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Introduction 

Marine sponge is a rich treasure of symbiotic micro-
organisms, including actinomycetes, bacteria, fungi and 
so on (Wei et al., 2009). These microbes have potential 
capability to produce bioactive secondary metabolites 
with a broad spectrum of application in the field of 
medicine and agriculture (Bhatnagar et al., 2010; Zhang 
et al., 2017). More interestingly, marine sponge-derived 
fungi accounted for the largest number (33%) of natural 
products and had the highest number of new 
compounds during the period from 2003 to 2012 (Pejin 
et al., 2013). 

In order to seek more natural products with novel 
structures and/or potent biological properties for the 
discovery of new drug candidates, isolation and anti-
microbial evaluation of fungi derived from the marine 
sponge Reniera japonica were firstly carried out in our 
laboratory. R. japonica, orange-colored marine sponge, 
is commonly found in the north China coast (Zhang et 
al., 2012) and the southern part of the Japanese coast 
(Miki et al., 1995). 

Materials and Methods 

Sponge collection and classification 

The specimen of marine sponge (MNP-2016) was collec-
ted from the Xinghai Bay of Dalian city in China and 
classified as R. japonica by the Associate Professor 
Mingguang Mao at the Dalian Ocean University, China. 

Fungal strain isolation and identification 

A total of five fungal strains (coded as L1-2, L2-1, L4, L8
-1 and L14) were isolated and purified from the R.
japonica using the method previously reported (Miki et
al., 1995). All these fungal strains were transferred into
the potato dextrose agar slants separately followed by
storing at 4°C. According to molecular phylogeny based
on 18S rDNA sequence and morphological characteriza-
tion by microscope, genus of bioactive strain was
classified (Corsaro et al., 2017).

Preparation of fermentation broth and ethyl acetate 
extract 

Each strain was cultured on the potato dextrose agar at 
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tests showed that only strain L14 had strong inhibitory effect on the 
pathogens, Staphyloccocus aureus, Escherichia coli and Candida albicans. 18S 
rDNA sequence analysis indicated that strain L14 was ascribed to Aspergillus 
genus. To the best of our knowledge, this work was the first report on the 
isolation and antimicrobial evaluation of fungi from R. japonica.
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30°C for 7 days. Then a balanced amount of fungal 
colony was transferred to the culture broth in 500 mL 
Erlenmeyer flask which contained 300 mL sterilized 
potato dextrose broth, followed by shaking at 200 rpm 
for 7 days at 30°C. After that, the mycelium and the 
fermentation broth were separated with medical absor-
bent gauze. The filtrate was extracted twice with 450 
mL ethyl acetate (Merck) each Erlenmeyer flask. The 
upper solvent was dried by a rotary evaporator at 25°C 
in vacuum to yield the ethyl acetate extract, which 
possibly had antimicrobial secondary metabolites. And 
according to the medium whether added with salt or 
not, these ethyl acetate extracts of fungal strains were 
numbered as L1-2, L1-2J, L2-1, L2-1J, L4, L4J, L8-1, L8-
1J, L14 and L14J (J represents salting). Each afforded 
extract was kept in a vacuum drier for 3 days and 
dissolved in dimethyl sulfoxide (Merck) in 0.1, 1 and 10 
mg/mL. 

Antibacterial test 

Anibacterial assay was carried out using the method 
developed by Wang et al. (2008). Two human patho-
genic bacteria, Staphyloccocus aureus and Escherichia coli, 
were used in the screening process. Each strain was 
transferred into one 250 mL Erlenmeyer flask which 
contained 150 mL sterilized Luria-Bertani medium and 
incubated at 30°C on a rotary shaker at 180 rpm for 24 
hours. About 10 mL of the melted water agar medium 
was poured into a petri dish (φ=9 cm) followed by lay
with five Oxford cups equidistantly. 200 μL of cultured
bacterium was thoroughly mixed with 150 mL of steri-
lized nutrition agar at 50°C and immediately put on the 
solidified water agar medium. After cooling, Oxford 
cups were removed and resulted in five holes (φ = 6 
mm) in each petri dish. Three holes were respectively
added with 100 μL of each sample. Two remaining
holes were added with 100 μL of the positive control
ampicillin sodium (0.2 mg/mL, Amresco) and 100 μL of
negative control dimethyl sulfoxide. Then the plates
were incubated at 30°C for 24 hours. All tests were
performed in triplicate and the average value of dia-
meters of inhibition zone (mm) were expressed as the
antibacterial activity.

Antifungal test 

The antifungal assay was carried out using our previ-

ous described method (Zhang et al., 2014). The human 
pathogenic fungus, Candida albicans, was transferred 
into a 250 mL Erlenmeyer flask which contained 150 mL 
sterilized potato dextrose broth and incubated at 30°C 
on a rotary shaker at 180 rpm for 48 hours. During the 
process of prepare the testing plate, potato dextrose 
agar was used as the upper medium layer. The positive 
control was amphotericin B (0.3 mg/mL, Sigma-
Aldrich) and each plate was incubated at 30°C for 48 
hours. All tests were carried out in triplicate and the 
inhibitory effect was expressed as the average value of 
diameters (mm). 

Results 

Five fungal strains (L1-2, L2-1, L4, L8-1 and L14) were 
isolated and purified from the marine sponge R. 
japonica (Figure 1). As shown in Table I, most marine 
sponge-derived strains had no activity against the three 
human pathogens, E. coli, S. aureus and C. albicans. 

Only the ethyl acetate extract of fermentation broth of 
the strain L14 displayed a broad spectrum of anti-
microbial activity and exhibited concentration-depen-
dent manner (Figure 2). The average value of inhibition 
zones against E. coli, S. aureus and C. albicans were 
respectively 28, 31, 18 mm at 10 mg/mL. When the 
concentration of ethyl acetate extract decreased to 1 
mg/mL, the average value of inhibition zones against 
E. coli and C. albicans reduced to 13, 12 mm, respect-
tively. By a combination of 18S rDNA sequence analysis
and morphological characters (Figure 3), strain L14 was
classified as Aspergillus sp. (NCBI GenBank: MF093522).

Discussion 

Five fungal strains were characterized from the R. 
japonica and according to the medium whether added 
with salt or not, ten different crude extracts (L1-2, L1-2J, 
L2-1, L2-1J, L4, L4J, L8-1, L8-1J, L14 and L14J) were 
gotten. The results of anti-microbial tests indicated that 
different fungi or different mediums yield different 
crude extracts and these crude extracts showed 
different antimicrobial activities against three human 
microbial pathogens, including S. aureus, E. coli and C. 
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Figure 1: Five symbiotic strains from Reniera japonica MNP-2016 

Figure 2: Antimicrobial effects of ethyl acetate extract of fungal 
strain L14 

E. coli S. aureus C. albicans



albicans. What’s more, most of these crude extracts of 
five fungal strains from R. japonica were inactive against 
three human microbial pathogens. 

As far as antibacterial activity concerned, strain L14 was 
the best bio-control candidate with the strong inhibitory 

effects on three human pathogens. Previous chemical 
investigation indicated that Aspergillus genus is one of 
rich producers of terpenes, alkaloids, peptides, aro-
matics with a broad spectrum of biological activities 
(Zhang et al., 2017). Therefore, natural products 

Figure 3: Molecular phylogeny and morphology of fungal strain L14 

10 × 100

Table I 

Antimicrobial effects of symbiotic fungal strains from Reniera japonica 

Strain No.  Concentration 
(mg/mL)  

Antifungal effects  

E. coli S. aureus C. albicans 

L1-2 0.1 
1 

10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

L1-2J 0.1 
1 

10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

L2-1 0.1 
1 

10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

L2-1J 0.1 
1 

10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

L4 0.1 
1 

10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

L4J 0.1 
1 

10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

L8-1 0.1 
1 

10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

L8-1J 0.1 
1 

10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

L14 0.1 
1 

10 

- 
++ 

++++ 

- 
- 

++++ 

- 
++ 

+++ 
L14J 0.1 

1 
10 

- 
- 
- 

- 
- 
- 

- 
- 
- 

Ampicillin sodium 0.2 ++++ +++ - 

Amphotericin B 0.3 - - ++++ 

DMSO - - - 

aExpressed by the diameter of inhibition zones: (-) = no inhibition; (+) = <10 mm; (++) = 10-15 mm; (+++) = 16–20 mm; (++++) = >20 mm
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