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Mycoplankton of Vistula River and its main tributaries biomass as well as the number and
morphotype diversity was studied in summer and autumn 2011. Summer mycoplankton biomass
was within the range of 0.2 — 0.5 ug/l, while in the autumn it was two times wider range (0.1 -1.3
ug/). The number of fungi in river water most often did not exceed 1000 — 2000 CFU/ml. Fungi
colonies isolated from rivers water were sensitive to the commonly used amphotericine B (10
ug) and gentamicin (10 ug). It seems to be plausible that aquatic fungi can acquire immunity to
drugs as a result of horizontal transfer of a gene responsible for drug resistance or as an effect of
antibiotics and antimycotics getting into the aquatic ecosystems from wastewaters.
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INTRODUCTION

Aquatic fungi are an important part of aquatic ecosystems and play a fundamental role in
the functioning of water basins as well as take an active part in microbiological decom-
position of organic matter (Seena et al. 2008), especially that of plant origin, preparing
this substrate for colonization by other organisms, mainly invertebrates (Canhoto, Graca
2008). They also take an active part in alleviating the results of anthropogenic stressors
since they participate in biotransformation of organic xenobiotics entering aquatic en-
vironments (Qi, Moe 2002; Miersch, Grancharov 2008). These characteristics point to
participation of this group of organisms in the process of self-purification of waters which
has been up until now ignored and their potential utilization in biotechnology (Wong et al.
1998; Pascoal et al. 2005; Krauss et al. 2011).

These days infections caused not only by pathogenic but also by saprotrophic fungi
are becoming a growing problem. A factor which facilitates the invasion of host tissue



238 A. Pietryczuk et al.

is, among others, the acquired resistance to commonly used antifungal drugs. Studies
reported that aquatic fungi are present in drinking water and accepted as impurities.
Limit of the presence of fungi in the consumption water has been established by Swed-
ish regulation authority at 100 CFU per 100 ml of water (Anon. 2003). However, the
significance of fungi in drinking water for water quality and for human health still
is unclear and disputed, because fungi existing in low abundance can affect diseases
and allergies in humans (Flannigan et al. 1991; Doggett 2000; Anaissie et al. 2002;
Hageskal et al. 2006; Hageskal et al. 2007; Hageskal et al. 2009). Additionally, aquatic
microorganisms resistant to antibiotics can transmit this trait to pathogenic microor-
ganisms, for example, through horizontal gene transfer, which can have a significant
meaning to the health of humans and animals (Hill et al. 1994). Additionally, meta-
bolically active antifungal drugs can enter aquatic environment along with agricultural
waste and wastewaters, which also may result in acquiring resistance to these drugs by
aquatic microorganisms. Therefore, aquatic fungi can be used as an ecological change
indicator in aquatic ecosystems (Moore et al. 2010).

The aim of study was to determine the biomass level, abundance and morpho-
types diversity of fungi in the course of Vistula River and its most important tribu-
taries, as well as analysis of their resistance to common antibiotics and mycobiotics.

MATERIALS AND METHODS

The study included 23 stations on the course of Vistula River, the main river in
Poland and its main tributaries starting at Goczatkowice reservoir to the Baltic See
(Fig. 1). The study material was collected in August and October of 2011 and stored
one day in a cool place in polyethylene bottles (1 1) before analysis. Sample collec-
tions took place during two days each, at average level of river water. The study
material was collected from surface water (up to 1 m).

Unfiltered samples of water (250 ul), diluted (1:10 and 1:100) were cultured direct-
ly onto Petri plates containing chrolamphenicol (POCh) enriched Sabouraud agar. The
plates were incubated at a temperature of 25°C for 5 days. After the incubation period the
total number of colonies and different morphotypes of fungi within the colonies were de-
termined (Descals 2007). The biomass of fungi suspended in water was calculated based
on chromatographic quantitative analyses of ergosterol extracted from sestone remaining
on the filter of glass fiber GF/G with a pore size of 0.7 microns after filtration of 1 1 of
river water using the HPLC method according to Davis, Lamar (1992), Mille-Lindblom,
Tranvik (2003) and Jirgensen, Stepanauskas (2009). The chromatographic set consisted
of the following modules: System Gold 125 Solvent Module, 166 Detector, Autosampler
502 made by the Beckman Company and a Computer equipped with the System Gold The
Personal™ Chromatograph program. Chromatographic division was done at a tempera-
ture of 303C on a Beckman C18 Ultrasphere ODS 5p 4.6 mm X 250 mm column with
the isocratic flow of methanol and distilled water solution at 98:2 volume proportions, set
at the 1.5 ml/min level. Ergosterol was determined using a UV detector with wavelength
282 nm after elution time lasting approximately 11 minutes. Taking into account the fact
that very small amounts of ergosterol were present in the river samples being analyzed,
the standard addition method was used. To convert ergosterol to aquatic fungi biomass
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Fig. 1. Map of samples localization I - rivers, II — Vistula River catchment, III — polish border,
circle — Station on Vistula River, quadrat — tributaries, station number as in Table 3.

a coefficient of 5.5 mg of ergosterol in 1 g of aquatic fungi and 35% carbon content was
used (Jirgensen, Stepanauskas 2009). Method validation revealed that the reclamation
of ergosterol released from carancules and propagules of the fungi is 91 + 3%, and the
method error does not exceed 0.1 pg/l.

The assessment of sensitivity to commonly used antibiotics and anitmycotics was
conducted using the disk diffusion method (Holt 1975). Substrate YNB was used for
testing with the content: yeast extract 0.5%, glucose 3%, agar 1.8%. The medium was
sterilized for 20 minutes at 1.5 atmospheres and its pH was established at 7. The medium
was then deposited in a thin layer onto 90 mm diameter Petri plates. To assess sensitivity
sterile discs impregnated with antibiotics: gentamiacin (10 pg) and erythromycin (15 pg)
(Oxoid) as well as antimycotics: amphotericin B (10 pg) and clotrimazol (10 ug) (Lio-
filchem). Fungi suspension for assessment of sensitivity was obtained from 5 day old
cultures raised on Sabouraud medium, by flushing morphotypes using 9 ml 0.1% peptone
saline (Oxoid CM0733). The resulting suspension was evenly spread on the surface of
the YNB substrate, the excess was poured off and the top of the plate was left slightly
agar at room temperature allowing drying of the substrate surface. Subsequently, onto the
surface of the substrate paper disks saturated with the drugs were placed and the plates
were incubated at a temperature of 25°C. Sensitivity assessment was performed after 24



240 A. Pietryczuk et al.

Table 1
Interpretation of the results obtained using the disk-diffusion method of antibiotic and
antimycotic sensitivity on the basis of the diameter of growth inhibition after 24 hours

Drug \ Sensitive \ Intermediate \ Resistant
Diameter of growth inhibition (in mm)

Amphotericine B =15 10-14 <14
Clotrimazole =18 14-18 <14
Erythromycin =23 14-22 <13
Gentamiacin =15 13-14 <12

hours based on inhibition of growth according to a scale presented in Table 1 (Holt 1975;
Moore et al. 2010).

The Student’s t-test and Wilcoxon’s test was used to estimate the difference be-
tween means. Differences of p<0.05 were considered as statistically significant.

RESULTS AND DISCUSSION

As a result of the conducted analyses it has been demonstrated that the number of
morphotypes in the fungi colonies in the waters of the rivers being studies fluctu-
ated between 1 and 4, and that greater diversification was noticed in the autumn
compared to the summer. In the autumn a much greater biomass of fungi has been
recorded (Fig. 2). The summer mycoplankton biomass usually fit within a range of
0.2 - 0.5 pg/l, while in the autumn within a range of 0.1-1.3 ug/l (Tab. 2). The re-
search conducted shows that the biomass of fungi assessed using the HPLC method
is closely correlated with their abundance (1* = 0.975) (Fig. 3). The number of the
fungi in rivers water usually did not exceed 1000-2000 CFU/ml and reached the
maximum value of 24000-27000 CFU/ml. Additionally it has been shown that both
the biomass and the number of the fungi reach the highest values in lowland riv-
ers. The average biomass of fungi calculated for the lowland tributaries of Vistula
is 0.63 pug/l and CFU is 3525/ml, while in mountain rivers these values are 0.44 ug/l
and 2800 CFU/ml respectively. The lowest fungi biomass was recorded in upland
rivers in which the average value of biomass is 0.38 pg/l and their number is 2020
CFU/ml. The research regarding the abundance of aquatic fungi is so far conducted
sporadically. To comparison in the three rivers in Argentina and the River Tinto
(South-West Spain) there have been shown a maximum number of 8 kinds of aquatic
fungi appearing with different frequency, mainly dependant on the time of year and
day during which the samples were collected (Lopez-Archilla et al. 2004; Marano,
Steciow 2006; Sridhar, Sudheep 2010). Earlier reports shown however that in the
first stages of the decomposition of plant matter, especially of the leaves which have
fallen in the water, the fungi biomass fluctuates even in the range of 90-95% of
the entire microorganism biomass in the water, which also could explain a greater
number of fungi in the autumn compared to summer. It is additionally known that
the variation of biomass and number of aquatic fungi also depends on other physi-
co-chemical parameters of the water, such as pH, temperature, access to nutrients,
mainly nitrogen and phosphorus, as well as organic matter (Krauss et al. 2011).
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Table 2
Biomass, abundance and diversity of fungi morphotypes in the Vistula River and its main
tributaries
Sample River Station Biomass of fungi CFU/ml Number of fungi
number [ug/1] morphotypes
August | October | August | October | August | October
2011 2011 2011 2011 2011 2011
Vistula River
1. Vistula Zabrzeg 4.47 0.45 24000 1800 3.0 4.0
2. Vistula Tyniec 0.26 0.46 1900 2000 2.0 4.0
3. Vistula Szczucin 0.64 0.25 4000 1000 3.0 2.0
4. Vistula Sandomierz 0.31 0.96 2100 4500 4.0 4.0
5. Vistula Deblin 6.14 0.47 27000 2700 1.0 4.0
6. Vistula Warszawa 0.30 0.20 2000 800 2.0 3.0
7. Vistula Wioctawek 0.28 0.57 1900 2200 2.0 4.0
8. Vistula Torun 0.36 1.25 2900 9200 1.0 4.0
9. Vistula Grudziadz 4.85 1.13 25200 7600 3.0 2.0
10. Vistula Tczew 0.26 1.02 1800 4600 2.0 3.0
11. Vistula Swibno 0.26 1.15 1800 7900 2.0 2.0
lowland rivers
12. Drweca Lubicz 0.26 1.13 1800 7800 2.0 3.0
13. Bzura Zukéw 0.47 0.66 2200 2300 2.0 4.0
14. Pilica Biatobrzegi 0.44 0.49 2900 2400 3.0 2.0
upland rivers
15. Kamienna | Czekarzewice 0.36 0.40 2300 1600 2.0 2.0
16. Wieprz Deblin 0.30 0.75 1900 2100 2.0 3.0
17. Nida Potaniec 0.02 0.16 500 400 3.0 4.0
18. Przemsza Chelmek 0.24 0.94 1600 4000 4.0 4.0
mountain rivers
19. San Radomysl 0.43 0.26 2900 1100 4.0 3.0
20. Wistoka Gawluszowice 0.44 0.25 3000 1100 1.0 2.0
21. Dunajec Zabno 0.34 0.79 2200 3900 1.0 1.0
22. Raba Chetm 0.92 0.20 8200 900 1.0 3.0
23. Sota Oswiecim 0.66 0.10 4500 200 4.0 4.0
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Fig. 2. Changes in the abundance of fungi in each month (average values).
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Table 3

isolated from the surface waters of the Vistula River and its tributaries (p<0.05)

Sample River Station Drug sensitivity
number
Vistula River
AMB GM E 5
1. Vistula Zabrzeg 1 R R R
2. Vistula Tyniec I R R R
3. Vistula Szczucin I I R R
4. Vistula Sandomierz I I R R
5. Vistula Deblin I I R R
6. Vistula Warszawa I R R R
7. Vistula Wioclawek I R R R
8. Vistula Torui R I R R
9. Vistula Grudziadz R I R R
10. Vistula Tezew R I R R
11. Vistula Swibno R I R R
mountain rivers
12. Sola Oswiecim I R R R
13. San Wrzawy I 1 R R
14. Raba Chelm I I R R
15. Dunajec Zabno I R R R
16. Wisloka Gawliszowice I I R R
upland rivers
17. Nida Polaniec I I R R
18. Kamienna Czekarzewice I R R R
19. Wieprz Deblin R R R R
20. Przemsza Chelmek I S R R
lowland river.
21 Pilica Bialobrzegi I R R R
22, Brzura Zukow R I R R
23, Drweca Lubicz I 1 R R

Abbreviations. GM - gentamycyna (10 ug), AMB — amfoterycyna B (10 pg). E - ervtromycyna (15 pg),
S — klotrimazol (10 pg), S - sensitivity, I —intermediate, R — resistant
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Fig. 3. Correlation between the number (CFU/mL), and fungi biomass (ug/L) in the Vistula
River and its main tributaries.
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Since in the last few years the infections caused by fungi, and not only the pathogenic
ones but also the saprothropic, are becoming a growing problem, research has been con-
ducted on the drug-resistance of fungi from the Vistula River and its tributaries. River
water fungi resistance for commonly used antimycotics and antibiotics were analyzed too.
It turned out that only in the 6 from 23 rivers being studied there were morphotypes
immune to amphotericin B (Tab. 3). This is a substance belonging to very potent poly-
ene antifungal antibiotics, which bind with the steroids of the cell membranes causing an
increased level of their permeability which in turn leads to disruption of metabolic pro-
cesses and necrosis of the cell of the fungus. Since only a small number of examined fungi
ansambles is not sensitive to this mycotic it seems that they must have acquired immunity
to amphotericine B. Additionally in as many as in 50% of the positions examined samples
of water fungi sensitive to gentamicin, which is a typical antibiotic, have been identified.
Fungi sensitive to erythromycin have not been identified in any of the rivers, and what is
more interesting to clotrimazone, which is an imadazole inhibiting ergosterol synthesis
and having a very wide effective spectrum (Rufo et al. 1997; Gruszecki et al. 2009).

Numerous literary data concerning, however, mainly bacteria occurring in surface wa-
ters reports that the saprotrophic microorganism populations are acquiring immunity to
antibiotics from other microorganisms, also pathogenic, mainly through horizontal gene
transfer, as well as through contact with antibiotics and other drugs added to cosmetics
and detergents entering aquatic ecosystems with sewage (Gotz, Smalla 1997; Kim, Aga
2007; Zebouh et al. 2008; Kiimmerer 2009). Our own research and the above mentioned
literary data indicate that a similar mechanism of acquiring immunity to drugs can also
concern aquatic fungi. Similarly as in our research the analyses conducted by Moore et al.
(2010) indicated the occurrence in only two types of aquatic environments phenotypes of
saprothropic bacteria resistant to aminoglycosides, which are a very powerful antibacte-
rial compounds with wide range of effectiveness. Similarly amphotericin B is a powerful
antifungal drug, but fungi originating from 5 rivers were characterized by immunity to
this drug. Since as many as 3 stations on the Vistula River were characterized by the oc-
currence of colonies resistant to amphotericin B it could be concluded that large quanti-
ties of antibiotics, which can change the interaction between organisms and with this con-
tribute to the disruption of ecological relationships, entering the river. Published studies
report that microorganisms coming from natural aquatic environments can transmit drug
resistance to pathogenic microorganisms (Moore et al. 2010). This mechanism is prob-
ably also present within mycoplankton. Saprotrophic fungi are present in drinking water
and their standard number is 100 CFU/mL. The presence of fungi has been ascertained
not only in bottled water but also in distilled and in ultraclean water (Cabral, Fernandez
2002; Hageskal et al. 2006; Ribeiro et al. 2006; Hageskal et al. 2009). The fungi present in
drinking water can transfer drug-resistance to pathogenic microorganisms, and that has
significant meaning when it comes to the health of humans. The fact that up until now the
occurrence of numerous species of pathogenic fungi resistant to amphotericin B has been
detected can serve as confirmation of this (Bossche et al. 1994).

Antibiotics and mycobiotics as a secondary metabolites produced by microorganisms
also take part in shaping the ecological relationships in aquatic ecosystems. They can
neutralize heavy metals or take the form of toxins and regulate the activity of other or-
ganisms as well as the interaction between organisms. To recognize changes in number,
biomass and morphotype variety of aquatic fungi as well as their drug resistance, can
present a picture of ecological changes occurring in aquatic ecosystems, and also have
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significant meaning in the protection of and monitoring of the water environment. Ad-
ditionally detailed recognition of the mechanisms of acquiring drug resistance by aquatic
microorganisms can contribute to better understanding of how antibiotic and antimycotic
mechanisms act upon pathogenic microorganisms (Ho et al. 2003).
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Biomasa, liczebno$¢ i wrazliwo$¢ na antybiotyki i antymykotyki grzybow w Wisle
ijej gléwnych doptywach

Streszczenie

Latem i jesieniag 2011 roku okres§lono biomase¢ oraz réznorodno$¢ morfotypéw mykoplankto-
nu w wodach powierzchniowych Wisly i jej gtéwnych doptywéw. Letnia biomasa mykoplank-
tonu mieScita si¢ w zakresie 0,2 — 0,5 ug/L , za$ jesienia w przedziale 0,1 — 1,3 ug/L. Liczebnosé
grzybéw w wodach rzecznych najczesciej nie przekraczata 1000-2000 CFU/mL. Prébki wody
charakteryzowaly si¢ obecnoscia grzybow wrazliwych na powszechnie stosowany mikotyk am-
foterycyne B (10 ug) i antybiotyk gentamycyne (10 ug). Wydaje si¢ prawdopodobne, ze grzyby
wodne moga nabywac¢ oporno$¢ na leki, w wyniku horyzontalnego transferu genu odpowie-
dzialnego za lekooporno$¢ od innych mikroorganizméw lub wskutek dostawania si¢ antybio-
tykéw i antymikotykéw ze $ciekami do ekosysteméw wodnych.
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