al. 2021; Bhagat et al.
2016

Note: The compounds with text in bold are new compounds.

Table 5. Summary of other active compounds from endophytic fungi of medicinal leguminosae plants.

No. Compounds Endophytic fungi Host plant References

129 aspyranochromenones A Aspergillus sp. Astragalus
membranaceus

de Amorim et al. 2020

130 aspyranochromenones B Aspergillus sp. A. membranaceus de Amorim et al. 2020
131 (1R,3aS,4S,8aS)-3,4-dihydroxy-4-(hydroxymethyl)-7-

isopropyl-1-methyl-2,3,3a,4,5,8a-hexahydroazulen-6(1H)-
one

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

132 (1S,3aR,4S,8aS)-1,4-dihydroxy-4-(hydroxymethyl)-7-
isopropyl-1-methyl-2,3,3a,4,5,8a-hexahydroazulen-6(1H)-
one

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

133 (3R,3aS,8S,8aR)-8-hydroxy-8-(hydroxymethyl)-5-isopropyl-3-
methyl-2,3,3a,7,8,8a-hexahydroazulene-1,6-dione

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

134 (3S,3aR,8S,8aR)-8-hydroxy-8-(hydroxymethyl)-5-isopropyl-3-
methyl-2,3,3a,7,8,8a-hexahydroazulene-1,6-dione

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

135 (1R,3aR,8aS)-3-hydroxy-4-(hydroxymethyl)-7-isopropyl-1-
methyl-2,3,3a,4,5,8a-hexahydroazulen-6(1H)-one

U. oxytropis Astragalus spp.
and Oxytropis spp

Tan et al. 2019; Chenchen et al.
2014

136 (1S,2R,3aS,4S,8aR)-2,3,4-trihydroxy-4-(hydroxymethyl)-7-
isopropyl-1-methyl-2,3,3a,4,5,8a-hexahydroazulen-6(1H)-
one

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

137 (1S,3aS,4S,8aS)-4-(hydroxymethyl)-7-isopropyl-1-methyl-
1,2,3,3a,4,5,6,8a-octahydroazulene-1,3,4-triol

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

138 (1S,3R,3aS,6S,8S,8aS)-8-(hydroxymethyl)-5-isopropyl-3-
methyl-1,2,3,3a,6,7,8,8a-octahydroazulene-1,6,8-triol

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

139 (1R,3aR,4S,8aS)-4-hydroxy-4-(hydroxymethyl)-7-(2-
hydroxypropan-2-yl)-1-methyl-2,3,3a,4,5,8a-
hexahydroazulen-6(1H)-one

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

140 (1R,3aR,4S,8aS)-4-(hydroxymethyl)-7-isopropyl-1-methyl-
1,2,3,3a,4,5,6,8a-octahydroazulen-4-ol

U. oxytropis Astragalus spp.
and Oxytropis spp.

Tan et al. 2019; Chenchen et al.
2014

141 cannabifolactone A Rhizopus sp. A. membranaceus Zhang et al. 2020
142 kojic acid Rhizopus sp. A. membranaceus Zhang et al. 2020
143 tryptanthrin Rhizopus sp. A. membranaceus Zhang et al. 2020
144 mevalonolactone Aspergillus sp. B. guianensis Feitosa et al. 2016
145 (+)-talaroflavone A. alternata C. chinensis Zhao et al. 2021; Naganuma et

al. 2008
146 (-)-talaroflavone A. alternata C. chinensis Zhao et al. 2021; Naganuma et

al. 2008
147 aspyrone Aspergillus sp. M. sativa Eman et al. 2020; Hu et al. 2020
148 spiperone A P. acaciae A. lebbeck Yang et al. 2013; Khambhati et

al. 2020
149 pyripyropene A Aspergillus sp. Trifolium repens Yang et al. 2016
150(45) verruculogen Aspergillus sp. T. repens Yang et al. 2016; Rabindran et al.

2000; Kawashima et al. 2002

Note: The compounds with text in bold are new compounds.
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be a long-term and challenging task; (2) the action mechanism of
endophytic fungi and their active substances are not fully clear.
Due to the complexity of species-species interaction, the focus of
future research may include molecular pathways involved in in-
teractions among an enormous number of endophytic fungi, huge
quantity of other microorganisms and their host plants as com-
plex, yet very well-evolved and adapted ecosystems; and signal
transductions between endophytic fungi and their hosts related
to the mechanisms exchange; (3) the most common problem in
application is that the bio-activity of endophytic fungi and their
ability to produce active compounds decrease gradually with an
increase in the number of sub-cultures of endophytes, and the re-
lated mechanism is still unclear. For example, the endophytic fun-
gus F. soloni of Camptotheca acuminate had a diminished (or even no)
capacity to produce cephaeline. Subsequent studies confirmed
that the endophyte lacks the iso-carotene synthase (strigosidine
synthase) that is supplied by the host plant, leading to an inability
to synthesize cephaeline in culture (Kusari et al. 2011); and (4) in
the future, the research on active strains should be centered on
characterizing the endo-environment of MLPs’ hosts themselves
as well, which may be useful to further explore the medicinal
application potential of endophytic fungi. Furthermore, the re-
search direction is also reflected in the gene modifications of ac-
tive strains to improve their performances for sustainable appli-
cation in the future.
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