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Abstract

Natural products produced from endophyte fungi have a broad spectrum of biological activity and can be grouped into
several categories. Antimicrobials constitute an important group of therapeutic agents, which can be produced and
obtained from living organisms. The main objective of this study is to investigate the endophytic fungi and the leaves
of Brugmansia suaveolens Bercht. & J. Presl as elicitors, aiming at the production of bioactive substances with
antimicrobial properties. The extracts were prepared from 19 fungi isolated from the leaves of B. suaveolens Bercht.
& J. Presl, used as a biotic elicitor. The extracts were obtained by fermentation in a submerged medium with the
addition of leaves from its dry leaves, and the antimicrobial activity of its extracts was evaluated using the agar
diffusion method. The results showed that 57% of the endophytic fungi showed antimicrobial activity after
fermentation with the elicitor. It was observed that the antimicrobial activity was increased compared to control
cultures. The leaves of B. suaveolens Bercht. & J. Presl presented bioactives that stimulated the production of a
substance with antimicrobial activity by endophytic fungi, the study of such compounds showed promise to clarify the
application potential of these bioactives.
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Resumo

Os produtos naturais produzidos a partir de fungos endéfitos tém um amplo espectro de atividade biolégica e podem
ser agrupados em varias categorias. Os antimicrobianos constituem um grupo importante de agentes terapéuticos, 0s
quais podem ser produzidos e obtidos a partir de organismos vivos. O principal objetivo desse estudo consiste na
investigacdo dos fungos endofiticos e as folhas da Brugmansia suaveolens Bercht. & J. Presl como eliciadores,
visando a producdo de substancias bioativas com propriedades antimicrobianas. Os extratos foram preparados a partir
de 19 fungos isolados a partir das folhas da B. suaveolens Bercht. & J. Presl, utilizadas como eliciador biético. Os
extratos foram obtidos através de fermentagcdo em meio submerso acrescido de folhas das suas folhas secas e avaliado
a atividade antimicrobiana dos seus extratos através do método de difusdo em agar. Os resultados mostraram que 57
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% dos fungos endofiticos apresentaram atividade antimicrobiana ap6s a fermentacdo com o eliciador. Observou-se
que a atividade antimicrobiana foi aumentada em comparacdo com as culturas controle. As folhas de B. suaveolens
Bercht. & J. Presl apresentaram bioativos que estimularam a producdo de substancia com atividade antimicrobiana por
fungos endofiticos, 0 estudo de tais compostos se mostrou promissor para o esclarecimento do potencial de aplicacéo
destes bioativos.

Palavras-chave: Fungos endofiticos; Elicitacion; Brugmansia suaveolens Bercht. & J. Presl.

Resumen

Los productos naturales producidos a partir de hongos endofitos tienen un amplio espectro de actividad biologica y
pueden agruparse en varias categorias. Los antimicrobianos constituyen un grupo importante de agentes terapéuticos,
que pueden producirse y obtenerse de organismos vivos. El objetivo principal de este estudio es investigar los hongos
endofiticos y las hojas de Brugmansia suaveolens Bercht. & J. Presl como inductores, con el objetivo de la produccion
de sustancias bioactivas con propiedades antimicrobianas. Los extractos se prepararon a partir de 19 hongos aislados
de las hojas de B. suaveolens Bercht. & J. Presl, utilizados como elicitor bidtico. Los extractos se obtuvieron por
fermentacién en medio sumergido con la adicién de hojas de sus hojas secas, y se evalué la actividad antimicrobiana
de sus extractos mediante el método de difusion en agar. Los resultados mostraron que el 57% de los hongos
endofiticos mostraron actividad antimicrobiana después de la fermentacién con el elicitor. Se observo que la actividad
antimicrobiana se incrementd en comparacion con los cultivos de control. Las hojas de B. suaveolens Bercht. & J.
Presl presentaron bioactivos que estimularon la produccion de una sustancia con actividad antimicrobiana por hongos
endofiticos, el estudio de dichos compuestos mostrd ser prometedor para esclarecer el potencial de aplicacion de estos
bioactivos.

Palabras clave: Hongos endofiticos; Eliciagdo; Brugmansia suaveolens Bercht. & J. Presl.

1. Introduction

Natural products produced from endophyte fungi have a broad spectrum of biological activity and can be grouped into
several categories. Endophytic fungi are a poorly investigated group of microorganisms, representing an abundant source of
new bioactive compounds (Zhang, Song, Tan, 2006).

The term endophyte is applied to organisms, including fungi that live within the tissues of plants for all or part of their
life cycle without causing apparent infections, that is, endophytes are synergistic with their host (Strobel et al., 2004).

Many viable strategies can be adapted to efficiently increase the production of bioactive compounds during
fermentation processes. Elicitation are an effective tool to promote the expression of biosynthetic pathways responsible for
producing secondary metabolites (Liu et al., 2014). An elicitor is defined as a substance that, when introduced in small
concentrations, initiates or improves the biosynthesis of specific compounds. These strategies mainly include precursor
feeding, adding biotic and abiotic elicitors, using enzymes and other substances (Otero, Nielsen, 2010).

Antimicrobial resistance has become a global health problem. The indiscriminate use of these drugs has led to the
selection of resistant strains that are difficult to treat therapeutically. The search for new biomolecules with antimicrobial
capacity has intensified in recent years. Antimicrobials constitute an important group of therapeutic agents, which can be
produced and obtained from living organisms (Ribeiro, Ribeiro, 2008).

Brugmansia suaveolens Bercht. & J. Presl belongs to the Solanaceae family, popularly known as trobeteira and is used
as an anti-inflammatory, antimicrobial and analgesic, the leaves and flowers being used in the form of ointment or tincture
(Wu, Tanksley, 2010).

From a phytotherapeutic point of view, the trumpet is a plant with anticholinergic properties, having as its main active
substance scopolamine, atropine and several tropic alkaloids (Oliveira, Pires, Costa, 2003; Simdes et al., 2008). Tropanic
alkaloids are bicyclic nitrogenous organic compounds, called tropane 8-methyl-8-azabicyclo (2,3.1octane). The tropane ring is
formally made up of the pyrrolidine and piperidine rings. The esterification of the hydroxyl group with aromatic acids
originates the most important alkaloids in the pharmaceutical field and can be found in the Solonaceae families. These

alkaloids are important in traditional medicine and have historically contributed to the elaboration and construction of
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prototypes from which synthetic analogues were developed, mainly from the classes of anticholinergic drugs and local
anesthetics (Bracjet et al., 1999; Cusido et al., 1999).

The main objective of this work was to investigate the elicitation potential of B. suaveolens Bercht. & J. Presl leaves
and, in this way, to increase the production of secondary metabolites and to evaluate the activity of these metabolites in
inhibiting the growth of different microorganisms.

2. Methodology

The leaves of Brugmansia suaveolens Bercht. & J. Presl were collected in Teresopolis, Rio de Janeiro, Brazil, with
geographic coordinates altitude of 895 m; - 22°26'09.38"S; - 42°58'33.22" during the months of April to December of the year
2019. The plant material was dried in an oven at 40 °C for a period of 5 days and then submitted to crushing in a blender, then
the processed dry extract was sterilized in a 365 nm UV light camera (HQ® - Model: SP930-35) and used in the elicitation
process.

In the process of isolation of endophytic fungi, fresh leaves were used, which were disinfected with water and 2%
chlorhexidine and then treated by immersion in 70% ethyl alcohol for 30 secund, 2.5% NaCL for 3 minute and sterile distilled
water for 5 minute. Afterwards, the samples were macerated and inoculated 20uL of the macerated in a sterile manner in Petri
dishes containing PDA culture medium (20% Potato Infusion, 20% Glucose, 1.7% Agar - KASVI® - Model: K25-610102)
added of 100uL terramycin (1mg /mL) to inhibit bacterial growth in the isolation of fungi, incubated at 28 °C for 48 h. After
the growth of the microorganisms, they were isolated, through successive replications in solid PDA culture medium until
obtaining isolated colonies, then they were stored at 4 °C and numerically cataloged (Guimar&es et al., 2010; Azevedo, Costa,
1973).

After the isolation of the endophytes, the purification was used the Technique of Tween or by successive repetitions
(Azevedo, Costa, 1973). Fungal isolates were stored in triplicate, according to the methodology of Castellani (1939) and stored
at 4 °C. The endophyte frequencies were calculated through the number of colonies obtained divided by the number of
incubated fragments.

The endophytic fungi were sterilely inoculated 20uL in 25 mL of malt extract fermentation medium (Nitrogen 0.55%,
Protein 4.4%, Ash 3.8%, Sodium chloride 0.7% - HIMEDIA® - Model: RM004B-500G) for 48 h under stirring (200 rpm) at
28°C. The mycelium was filtered and inoculated into 50 mL of Czapek culture medium (3.0% sucrose; 0.2% NaNO3; 0.1%
K2HPO4; 0.05% MgS04.7H20; 0.05% KCL; FeS0O4.7H20 0.001%) added 20 mg of dried leaves as elicitors under agitation
(200 rpm) for 15 days, in parallel, fungi were also cultivated without the addition of biotic elicitor as negative control of
experiment (Guimaraes et al., 2010; Gao, Yong, Dai, 2011).

After the elicitation process, the mycelia were separated by filtration. The fungal fluid was partitioned with ethyl
acetate and butanol and concentrated in a rotary evaporator. The mycelial biomass extract was obtained from infusion in
methanol for 7 days (Figure 1). Subsequently, each extract obtained was submitted to antimicrobial tests in order to assess its

inhibitory capacity (Guimardes et al., 2010; Gao, Yong, Dai, 2011).
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Figure 1: Protocol for obtaining fungal extracts.
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The antimicrobial activity of the elicited extracts was evaluated through adaptations of the agar diffusion method,
described by Kirby and Bauer (1996). We used strains of Gram negative bacteria Klebsiella pneumoniae and Proteus mirabilis,
isolated from clinical urine samples, kindly provided by the Sdo Luis Laboratory, located in the city of Teresépolis, RJ, Brazil.
The microorganism colonies were suspended in sterile distilled water until obtaining 0.5 degree Mac Farland turbidity;
obtaining an inoculum of 108 bacteria/mL of suspension.

Then, the cells were inoculated in Mueller-Hinton agar and distributed on the culture medium with swab in all
directions, trying to cover the entire surface, with the aid of an automatic pipette and sterile tip, 10uL of the extract was
dripped onto paper. of filter and this was added to the center of the plate (Test Plate). Plates 28 were incubated for 24 h at
37°C, all tests were performed in triplicate.

Then, the cells were inoculated on Mueller-Hinton agar and distributed on the culture medium with swab covering the
entire surface.

The extracts were diluted in sterile water until reaching the final concentration of 250 ug/mL and 10 pL of the extract
was dropped onto filter paper and added to the center of the plate. Then, the plates were incubated for 24 h at 37 °C. The
following were used as control of the experiment: the extract without the elicitor, sterile distilled water and standardized
antimicrobial discs: AMP = (ampicillin 10 mg), SFT = (sulfazotrim 25 mg), TET = (tetracycline 30 mg), GEN = (gentamicin
10 mg), CIP = (ciprofloxacin 5 mg), LVX = (levofloxacin 5 mg), CFL = (cephalothin 30 mg) and IPM = (imipinem 10 mg)
from the LABORCLIN® brand. The experiments were carried out in triplicate.

The growth of the strains tested to the different extracts was semi-quantified by measuring the halo of inhibition, in a
millimeter scale and compared with the control plates. The analysis of the inhibition efficiency of the extract was performed
using the percentage of inhibition parameter. This parameter was obtained through the following equation: % | = Hextract —

Hsolvent / Hextract x 100. Where: Hextract - is the average of three measurements of the inhibition halo of the extract; Solvent
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- is the average of three measurements of the solvent inhibition halo.

3. Results and Discussion

Nineteen endophytic fungi were isolated, which were separated through macroscopic analysis of their colonial
morphology and were duly cataloged (Figure 2). The isolates were grown in Petri dishes containing the PDA culture medium,
added with terramycin, suggesting that they are resistant species to this antibiotic. It was not possible to identify the fungi in
the present study, due to the taxonomic complexity of the different species, however, in the studies by El-Hawary et al. (2016),
endophytic fungi of the species Solanum nigrum L., also belonging to the Solanaceae family, were isolated, identifying the
fungi: Aspergillus flavus, Aspergillus sp, Fusarium avenaceum strain, Aspergillus oryzae strai, Nectria rigidiuscula, Fusarium

sp, Microdiplodia sp, Paraconiothyrium sp in Eurothiomycetes sp.

Figure 2: Isolated endophytic fungi from leaves of B. suaveolens Bercht. & J. Presl. Endophytic fungi isolated from the leaves.

Nineteen different endophytic fungi were isolated and coded as BS 1 to BS 19.

Source: Authors.

The frequency of isolation of endophytic fungi of Brugmansia suaveolens Bercht. & J. Presl (Table 1) was mainly
detected in the leaves of the plant, which suggests that after the entry of microorganisms through the leaves, there is a
migration to the different tissues of the plant, due to the stomata, likely ports of entry for endophytes.

The frequency of isolation of endophytic fungi was also described for the leaves of tropical plants Pueraria
phaseoloides (72.5%) and Theobroma grandiflorum (58.7%) (Galvéo, 1998).
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Table 1: Frequency of endophytic fungi isolated from Brugmansia suaveolens Bercht. & J. Presl leaves.

Type of plant tissue Total
Host plant Leaf frequency (%)
Isolated quantity Incubated fragments a y
Brugmansia suaveolens 0
Bercht. & J. Presl 19 S 38,00%

Source: Authors.

Fungi BS4 (11.35%), BS11 (10.92%), BS12 (11.50%) and BS16 (12.87%) had higher average yields compared to
other isolated fungi (Table 2). Microbial extracts when produced on a small scale enable a reduced cost in in vitro assays. It is
possible to show that microbial transformation is an effective and versatile tool for the discovery of new bioactive compounds

with antimicrobial activity

Table 2: Yield of fungal extracts.

Fugu cod. AcOEt (%) BuOH (%) MeOH (%) Aqueous (%) Average yield (%)
BS1 9,8% 10,9% 9,3% 12,0% 10,5%
BS2 4,5% 7,6% 8,7% 7,8% 7,15%
BS3 10,2% 6,9% 5,5% 9,8% 8,10%
BS4 9,9% 8,7% 7,6% 19,2% 11,35%
BS5 10,0% 9,8% 6,3% 10,2% 9,07%
BS6 6,9% 5,5% 4,7% 10,2% 6,82%
BS7 7,6% 10,5% 8,7% 9,7% 9,12%
BS8 6,5% 6,7% 7,6% 7,1% 6,97%
BS9 10,0% 7,6% 10,9% 8,7% 9,35%
BS10 9,9% 9,6% 10,6% 6,9% 9,25%
BS11 9,7% 4,9% 15,9% 11,2% 10,92%
BS12 10,9% 9,9% 15,6% 9,6% 11,50%
BS13 6,8% 5,7% 4,9% 7,9% 6,32%
BS14 7,7% 4,3% 9,7% 9,3% 7,75%
BS15 10,0% 4,5% 7,7% 9,1% 7,82%
BS16 6,9% 10,8% 19,7% 10,1% 11,87%
BS17 11,1% 9,3% 12,3% 7,7% 7,25%
BS18 7,8% 5,6% 8,9% 6,7% 7,25%
BS19 6,7% 7,7% 8,9% 9,2% 8,12%

Source: Authors.

Microorganisms have the ability to produce a wide variety of both primary and secondary metabolites, including
enzymes, amino acids, vitamins, pigments, immune response modulating agents, toxins, anti-tumor agents, plant growth
factors and antimicrobial substances (Li, et al., 2001; Li, Strobel, 2001; Stamford, Aradjo, Stamford, 1994; Kleinkauf, Von
Dohren, 1990; Alexopoulos, Mims, 1996, Demain, 1992, Trilli, Michilini, Montovani, et al., 1978; Bach, Kimati, 1999; Wang
et al., 2000; Rodrigues, Hesse, Werner, 2000; ElI-Hawary, 2016).

The extracts from fungi BS9 and BS17 showed the best antimicrobial activity against the gram negative bacterium
Proteus mirabilis, extracted both with BUOH and AcOEt solvents. As well as the fungi BS1, BS9 and BS17, showed better
activity against the bacteria Klebsiella pneumoniae, extracted with BUOH and AcOEt. The fractions that showed the highest
activity were those of BUOH origin (Table 3). The results demonstrate that the leaves function as natural elicitors for these

fungi, stimulating the production of molecules with antimicrobial activity.
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Table 3: Antimicrobial activity of fungal extracts against P. mirabilis and K. pneumoniae extracted from dry leaves. Bacterial

growth positive (+); H20 = 00, 00% (not showed activity); white (no elicitor) = 00.00% (showed no inhibition).

Proteus mirabilis Klebsiella pneumonia
Code H20 BuOH AcOEt MeOH H20 BuOH AcOEt MeOH
Fungus (%) (%) (%) (%) (%) (%) (%) (%)
BS1 00,00% 00,00% 00,00% 00,00% 00,00% 80,00% 90,00% 80,00%
BS2 00,00% 00,00% 00,00% 00,00% 00,00% 85,71% 90,00% 33,33%
BS3 30,33% 00,00% 84,61% 00,00% 00,00% 87,50% 88,23% 33,33%
BS4 23,33% 90,00% 87,50% 00,00% 00,00% 86,66% 88,23% 60,00%
BS5 46,00% 00,00% 00,00% 33,33% 60,00% 60,00% 60,00% 83,33%
BS6 00,00% 60,00% 60,00% 33,33% 33,33% 60,00% 60,00% 00,00%
BS7 68,23% 60,00% 00,00% 00,00% 00,00% 00,00% 88,23% 00,00%
BS8 57,50% 00,00% 00,00% 00,00% 00,00% 00,00% 60,00% 00,00%
BS9 40,00% 90,47% 88,23% 60,00% 60,00% 80,00% 90,00% 20,00%
BS10 30,00% 00,00% 00,00% 00,00% 00,00% 00,00% 87,50% 00,00%
BS11 00,00% 00,00% 00,00% 00,00% 60,00% 00,00% 00,00% 81,81%
BS12 10,00% 00,00% 00,00% 00,00% 33,33% 00,00% 00,00% 20,00%
BS13 20,00% 00,00% 00,00% 00,00% 00,00% 81,81% 83,33% 00,00%
BS14 10,00% 00,00% 60,00% 33,33% 80,00% 33,33% 00,00% 33,33%
BS15 14,61% 00,00% 00,00% 00,00% 00,00% 86,66% 00,00% 60,00%
BS16 40,00% 33,33% 00,00% 00,00% 00,00% 20,00% 80,00% 60,00%
BS17 38,23% 85,71% 80,00% 33,33% 60,00% 81,8% 84,61% 33,33%
BS18 60,00% 00,00% 60,00% 81,81% 33,33% 81,81% 00,00% 83,33%
BS19 00,00% 00,00% 60,00% 20,00% 00,00% 00,00% 81,81% 20,00%
White (no
elicitor) 00,00%
H20 00,00%

bacterial growth

+

Source: Authors.

The results of the antibiograms are shown in Table 4.

Table 4: Results of commercial antibiotic control tests for each microorganism. AMP = (ampicillin 10 mg), SFT =

(sulfazotrim 25 mg), TET = (tetracycline 30 mg), GEN = (gentamicin 10 mg), CIP = (ciprofloxacin 5 mg), LVX =

(levofloxacin 5 mg), CFL = (cephalothin 30 mg) and IPM = (imipinem 10 mg), variable according to the antibiotics used.

Microrganism

Control Resistant

Control Sensitive *

Klebsiella pneumoniae

AMP, SFT, TET

GEN, CIP, LVX

Proteus mirabilis

AMP, CFL, TET

AMI, IPM, GEN.

Source: Authors.

Of the extracts presented in this work, 53% of the elicited extracts showed antimicrobial activity against Proteus

mirabelis and Klebsiella pneumoniae, being 33% extracted by H20, 31% extracted by BuOH, 42% extracted by AcOEt and

36% extracted by MeOH, showing inhibition for strain of Proteus mirabelis. In contrast, 42% extracted by H20, 68% extracted

by BUOH, 73% extracted by AcOEt and 73% extracted by MeOH showed antimicrobial activity against the bacteria Klebsiella

pneumoniae (Figure 2).
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Figure 2: Percent inhibition of the respective fractions against K. pneumoniae and P. mirabelis strains.
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Source: Authors.

In the studies by Zheng et al. (2011), 170 endophytic fungi derived from Cymodocea serrulata, Ovalis halophila and
Thalassia hemprichii were isolated, which were evaluated for their ability to produce antimicrobial compounds against 10
human pathogenic microorganisms. About 69% of the isolates exhibited antimicrobial activity against at least one test strain.
Among the active fungi, 7 isolates exhibited strong antimicrobial activity.

In a recent study, Ting et al. (2013) 11 investigated 39 endophyte fungi, 21 were able to produce substances in vitro
while the others were not active. Furthermore, the most active broth of endophyte IV 403 was extracted with ethyl acetate and
n-butanol, and comparisons of the antifungal activity of the extracts indicated that the main active metabolites were extracted
by the ethyl acetate fraction.

Similar results can be observed in the present study, in which these solvents present effective extraction of
metabolites. It is possible to show that elicitation is an effective and versatile tool for the discovery of new bioactive
compounds with antimicrobial activity, being advantageous when compared to conventional synthetic methods. The elicitation
of cell culture systems is promising, since they presented favorable results in the fermentation of antimicrobials and other
fermented products; improving the secondary metabolism of plants or cells in vitro (Broecling, et al., 2004; Qian, et al., 2006;
Yoshikawa, et al., 1993).

4. Conclusion

The results of this study reveal that biotic elicitation was successfully employed for the production of secondary
metabolites from the endophytes of Brugmansia suaveolens Bercht. & J. Presl. This is the first study aimed at biotic elicitation
using endophytic fungi and B. suaveolens Bercht. & J. Presl leaves themselves as elicitors in cultivation, demonstrating a
promising antimicrobial source against gram negative bacteria.

This study reflects the potential of biotic elicitation of endophytes in the production of novel and bioactive substances
and shows the urgent need to study the microbiota associated with plant species in the Brazilian flora, considering the risk of
loss of endophytic biodiversity, due to the rapid reduction of tropical florests. A more detailed exploration is needed to
elucidate the precise mechanism of secondary metabolite production induced by endophyte fungi.

Thus, it demonstrated that biotic elicitation is an effective tool for the production of secondary metabolites from the

leaves of B. suaveolens Bercht. & J. Presl, strain producing antimicrobial compounds. The use of endophytic fungi proved to
8
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be promising and evidenced the probable production of compounds not yet described in the literature, of an innovative nature,
encouraging the continuation of future research by the group.

Acknowledgments
The authors thank the Universidade Federal do Rio de Janeiro, Centro Universitario Serra dos Orgdos and the

Farmanguinhos - Fiocruz, for their support in carrying out the work.

References

Alexopoulos, C. J., & Mims, C. W. (1996). Introductory Mycology. 4th edition. John Wiley & Sons INC, USA. 869p.
Azevedo, J. L., & Costa, S. O. P. (1973). Exercicios Praticos de Genética. Companhia Editora Nacional — EDUSP, 288 p.

Bach, E. E., & Kimati, H. (1999). Purification and Characterization of Toxins from Wheat Isolates of Drechslera tririci-repentis, Bipolaris bicolor, and
Bipolaris sorokiniana. Journal of Venomous Animals and Toxins, 5(2): 184-199. https://doi.org/10.1590/S0104-79301999000200006

Bauer A. W., Kirby W. M. M., & Sherris J. C. (1996). Turck M. Antibiotic susceptibility testing by standardized single method. Am. J. Clin. Pathol. 45:493-
496. PMID: 5325707.

Bracjet, A., Mateus, L., Cherkaooui, S., Christen, P., Gauvrit, J.-Y., Lantéri, P., & Veuthey, J.-L. (1999). Apllication of central composite designs in the
supercritical fluid extraction of tropane alkaloids in plant extracts. Analysis, v. 27, p. 772- 778. 10.1051 / analusis: 1999143

Broecling, C. D. Huhman, D. V. Farag, M. A. Smith, J. T. May, G. D. Mendes, P. Dixon, R. A. & Summer L. W. (2005). Metabolic profiling of Medicago
truncatula cell cultures reveals the effects of biotic and abiotic elicitors on metabolism. J Exp Bot, 56(410): 323-36.

Candido, R. C., Toloi, M. R. T., Frnaceschini, S. A., Garcia, F. R. & Minto, E. C. M. (1998). In vitro activity of antimycotic agents determined by E-test
method against vagina shape Candid a species. Mycopathologia. 144 (1), 15 - 20.

Castellani, A. (1939). Viability of Mold Culture of Fungi in Distilled Water. J. Trop. Med. Hyg. 42: 225

Cusido, R. M., Palazon, J., Pifiol, M. T., Bonfill, M., & Morales, C. (1999). Datura metel: in vitro production of tropane alkaloids. Planta Medica, 65, 144-
148.

Demain, A. (1992). Microbial Secondary Metabolism: a New Opportunity for Industry. Ciba Foundation Symposium. 3-23.

El-Hawary, S. S., Mohammed, R., AbouZid, S. F., Bakeer, W., Ebel, R., Sayed, A. M., & Rateb, M. E. (2016). Solamargine production by a fungal endophyte
of Solanum nigrum. Journal of Applied Microbiology, 120, 900—911.

Galvdo, R. M. S. (1998). Variabilidade Genética Detectada por RAPD em Glomerella cingulata, um dos fungos endofiticos mais frequentes, isolados de
Theobroma grandiflorum, Pueraria phaseoloides e Scleria pterota. Masters dissertation, UFSCar/UFAM. Manaus, Amazonas. 151p.

Gao F. Yong Y. & Dai. C. (2011). Effects of endophytic fungal elicitor on two kinds of terpenoids production and physiological indexes in Euphorbia
pekinensis suspension cells. J. Med. Plant. Res. 5(18), 4418-4425. https://doi.org/10.5897/JMPR.9000519

Guimaraes, D. O., Da Silva. Momesso, L., & Pupo, M. T. (2010). Antibi6ticos: Importancia Terapéutica e Perspectivas para a Descoberta e Desenvolvimento
de Novos Agentes. Quimica Nova, 33(3), 667-679. https://doi.org/10.1590/S0100-40422010000300035

Kleinkauf, H., & Von Dohren, H. (1990). Biosynthesis of Peptide Antibiotics. European Journal of Biochemistry, 192: 1-15. PMID: 2205497 10.1111 /
j.1432-1033.1990.th19188.x

Li, J. Y., Harper, J. K., Grant, D. M., Tombe, B. O., Bashyal, B., Hess, W. M., & Strobel, G. A. (2001). Ambuic Acid, a Highly Functionalized Cyclohexenone
with Antifungal Activity from Pestalotiopsis spp. and Monochaetia sp. Phytochemistry, 56(5): 463-468.

Li, J. Y, & Strobel, G. A. (2001). Jesterone and Hydroxy-Jesterone Antioomycete Cyclohexenone Epoxides From the Endophytic Fungus Pestalotiopsis
jesteri. Phytochemistry, 57(2): 262-265.

Liu, D. Z.,, Liang, B. W., Li, X. F., & Liu, Q. (2014). Induced production of new diterpenoids in the fungus Penicillium funiculosum. Natural Product
Communications, 9(5), 607 - 608. https://doi.org/10.1177/1934578X1400900502

NCSLI Clinical and laboratory standards institute. (2011). Performance standards for antimicrobial susceptibility testing, 21st informational supplement. CLSI
document M100-S21. Clinical and Laboratory Standards Institute, Wayne, PA, 2011.

9


http://dx.doi.org/10.33448/rsd-v10i14.21646
https://doi.org/10.1177%2F1934578X1400900502

Research, Society and Development, v. 10, n. 14, e113101421646, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i14.21646

Nogueira, L. G. (2009). Determinagéo do potencial bioldgico e antioxidante de extratos de casca de raiz de Maytenus ilicifolia (Celastraceae). 88p. Masters
dissertation, Araraquara. Universidade Estadual Paulista. “Julio de Mesquita Filho”. Faculty of Pharmaceutical Sciences.

Oliveira, R. B., Pires S. A. G. & Costa, F. B. (2003). In: Plantas tdxicas. Conhecimento e prevencéo de acidentes. Ed. Holos, p. 34-37.

Otero, J. M., & Nielsen, J. (2010). Industrial systems biology. Biotechnol. Bioeng, 105, 439-460. https://doi.org/10.1002/bit.22592

Penna, C., Marinos, S., Vivot, E., Cruafies, M. C., Munoz, J. D., Cruanes, J., Ferraro, G., Gutkind, G. & Martino, V. (2001). Antimicrobial activity of
Argentine plants used in the treatment of infectious diseases. Isolation of active compounds from Sebastiania brasiliensis. Journal of Ethnopharmacology, 77

(1), 37 - 40.

Qian, Z. G. Zhao, H. J. Xu, Y. Qian, X. & Zhong J. J. (2006). Novel chemically synthesized salicylate derivative as an effective elicitor for inducing the
biosynthesis of plant secondary metabolites. Biotechnol Prog. 22(1): 331-3.

Radman, R. Saez, T. Bucke, C. & Keshavarz T. (2003). Elicitation of plant and microbial systems. Biotechnol Appl Biochem. 37: 91-102.

Ribeiro, I. & Ribeiro, M. H. L (2008). Naringin and naringenin determination and control in grapefruit juice by a validated HPLC method. Food Control. 19,
n.4, p.432-438. https://doi.org/10.1016/j.foodcont.2007.05.007

Rodrigues, K. F., Hesse, M., & Werner, C. (2000). Antimicrobial activities of secondary metabolites produced by endophytic fungi from Spondias mombin.
Journal Basic Microbial, 40(4): 261-267.

Salvador, M. J., Ferreira, E. O., Pral, E. M. F., Alfieri, S. C., Albuguerque, S., Ito, I. Y. & Dias, D.A. (2002). Bioactivity of crude extracts and some
constituents of Blutaparon portulacoides (Amaranthaceae). Phytomedicine, 9 (6), 566 - 571.

Simdes, C. M. O., Schenkel, E.P., Gosmann, G., Mello, J. C. P. De, Mentz, L. A. & Petrovick, P. R. (1999). Farmacognosia da planta ao medicamento.
UFRGS e UFSC, 821p.

Stamford, T. L. M., Aradjo, J. M., & Stamford, N. P. (1998). Atividade enzimética de microrganismos isolados do Jacatupé (Pachyrhizus erosus L. Urban).
Ciénc. Tecnol. Aliment.18(4): 382-385. https://doi.org/10.1590/S0101-20611998000400004

Strobel GA, Daisy B, Castillo U. Harper J. (2004). Natural products from endophytic microrganisms. J Nat Prod, 67(2):257-268.

Ting, D., Wei, S. W, Xia, Q. Y. & Yang, J. H. (2013). Studies on some active components and antimicrobial activities of the fermentation broth of endophytic
fungi DZY16 isolated from Eucommia ulmoides oliv, Afr. J. Biotechnol. 12 15.

Trilli, V., Michilini, V., Montovani, V., & Pirt, S. J. (1978). Development of the agar disk method for the rapid selection of cephalosporim producers with
improved yields. Antimicrobial Agents and Chemotherapy, 13(1): 7-13. https://doi.org/10.1128/AAC.13.1.7

Wang, J., Li, G., Lu, H., Zheng, Z., Huang, Y., & Su, W. (2000). Taxol from Tubercularia sp. strain TF5, an endophytic fungus of Taxus mairei. FEMS-
Microbiology Letters, 193: 249-253. https://doi.org/10.1111/j.1574-6968.2000.tb09432.x

Wau, F & Tanksley, S. D. (2010) Chromosomal evolution in the plant Family Solanaceae. Bmc Genomics 11, 182.

Yoshikawa, M. Yamaoka, N. & Takeuchi, Y. (1993). Elicitors: Their significance and primary modes of action in the induction of plant defense reactions.
Plant Cell Physiol, 34: 1163-1173. https://doi.org/10.1093/oxfordjournals.pcp.a078537

Zhang H. W., Song Y. C. & Tan R. X. (2006). Biology and chemistry of endophytes. Nat Prod Rep 23:753-771.

Zheng, W., & Wang, S. Y. (2001). Antioxidant activity and phenolic compounds in selected herbs. J. Agric. Food Chemistry. Chicago: 49, 5165-5170.

10


http://dx.doi.org/10.33448/rsd-v10i14.21646

