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Morphological and Molecular Identification of Biofilm Forming Fungi from Fish Farms and Fish Benches in Aydin
Province

Bahadir TORUNY", H. Halil BIYIK?, Esin POYRAZOGLU*

ABSTRACT: Biofilm formation is one of the major problems in many industries. The marine
environment is rich in nutrients for microbial growth. It also makes it easier for microorganisms to form
biofilms. This study aims to identify biofilm-forming fungi in the marine environment and assess their
ability to form biofilm. We identified biofilm-forming fungi species using morphological and molecular
methods. ITS regions were used for molecular identification. The qualitative assessment of biofilms was
carried out using the Petri dish method, and quantitative measurements of biofilms were carried out
using the microplate method. We identified 69 isolates; 37 were yeast, and 32 of them were fungi. Only
ten of them were found to have biofilm. Most of them were adherents, and only two of them were strong
adherents. Biofilms can have positive or negative effects on fish health. Identifying biofilm-forming
agents will help us identify the nature of the effect. Microorganisms that have positive effects can be
used as biocontrol agents.
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INTRODUCTION

Most aquatic fungi do not cause disease in fish. In addition, most pathogenic fungi are free-living
and pose no threat. However, biofilms, bacterial or fungal, provide a suitable and protective environment
for potential pathogens (Turgay et al, 2019). Most of the aquatic fungi get their nutrients by decomposing
organic matter (Chouldhury et al, 2013). They mostly cause secondary infections in
immunocompromised fish (Roberts, 2012). Oomycetes are most common group of fungal pathogens
(Chouldhury et al, 2013). Genus Saprolegnia is the most common fungal pathogen of fishes both in fresh
and saltwater (Gaikowski et al, 2003; Dingtlirk et al, 2018).

A biofilm is a community of microorganisms surrounded by an extracellular polymeric substance
attached to each other and to the surface (Vert et al, 2012). Biofilm communities can contain one or more
species. If a biofilm contains more than one species, they are called polymicrobial biofilms (Brogden et
al, 2005). The biofilm protects sterilizer agents, antimicrobials, environmental factors, and other
biological agents such as phages (Connel et al, 2010).

Because it contains excessive feed and fish excrement, a controlled water environment is suitable
for microbial growth. In addition, surfaces such as tanks and pipes are ideal for biofilm formation. There
are several studies on biofilm formation in aquaculture (Kuranasagar et al, 1996; You et al, 2007; Wietz
et al, 2009; Pandey et al, 2014; Santhakumari et al, 2016; Cai and Arias, 2017; Arankumar et al, 2020).
However, most of the research focuses on bacterial biofilms. Studies also show that fungal species can
also produce biofilms (Imamura et al, 2008; Costa-Orlandi et al, 2014; Sardi et al, 2015; Gonzales-
Ramirez et al, 2016). Some research has focused on the beneficial effects / use of biofilms in aquaculture
(Panigrahi and Azad, 2007; Wesselling et al, 2015; Barnharst et al, 2015).

This study aims to identify biofilm-forming fungi in aquatic environments. A better understanding
of these organisms can provide us with useful information for solving some of the problems in
aquaculture. Our research focuses on cultured organisms because we want to conduct in vitro biofilm
formation tests with each organism.

MATERIALS AND METHODS

Materials

Samples were taken from fish farm hatcheries and fish stalls in Aydin province in 2017. Samples
were taken under aseptic conditions from skin and gills of fishes, tank and pipe surfaces of sea bass
(Dicentrarchus labrax), and sea bream (Sparus aurata) cultures and stalls.

Isolation and identification

Samples were taken with a sterile swab and stored in 0,9 % saline water until arrival to the
laboratory. Series of dilutions ranging from 10°-10* were prepared (Koch, 1883). Rose-Bengal
Chloramphenicol Agar was used as the first culture medium. Isolation of the individual organisms was
performed on Potato Dextrose Agar. Cultures were incubated at 27 °C for 2 to 7 days. Colonies were
examined in size (mm), shape, color, exudation, and pigmentation. Their microscopic properties were
examined under stereomicroscope and light microscope. Fungi were identified at the genus level using
Barnett (2003) “Illustrated genera of imperfect fungi”. For yeasts, only molecular identification was
performed.

Genomic DNA isolation was made according to the 2X CTAB DNA isolation method (Doyle and
Doyle, 1987). Molecular identification of the isolates performed with rDNA ITS regions. For yeasts
ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3") and ITS2 (5’-GCT GCG TTC TTC ATC GAT GC-3’)
primers, and fungi ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3') and ITS4 (5'-TCC TCC GCT GCT
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TAT TGA TAT GC-3') were used (Op de Beeck, 2014). The amplification protocol consisted of initial
denaturation at 95 °C for 3 min, followed by 35 cycles with denaturation 94 °C for 30 s, annealing 58 °C
for 30 s, and extension 72 °C for 60 s. The reaction was completed with a 72 °C 10 min final extension
step. Fermantas 2X PCR Master Mix was used as PCR components. PCR products were sent to
sequencing (GATC, Germany). Obtained ITS sequences were aligned with the ones in the GenBank
using BLASTn software (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Phylogenetic analysis was made
according to maximum likelihood with MEGA X software.

Biofilm tests

Two methods were used for biofilm formation: petri method for qualitative and microplate method
for quantitative.

For qualitative tests isolates were inoculated on Saubroad Dextrose Agar (SDA) for 24 hours. Ten
milliliters of Saubroad dextrose broth (SDB) was poured into Petri dishes, and the fungal colony was
transferred from SDA to SDB. Incubated for 24 hours at 37 © C. After incubation, the broth from petri dishes
was discarded and washed twice with 5 ml distilled water. Petri dishes were then stained with 2% safranine.
After one minute, the Petri dishes were washed with 5 ml of distilled water to remove excess dye and
allowed to dry at room temperature. Petri dishes were examined under a microscope. The presence of fungal
cells and hyphae covering all areas was accepted as positive for the biofilm, while sparse areas of fungus or
the absence of fungi were considered negative (Costa-Orlandi et al, 2014).

For quantitative tests biofilm formation was measured according to Christensen et al. (1985) with
modifications. Fresh strains with 0.5 McFarland turbidity were obtained and suspended with 0.9% (w / v)
Saline. Then, 1 ml of the prepared suspensions were transferred to 9 ml tubes containing SDB and incubated
at 37 ° C for 24 hours. After incubation, 150 uL of suspension was taken from each tube and transferred in
triplicate to a 96-well polystyrene microtiter plate. Plates were incubated at 37 © C for 48 hours. After
incubation, the liquid medium was discarded, the wells were washed 3 times with distilled water and
allowed to dry. Then 150 ml of crystal violet solution (0.5% v/ v) was dispensed into the wells and incubated
at room temperature for 45 minutes. After incubation, the wells were washed 3 more times with distilled
water and dried. 150 ul ethanol: acetic acid (95: 5) was added to the wells and incubated for 10 minutes.
Then 100 ul of liquid from each well was transferred to a new microtiter plate and the absorbance was
determined at 570 nm on a spectrophotometer. Sterile distilled water was used as negative control and
Pseudomonas aeruginosa PAOL strain was used as positive control. Strains with optical density values
above 0.240 were considered strong adhesion, strains with 0.120-0.240 were considered adhesion, and
strains 0.120 and below were considered negative.

RESULTS AND DISCUSSION

Isolation and identification
We isolated a total of 69 fungal species. Thirty-seven of these are yeasts and 32 of them are fungi
(Table 1 and 2). Among these 69 isolates, 17 different genera were found.

Table 1. List of fungal species

Sample Name Species % Similarity
K4 Penicillium glabrum 98%
K5 Aspergillus flavus 95%
K7 Cladosporium cladosporioides 94%
K17 Penicillium urticae 99%
K19 Aspergillus cristatus 96%
K21 Cladosporium cladosporioides 2 97%
K22 Trichosporon lactis 96%
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Table 1. List of fungal species (continue)

K23 Aspergillus amstelodami 99%
K24 Apiotrichum montevideense 95%
K25 Pyrenochaeta quercina 99%
K26 Penicillium chrysogenum 98%
K27 Cutaneotrichosporon jirovecii 99%
K29 Trichosporon lactis 97%
K30 Cladosporium macrocarpum 98%
K31 Penicillium dravuni 98%
K32 Ramichloridium apiculatum 98%
K33 Cladosporium cladosporioides 3 97%
K34 Trichosporon lactis 2 99%
K35 Trichosporon sp. 98%
K36 Penicillium brevicompactum 97%
K37 Trichosporon lactis 2 98%
K38 Alternaria tenuissima 93%
K39 Alternaria tenuissima 2 98%
K40 Cladosporium cladosporioides 4 99%
K41 Cladosporium velox 99%
K45 Alternaria tenuissima 3 99%
K48 Trichoderma citrinoviride 99%
K49 Penicillium spinulosum 100%
K50 Penicillium antarcticum 96%
K51 Aspergillus amstelodami 99%
L8 Cladosporium macrocarpum 97%
L9 Trichoderma citrinoviride 2 99%
Table 2. List of yeast species

Sample Name Species % Similarity
L1 Rhodotorula babjevae 99%
L2 Rhodotorula babjevae 2 99%
L3 Rhodosporidium sphaerocarpum 97%
L5 Candida zeylanoides 98%
L6 Candida zeylanoides 2 99%
L7 Candida zeylanoides 3 99%
L11 Hanseniaspora uvarum 98%
L12 Hanseniaspora uvarum 2 87%
L14 Rhodotorula diobovata 99%
L15 Rhodosporidium sphaerocarpum 97%
L16 Cystofilobasidium infirmominiatum 99%
L17 Rhodotorula sphaerocarpa 99%
L19 Candida zeylanoides 4 99%
L20 Debaryomyces sp. 98%
L21 Rhodotorula mucilaginosa 97%
L22 Candida zeylanoides strain 5 97%
L23 Rhodotorula mucilaginosa 2 99%
L24 Debaryomyces hansenii 99%
L25 Candida galli 1 98%
L27 Candida galli 2 96%
L28 Candida zeylanoides 5 98%
L30 Candida atlantica 97%
L33 Rhodotorula mucilaginosa 3 98%
L34 Candida zeylanoides 6 99%
L35 Candida atlantica 2 98%
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Table 2. List of yeast species (continue)

L36 Rhodotorula kratochvilovae 97%
L37 Rhodosporidium sp. 97%
L38 Debaryomyces hansenii 2 99%
L39 Debaryomyces hansenii 3 99%
L40 Debaryomyces hansenii 4 99%
L41 Debaryomyces hansenii 5 99%
L42 Yarrowia galli 98%
L45 Candida zeylanoides 7 99%
K3 Candida galli 3 99%
K16 Candida galli 4 99%
K18 Candida galli 5 99%
K47 Exophiala xenobiotica 99%

Phylogenetic analysis was made with MEGA X software according to the maximum likelihood
method. Phylogenetic tree obtained for fungi and yeast species were shown in Figure 1 and 2.

In our study, we found only 14,5 % of the fungal species are forming biofilms. Although this
number seems low, combined with other biotic and abiotic factors, they might become important for fish
and human health. A previous study about the fungal diversity of marine biofilms in the Gulf of Mexico
has similar findings with our study with regards to fungal diversity (Salamone et al, 2016). All of the
fungi we isolated belong to facultative marine genera: “those from freshwater or terrestrial milieus able
to grow in the marine environment” (Kohlmayer, 1974). None of our isolates are considered fish
pathogens but Candida species are known human pathogens (Caldarone and Clancy, 2011). Some of the
species were also reported as plant pathogens (Luque et al, 2000; Miao and Qian, 2005). These human
and plant pathogens probably came from the staff. There are aquaculture enginieers but most of the staff
are seasonal workers from surrounding villages. Most of them are not careful with their personal hygiene
and almost all of them works in their farms. Miao and Qian (2005) studied the antagonistic antimicrobial
activity of marine fungi and bacteria from marine biofilms. They found most of the fungal isolates
inhibited at least one bacteria. We also found Alternaria, Trichoderma and Cladosporium genera which
they found antibacterial properties. Siqueira and Lima (2013) showed Aspergillus, Alternaria, Botrytis,
Cladosporium and Penicilium genera are capable of forming biofilms in aquatic environments (Siquiera
and Lima, 2013). We also showed Alternaria and Aspergillus genera can form biofilms.

Most of the species are from fish stalls. In farms fish tanks are cleaned daily. This is the possible
reason of low numbers of species from fish farm. Also in fish farms same people does the maintanence
of tanks while fish stalls were visited by a large number of people daily. Candida species came from
both fish farm and fish stalls. Also Aspergillus and Penicilium species were both present in fish farms
and fish stalls. Exophiala xenobiotica, Yarrowia galli were found in fish farm and Cystofilobasidium
infirmominiatum, Hanseniaspora uvarum were found in fish stalls.

Biofilm tests

We found only 10 isolates biofilm positive among 69 isolates and 17 different genera. Biofilm
results were given in Table 3.
The majority of the species are moderate adherent. Two of the species are strong adherent and two of
them are weak adherent. This will affect the removal of biofilms from surfaces. Strong adherent species
will be harder to remove from the surfaces.
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Table 3. Biofilm forming isolates and their adherence

No Name Adherence

1 Aspergillus flavus Adherent

2 Aspergillus amstelodami Adherent

3 Alternaria tenuissima Weak adherent

4 Trichosporon lactis Weak adherent

5 Candida galli Strong adherent
6 Candida zeylanoides Strong adherent
7 Exophiala xenobiotica Adherent

8 Rhodotorula kratochvilovae Adheran

9 Rhodosporidium sphaerocarpum Adherent

10 Debaryomyces hansenii Adherent

From these ten biofilm forming species only one belongs to fish farm, Exophiala xenobiotica,
other species comes from fish stalls.

There is a complicated relationship between microorganisms and their environment. This is an
intriguing subject to study. Biofilms are one of the most sophisticated structures of the microbial world.
This study identifies fungal communities of marine environments and tests their biofilm capabilities. We
provide initial data for some biofilm-forming fungi in marine environments.

A metagenomic study can give us the list of all organisms but in this study, we focused on
culturable species because we wanted to simulate biofilm formation in-vitro. Our study only assesses
the biofilm-forming capabilities of cultured species. Further studies must be done for uncultured species
and their roles in biofilms.

CONCLUSION

There is a complex relationship between microorganisms and their environment. Biofilms are one
of the most complex structures in the microbial world. This study identifies fungal communities in the
marine environment and tests their biofilm capacity. We provide baseline data for some biofilm-forming
fungi in the marine environment.

Although there are not many fungal pathogens reported for fish, their presence can affect
pathogens. This effect can be positive or negative depending on the situation. By forming biofilms fungi
can accomodate and protect pathogens. This could emerge disease and prolong treatments causing time
loss and financial loss. Prolonged treatments can result in multidrug resistant strains of pathogens. If we
know the type and the strength of the biofilm we can take necessary precautions to avoid unwanted
situations. Further studies are needed to identify which biofilm communities have positive or negative
effects. If positive biofilm communities are stimulated, they can be used as biological control agents.
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