
68

28.02.2017
18.04.2017

Do� :10.15318/Fungus.2017127498

Detect�on of Fung� �n Cool�ng Tower Samples Us�ng 
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Abstract: The determ�nat�on of the presence of Eurot�ales members, wh�ch are w�dely 

d�str�buted �n nature and �n man-made aquat�c systems, �s �mportant for tak�ng measures 

aga�nst those capable of creat�ng opportun�st�c �nfect�ons and allerg�es. In th�s study, the 

presence of fung� �n cool�ng-tower samples was determ�ned by us�ng two d�fferent methods, 

one be�ng fluorescent �n s�tu hybr�d�zat�on (FISH), the second cultur�ng; both sets of results 

were compared w�th each other. For th�s purpose, a total of 40 water and b�of�lm samples 

were taken from d�fferent cool�ng towers �n Istanbul for �nvest�gat�on. In the culture method, 

all samples were appl�ed to the �solat�on med�um after pretreatment. The results of the 

appl�cat�ons were evaluated after 14 days. W�th the FISH method, all samples were f�xed and 

hybr�d�zed by us�ng su�table probes and were �nvest�gated under an ep�fluorescent 

m�croscope. Results were obta�ned after a short per�od of three days. The FISH method was 

able to detect 100% of fung� �n all samples, whereas the culture method was able to detect 

97.5% of the fung� �n the samples. W�th culture method, the most �solated fung� were from the 

Asperg�llus and Pen�c�ll�um genera. As a result of the study, both methods are recommended 

to be used �n conjunct�on.

Key words: Asperg�llus, culture-�ndependent method, Eurot�ales, fluorescent �n s�tu 

hybr�d�zat�on 

Floresanlı Yer�nde H�br�tleme ve Geleneksel Kültür Yöntemler�n� 
Kullanılarak Soğutma Kules� Örnekler�nde Fungusların Tesp�t�

Öz: Doğada ve �nsan yapımı su s�stemler�nde yaygın olarak bulunan Eurot�ales üyes� 

fungusların varlığının tesp�t�, fırsatçı enfeks�yon ve alerj�lere yol açab�len bu funguslara karşı 

alınab�lecek önlemler açısından öneml�d�r. Bu çalışmada soğutma kules� örnekler�ndek� 

fungusların varlığı, hem floresanlı yer�nde h�br�tleme (FISH) hem de kültür yöntem�yle 

araştırılmış, her �k� yöntem�n sonuçları karşılaştırılmıştır. Bu amaçla İstanbul'dak� farklı 

soğutma kuleler�ne a�t toplam 40 adet su ve b�yof�lm örnekler� alınarak �ncelenm�şt�r. Kültür 

yöntem�nde tüm örnekler, ön �şlemlerden sonra �zolasyon bes�yer�ne ek�lm�şt�r. Ek�mler�n 

sonuçları 14 gün sonunda değerlend�r�lm�şt�r. FISH yöntem�nde �se; tüm örnekler f�kse ed�l�p 

uygun problar kullanılarak h�br�d�zasyonu yapıldıktan sonra ep�floresan m�kroskopta 

�ncelenm�şt�r. FISH yöntem� �le 3 gün g�b� kısa b�r sürede sonuç elde ed�lm�şt�r. Ayrıca bu 

yöntem �le �ncelenen örnekler�n tamamında, kültür yöntem�nde �se �ncelenen örnekler�n 

%97.5'�n de fungus tesp�t ed�lm�şt�r. Kültür yöntem� �le en çok �zole ed�len fungusların 

Asperg�llus ve Pen�c�ll�um c�ns�ne a�t oldukları bel�rlenm�şt�r. Çalışma sonucunda her �k� 

yöntem�n beraber kullanılması öner�lmekted�r.

Anahtar kel�meler: Asperg�llus, kültür bağımsız yöntem, Eurot�ales, floresanlı 

yer�nde h�br�tleme
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Introduct�on

Fungi, which are usually saprophytes, 

break up the organic substances they grow on 

and turn them into inorganic materials, readying 

them for consumption by other organisms. 

Therefore, they play an important role in organic 

pollutant removal and mud refining. In contrast, 

as microbial polluting sources of aquatic 

systems, fungi may also pose a health risk for 

eukaryotic organisms (humans, plants, and 

animals). Apart from plant pathogens, numerous 

respiratory opportunistic pathogenic fungi 

belong to the phylum Ascomycota, of which 

Aspergillus and Penicillium are the dominant 

genera of the order Eurotiales (Öner, 1998; 

Guarro et al., 1999). In fact, the microfungi most 

commonly obtained in soil and water studies in 

Turkey belong to the genus Aspergillus (Asan & 

Ekmekçi, 2002; Asan et al., 2003; Asan et al., 

2004; Yazıcıoğlu et al., 2004; Rasime et al. 2005; 

Ilhan et al. 2006; Göksay Kadaifciler & Demirel, 

2017). This genus, which is widely found around 

the world, exhibits high reproduction rates and 

capacities. Its atmospherically dispersed conidia 

are suspended in the air and can be transported 

anywhere with dust and other particles 

(Kantarcıoğlu & Yücel, 2003). The infections 

and/or disease caused by Aspergillus spp. are 

mainly linked to the lungs. Due to the inhalation 

of Aspergillus spores, bronchial asthma can 

occur in people who are allergic to the antigens 

of this fungus. In addition, this genus' members 

may become invasive, and they can migrate to 

the subcutaneous tissue, the central nervous 

system, the lungs, and the endocardium in 

immunocompromised persons (Szymanska 

2005).  Cooling towers represent a favorable 

environment for microbial growth because of the 

presence of water, nutrients, various tempera-

tures, and pH ranges, and microorganisms can 

be easily dispersed by aerosols formed by the 

system (Choudhary, 1998). In cooling tower 

samples, fast detection and identification of 

fungi, which can cause potentially allergenic and 

toxicogenic reactions, is of great importance.

Fluorescent in situ hybridization (FISH) is 

a technique that enables the monitoring of three-

dimensional distributions of target molecules in 

the cell using epifluorescent or confocal laser 

microscopy due to the hybridization of nucleic 

acids with specific sequences in the cell; this can 

be done using fluorescence-stained oligonuc-

leotides (probes) without damaging microor-

ganisms' cells. In contrast to the classical culture 

method, using FISH, it is possible to detect 

microorganisms in their environment and assess 

their physiological activities, morphology, and 

position with respect to each other; it is also 

possible to determine their numbers by means of 

FISH. In addition, the method is helpful for the 

detection of microorganisms with unknown 

specific culture conditions (Amann et al., 1995; 

Amann et al., 2001). For this reason, taking into 

consideration the approaches' advantages and 

disadvantages, this study aims to use FISH (a 

culture-independent method) and the traditional 

culture-dependent method to investigate 

members of Eurotiales, especially Aspergillus, in 

cooling tower samples. 

Materials and Methods

A total of 20 water and 20 biofilm samples 

were collected from 20 cooling towers 

associated with 13 buildings in the city of 

Istanbul, Turkey. 

The Culture-Dependent Method

Water samples were concentrated by 

filtration through nitrocellulose filters with a pore 

size of 0.45 μm. Sabouraud dextrose agar (SDA) 

plates containing the antibiotic and Rose Bengal 

stain were used for isolation of fungi (Arvanitidou 

et al., 1999; Asan et al. 2003). Filters were 

placed on the SDA plates, and biofilm samples 

were scraped from the tower inside surfaces (10 
2cm ) using a sterile cotton swab and suspended 

in 20 mL of sterile tap water (Gagnon & Slawson, 

1999). Biofilm samples were serially diluted, and 

diluted 1-mL samples were spread plated onto 

SDA plates. All SDA plates were incubated at 

25°C for 30 days. After incubation, the fungal 

colonies and fungal colony mean were 

calculated. Following this, the colonies were 

subcultured on malt extract agar slants and 

stored at +4°C.
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Fungal isolates were inoculated onto malt 

extract agar and potato dextrose agar for 

morphological identification. Plates were 

incubated for 7–14 days at 25°C. At the end of 

the incubation period, the colonies' macroscopic 

and microscopic characteristics were examined 

using a stereomicroscope and light microscope, 

respectively. Following generally accepted 

standards, lactophenol cotton blue was used as 

the mounting medium to identify the genus levels 

(Barnett & Hunter, 1999; Ellis, 1971; Sime & 

Abbott, 2002).  

Fluorescent in Situ Hybridization 

(Culture-Independent Method)

Water samples were concentrated by 

filtration through nylon filters with a pore size of 

0.22 μm; the filters were then suspended in 10 

mL of sterile tap water. After homogenate 

preparation, sample–50% ethanol mixes (1:1, 

v/v) were stored at −20°C and fixed within 2 

days. Biofilm samples were scraped from tower 
2inside surfaces (10 cm ) using a sterile cotton 

swab and suspended in 10 mL of sterile tap 

water. After they were homogenized, samples 

were stored as mentioned above. The fixation of 

both water and biofilm samples was carried out 

with 4% paraformaldehyde (PFA) overnight at 

4°C (Gagnon & Slawson, 1999; Kasapgil İnce et 

al.,2006). The hybridization method was 

modified based on Kasaplıgil Ince et al.'s (2006) 

study. After the fixation, PFA was centrifuged 

three times with 1× phosphate-buffered saline 

for cleaning, and the washing was performed at 

5000 g. At the end of the washing step, the 10-µl 

fixed samples were placed in wells on covered 

polytetrafluoroethylene microscopic slides and 

allowed to dry. Drying slides were sequentially 

passed through 50%, 80%, and 96% alcohol 

series for 3 min at 48°C. A 1-µl probe (50 ng/µl) 

and hybridization buffer (10 µl) containing 0.9 M 

NaCl, 20 mM Tris/HCl, 0.01% (w/v) sodium 

dodecyl sulfate, and 30% v/v formamide were 

added to the slide wells in the moist hybridization 

chamber and left overnight at 48°C for 

hybridization in the dark; following this, 2 µl of 

DNA binding dye–6-diamidino-2-phenylindole 

(DAPI) was added to the wells and incubated for 

30 min in the dark. At the end of this time, the 

sl ides were washed using wash buffer 

containing 160 mM NaCl, 20 mM Tris/HCl, 5 mM 

Ethylenediaminetetraacetic acid (EDTA), and 

0.01% (w/v) sodium dodecyl sulfate for 15 min at 

48°C before a final 10-min wash with bidistilled 

water at 4°C. Following this, 5 µl of Citifluor 

antifadent agent was added to the dried slides to 

prevent rapid fading of the dyes. The dried slides 

were examined under a Nikon Eclipse 80i 

epifluorescent microscope and photographed. 

All samples were analyzed in duplicate. 

Aspergillus fumigatus ATCC 10894 was 

used for the positive control fungus, and 

preliminary experiments were also carried out 

with this fungus. One well containing the 

EUK516 probe was used for positive control for 

eukaryotes. One well containing no probes and 

hybridization buffer without microorganisms and 

one well containing the NON338 probe were 

used for negative controls (Table 1). 

Results 

According to the culture method results, 

fungi were detected in 39 of 40 (97.5%) 

examined water and biofilm samples. In only one 

biofilm sample could no fungi be identified. The 

minimum and maximum values of the fungal 

colony counts were 4 and 1200 colonies/100 mL 
2in water samples and 0.1 and 40 colonies/cm  in 

biofilm samples, respectively (Table 2). The most 

frequently identified fungi were Aspergillus, 

Penicillium, and Cladosporium (Figure 1). 

Aspergillus spp. were isolated from all cooling 

towers.

According to the FISH method results, 

fungi were detected in all water and biofilm 

samples (total 40 samples). The fungal probes' 

signal results are given in Table 2. 
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Probe name Probe 
sequenc�ng 
5’-3’ 

Target 
group/spec�f�c�ty 

Dye/color 
 

Usage 

EUK516 5’-ACC AGA 
CTT GCC CTC 
C-3’ 

18S rRNA/Eukaryotes 5’-CY3 (red) Pos�t�ve control 

EUROT1108 5’-TTT AAG 
GGC CGA 
GGT CTC-3’ 

18S rRNA/Eurot�ales 5’-FAM 
(green) 

Eurot�ales 

NON338 5’-ACT CCT 
ACG GGA 
GGC AGC-3’ 

No sense/No target 5’-FAM 
(green) 

Negat�ve 
control 

DAPI - DNA b�nd�ng dye  

(All DNA) 

Blue to determ�ne 
the number of 
nucle� and to 
assess gross 
cell 
morphology 

 

Table 1. General character�st�cs of rRNA-targeted ol�gonucleot�de probes and fluorescent dyes

 
Culture method 

                  
Fluorescent �n s�tu hybr�d�zat�on method 

Water 
samples 
(Code) 

Colony/
100mL 

B�of�lm 
samples 
(Code) 

Colony/cm
2
 Water 

samples 
(Code) 

S�gnal 
results 

B�of�lm 
samples 
(Code) 

S�gnal 
results

 

 
W1 15 B1 1 W1 + B1 + 
W2 400 B2 1 W2 + B2 + 
W3 550 B3 2.3 W3 + B3 + 
W4 120 B4 40 W4 + B4 + 
W5 333 B5 0 W5 + B5 + 
W6 11 B6 0.2 W6 + B6 + 
W7 17 B7 0.1 W7 + B7 + 
W8 11 B8 1 W8 + B8 + 
W9 9 B9 0.1 W9 + B9 + 

W10 4 B10 0.6 W10 + B10 + 
W11 6 B11 0.1 W11 + B11 + 
W12 12 B12 0.1 W12 + B12 + 
W13 7 B13 0.2 W13 + B13 + 
W14 110 B14 6.4 W14 + B14 + 
W15 1200 B15 0.1 W15 + B15 + 
W16 15 B16 0.9 W16 + B16 + 
W17 30 B17 2.2 W17 + B17 + 
W18 10 B18 0.6 W18 + B18 + 
W19 13 B19 0.1 W19 + B19 + 
W20 14 B20 0.2 W20 + B20 + 

 

Table 2. Results of culture-dependent and fluorescent �n s�tu hybr�d�zat�on methods

N�san(2017)8(1)68-75
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As Fig. 2 shows, fungal spores determined with 

the EUROT1108 probe labeled with 5'-FAM 

were green, while EUK516 labeled with 5'-CY3 

yielded a red color and DAPI yielded blue. The 

morphological structures of Aspergillus are 

shown in Figure 3. 

                        a	                              b	                            c

Figure 1. Morphologically identified fungus: (a) Aspergillus, (b) Penicillium, and (c) Cladosporium

(x 500 magnification)

F�gure 2. Fluorescent-labeled fungal spores (x 500 magn�f�cat�on)

F�gure 3. The structures of Asperg�llus (x 500 magn�f�cat�on)

N�san(2017)8(1)68-75
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D�scuss�on

Cooling towers are suitable environments 

for many microorganisms and fungi to growth. 

However, the proliferation of these micro-

organisms may have unfavorable effects in 

terms of both clogging the systems and causing 

respiratory infections in humans due to the 

inhaling of aerosols. Therefore, it is important to 

determine the amounts of fungi in both water and 

biofilm samples of cooling towers. In this study, 

the comparison between the culture and FISH 

methods showed that the results were in 

accordance in terms of monitoring the presence 

of fungi in cooling towers. The advantage of the 

culture method is that it is possible to count the 

colonies, isolates can be obtained, and these 

isolates can be used in forthcoming studies. 

However, this technique takes a long time and 

requires great expertise, especially for species-

level diagnostics. Moreover, this culture method 

is insufficient if the microorganisms are in viable 

but nonculturable (VBNC) form. At present, there 

are publications available on aquatic fungi, and 

especially zoosporic fungi, that cannot be 

cul tured in freshwater media, and the 

importance of establishing a method in which 

these fungi can be cultured has been stressed 

(Baschien et al., 2008; Jobard et al., 2010). In the 

present study, fungi could be detected in all 

samples from cooling towers using the FISH 

method, whereas the culture method only 

allowed fungi to be detected in 97.5% of the 

examined samples. The probable reason for this 

is that the fungi in the biofilm sample were in the 

VBNC phase. The application of FISH can 

overcome this disadvantage. There is a need for 

further work to support these results.

Numerous studies have been performed 

in ecology, food science, agriculture, and human 

and veterinary medicine using the FISH method. 

Studies concerning fungi (e.g., Candida, 

Paracoccidioides, and Aureobasidium pullulans) 

have focused on medical and vegetable 

pathogenesis (Lischewsk et al., 1996; Li et al., 

1997; Spear et al., 1999; Moter & Göbel, 2000; 

Domingos Arantes et al., 2017). In fact, FISH is a 

novel technique in the determination of fungi, 

and it was first used in an environmental study 

with acidic mining drainages (Baker et al., 2004). 

This is the first study to detect fungi in cooling 

towers in Turkey using this method.

The most important advantage of FISH is 

that the presence of fungi can be determined in a 

much shorter amount of time than it can in the 

culture method. The faster the identification of 

pathogenic or opportunistic pathogenic fungi is, 

the easier it will be to determine the risk and 

mitigate it through appropriate measures (Moter  

& Göbel, 2000; Amann et al., 2001).  This will 

allow a disinfection process to be initiated in a 

cooling tower at risk of developing colonies of 

fungi. As a solution, suitable antifungals can be 

applied for the disinfection of cooling tower 

systems. Despite the advantages mentioned 

above, identification of mold is usually performed 

at the family and/or order level in the FISH 

method. This approach can be used to analyze 

microbia l  communi t ies and detect  the 

phylogenetic relationships among micro-

organisms. In our study, the EUROT1108 probe 

was used because of its specificity for Eurotiales. 

At present, species-specific probes exist for only 

the most recognized pathogenic yeasts. 

Development of molecular-based studies, such 

as fungal genome sequencing studies, will make 

it possible to produce probes that can identify 

fungi at the species level. Such advancements 

could be especially helpful in microbial ecology 

and biodiversity studies (Moter & Göbel, 2000). 

In the present study, there are no quantitative 

results that can be compared with the culture 

method results. This is because the colonies 

formed from these fungi may arise from multiple 

spores or micelles, preventing accurate 

counting. 
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In addition, probes may fade rapidly during 

investigation, meaning that no signals would be 

produced. For this purpose, it is recommended 

that investigation and sampling be carried out 

rapidly when multiple samples are present. 

Moreover, as shown in Figure 1, a portion of 

spores measured with EUK516 lost their 

luminescence during photographing.

Because of the negative effect of 

opportunistic fungal pathogens on public health, 

more studies using culture and culture-

independent techniques are needed to further 

the understanding of the distribution of these 

microorganisms in aquatic systems, and 

applying solutions like disinfection. In light of the 

information presented here, FISH could be used 

to complement the culture method and thus 

obtain more comprehensive information. 
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