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A B S T R A C T

Medicinal plants represent a promising reservoir of diverse endophytic fungi, including taxa that are able to
produce bioactive metabolites. In Brazil, the genus Copaifera includes species that are well known in folk
medicine mainly due to their ability to produce oleoresin. In this study, we characterized the endophytic fun-
gal communities associated with Copaifera langsdorffii and Copaifera pubiflora and investigated their ability to
produce antimicrobial agents. We obtained 668 fungal isolates from the leaves, stems, and seeds of both
plants, which were later classified into 64 taxa and 22 genera. Diaporthe sp. 6, Xylariaceae sp. 1, Diaporthales
sp. 1, and Diaporthales sp. 2 were the most abundant taxa in C. langsdorffii, while Phyllosticta sp., Diaporthe
sp. 7, Diaporthales sp. 3, and Diaporthe miriciae were the most abundant taxa in C. pubiflora. Diaporthe sp. 4,
Phyllosticta sp., Diaporthe sp. 1, Diaporthe sp. 7, and Neopestalotiopsis sp. were the only taxa common between
the two plants. Both plants were found to have high fungal diversity, especially C. langsdorffii. Six extracts dis-
played antibacterial, being Alternaria sp., Diaporthe sp. 1, D.miriciae, and Diaporthe sp. 14. Our results showed
that different tissues of the ethnomedicinal plants C. langsdorffii and C. pubiflora are systematically colonized
by rich and diverse endophytic fungal communities, and that some of the fungi are able to produce antimi-
crobial compounds, which may be explored in further studies as potential candidates for the development of
new drugs.

© 2021 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Recently, the search for natural bioactive compounds useful in
medicine for application in treatment of various diseases, including
those caused by drug resistant microorganisms, and in agriculture for
development of pesticides that are more efficient and less toxic than
the current pesticides has increased. According to Banerjee et al.
(2015), natural products (NPs) are classical starting points for discov-
ery of drugs, such as penicillin, lovastatin, silibinin, and paclitaxel. In
agriculture, Yan et al. (2018) reported that NPs have been applied as
fungicides, insecticides, and herbicides, which has substantially con-
tributed to the increase in crop yield and quality worldwide, for
example, spinosyn, avermectin, and phosphinothricin.

For decades, researchers have been searching for microorganisms
that have the ability to produce NPs. These microorganisms are con-
sidered as vast reservoirs of bioactive secondary metabolites, which
have applications in various fields. Among the diverse microbial com-
munities found globally, organisms known as endophytes, which live
asymptomatically inside plant tissues (Petrini 1991), represent an
inexhaustible reservoir of novel bioactive metabolites with wide-
spread applications and have attracted considerable interest as
potential agents for the development of novel biomedical and agri-
cultural products (Paramanantham et al., 2019). Among the endo-
phytes, fungal species belonging to the phylum Ascomycota,
Basidiomycota, andMucoromycota, are well-represented.

According to Rodriguez et al. (2008), virtually all plants in a natu-
ral ecosystem seem to have some interactions with endophytic or
some other associated fungi. According to Strobel and Daisy (2003),
Strobel et al. (2004), and Yu et al. (2010), some reasonable strategies* Corresponding author.
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should be followed for plant selection to isolate endophytic fungal
assemblages and among them, ethnomedicinal plants shelter inter-
esting fungal taxa, which produce diverse bioactive compounds. The
choice of medicinal plants for the isolation of endophytic fungi is one
of the criteria adopted in recent research (Brissow et al., 2018; Car-
valho et al., 2016, 2018; Carvalho et al., 2012a; Ferreira et al., 2020;
Johann et al., 2012; Silva-Hughes et al., 2015; Wu et al., 2018). In this
context, the plant genus Copaifera Linnaeus (Fabaceae), popularly
known as “copaíba”, “copaífera”, and “pau-de-�oleo” is widely used
due to their ability to produce oleoresin, which is well known in folk
medicine as a wound healing agent with anti-hemorrhoidal, purga-
tive, anticarcinogenic, anti-inflammatory, antimicrobial, antiviral,
local anesthetic, cytotoxic, insecticidal, or bactericidal properties
(Arruda et al., 2019). In addition, oleoresin obtained from Copaifera of
the Amazonian region of Brazil represents an important product
in the Brazilian industry (Arruda et al., 2019). The medicinal
copaíba species found in Brazil include Copaifera langsdorffii Desf.
and Copaifera pubiflora Benth. Copaifera langsdorffii is one of the
most abundant species and can be found in Brazil, Argentina, and
Paraguay (Arruda et al., 2019). In contrast, C. pubiflora has wide
distribution in northern South America, including Brazil, Colom-
bia, Guyana, and Venezuela. As copaíba species have been used in
folk medicine in different neotropical regions, the aim of this
study was to characterize the endophytic fungal diversity associ-
ated with C. langsdorffii and C. pubiflora and investigate their abil-
ity to produce antimicrobial activities.

2. Methods and materials

2.1. Sample collection and isolation of fungal endophytes

Fifteen specimens of Copaifera langsdorffii were randomly col-
lected in August 2011 at Serra of S~ao Jos�e (21°05.105’S; 44°

12.140’W), a fragment of Tropical Rain Forest, Minas Gerais state, Bra-
zil. Voucher specimen was deposited in the HUFSJ Herbarium of the
Federal University of the S~ao Jo~ao del-Rei under the code 14283.
Additionally, 15 specimens of Copaifera pubiflora were randomly col-
lected in January 2012 in one Amazon forest area located at Serra da
Prata Embrapa experimental field, Mucajaí, Roraima state, Brazil (2°

35’59.1”N; 60°56’35.7”W). Voucher specimen was deposited in the
IAN, Jo~ao Murça Pires Herbarium of the CPATU, EMBRAPA under the
code IAN 187043.

Five healthy leaves, stems, and seeds samples of 15 individuals
of each specimen were collected and stored in sterilized bags for
less than 24 h at 10 °C during transfer to the laboratory. Initially
the leaves and stems were washed and then cut into five 5-mm-
long fragments using a flame-sterilised scalpel in a laminar flow
hood to avoid air contamination of the tissues and all samples
were processed separately. The fragments were surface disin-
fected by immersion in 2% Extran� (1 min), 70% ethanol (1 min)
and 2% sodium hypochlorite (3 min), followed by a washing with
sterile-distilled water (2 min) (Carvalho et al., 2012). For the iso-
lation of endophytic fungi from the seeds, firstly the aril was
removed and then each seed was split in half. Each fragment was
surface disinfected by immersion in 2% Extran� (1 min), flamed
at Bunsen burner, 70% ethanol (4 min), 2% sodium hypochlorite
(5 min), and then wash with sterile distilled water (2 min). After-
wards, the fragments (leaves, stems and seeds) were inoculated
onto potato dextrose agar (PDA; Difco, USA) supplemented with
chloramphenicol (200 mg mL�1) (Sigma Aldrich, USA). To test the
effectiveness of the surface sterilization, 100 mL of the last water
rinse was plated on PDA. All the plates were incubated for up to
60 days at 25 °C. The fungal colonies were purified on PDA media
and deposited in the Collection of Microorganisms and Cells of
the Federal University of Minas Gerais, Brazil under the code
UFMGCB in cryotubes at �80 °C and in distillate-sterilized water

(Castellani, 1967) at room temperature. The yeast colonies grown
were picked from the plates and transfer to Yeast extract-Malt
extract agar (YM; 1% glucose, 0.5% peptone, 0.3% yeast extract,
0.3% malt extract, 2% agar) and pure cultures were obtained.
Yeast cultures were preserved in GYMP broth (Glucose-yeast
extract-malt extract-peptone broth; 2% glucose, 0.5% yeast
extract, 1% malt extract, and 0.2% potassium phosphate dibasic)
and 15% glycerol at �80 °C.

2.2. Fungal identification

Based on the characteristics of the culture, as colony color and
texture, border type, and radial growth rate on culture media, the fil-
amentous fungal isolates were grouped into different morphospecies
(Fr€ohlichet al., 2000). The DNA was extracted following a protocol
using chloroform: isoamyl alcohol according to Rosa et al. (2009).
The isolates with similar morphological characteristics grouped were
subjected to Polymerase Chain Reaction (PCR) fingerprinting using
the microsatellite-primed PCR technique (GTG)5 (Lieckefeldt et al.,
1993). Based on the electrophoretic profile showed, an isolate among
those with the same pattern of bands was selected for sequencing
the internal transcribed region of the nuclear ribosomal RNA gene
(ITS1-5.8S-ITS2), and b-tubulin gene (B-TUB) for the filamentous fun-
gal. The internal transcribed spacer (ITS) region was amplified with
the universal primers ITS1 and ITS4 (White et al., 1990), and amplifi-
cation of the ITS region was realized as described by Rosa et al.
(2009). Amplification of the b-tubulin (Glass and Donaldson, 1995)
was performed with the Bt2a/Bt2b primers according Gonçalves et al.
(2015). The yeasts were grouped and identified according to the pro-
tocols established by Kurtzman et al. (2011). Yeast molecular identi-
ties were confirmed by sequencing the D1-D2 variable domains of
the large-subunit rRNA gene using the primers NL1 and NL4 accord-
ing to Lachance et al. (1999). Representative consensus sequences of
fungal taxa were deposited into GenBank (Table 1). To achieve
species-rank identification based on ITS, b-tubulin and D1-D2
data, the consensus sequence was aligned with all sequences
from related species retrieved from the NCBI GenBank database
using Blast (Altschul et al., 1997). Fungal isolates with query cov-
erage and identity�99% were considered to represent the same
taxon, and taxa of filamentous fungi that displayed query cover-
age and identities � 98% or an inconclusive taxonomic position
were subjected to phylogenetic ITS and b-tubulin based analysis
in comparison with sequences of the ex type species deposited in
the GenBank database. The information about fungal classification
generally followed the databases of dictionary Kirk et al. (2008),
and websites MycoBank (http://www.mycobank.org/), and Index
Fungorum (http://www.indexfungorum.org).

2.3. Relative abundance, diversity, richness, dominance, and

distribution

The relative abundance of different fungal taxonomy was calcu-
lated to describe the fungal composition and diversity in different
compartments of each plant species. The abundance of each taxon
was calculated using the following formula: percentage of abundance
of taxon A = number of isolates of taxon A x 100 / sum of isolates of
all taxa. To quantify species diversity, richness and evenness, we used
the following indices: (i) Fisher’s a, (ii) Margalef’s, and (iii) Simpson’s,
respectively, considering the total specimens number of each plant
species. All of the results were obtained with 95% confidence, and
bootstrap values were calculated from 1000 iterations. The rarefac-
tion curve was calculated using the Mao Tao index. All diversity and
similarity indices calculations were performed using PAST, version
1.90 (Hammer et al., 2001). Venn diagrams were prepared according
to Bardou et al. (2014) to illustrate the comparison of fungal assemb-
lages associated with the plants.
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Table 1

Endophytic fungi obtained from Copaifera langsdorffii and Copaifera pubiflora identified by sequence comparison using BLASTn match and the NCBI GenBank database.

Host plant aUFMGCB
code

Tissue Number of
isolates

Top BLAST search results
(GentrBank accession number)

Query
cover (%)

Identrtity (%) No of pb
analyzed

Proposed taxa (GentrBank
access codes)

Copaifera

langsdorffii

7491 L, Se 12 Alternaria alstroemeriae (NR163686)b 100 100 448 Alternaria sp. (MT385147)e

7581 Se 1 Aspergillus lanosus (MH860883)b

Aspergillus caelatus (MK119757)c
87
88

95
91

462
457

Aspergillus sp. 1
(MT385148)e

(MT375018)f

7384 L 1 Aspergillus fumigatus (EF669791)c 98 100 440 Aspergillus sp. 2
(MT375019)f

7521 S 1 Chaetomium pseudoglobosum

(MH860267)b

Chaetomium unguicola (KT214744)c

100
98

100
99

548
397

Chaetomium cf. unguicola
(MT385149)e

(MT375020)f

7566 Se 3 Cladosporium rugulovarians (KT600459)b 100 100 429 Cladosporium sp. 1
(MT385150)e

7568 Se 4 Cladosporium subuliforme (MH864124)b 100 100 465 Cladosporium sp. 2
(MT385151)e

7207 L 2 Colletotrichum cymbidiicola (NR111694)b

Colletotrichum boninentrse (HM585421)c
99
100

100
99

508
443

Colletotrichum boninentrse

(MT385152)e

(MT375021)f

7219 L 4 Colletotrichum phyllanthi (NR111698)b

Colletotrichum karstii (HM585428)c
99
100

100
100

503
379

Colletotrichum karstii

(MT385153)e

(MT375022)f

7371 L, S 12 Colletotrichum gigasporum (NR145380)b 96 100 496 Colletotrichum sp.1
(MT385154)e

7509 L 3 Colletotrichum indonesientrse

(MH864562)b

Colletotrichum wanningentrse

(MG830286)c

100
100

100
98

491
452

Colletotrichum sp. 2
(MT385155)e

(MT375023)f

7510 L 1 Colletotrichum sojae (NR158358)b 98 100 492 Colletotrichum sp. 3
(MT385156)e

7392 S 2 Coniochaeta marina (MK458764) b 97 100 493 Coniochaeta sp.
(MT385157)e

7327 L 2 Curvularia soli (NR152503)b 100 100 468 Curvularia soli (MT385158)e

7243 L,S 28 Chrysocrypta corymbiae (NR120158)b 94 83 610 Diaporthales sp. 1
(MT385159)e

7328 L, S 22 Chrysofolia colombiana (NR137993)b

Disculoides calophyllae (KY979913)c
80
93

89
80

496
401

Diaporthales sp. 2
(MT385160)e

(MT375024)f

7457 S 2 Diaporthe oxe (NR111856)b

Diaporthe oxe (KC344132)c
99
83

98
100

493
502

Diaporthe cf. oxe
(MT385161)e

(MT375025)f

7216 L 5 Diaporthe yunnanentrsis (NR152472)b

Diaporthe masirevicii (KJ197257)c
99
99

100
98

486
522

Diaporthe sp. 1 (MT385162)e

(MT407175)f

7296 S 3 Diaporthe paranentrsis (NR111857)b

Diaporthe myracrodruonis (MK205291)c
100
99

98
94

419
403

Diaporthe sp. 2 (MT385163)e

(MT407176)f

7210 L, S 11 Diaporthe foentriculina (NR145303)b

Diaporthe inconspicua (KC344091)c
100
84

98
100

486
491

Diaporthe sp. 3 (MT385164)e

(MT407177)f

7401 L, S 18 Diaporthe velutina (NR152470)b

Diaporthe velutina (KX999223)c
100
99

99
97

485
480

Diaporthe sp. 4 (MT385165)e

(MT407178)f

7241 L, S 4 Diaporthe maytentricola (NR137826)b

Diaporthe hispaniae (MG281296)c
99
100

97
95

492
507

Diaporthe sp. 5 (MT385166)e

(MT407179)f

7250 L, S 44 Diaporthe baccae (NR152458)b

Diaporthe inconspicua (KC344091)c
100
82

94
100

389
481

Diaporthe sp. 6 (MT385167)e

(MT407180)f

7255 L, S 4 Diaporthe sackstonii (NR147537)b

Diaporthe yunnanentrsis (KX999228)c
99
100

96
93

510
514

Diaporthe sp. 7 (MT385168)e

(MT407181)f

7198 L, S 15 Diaporthe kochmanii (NR111614)b

Diaporthe masirevicii (KJ197257)c
98
100

100
98

491
520

Diaporthe sp. 8 (MT385169)e

(MT407182)f

7202 L, S 6 Diaporthe sackstonii (NR147537)b

Diaporthe serafiniae (KJ197254)c
99
98

99
100

470
485

Diaporthe sp. 9 (MT385170)e

(MT407190)f

7460 L, S 13 Diaporthe ocoteae (NR147596)b

Diaporthe ocoteae (KX228388)c
100
100

97
94

497
366

Diaporthe sp. 10
(MT385171)e

(MT407183)f

7254 S, Se 3 Diplodia pseudoseriata (MH863419)b 100 100 500 Diplodia pseudoseriata

(MT385172)e

7503 L 2 Fusarium nepalentrse (MH864615)b 99 100 459 Fusarium sp. 1 (MT385173)e

7304 S 1 Fusarium napiforme (MH862670)b 99 100 461 Fusarium sp. 2 (MT385174)e

7564 Se 1 Hypoxylon griseobrunneum (NR155184)b

Hypoxylon griseobrunneum (KC977303)c
99
99

90
88

451
359

Hypoxylon sp. 1
(MT385175)e

(MT407184)f

7414 L 1 Muscodor equiseti (NR154155)b 100 100 535 Muscodor equiseti

(MT385176)e

7226 S 1 Neopestalotiopsis dentrdrobii

(MK993572)b

Pestalotiopsis saprophyta (JX399017)c

99
100

100
100

463
386

Neopestalotiopsis sp.
(MT385177)e

(MT407185)f

(continued)
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Table 1 (Continued)

Host plant aUFMGCB
code

Tissue Number of
isolates

Top BLAST search results
(GentrBank accession number)

Query
cover (%)

Identrtity (%) No of pb
analyzed

Proposed taxa (GentrBank
access codes)

7523 S 1 Nigrospora hainanentrsis (NR153480)b 100 100 437 Nigrospora hainanentrsis

(MT385178)e

7561 L, Se 10 Pentricillium crustosum (NR077153)b

Pentricillium palitans (KJ834480)c
100
99

100
93

496
353

Pentricillium sp. 1
(MT385179)e

(MT407186)f

7232 S 1 Pestalotiopsis kentryana (NR147549)b

Pestalotiopsis australasiae (KM199409)c
100
100

100
100

542
395

Pestalotiopsis australasiae

(MT385180)e

(MT407187)f

7502 L 10 Phyllosticta fallopiae (NR147316)b 100 100 479 Phyllosticta sp. (MT385181)e

7569 L, Se 4 Epicoccum italicum (NR158264)b 98 99 466 Pleosporales sp. 1
(MT385182)e

7222 S, Se 3 Preussia persica (NR137730)b 96 98 461 Preussia sp. 1 (MT385183)e

7411 L, S 2 Preussia flanaganii (NR077168)b 100 90 494 Preussia sp. 2 (MT385184)e

7330 L 3 Beltrania pseudorhombica (NR148074)b

Lepteutypa fuckelii (MK523337)c
100
83

99
87

527
398

Sordariomycetes sp.
(MT385185)e

(MT407188)f

7306 S 1 Trichoderma atroviride (MH862505)b 100 100 580 Trichoderma sp.
(MT385186)e

7546 L, S, Se 32 Amphirosellinia fushanentrsis (NR
153514)b

100 93 489 Xylariaceae sp. 1
(MT385187)e

7389 S 1 Podosordaria muli (NR158883)b 100 89 505 Xylariaceae sp. 2
(MT385188)e

7473 S 1 Xylaria bambusicola (NR153200)b 100 95 465 Xylariaceae sp. 3
(MT385189)e

Copaifera

pubiflora

7789 L 4 Neopestalotiopsis brasilientrsis

(MG686469)b

Pestalotiopsis saprophyta (JX399017)c

100
78

99
100

464
443

Amphisphaeriaceae sp.
(MT385190)e

(MT418929)f

7945 Se 2 Aspergillus fumigatus (NR121481)b

Aspergillus fumigatus (EF669791)c
100
98

100
100

507
494

Aspergillus fumigatus

(MT385191)e

(MT407189)f

7937 S 1 Aspergillus coremiiformis (NR135393)b

Aspergillus caelatus (MK119759)c
98
88

89
91

508
476

Aspergillus sp. 3
(MT385192)e

(MT418930)f

7855 L, S 4 Botryosphaeria dothidea (KF766151)b 100 99 409 Botryosphaeria sp.
(MT385193)e

7944 Se 1 Chaetomium globosum (MH858130)b

Chaetomium globosum (KT214742)c
100
88

100
100

458
385

Chaetomium cf. globosum
(MT385194)e

(MT418940)f

7598 L 4 Colletotrichum aeschynomentres

(NR120133)b
99 100 488 Colletotrichum sp. 4

[MT385195]e

7617 L, S 35 Chrysofolia colombiana (NR137993)b 94 87 438 Diaporthales sp. 3
(MT385196)e

7719 L, S 26 Diaporthe miriciae (NR147535)b

Diaporthe miriciae (KJ197262)c
100
98

99
98

424
472

Diaporthe miriciae

(KX588623)e

7720 L, S 16 Diaporthe passifloricola (NR147595)b

Diaporthe rosae (MG843878)c
100
81

99
100

454
408

Diaporthe sp. 1 (KX588624)e

(MT418939)f

7873 S 1 Diaporthe foentriculina (NR145303)b

Diaporthe hispaniae (MG281296)c
100
100

98
97

499
372

Diaporthe sp. 4 (MT385197)e

(MT418938)f

7812 L, S 51 Diaporthe yunnanentrsis (NR152472)b

Diaporthe yunnanentrsis (KX99928)c
100
99

96
92

490
460

Diaporthe sp. 7 (MT385198)e

(MT418937)f

7722 L, S 14 Phomopsis tuberivora (NR160066)b

Diaporthe myracrodruonis (MK205291)c
99
99

96
91

490
477

Diaporthe sp. 11
(MT385199)e

(MT418936)f

7609 S 2 Diaporthe maytentri (NR111852)b

Diaporthe myracrodruonis (MK205291)c
100
96

91
95

499
350

Diaporthe sp. 12
(MT385200)e

(MT418935)f

7908 L, S 11 Diaporthe bohemiae (NR164425)b

Diaporthe ocoteae (KX228388)c
100
100

92
91

489
371

Diaporthe sp. 13
(MT385201)e

(MT418934)f

7927 L 1 Diaporthe aspalathi (NR165951) b

Diaporthe podocarpi-macrophyll

(KX999207)c

99
100

96
86

466
398

Diaporthe sp. 14
(MT385202)e

(MT418933)f

7612 L, S 3 Endomelanconiopsis entrdophytica

(MH863083)b
100 100 446 Endomelanconiopsis sp.

(MT385203)e

CM-Y412 Se 2 Eremothecium coryli (NR155097)b

Eremothecium coryli (KY107671)d
97
100

97
99

627
541

Eremothecium coryli

(MT385212)e

(MT386009)g

7933 S 2 Fusarium continuum (NR159818)b 87 93 452 Fusarium sp. 3 (MT385204)e

7613 L, S 3 Hypoxylon pulicicidum (JX183075)b 94 96 457 Hypoxylon sp. 2
(MT385205)e

7794 L, S 5 Neopestalotiopsis javaentrsis

(MH855207)b

Neopestalotiopsis protearum (LT853251)c

100
98

100
100

494
355

Neopestalotiopsis sp.
(MT385206)e

(MT418932)f

(continued)
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2.4. Fungal and plant extracts

The production of the fungal extracts followed the protocols
established by Santiago et al. (2012). For the filamentous fungi, five
mm diameter plugs of each fungi isolate were inoculated into on
20 mL of PDA medium at the center of Petri dishes (90 mm diameter).
For the yeasts, each isolate was streak at the same media culture. The
plates were incubated at 25 § 2 °C for 15 days. The fungal culture
from each Petri dish were cut and transferred to 50 mL centrifuge
tubes containing 35 mL of ethanol (PA, � 99.8%, Vetec, Brazil). After
48 h at 10 °C the organic phase was filtered and the solvent was
removed under a vacuum centrifuge at 35 °C. Concomitantly, the
leaves and stems of each specimen of C. langsdorffii and C. pubiflora

were macerated with 35 mL of ethanol and incubated at 10 °C for
15 days. The solvent was also removed under a vacuum centrifuge at
35 °C. An aliquot of each dried extract (fungal and tissue plant) was
dissolved in dimethyl sulfoxide (DMSO; Merck, USA) to prepare a
100 mg mL�1 stock solution which was stored at �20 °C.

2.5. Antimicrobial assays

The extracts produced from all the endophytic fungi recovered
and tissues plant were tested against Escherichia coli ATCC 11775,
Staphylococcus aureus ATCC 12600, Pseudomonas aeruginosa ATCC
10145, Candida albicans ATCC 60193, Candida krusei ATCC 6258, and
Cladosporium sphaerospermum CCT 1740. The experiments were
established following the protocols described by Carvalho et al.
(2012) using a modified version of the methods for bacteria (NCCLS
M7 - A6, v. 23 n° 2, 2003), yeast (AFTS-EUCAST 7.1 Rodríguez-Tudela
et al., 2003), and filamentous fungi (NCCLS M38 � A2, v. 22, n° 16,
2002) (Wedge and Kuhajek, 1998). The bacteria and yeast were
grown at 37 °C in Miller-Hinton (Difco, USA) and Sabouraud (Hime-
dia, India) media, respectively. After 24 h the microbial inocula were
prepared by diluting the cell suspensions appropriately in Mueller-
Hinton broth and RPMI1640 (supplemented with 2% glucose) media
for bacteria and yeast, respectively. Fifty microliters of the inocula
were added to each well in a 96-well plate and adjusted to 1-2£ 108

bacterial cells mL�1 and 1£ 106 yeast cells mL�1. Twenty-five micro-
liters of extract (previously dissolved in DMSO were diluted to a con-
centration of 1 mg mL�1) and control solutions (culture medium,
DMSO and positive control), as well as 25 mL of each medium, was
added to attain the desired concentrations and the plates were incu-
bated at 37 °C for 24 h. As an indicator of microorganism growth,
10 ml of 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2 H-tetrazolium
bromide (MTT; Sigma, USA) (dissolved in sterile water at 5 mg mL�1)
was added to each well and incubated at 37 °C for 4 h. The results are
expressed as per cent inhibition in relation to the controls without
drugs. Chloramphenicol (32 mg mL�1) and amphotericin B (2 mg
mL�1) (both from Sigma, USA) were used as positive drug controls for
the bacterial and yeast assays, respectively.

In the assay against the C. sphaerospermum, the conidia were har-
vested from 7- to 10-day-old cultures by flooding plates with 5 mL of
0.85% sterile saline and the resulting suspensions were filtered to
remove the mycelial fragments. The conidia concentrations were
determined photometrically from a standard curve of absorbance at
620 nm and the suspensions were adjusted with 0.85 % sterile saline
to a concentration of 1.0£ 106 conidia mL�1 (Espinel-Ingroff and Ker-
kering, 1991; Wedge and Kuhajek, 1998). Fifty microliters of the
conidia inocula was added to each well of a 96-well plate containing
25 mL of the extract or the control solution, as well as 25 mL of the
medium RPMI1640. The plates were incubated at 25 °C for 48 h. Fun-
gal growth was evaluated by measuring the absorbance of each well
at 620 nm at 48 h and the mean absorbance values and standard
errors were used to evaluate fungal growth inhibition. The fungicide
benomyl (1.16 mg mL�1) (Sigma, USA) was used as a positive stan-
dard in all assays. All antimicrobial assays were performed in dupli-
cate and the final concentration of the crude extract was 250 mg
mL�1. The active crude extracts with antimicrobial activities � 70%
were selected to the minimum inhibitory concentration (MIC) deter-
mination. The culture medium, inoculum standardization, positive
and negative controls, and evaluation of results were performed as
described above in screening antimicrobial activity for the respective
target microorganisms.

2.6. Statistical analysis

All the samples were tested in duplicate, in two independent experi-
ments. Values represent the mean § standard deviation (SD) of these
experiments using the SoftMax Pro 5.3 (VersaMaxmicroplate reader).

3. Results

3.1. Isolation and identification of endophytic fungi

A total of 900 fragments per plant were processed of which 668
fungi isolates were obtained. Of the total isolates, 308 isolates [172
(56%) from leaves, 110 (36%) from stems, and 26 (8%) from seeds]
were recovered from C. langsdorffii, while the remaining 360 isolates
[225 (63%) from leaves, 123 (34%) from stems, and 12 (3%) from
seeds] were recovered from C. pubiflora. The isolates were classified
into 64 taxa and 22 Ascomycota genera, which belonged to Sordario-

mycetes (70.3%), Dothideomycetes (18.7%), Eurotiomycetes (9.4%), and
Saccharomycetes (1.6%). Among all the taxa identified, 15 (23.4%)
occurred as singletons (occurrence = one isolate). Several taxa dis-
played low molecular taxonomic identities with sequences of fungi
deposited in GenBank, and were identified at the family, class, or
phylum levels and may represent new species, whereas 72 isolates
could not be identified. The taxa Diaporthe sp. 6, Xylariaceae sp. 1,
Diaporthales sp. 1, and Diaporthales sp. 2 were the most abundant in
C. langsdorffiiwith 44 (14.6%), 32 (10.6%), 28 (9.3%), and 22 (7.3%) iso-
lates, respectively. Among the fungi identified from C. pubiflora, the

Table 1 (Continued)

Host plant aUFMGCB
code

Tissue Number of
isolates

Top BLAST search results
(GentrBank accession number)

Query
cover (%)

Identrtity (%) No of pb
analyzed

Proposed taxa (GentrBank
access codes)

7623 L, S, Se 6 Pentricillium citrinum (MH856132)b 99 100 495 Pentricillium sp. 2
(MT385207)e

7823 L, S 15 Pestalotiopsis papuana (NR147553)b

Pestalotiopsis colombientrsis

(KM199421)c

100
100

100
100

490
330

Pestalotiopsis colombientrsis

(MT385208)e

(MT418931)f

7687 L 66 Phyllosticta fallopiae (NR147316)b 100 100 553 Phyllosticta sp. (MT385209)e

7825 S 3 Pseudochaetosphaeronema martinelli

(NR132930)b
93 94 483 Pleosporales sp. 2

(MT385210)e

7916 L, S, Se 17 Amphirosellinia fushanentrsis

(NR153514)b
99 92 490 Xylariaceae sp. 4

(MT385211)e

a UFMGCB = Culture of Microorganisms and Cells from the Federal University of Minas Gerais. Taxa subjected to sequentrcing and phylogentretic analysis based on the bITS, cβ-
tubulin, dD1/D2. Sequentrces codes deposited in GentrBank: eITS1-5.8S-ITS2, fβ-tubulin, and gD1/D2. L: leaf, S: stem, Se: seed
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most abundant taxa were Phyllosticta sp., Diaporthe sp. 7, Diaporthales
sp. 3, and Diaporthe miriciae with 66 (22.3%), 51 (17.2%), 35 (11.8%),
and 26 (8.8%) isolates, respectively. Diaporthe was the most abundant
genera in both plant specimens with 125 (41.5%) and 122 (41.3%) iso-
lates obtained from the leaves and stems of C. langsdorffii and C. pubi-
flora, respectively.

The distribution of fungal communities in the different plant tis-
sues is shown in Fig. 1. In the isolates obtained from C. langsdorffii,
only Xylariaceae sp. 1 was found to be common between all the three
types of tissues examined, i.e., leaves, stems, and seeds. The majority
of the fungal taxa were common between leaves and stem (Diaporthe
sp. 6, Diaporthales sp. 1, Diaporthales sp. 2, Diaporthe sp. 4, Diaporthe
sp. 8, Diaporthe sp. 10, Colletotrichum sp. 1, Diaporthe sp. 3, Diaporthe
sp. 9, Diaporthe sp. 5, Diaporthe sp. 7, and Preussia sp. 2), while the
taxa Alternaria sp., Penicillium sp. 1, and Pleosporales sp. 1 were com-
mon between leaves and seed (Fig. 1a). In the isolates obtained from
C. pubiflora, Xylariaceae sp. 4 and Penicillium sp. 2 were found to be
common between all three types of tissues (leaves, stems, and seeds),
while 11 taxa were common between leaves and stems (Diaporthe
sp. 7, Diaporthales sp. 3, Diaporthe miriciae, Diaporthe sp. 1, Pestalo-
tiopsis colombiensis, Diaporthe sp. 11, Diaporthe sp. 13, Neopestalotiop-
sis sp., Botryosphaeria sp., Endomelanconiopsis sp., and Hypoxylon sp.
2) (Fig. 1b). Only the taxa Diaporthe sp. 4, Phyllosticta sp., Diaporthe
sp. 1, Diaporthe sp. 7, and Neopestalotiopsis sp. were common
between the two plants (Fig. 1c).

3.2. Diversity indices

In general, we observed a high diversity in the fungal communi-
ties associated with both the Copaifera species (Table 2); especially,
the fungi associated with C. langsdorffii from fragment of Tropical
Rain Forest displayed the highest diversity indices. The relative abun-
dance of endophytic fungi associated of C. langsdorffii was calculated
using 301 identified isolates and varied from 0.33 to 9.63% (Table 3).
The abundance in the leaves was higher than stems and seeds (leaves

> stems > seeds). However, some genera were obtained exclusively
from one compartment of the plant, such as Cladosporium and Hypo-

xylon that occurred only from the seeds; Chaetomium, Coniochaeta,
Neopestalotiopsis, Pestalotiopsis, and Trichoderma occurred only in the
stems samples; and Curvularia, Muscodor, and Phyllosticta present
only in the leaves. In relation to C. pubiflora, the relative abundance
was calculated using the total of 295 identified isolates and varied
from 0.33% to 22.37% (Table 3). The abundance in the leaves was also
higher than stems and seeds (leaves > stems > seeds). Chaetomium

was obtained from seeds of C. pubiflora and Guignardia obtained
exclusively from the leaves.

3.3. Antimicrobial activities

Among the 668 fungal extracts, the extracts obtained from six
endophytes displayed antibacterial activity against at least one target,
with inhibition ranging from 92% to 100% (Table 4). No fungal extract
displayed activity against P. aeruginosa, C. albicans, C. krusei, and C.

sphaerospermum. Alternaria sp. UFMGCB 7491 (recovered from C.

langsdorffii), and Diaporthe sp. 14 UFMGCB 7927 (isolated from C.

pubiflora) displayed a selective antibacterial activity against E. coli

with inhibition rate of 100% and 99%, respectively. Diaporthe miriciae

isolates UFMGCB 7646 and 7719, recovered from C. pubiflora, dis-
played a selective antibacterial activity against S. aureus with inhibi-
tion rate of 98% both. Diaporthe miriciae UFMGCB7701, and Diaporthe

sp. 1 UFMGCB 7696, recovered from C. pubiflora, showed antibacterial
activity against E. coli and S. aureus with inhibition rate ranging from
92% to 100%. In addition, 22 plant tissue extracts displayed antimicro-
bial activity against at least one target (Table 5).

All bioactive extracts were subjected to MIC determination. The
plant tissue extracts displayed MIC values ranging from 31.2 to
>250 mg mL�1. The extracts of Alternaria sp. UFMGCB 7491 and the
tissue from which it was isolated, C. langsdorffii leaf extract (CL14L),
exhibited activities against E. coli at 125 mg mL�1. Extracts of three
Diaporthe isolates displayed activity against E. coli ranging with MIC
values from 62.5 to 250mg mL�1. Among these, the extracts of D.mir-

iciae UFMGCB7701 and Diaporthe sp. 1 UFMGCB 7696 also displayed
activities against S. aureus with MIC values ranging from 62.5 to
>250mg mL�1.

4. Discussion

4.1. Fungal taxonomy and diversity

The tissues of the tropical plants have been considered an impor-
tant natural habitat for endophytes and they comprise a significant

Fig. 1. Similarity of fungal assemblages associated with Neotropical ethnomedicinal plants Copaifera langsdorffii and Copaifera pubiflora represented by Venn diagrams. (a) Repre-
sents the total fungal distribution among leaves, stems, and seeds of C. langsdorffii. (b) Shows the fungal distribution among leaves, stems, and seeds of Copaifera pubiflora; (c) Shows
the fungal distribution in both plants. Cl: Copaifera langsdorffii and Cp: Copaifera pubiflora.

Table 2

Diversity indices of fungal assemblages associated with neotropical
ethnomedicinal plants Copaifera langsdorffii and Copaifera pubiflora

Diversity indices Copaifera langsdorffii Copaifera pubiflora

Number of taxa 44 25
Number of isolates 301 295
Fisher α 14.19 6.52
Margalef 7.53 4.22
Simpson 0.94 0.88
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Table 3

Relative abundance of different fungal taxonomy associated with Copaifera langsdorffii and Copaifera pubiflora.

Host Taxa Leaves Stems Seeds

Number of
isolates

Relative
Abundance (%)

Number of
isolates

Relative
Abundance (%)

Number of
isolates

Relative
Abundance (%)

Copaifera langsdorffii Alternaria sp. 11 3.65 0 0 1 0.33
Aspergillus sp. 1 0 0 0 0 1 0.33
Aspergillus sp. 2 1 0.33 0 0 0 0
Chaetomium cf. unguicola 0 0 1 0.33 0 0
Cladosporium sp. 1 0 0 0 0 3 0.99
Cladosporium sp. 2 0 0 0 0 4 1.32
Colletotrichum boninense 2 0.66 0 0 0 0
Colletotrichum karstii 4 1.32 0 0 0 0
Colletotrichum sp.1 8 2.65 4 1.32 0 0
Colletotrichum sp. 2 3 0.99 0 0 0 0
Colletotrichum sp. 3 1 0.33 0 0 0 0
Coniochaeta sp. 0 0 2 0.66 0 0
Curvularia soli 2 0.66 0 0 0 0
Diaporthales sp. 1 25 8.30 3 0.99 0 0
Diaporthales sp. 2 21 6.97 1 0.33 0 0
Diaporthe cf. oxe 0 0 2 0.66 0 0
Diaporthe sp. 1 5 1.66 0 0 0 0
Diaporthe sp. 2 0 0 3 0.99 0 0
Diaporthe sp. 3 7 2.32 4 1.32 0 0
Diaporthe sp. 4 12 3.98 6 1.99 0 0
Diaporthe sp. 5 3 0.99 1 0.33 0 0
Diaporthe sp. 6 15 4.98 29 9.63 0 0
Diaporthe sp. 7 1 0.33 3 0.99 0 0
Diaporthe sp. 8 10 3.32 5 1.66 0 0
Diaporthe sp. 9 4 1.32 2 0.66 0 0
Diaporthe sp. 10 3 0.99 10 3.32 0 0
Diplodia pseudoseriata 0 0 2 0.66 1 0.33
Fusarium sp. 1 2 0.66 0 0 0 0
Fusarium sp. 2 0 0 1 0.33 0 0
Hypoxylon sp. 1 0 0 0 0 1 0.33
Muscodor equiseti 1 0.33 0 0 0 0
Neopestalotiopsis sp. 0 0 1 0.33 0 0
Nigrospora hainanensis 0 0 1 0.33 0 0
Penicillium sp. 1 1 0.33 0 0 9 2.99
Pestalotiopsis australasiae 0 0 1 0.33 0 0
Phyllosticta sp. 10 3.32 0 0 0 0
Pleosporales sp. 1 1 0.33 0 0 3 0.99
Preussia sp. 1 0 0 2 0.66 1 0.33
Preussia sp. 2 1 0.33 1 0.33 0 0
Sordariomycetes sp. 3 0.99 0 0 0 0
Trichoderma sp. 0 0 1 0.33 0 0
Xylariaceae sp. 1 12 3.98 19 6.31 1 0.33
Xylariaceae sp. 2 0 0 1 0.33 0 0
Xylariaceae sp. 3 0 0 1 0.33 0 0

Copaifera pubiflora Amphisphaeriaceae sp. 4 1.35 0 0 0 0
Aspergillus fumigatus 0 0 0 0 2 0.67
Aspergillus sp. 3 0 0 1 0.33 0 0
Botryosphaeria sp. 2 0.67 2 0.67 0 0
Chaetomium cf. globosum 0 0 0 0 1 0.33
Colletotrichum sp. 4 4 1.35 0 0 0 0
Diaporthales sp. 3 31 10.50 0 0 4 1.35
Diaporthe miriciae 11 3.72 15 5.08 0 0
Diaporthe sp. 1 11 3.72 5 1.69 0 0
Diaporthe sp. 4 0 0 1 0.33 0 0
Diaporthe sp. 7 30 10.16 21 7.11 0 0
Diaporthe sp. 11 5 1.69 9 3.05 0 0
Diaporthe sp. 12 0 0 2 0.67 0 0
Diaporthe sp. 13 7 2.37 4 1.35 0 0
Diaporthe sp. 14 1 0.33 0 0 0 0
Endomelanconiopsis sp. 1 0.33 2 0.67 0 0
Eremothecium coryli 0 0 0 0 2 0.67
Fusarium sp. 3 0 0 2 0.67 0 0
Hypoxylon sp. 2 2 0.67 1 0.33 0 0
Neopestalotiopsis sp. 2 0.67 3 1.01 0 0
Penicillium sp. 2 1 0.33 3 1.01 2 0.67
Pestalotiopsis colombiensis 8 2.71 7 2.37 0 0
Phyllosticta sp. 66 22.37 0 0 0 0
Pleosporales sp. 2 0 0 3 1.01 0 0
Xylariaceae sp. 4 8 2.71 8 2.71 1 0.33
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portion of the unknown fungal diversity. Among these tropical plants,
those with medicinal properties have gained increasing attention due
to their ability to host diverse fungal communities and taxa capable of
producing various bioactive compounds. Of the total isolates, 397
fungi (59.4%) isolates were recovered from the leaves of C. langsdorffii
and C. pubiflora. According to Stone et al. (2004), type of tissue and
stage is one of the factors that may influence the efficiency of recov-
ery and enumeration of endophytic microorganisms. The majority of
the endophytic fungi associated with C. langsdorffii and C. pubiflora

were represented by Ascomycota, which is the phylum dominant in
different plant species (Arnold 2007). Diaporthe, Xylariaceae, Phyllos-
ticta, and Diaporthales were the dominant fungal taxa recovered from
C. langsdorffii and C. pubiflora.

The Diaporthe/Phomopsis genera represent a complex of ana-
morph/teleomorph fungi, which have already been isolated as sap-
robes, endophytes, and pathogens from different host plants
(Ferreira et al., 2020). Associated with neotropical plants from South
America, Phomopsis represents common endophytes genus (Carvalho

Table 4

Antimicrobial activities of the endophytic fungi extracts of Copaifera langsdorffii and Copaifera pubiflora.

Endophytic taxa aUFMGCB code Host Antibacterial activity (%) Antifungal activity (%)

bEC cSA dPA eCA fCK gClS

Alternaria sp. 7491 Copaifera langsdorffii 100 § 22 (125) 21 § 66 0 0 0 0
Diaporthe miriciae 7646 Copaifera pubiflora 0 98 § 11 (250) 0 0 0 16§ 3
Diaporthe sp. 1 7696 100 § 16 (125) 92 § 1 (250) 0 0 0 40§ 36
D. miriciae 7701 99 § 3 (62.5) 99 § 2 (62.5) 0 20 § 6 0 7 § 0
D. miriciae 7719 0 98 § 1 (125) 0 0 0 40§ 2
Diaporthe sp. 14 7927 99 § 3 (250) 0 0 29 § 7 21§ 3 0
Control drugs Amph B - - - 100 100

Chlo 100 93 62 - - -
Ben - - - - - 94

a UFMGCB = Culture of Microorganisms and Cells of the Universidade Federal de Minas Gerais. bEscherichia coli ATCC 11775
c Staphylococcus aureus ATCC 12600
d Pseudomonas aeruginosa ATCC 10145
e Candida albicans ATCC 60193
f Candida krusei ATCC 6258
g Cladosporium sphaerospermum CCT 1740. Concentrations: fungi extracts: 250 µg mL−1, Amph B: amphotericin B (2 μg mL−1), Chlo: chloram-

phenicol (32 μg mL−1), Ben: benomyl (1.16 μg mL−1). L: leaf, S: stem, “-“no tested. In bold, the most promising values of antifungal and antibacte-
rial inhibition (≥70%) with the mean and coefficient of variation. The MIC values are in parentheses (μg mL−1).

Table 5

Antimicrobial activities Copaifera langsdorffii and Copaifera pubiflora extracts.

Extract code Vegetal specimen Plant tissue Antibacterial activity (%) Antifungal activity (%)

aEC bSA cPA dCA eCK fClS

CL1L Copaifera langsdorffii L 83 § 0 (>250) 55§ 37 0 0 16 § 0 89 § 5 (>250)
CL14L L 70 § 0 (125) 16§ 2 0 23 § 1 0 48 § 1
CL15L L 53 § 0 72§ 5 (>250) 0 32 § 0 13 § 0 87 § 25 (>250)
CL2S S 39 § 0 36 § 2 16 § 0 4 § 1 89 § 14 (250) 61 § 9
CL15S S 43 § 0 55 § 12 0 0 0 75 § 50 (>250)
CP4L Copaifera pubiflora L 75 § 0 (>250) 27§ 22 0 16 § 7 0 25 § 6
CP5L L 82 § 0 (>250) 21§ 20 0 19 § 7 0 37 § 2
CP7L L 73 § 0 (>250) 36§ 2 0 0 0 30 § 3
CP9L L 86 § 0 (>250) 32§ 10 0 24 § 13 0 25 § 1
CP10L L 84 § 0 (>250) 57§ 8 0 23 § 9 0 32 § 6
CP11L L 87 § 0 (>250) 29§ 0 0 21 § 4 54 § 44 35 § 15
CP13L L 85 § 0 (>250) 40§ 24 0 19 § 3 0 0
CP14L L 87 § 0 (>250) 78§ 8 (>250) 0 31 § 11 91 § 11 (>250) 76 § 11 (>250)
CP15L L 84 § 0 (>250) 39§ 22 0 27 § 1 0 36 § 4
CP1S S 76 § 0 (>250) 14§ 0 0 26 § 6 94 § 4 (250) 84 § 12 (>250)
CP2S S 80 § 0 (>250) 84§ 12 (250) 0 14 § 7 47 § 0 78 § 16 (125)
CP3S S 81 § 2 (125) 61§ 42 0 27 § 5 63 § 43 28 § 6
CP4S S 82 § 0 (>250) 49§ 10 0 22 § 3 0 28 § 19
CP5S S 86 § 0 (125) 76§ 1 (>250) 0 41 § 16 0 47 § 1
CP6S S 83 § 0 (125) 63§ 14 0 26 § 3 78 § 15 (>250) 35 § 8
CP7S S 83 § 0 (>250) 58§ 26 0 23 § 8 95 § 10 (>250) 55 § 39
CP8S S 81 § 0 (31.2) 63§ 10 0 32 § 4 0 81 § 21 (>250)
Control drugs Amph B - - - 100 100 -

Chlo 100 97 70 - - -
Bem - - - - - 94

a Escherichia coli ATCC 11775
b Staphylococcus aureus ATCC 12600
c Pseudomonas aeruginosa ATCC 10145
d Candida albicans ATCC 60193
e Candida krusei ATCC 6258
f Cladosporium sphaerospermum CCT 1740. Concentrations: extracts: 250 µg mL−1, Amph B: amphotericin B (2 μg mL−1), Chlo: chloramphenicol (32 μg

mL−1), Ben: benomyl (1.16 μg mL−1). L: leaf, S: stem. In bold, the most promising values of antifungal and antibacterial inhibition (in percentage; ≥70%) with
the mean and coefficient of variation. The MIC values are in parentheses (μg mL−1).
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et al., 2012; Ferreira et al., 2015, 2017a, 2020; Vieira et al., 2012).
Xylariaceae is one of the largest and most diverse families of Ascomy-

cota (Bitzer et al., 2008). Different Xylariaceae taxa have already been
reported as endophytes in various plants, including tropical medici-
nal plants (Correia et al., 2018; Ferreira et al., 2015, 2020; Silva et al.,
2010; Vieira et al., 2012, 2014).

Phyllosticta sp. (anamorph of Guignardia) was found to be the
dominant taxa in the isolates obtained from the leaves of C. pubiflora.
Guignardia/Phyllosticta have been previously reported as the domi-
nant fungi in the leaves of Dendrobium nobile Lindl. (Orchidaceae)
(Yuan et al., 2009), Taxus chinensis var. mairei (Lem�ee & H. L�ev.) W.C.
Cheng & L.K. Fu (Taxaceae) (Wu et al., 2013), and Huperzia serrata

(Thunb.) Rothm. (Lycopodiaceae) (Xiong et al., 2015). According to
Pandey et al. (2003) and Wu et al. (2013), Guignardia and Phyllosticta

taxa are foliar endophytes or pathogens that are found in different
plant hosts.

In addition, we recovered two yeast isolates identified as Eremo-

thecium coryli (Saccharomycetes) from the seeds of C. pubiflora. In
general, yeasts form a rare component of the endophytic communi-
ties (Vaz et al., 2009; Vieira et al., 2012; Ferreira et al., 2017a). Eremo-

thecium genus was previously isolated from mustard seeds; it is
known for its ability to produce riboflavin and has been reported as a
dimorphic fungus (Gastmann et al., 2007). Furthermore, species of
Eremothecium have already been reported as endophytic, plant
pathogens, and recently as human pathogen (Multani et al., 2019;
Schisler et al., 2010; Shipunov et al., 2008).

The composition of the endophytic fungi communities changed
with the tissue. Xylariaceae sp. 1 was the only taxon that was recov-
ered from leaves, stems, and seeds of C. langsdorffii. Yuan et al. (2009)
recovered Xylariaceae from all tissues (leaves, stems, and roots) of
Dendrobium nobile, a famous Chinese traditional medicinal plant. In
addition, 12 taxa (179 isolates) were found to be common between
leaves and stem tissues of C. langsdorffii, while 11 taxa (183 isolates)
were found to be common between leaves and stems tissues of C.
pubiflora. Some fungal endophytes seem to have affinity for different
tissues based on their chemical and structural characteristics, which
might be a reflection of their capacities to survive within a specific
substrate (Wu et al., 2013).

4.2. Antimicrobial activities

Endophytic fungi of medicinal plants are currently being widely
studied in the search for new, potentially useful secondary metabo-
lites. The bioactive secondary metabolites produced by medicinal
plants and endophytes have provided countless essential drugs for
treatment of innumerable diseases, including those with bacterial
origin (Glienke et al., 2012; Manganyi et al., 2018; Manganyi et al.,
2019). Since the discovery that the diterpenoid taxol can be produced
by the endophytic fungi Taxomyces andreanae (Strobel 2003), and,
from their host, the medicinal plant Taxus brevifolia (Stierle et al.,
1995), it was evidenced that the endophytic fungi might produce the
same metabolites of their host plant (Carvalho et al., 2019). However,
it is important to highlight that endophytic fungi are also producers
of bioactive secondary metabolites that are different from those pro-
duced by their hosts and can be of interest for medicinal applications
(Carvalho et al., 2019). Schulz et al. (2015) hypothesize that the role
of the secondary metabolites produced by the endophytic fungi play
in situ (in planta) can be to inhibit competitors. The authors suggested
that in order to grow asymptomatically within their plant hosts, fun-
gal endophytes would need to not only maintain a balanced antago-
nism with their plant host, but also with bacterial and fungal
inhabitants of the host (Schulz et al., 2015).

Five of six active extracts were produced by fungi that were recov-
ered from C. pubiflora and 17 of 22 plant tissue active extracts were
also come from C. pubiflora. Fern�andez et al. (2018) reported that
oleoresin produced by C. pubiflora displayed promising antibacterial

activities against S. aureus and Bacillus cereus. However, the same
authors related that the oleoresin produced by C. langsdorffii did not
yield any promising antibacterial activity. In addition, regarding bio-
film inhibition and eradication, the oleoresin from C. pubiflora exhib-
ited MIC50 values of 100, 125, and 125 mg mL�1 against S. aureus, B.
cereus, and Listeria monocytogenes, respectively. Furtado et al. (2018)
reported that the oleoresins and leaf extracts of different Copaifera

species, including C. pubiflora, were neither cytotoxic in vivo nor gen-
otoxic in both in vitro and in vivo assays under experimental condi-
tions. For these reasons, C. pubiflora can be a good reservoir of
bioactive endophytes that are able to produce antimicrobial com-
pounds.

The isolates belonging to the taxa Alternaria and Diaporthe pro-
duced compounds with selective antibacterial activity. Alternaria spe-
cies are commonly isolated as endophytes (Arnold 2008; Strobel and
Daisy, 2003; Manganyi et al., 2018), and are potent producers of bio-
active metabolites.

Cota et al. (2008) and Johann et al. (2012) reported that altenusin,
isolated from the endophytic fungus Alternaria sp. and from the
leaves of the bioactive plant Trixis vauthieri DC (Asteraceae), was able
to inhibit Trypanothione reductase with an IC50 value of 4.3 § 0.3
mM and exhibited strong antifungal activity against Paracoccidioides
brasiliensis with MIC values ranging between 1.9 and 31.2 mg mL�1.
In addition, Vieira et al. (2014) reported the extract of Alternaria sp.
exhibited antifungal activity against P. brasiliensis with MIC value of
31.2 mg mL�1. Diaporthe/Phomopsis complex is a known producer of
different bioactive compounds (Carvalho et al., 2012; Ferreira et al.,
2017b). Ferreira et al. (2017b) demonstrated that the extracts of D.
miriciae isolated from Vellozia gigantea N. L. Menezes & Mello-Silva
(Velloziaceae) showed antifungal activity against C. albicans, C. glab-
rata, C. krusei, antibacterial against S. aureus methicillin resistant, and
antimalarial activity. The endophyte D. miriciae produced epoxycyto-
chalasin H, which displayed high antimalarial activity against chloro-
quine-resistant P. falciparum with an IC50 approximately 3.5-fold
lower than that with chloroquine (Ferreira et al., 2017b). Medeiros et
al. (2018) reported that the crude extract of the endophytic Diaporthe
terebinthifolii, isolated from the medicinal plant Schinus terebinthifo-
lius Raddi (Anacardiaceae), demonstrated high antibacterial activity
against E. coli, Micrococcus luteus, Saccharomyces cerevisiae, methicil-
lin-sensitive S. aureus, and methicillin-resistant S. aureus. In contrast,
Carvalho et al. (2012) showed that the extract of two isolates of Dia-
porthe cf. phaseolorum obtained from Stryphnodendron adstringens

did not displayed antibacterial activity but displayed antitumor activ-
ities.

5. Conclusion

Our results showed that different tissues of the ethnomedicinal
plant species, C. langsdorffii and C. pubiflora, are systematically colo-
nized by rich and diverse endophytic fungal communities. Among
these fungal communities, extracts of fungi recovered from both
plants, C. langsdorffii and C. pubiflora, are able to produce antimicro-
bial compounds, which might be explored in further studies as
potential candidates for the development of new drugs.
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Amparo �a Pesquisa do Estado de Minas Gerais (FAPEMIG), Coor-
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