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Abstract
The purpose of the present study was to discover antimicrobial endophytic fungi from Astragalus chinensis. Three fungal 
endophytes with antibacterial activity were isolated and determined as Chaetomium sp. HQ-1, Fusarium sp. HQ-7 and 
Fusarium sp. HQ-9 based on the neighbor-joining phylogenetic tree. Chaetomium sp. HQ-1 showed the best antibiotic 
potential and was thus selected for large-scale fermentation. Bioactivity-directed separation of ME fermentation of strain 
HQ-1 led to the discovery of three compounds, which were identified as differanisole A (1), 2,6-dichloro-4-propylphenol 
(2) and 4,5-dimethylresorcinol (3), from the HR–ESI–MS and NMR data analysis. All three compounds exhibited moderate 
antibacterial activity against Listeria monocytogenes, Staphylococcus aureus, and methicillin-resistant S. aureus, with MIC 
values ranging from 16 to 128 μg/mL. Compounds 1 and 3 also displayed promising antifungal activity against Selerotium 
rolfsii with IC50 values of less than 16 and 32 μg/mL, respectively, which were comparable to that of actidione (8 μg/mL). 
The findings of the present study suggest that the endophytic fungi from A. chinensis have the potential to be used as bac-
tericides and fungicides.
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Introduction

The constant emergence of antibiotic-resistant bacteria, such 
as methicillin-resistant Staphylococcus aureus (MRSA), 
vancomycin-resistant Enterococcus (VRE), and carbap-
enem-resistant Acinetobacter baumannii, has shown that 

drug resistance is spreading faster and becoming a serious 
global public health problem (Basak et al. 2016). It has been 
reported that approximately 700,000 people are killed by 
antibiotic-resistant bacteria every year, and this number will 
continue to increase if efforts are not made against this prob-
lem (Willyard 2017). However, in recent decades, the types 
of antibacterial drugs approved by the FDA have been con-
tinuously reduced (Boucher et al. 2009; Lewis 2012). Fluo-
roquinolone, an antibiotic discovered 40 years ago, is the 
latest anti-Gram-negative bacteria drug that has been intro-
duced to the market (Spellberg 2012). Due to the emerging 
new diseases and serious bacterial drug resistance, the need 
for novel antibiotics is ever increasing.

In general, there are three pathways for discovering new 
pharmaceutical molecules: rational drug design, chemical 
synthesis and natural product discovery. Due to unique struc-
tures, low costs and potent bioactivities, natural product drug 
discovery has regained the interest of chemists, biologists, 
and pharmacologists (Newman and Cragg 2016). Natural 
products from plants have been shown to be one of the most 
promising. However, the quantity of many bioactive com-
pounds in plant tissues is not sufficient. To address this issue, 
endophytes were discovered and exploited. Endophytes, 
which are microorganisms (mostly bacteria and fungi) that 
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reside in plants during a period of their life cycle (Strobel 
2003), may produce similar bioactive compounds as their 
plant hosts. In addition, to adapt to the special internal envi-
ronment of organisms, they usually have unique physiologi-
cal and metabolic mechanisms, increasing the possibility 
of producing new active substances (Tan and Zou 2001). 
Recently, endophytes have become a hot spot and been 
proven to be underexplored resources for the discovery of 
natural products (Martinez-Klimova et al. 2017; Alvin et al. 
2014).

Astragalus, a kind of traditional Chinese medicinal plant, 
is a prolific producer of structurally diverse molecules with 
interesting biological activities (Ibrahim et al. 2013; Li et al. 
2010; Liu et al. 2018; Wu et al. 2017; Li et al. 2014). A 
number of bioactive metabolites from the endophytes of 
Astragalus have also been reported (Bashyal et al. 2017; Xu 
et al. 2013). However, in the case of endophytes from the 
Chinese Astragalus chinensis, the antimicrobial potential has 
never been studied. Here, three endophytic fungi isolated 
from A. chinensis exhibited an ability to produce bioactive 
agents with antibiotic potential. One of the strains, Chaeto-
mium sp. HQ-1, contained three compounds with antifungal 
and antibacterial activity that were further isolated. These 
results provided a scientific basis for the exploitation of 
endophytes of A. chinensis as biological sources of antimi-
crobial activity.

Materials and methods

Isolation and identification of endophytic fungi

Astragalus chinensis was collected in Tai’an, Shandong 
Province, China. According to methods detailed previously 
(Schulz et al. 1993) with some modifications, the fungi 
were isolated from the tissue of healthy A. chinensis. The 
tissues were washed sufficiently with distilled water and 
sterilized as follows. Tissue samples were soaked in 75% 
ethanol for 2 min, 5% hypochlorite for 3 min, 75% ethanol 
for 2 min, and finally rinsed with sterile distilled water for 
5 min. Subsequently, samples were cut into pieces (1 cm2 
of the leaf and 1 cm length of the stem) and placed onto 
potato dextrose agar (PDA) supplemented with 50 µg/mL 
ampicillin to inhibit bacterial growth. These samples were 
incubated aerobically for 7 days at 28 °C. The pure colonies 
were transferred to fresh medium (PDA) and preserved at 
4 °C for further use.

Fungal genomic DNA was extracted with a Fungal DNA 
Kit (OMEGA) according to the manufacturer’s recommen-
dations. ITS gene amplification and sequencing were per-
formed by BioSune Inc. (Shanghai). The ITS gene sequence 
of each isolate obtained from A. chinensis was subjected to 
a BLAST search in GenBank. The closely related strains 

were obtained to establish a neighbor-joining distance tree 
using MEGA 7.0 with 1000 bootstrap replicates (Visser 
et al. 2012).

Fermentation of the endophytic fungi

The fungal mycelia of each isolate were inoculated into two 
250 mL Erlenmeyer flasks, one containing 100 mL of potato 
dextrose (PD) broth and the other containing 100 mL of 
malt extract (ME) liquid medium (Tian et al. 2015), and 
cultured for 10 days at 28 °C on a rotary shaker (150 rpm). 
The broth culture was filtered through two layers of muslin 
cloth and refiltered through a 0.22 µm bacterial filter (Zhao 
et al. 2017). The sterile fermentation broth was preserved at 
4 °C for further bioactivity testing.

Antibacterial activity of the fungal fermentation 
broth

The antibacterial activity of the fermentation broth was 
screened against 3 gram-positive pathogens, S. aureus 
(ATCC25923), MRSA (local isolate) and Listeria monocy-
togenes (CGMCC1.10753), as well as 2 gram-negative bac-
teria, E. coli (local isolate) and Salmonella enterica subsp. 
enterica serovar (ATCC10708) using the agar well diffu-
sion method (Sharma et al. 2016). The bacteria were spread 
on Luria–Bertani (LB) agar plates (1% peptone, 0.5% yeast 
extract, 1% NaCl, 1.5% agar). Then, the wells were bore on 
the plates, and 100 µL of fermentation broth was poured 
into the wells using ampicillin (50 μg/mL) as a positive con-
trol and fresh LB medium as a negative control. After an 
incubation for 24 h at 37 °C, the inhibition zone diameters 
were determined. Three replicates were carried out for each 
antibacterial activity test. The fungal strain that showed the 
best bioactivity, was selected for upscale fermentation using 
the medium with better performance (ME).

Extraction, purification and characterization 
of an antibacterial compound

The upscale fermentation was performed in a 1000 mL 
Erlenmeyer flask containing 400 mL of ME broth. After 
10 days of cultivation at 28 °C on a rotary shaker at 150 rpm, 
the fermentation broth (10 L) was filtered and extracted with 
ethyl acetate. The solvent was removed by rotary evaporation 
to yield a weight of 5.2 g of crude extract.

The crude extract was fractionated by column chromatog-
raphy over silica gel (200–300 mesh) eluting with petroleum 
ether/acetone mixtures of increasing polarity (100:1, 50:1, 
25:1, 10:1, 5:1, v/v) to obtain five fractions (F1 ~ F5). The 
eluted fractions were tested for antibacterial activity using the 
agar well diffusion method (as described above). Fractions 
that inhibited the growth of bacteria were then purified on a 
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Sephadex LH-20 and semipreparative reversed-phase HPLC 
to afford compounds 1 (51 mg), 2 (9 mg) and 3 (12 mg).

The structures of the bioactive compounds were identified 
using an Agilent G6230 TOF mass spectrometer and a nuclear 
magnetic resonance (NMR) spectrometer (Bruker Avance 600, 
Germany). 1H NMR and 13C NMR spectra were measured 
in acetone-d6 using tetramethylsilane (TMS) as an internal 
standard.

Determination of the minimum inhibitory 
concentration

The minimum inhibitory concentration (MIC) was determined 
according to the method described by Sharma et al. (Sharma 
et al. 2016) with some modifications. First, stock solutions of 
the compounds or ampicillin were prepared (256 μg/mL in LB 
broth). Then, the solutions were diluted using a twofold serial 
dilution method in sterile 5 mL tubes with LB broth (1 mL/
tube). Subsequently, an equal volume of overnight-grown bac-
terial culture was added to each tube. The final concentrations 
of the compounds in the eight tubes were 128, 64, 32, 16, 8, 4, 
2 and 1 μg/mL. LB broth was used as a negative control. The 
tubes were all incubated at 37 °C for 24 h on a rotary shaker 
at 200 rpm. The minimum inhibitory concentration (MIC) 
was determined as the lowest concentration that inhibited the 
growth of the tested microorganism.

Antifungal activity of the compound

The four plant pathogens, Selerotium rolfsii, Fusarium mon-
iliforme, Fusarium stratum and Fusarium oxysporum, used 
for antifungal activity determination were all isolated and 
identified in our laboratory. The assay was performed as 
described previously (Zhang et al. 2013) with minor modi-
fications. Different concentrations of compounds were pro-
duced by a twofold serial dilution method and mixed com-
pletely with preheated PDA in Petri dishes (9 cm diameter). 
The final concentrations of the compounds ranged from 
128 to 1 μg/mL. Actidione was used as a positive control. 
The mycelia of the test fungi were transferred onto the center 
of solidified medium and incubated at 28 °C for 6 days. The 
percent inhibition was calculated according to the following 
formula (1 − Da/Db) × 100, where Da is the colony diameter 
in the experimental plates (mm) and Db is the colony diam-
eter in the control plates (mm).

Results

Identification of endophytic fungi

Three fungi with different morphotypes were isolated from 
A. chinensis (one from the leaf and two from the stem) 

(Fig. 1). Their ITS genes were amplified and sequenced 
(GenBank accession number MK597925–MK597927). Phy-
logenetic analysis of the ITS gene sequences revealed that 
the endophytic fungi from A. chinensis did not form a mono-
phyletic group. As evident from the neighbor-joining tree 
(Fig. 2), the most closely related species of strain HQ-1 was 
Chaetomium rectangulare IRAN1641C (99.44%) (Asgari 
and Zare 2011). Thus, strain HQ-1 is a member of the genus 
Chaetomium. Similarly, isolates HQ-7 and HQ-9 were both 
identified as members of the genus Fusarium.

Antibacterial activity of the fermentation broth 
by the agar well diffusion method

The ME and PD fermentation broth of the three fungi were 
tested against gram-positive and gram-negative bacteria 
using the agar well diffusion method. As shown in Table 1, 
the ME fermentation broth exhibited more effective anti-
bacterial activity than the PD broth. Among the tested 
endophytic fungi, the ME broth of Chaetomium sp. HQ-1 
exhibited the highest zones of inhibition (17 mm against S. 
aureus, 18 mm against MRSA, 16 mm against L. monocy-
togenes, 15 mm against E. coli and 11 mm against S. enter-
ica subsp. enterica serovar). Thus, Chaetomium sp. HQ-1 
was selected for further research.

Structural characterization of bioactive compounds

Compound 1, obtained as an amorphous white pow-
der, was determined to have a molecular formula of 
C11H12Cl2O4 according to the Na+-ligand molecular ion at 
m/z 301.0034 (calcd for C11H12Cl2O4Na, 301.0036) from 
its high-resolution electrospray ionization mass spectrom-
etry (HR–ESI–MS) analysis (Fig. S1). 1H NMR (Fig. S2) 
(600 MHz; acetone-d6; δ, ppm; J, Hz): 3.91 (3H, s), 3.09 
(2H, t, J = 8.4), 1.63 (2H, dt, J = 7.8, 8.4), 1.00 (3H, t, 
J = 7.8). 13C NMR (Fig. S3) (150 MHz; acetone-d6; δ, ppm): 
171.9, 157.8, 157.1, 142.8, 121.5, 115.8, 113.3, 60.9, 34.7, 
23.8, 14.5. These data were identical to those of differanisole 
A (Oka et al. 1985) (Fig. 3).

Compound 2, an amorphous white powder, was shown 
to have a molecular formula of C9H10Cl2O from its proto-
nated molecular ion at m/z 205.0802 in its HR–ESI–MS 
(Fig. S4) (C9H11Cl2O requires 205.0799). 1H NMR (Fig. 
S5) (600 MHz; acetone-d6; δ, ppm; J, Hz): 8.01 (1H, s), 6.17 
(2H, s), 2.41 (2H, t, J = 8.4), 1.56 (2H, dt, J = 7.8, 8.4), 0.90 
(3H, t, J = 7.8). 13C NMR (Fig. S6) (150 MHz; acetone-d6; 
δ, ppm): 159.3, 145.6, 107.7, 107.6, 100.9, 100.8, 38.7, 25.1, 
14.1. These data were identical to those of 2,6-dichloro-
4-propylphenol (Christie et al. 1977) (Fig. 3).
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Compound 3, isolated as an amorphous white pow-
der, was shown to have a molecular formula of C8H10O2 
by the Na+-ligand molecular ion at m/z 161.0716 in its 
HR–ESI–MS spectrum (Fig. S7) (C8H10O2Na requires 
161.0712). 1H NMR (Fig. S8) (600 MHz; acetone-d6; 
δ, ppm; J, Hz): 7.96 (1H, s), 7.82 (1H, s), 6.24 (1H, s), 
6.18 (1H, s), 2.12 (3H, s), 2.00 (3H, s). 13C NMR (Fig. 
S9) (150 MHz; acetone-d6; δ, ppm): 156.5, 156.2, 138.9, 
114.1, 108.2, 100.7, 20.3, 11.0. These data were identi-
cal to those of 4,5-dimethylresorcinol (Ogata and Shibata 
2004) (Fig. 3).

MIC of the bioactive compounds

The MIC values of the three compounds were determined 
by a tube dilution technique against 3 gram-positive and 2 
gram-negative bacteria. As reported in Table 2, compound 
1 showed an MIC of 16 μg/mL for L. monocytogenes and 
an MIC of 128 μg/mL for S. aureus and MRSA. When 
compared to differanisole A, the antibiotic ampicillin 
exhibited higher antibacterial activity against L. monocy-
togenes and S. aureus (MIC of 2 μg/mL), but lower activity 
against the resistant pathogen MRSA (MIC > 128 μg/mL). 

Compounds 2 and 3 could inhibit the growth of L. mono-
cytogenes with MICs of 64 and 32 μg/mL, respectively.

Antifungal activity of bioactive compounds

Four plant pathogenic fungi were used for the antifungal 
activity determination of the three compounds, and actidi-
one was used as a positive control. As shown in Table 3, 
all the pathogenic fungi in the test were inhibited by Com-
pound 1. The inhibition rates increased with increasing 
concentration, and the inhibition rates against the different 
organisms ranged from 10.3 to 91.2% at a concentration 
of 128 μg/mL of 1. Particularly, differanisole A showed 
pronounced inhibitory activity against S. rolfsii with a 50% 
inhibitory concentration (IC50 value) of less than 16 μg/
mL, which was comparable to that of actidione (< 8 μg/
mL, Table 4). Compound 3 also displayed promising anti-
fungal activity (Table 5). The inhibition rates of 3 against 
the four plant pathogens ranged from 19.4 to 75.7% at 
128 μg/mL, and the IC50 value against S. rolfsii was less 
than 32 μg/mL. Compound 2 exhibited no activity against 
the four plant pathogens (data not shown).

Fig. 1   Fungal endophytes 
isolated from Astragalus chin-
ensis. a Image of an Astragalus 
chinensis plant; b–d images of 
fungal endophytes HQ-1, HQ-7 
and HQ-9, respectively; e the 
corresponding plant tissues 
from which the fungal endo-
phytes were isolated; f–h fungal 
endophytes fermented on ME 
and PD medium
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Discussion

Staphylococcus aureus is a major human pathogen that 
causes bacteremia, infective endocarditis and other clinical 
infections. These infections depend to a large extent on the 
dissemination of antibiotic-resistant strains, such as methi-
cillin-resistant S. aureus (MRSA) (Vuong et al. 2016). Lis-
teria monocytogenes is widespread in the environment and 

is the second leading cause of death due to food-borne 
bacterial outbreaks in the USA, with a mortality rate of 
20–25% (Hamon et al. 2006; Hoffmann et al. 2012). The 
first leading cause of food-borne infection is Salmonella. 
As estimated by the Centers for Disease Control and Pre-
vention (CDC), each year in the USA, S. enterica causes 
1.2 million infections, 24,000 hospitalizations, and 450 
deaths (Scallan et al. 2011). In view of this, four patho-
genic strains, S. aureus, MRSA, L. monocytogenes and S. 

Fig. 2   Neighbor-joining 
phylogenetic tree based on ITS 
sequences obtained from the 3 
fungal isolates. The endophytic 
strains are highlighted in bold. 
Numbers at the branch points 
are the bootstrap values based 
on 1000 resamplings. Bootstrap 
values of above 35% are shown 
at branch points. The scale bar 
represents 0.020 nucleotide 
changes per position

Table 1   Antimicrobial activity 
of ME and PD fermentation 
broth of different endophytic 
fungi

–: No inhibition

Tested organism Inhibition Zone of HQ-1 
(diameter in mm)

Inhibition Zone of HQ-7 
(diameter in mm)

Inhibition Zone of 
HQ-9 (diameter 
in mm)

ME PD ME PD ME PD

S. aureus 17 10 15 10 14 –
MRSA 18 11 14 10 12 –
L. monocytogenes 16 10 13 – 11 –
E. coli 15 – 11 – 13 –
S. enterica subsp. enterica 

serovar
11 – 10 9 – –
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enterica, together with the most common intestinal bacte-
ria E. coli, were used in our study to identify new antibi-
otic molecules from endophytes.

Endophytes are ubiquitous organisms that are valued for 
their ability to synthesize various functional natural prod-
ucts. In particular, endophytic fungi isolated from medici-
nal plants may produce metabolites that are similar to their 
hosts and have been shown to be a rich source of precious 
bioactive compounds (Egamberdieva et al. 2017; Gouda 
et al. 2016; Golinska et al. 2015). Astragalus, known by 
the Chinese name of huáng qí, is one of the most important 

Fig. 3   Structures of compounds 
1–3 

Table 2   MIC values of the three compounds and ampicillin

Tested organism Compound 
1 (μg/mL)

Compound 
2 (μg/mL)

Compound 
3 (μg/mL)

Ampicillin 
(μg/mL)

S. aureus 128 > 128 > 128 1
MRSA 128 > 128 > 128 > 128
L. monocytogenes 16 64 32 2
E. coli > 128 > 128 > 128 8
S. enterica subsp. 

enterica serovar
> 128 > 128 > 128 2

Table 3   Inhibitory rates of different concentrations of compound 1 

–: No inhibition

Tested organism 128 μg/mL (%) 64 μg/mL (%) 32 μg/mL 16 μg/mL 8 μg/mL 4 μg/mL 2 μg/mL 1 μg/mL

S. rolfsii 91.2 77.6 64.1% 51.8% 38.6% 25.4% 11.3% 4.4%
F. moniliforme 10.3 3.8 – – – – – –
F. stratum 35.3 23.7 11.5% 5.7% – – – –
F. oxysporum 16.5 9.8 4.2% – – – – –

Table 4   Inhibitory rates of different concentrations of actidione

–: No inhibition

Tested organism 128 μg/mL (%) 64 μg/mL (%) 32 μg/mL (%) 16 μg/mL (%) 8 μg/mL (%) 4 μg/mL (%) 2 μg/mL 1 μg/mL

S. rolfsii 100 100 94.3 79.2 58.6 33.5 17.3% –
F. moniliforme 100 100 89.4 56.3 33.3 10.7 – –
F. stratum 100 100 95.1 60.9 30.4 12.6 – –
F. oxysporum 100 100 92.7 52.5 27.5 8.9 – –

Table 5   Inhibitory rates of different concentrations of compound 3 

–: No inhibition

Tested organism 128 μg/mL (%) 64 μg/mL (%) 32 μg/mL (%) 16 μg/mL 8 μg/mL 4 μg/mL 2 μg/mL 1 μg/mL

S. rolfsii 75.7 61.2 50.9 39.7% 21.5% 14.3% 7.6% –
F. moniliforme 19.4 13.2 5.2 – – – – –
F. stratum 42.3 30.5 19.3 10.5% 4.9% – – –
F. oxysporum 24.8 17 9.4 3.3% – – – –
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Chinese traditional herbs and has been used for more than 
2000 years. It has been proven to possess various pharma-
cological effects including antitumor, antioxidant, immu-
nomodulatory, antiaging and antibacterial activities (Liu 
et al. 2017; Fan et al. 2012; Jiang et al. 2010). Gunatilaka’s 
group discovered several cytotoxic compounds from fun-
gal endophytes of Astragalus lentiginosus. For example, 
secoemestrin D displayed significant cytotoxicity against 
six tumor cell lines with IC50 values ranging from 0.06 to 
0.24 μM (Bashyal et al. 2017; Xu et al. 2013). Some other 
studies have also reported the antimicrobial potential of 
Astragalus endophytes (Mazinani et al. 2017; Liu et al. 
2015).

In our course of finding antibacterial endophytes of Astra-
galus chinensis (widely distributed in northern China), three 
fungal strains were isolated and determined to be Chaeto-
mium sp. HQ-1, Fusarium sp. HQ-7 and Fusarium sp. HQ-9. 
Chaetomium is a common endophytic fungus, and numerous 
novel bioactive molecules have recently been isolated from 
this genus. For example, chaetoconvosin B, which signifi-
cantly inhibits the root elongation of wheat, was isolated 
from C. convolutum cib-100 (Xu et al. 2012). Chaetoglines 
B and F, which exhibited significant antibacterial activities 
against clinically pathogenic anaerobes, were obtained from 
C. globosum 1C51 residing in Epinephelus drummondhayi 
(Yan et al. 2014). Several chaetosemins with antifungal and 
antioxidant activities were discovered from C. seminudum 
(Li et al. 2014). Aureochaeglobosins A–C, three novel com-
pounds with significant cytotoxicity against human cancer 
cells, were provided by the endophytic fungus C. globosum 
(Yang et al. 2018). In our study, Chaetomium sp. HQ-1 dis-
played great potential for producing antibiotics and was thus 
selected for further study.

Bioassay-guided fractionation of the ME fermentation 
broth of Chaetomium sp. HQ-1 led to the isolation of com-
pounds 1 ~ 3, which were identified as differanisole A (1), 
2,6-dichloro-4-propylphenol (2), and 4,5-dimethylresorcinol 
(3). Differanisole A, an inducer of the differentiation of Friend 
leukemic cells, has been proven to be an antitumor antibiotic 
(Kubohara et al. 1993; Kanatani et al. 1997). However, this 
paper is the first report of the antibacterial activity of differani-
sole A. Compared to ampicillin, differanisole A exhibited bet-
ter antibacterial activity against the resistant pathogen MRSA. 
2,6-Dichloro-4-propylphenol (2) was once obtained as an 
intermediate in chemical synthesis (Christie et al. 1977), and 
this was the first report of its isolation as a natural product and 
its antibacterial activity. 4,5-Dimethylresorcinol (3) has been 
proven to inhibit intestinal Cl− secretion through Cl− channels 
(Ogata and Shibata 2004), while this was the first discovery of 
its antimicrobial activity. The ME fermentation broth of strain 
HQ-1 showed antibacterial activity against 5 pathogenic bacte-
ria, but the compounds could only inhibit 3 gram-positive bac-
teria at 128 μg/mL. This can be explained by the fact that some 

other active metabolites must be present in the fermentation 
broth of strain HQ-1 that can inhibit gram-negative bacteria 
and should be explored further.

Since the metabolites from the genus Chaetomium have 
shown antifungal activity and can be used for biological con-
trol (Zhao et al. 2017; Li et al. 2015), the antifungal activ-
ity of these three compounds was also determined in vitro. 
Interestingly, differanisole A and 4,5-dimethylresorcinol 
showed pronounced inhibition activity against S. rolfsii, a 
destructive soil-borne fungal pathogen that causes stem rot 
(Jogi et al. 2016), with IC50 values less than 16 and 32 µg/
mL, respectively. Thus, these two compounds were the 
major contributors to the selective antifungal activity of the 
strain HQ-1. This is also the first report of the antifungal 
activity of differanisole A and 4,5-dimethylresorcinol.

Conclusion

This study reported the isolation and taxonomic study of 
three antibacterial endophytic fungi from Astragalus chin-
ensis. Among them, strain Chaetomium sp. HQ-1 showed 
the best bioactivity and was further fermented to research 
its metabolites. Three bioactive molecules, differanisole A 
(1), 2,6-dichloro-4-propylphenol (2) and 4,5-dimethylres-
orcinol (3) were obtained and elucidated. Moreover, com-
pounds 1 and 3 also exhibited promising antifungal activity 
against Selerotium rolfsii. Thus, based on this study, it was 
concluded that fungal endophytes from A. chinensis have 
antibacterial and antifungal potential. Future investigations 
are needed for a better understanding of the other antimi-
crobial agents produced by this and other endophytic fungi 
of A. chinensis.
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