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Abstract

The effect of ethoxylated oleyl-cetyl alcohol at a concentration of 1% on the growth and
metabolism of A. tenuis Nees and P. verrucosum Dierckx was examined in this paper. The
fungal growth was investigated by monitoring the diameter of colonies on solid media and
dry weight biomass in liquid media. A. tenuis had better response to applied pollutant in
solid medium, whereas P. verrucosum had better response in liquid medium. During expo-
nential fungal growth in liquid media with and without pollutant (control), the following
physico-chemical and biochemical parameters were carried out: pH, quantity of free and
total organic acids, proteins, carbohydrates, proteolytic activity. The ethoxylated oleyl-
-cetyl alcohol had influence on decrease in pH value and increase in free organic acids of
both fungi. Furthermore, it has influenced production in way that lower amount of total
organic acids, proteins, glucose and fructose were gained in fermentation broth of P. ver-
rucosum compared to A. tenuis. The proteolityc activity of fungi was partially (A. tenuis) or
fully inhibited (P. verrucosum) by presence of pollutant in liquid medium. Based on the
obtained results, these fungal species act as potential candidates for mycoremediation of
alcohol ethoxylated contaminated environments and biotechnology.
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Ethoxylated oleyl-cetyl alcohol (Fig. 1) is surfactant
from the group of fatty alcohol ethoxylates (FAEs) that
are representing the most important group of non-ionic
surfactants from economical point of view. FAEs are
widely used in domestic and commercial detergents,
household cleaners and personal care products. They
are employed as wetting and washing agents in the
cosmetics, agriculture, paper, oil and other sectors of
processing industry. Constant increase in production
volume of these non-ionic surfactants in the world over

the past 20 years, especially in Europe, is conditioned
by many FAEs desired characteristics, such as rapid
biodegradation, low-to-moderate foaming ability, sup-
erior cleaning of man-made fibers, tolerance of water
hardness and ability to perform in cold water [1].

On the other hand, rapid growth of production
alcohol ethoxylates (AEs) in the world points to the
possibility of an increased quantity of this pollutant in
aquatic ecosystems at concentrations above expect-
ations. After usage, residual surfactants and their deg-
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radation products are discharged to sewage treatment
plants or directly to surface water sand sediments [2].
Experimental results from many biodegradation studies
in laboratory and field conditions suggest that there is a
high quantity of primary and ultimate biodegradation
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of these surfactants in the environment [3]. AEs are
degraded biologically by wastewater treatment plant
(WWTP) in excess 95-99% [4,5]. Concentration of total
AEs in WWTP effluents is in the range 1.0-23 pg/l in
Europe, Canada and USA [6,7]. From the middle of ‘70s
until today, several environmental risk assessments
were carried out on AEs [8,9]. These surfactants have a
strong affinity for sorption to solids such as activated
sludge, river water solids and, ultimately, sediments
[10-12]. Level of toxicity to aquatic organisms, mea-
sured by ECs, ranges from very toxic (< 1 mg/l) to
harmful (between 10-100 mg/l). Also, during the men-
tion time period, studies related to understanding the
biodegradation mechanisms of AEs in the presence of
complex microbial communities were carried out using
different methods. Several AEs degrading bacteria were
isolated under aerobic [13] and anaerobic conditions
[14,15]. In the last two decades, bacteria were in the
focus of bioremediation studies, unlike fungi which
were studied much less. Mycoremediation is an inno-
vative biotechnology that uses living fungus for in situ
and ex situ cleanup and management of contaminated
sites [16]. Filamentous fungi have ability to grow on
wide spectrum of substrates by secreting extracellular
hydrolytic enzymes, even capable of growing under
ambient environment. Moreover, due to the low sub-
strate specificity of their degradative enzyme machin-
ery, fungi are able to perform the breakdown of a wide
range of organic and xenobiotic pollutants: petroleum
hydrocarbons, chlorophenols, polycyclic aromatic hyd-
rocarbons, polychlorinated biphenyls, dioxins and fur-
ans, pesticides, herbicides and nitroaromatic explosives
[17,18]. These fungal properties are utilized in a variety
of processes (biological control agent, biobleaching,
bioremediation, waste treatment).

Based on our previous researches [19-22], it was
identified that several species of fungi such as A. niger,
T. roseum, F. oxysporum, etc., can grow and metabolize
ethoxylated oleyl-cetyl alcohol at a wide concentration
range 0.01-1%. For this reason, current study was
conceptualized in order to investigate the effect of
ethoxylated oleyl-cetyl alcohol at a concentration of 1%
on the growth of selected fungi and changes of their
metabolic activity. Isolation and identification of fungi
from aquatic ecosystems that are resistant to the pre-
sence of high concentrations of this pollutant on the

one hand, and the effect of a pollutant on their meta-
bolism on the other hand, are crucial parameters for
application of fungi in mycoremediation.

EXPERIMENTAL

Isolation and identification of fungi from wastewater

The fungi applied in this study were isolated from
the sample of wastewater river basin of Lepenica, Kra-
gujevac (the place of wastewater flood, sewage). The
sample of water was taken in a sterile container. The
sample was transferred to the microbiology laboratory
and was afterwards inoculated onto Petri plate’s nut-
rient malt agar with streptomycin (in duplicates). The
Petri plates were then incubated for 5-7 days at stan-
dard temperature 28+2 °C. Pure cultures were obtained
by the method of exhausting on poor malt agar plates
and potato dextrose agar (PDA) plates. Identification of
the fungi was based primarily on the macroscopic and
microscopic morphology and was carried out by Sys-
tematic keys at the Faculty of Biology, University of Bel-
grade, Serbia. The fungi selected as test organisms in
this study were: Alternaria tenuis Nees (1817) and Peni-
cillium verrucosum Dierckx (1913). The fungi were
maintained on PDA plates, stored at 4+0.5 °C and sub-
cultured monthly in sterile conditions.

Inoculums preparation

Inoculums suspensions were prepared from fresh,
mature (from 3- to 5-day-old) cultures grown on PDA
plates. The colonies were covered with 5 ml of distilled
sterile water. The inoculums were achieved by carefully
rubbing the colonies with a sterile loop; the isolates
were shaken vigorously for 15 s with a Vortex mixer
and then transferred to a sterile tube. The inoculums
sizes were adjusted to 1.0x10° spores/ml by micro-
scopic enumeration with a cell-counting hematocyto-
meter (Neubauer chamber).

Cultivation of fungi on solid media and culture
condition

The Czapek Dox’s solid media was prepared accord-
ing to the formulation shown in Figure 2, with addition
of 20 g agar-agar and autoclaved at 121 °C for 20 min
(autoclave pressure, 0.14 MPa). After cooling to 45 °C,
culture media were dispensed into sterile Petri dishes

Growth medium Mark ¢ (gl
NaNO; K,HPO;, MgSO4x7H,O FeSO4x7H,O Sucrose AOC*
Control C 3 1 0.5 0.01 30
C+1%A0C AOC 3 1 0.5 0.01 30 10

*AOC - Ethoxylated oleyl-cetyl alcohol (Henkel, Krusevac)

Figure 2. Composition of growth media in 1000 ml distillated water.
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for solidification. The tested fungi were inoculated at
the center of the agar plates. The plates were incub-
ated at room temperature over 8 days, in order to
examine the exponential growth of fungi.

Cultivation of fungi in liquid media and culture
condition

The Czapek Dox’s liquid growth media (100 ml) was
prepared in 250 ml Erlenmeyer flask, according to pro-
cedure mentioned above, but without addition of agar.
One ml spore suspension of both fungi was inoculated
in liqguid media. Following inoculation, Erlenmeyer
flasks were placed on an orbital shaker (Kinetor-m,
Ljubljana) thus enabling uniform and constant mixing.
All Erlenmeyer flasks were incubated at room tempe-
rature, under alternate light and dark for 8 days.
Sampling has begun on day 4 and repeated daily until
the end of experiment. All experiments were con-
ducted in triplicate.

Measurement of pH values

A pH value of the fermentation broth (initial pH
value about 5.0) in the experiment was measured by a
pH meter (type MA-5705, the product “Iskra”, Kranj)
during fungal growth from day 4 to day 8.

Determination of colony diameters

Colony diameters (CD) were measured with a ruler
at intervals of 24 h from inoculation until day 8. The
growth curves were constructed from the diameter of
the colonies (cm) versus incubation time (day). From
the growth curves, the exponential growth phases of
fungi were determined in the period of cultivation from
day 4 to day 8. This period was selected for further
study of physicochemical and biochemical parameters
of fungi in liquid growth media.

Determination of dry weight biomass

The 8-day-old mycelia was separated from the
fermentation broth by filtration through pre-weighed
filter paper. The mycelia was washed with distilled
water several times. Filter papers with mycelia were
dried in an oven at 80 °C to constant weight. The dry
weight of the mycelia was calculated by subtracting the
initial weight of the filter paper from the weight of
mycelia and filter paper. The results are presented as
g/l.

Determination of concentrations total and free
organic acids

The concentration of free and total organic acids
(FOA and TOA) was determined by ion exchange chro-
matography according to method by Bullen et al. [23],
as described in greater detail in our previous work [20].
The results are presented as percentages (%).

Determination of monosaccharides quantity

The quantity of monosaccharides, glucose and fruc-
tose, were also determined by ion exchange chroma-
tography according to procedure which is discribed in
our previous work [21]. The results are presented as
percentages (%).

Determination of protein concentration

Protein concentration in fermentation broth of
fungi was determined according to the method by
Kjeldahl [24]. A sample was digested with a strong acid
so that it releases nitrogen, which was determined by a
suitable titration technique. A conversion factor of 6.25
(equivalent to 0.16 g nitrogen per gram of protein) was
used for calculating the quantity of protein, according
to the Eq. (1):

The quantity of proteins (mg) = 6.25Xquantity of
nitrogen (1)

Assays of alkaline protease activity (EC 3.4.21-24)

The assay of alkaline protease was carried out by
Anson’s method [25]. Reaction mixture, which con-
tained 5 ml of casein and 1 ml fermentation broth, was
incubated at 37 °C for 30 min. The reaction was stop-
ped by adding 1 ml of 5% trichloroacetic acid (TCA). The
mixture was centrifuged at 4.000 rpm/min and then 5
ml of 6% Na,CO; and 1 ml diluted Folin—Ciocalteu’s
phenol reagent were added to supernatant. The sol-
ution was kept at room temperature for 30 min and
absorbance was read at 660 nm using tyrosine stan-
dard. One unite of alkaline protease activity was
defined as the amount of enzyme capable of producing
1lug of tyrosine from casein in a minute under assay
condition.

Statistical analysis

The results were expressed as mean * standard
deviation of data obtained from three independent
measurements. The database was analyzed using the
Software Package for Social Science for Windows 14.0
(SPSS Inc., Chicago, IL).

RESULTS AND DISSCUSION

Our previous studies emphasize that some fungi
species which originated from wastewater can meta-
bolize the detergent components (e.g., ethoxyled oleyl-
cetyl alcohol and sodium tripolyphosphate) for growth
and biomass accumulation [19-22]. Having this in
mind, this study was designated in order to investigate
the influence of ethoxyled oleyl-cetyl alcohol, which is
added to nutrient medium in a high concentration (1%)
on the growth, development and metabolic activity of
A. tenuis Nees and P. verrucosum Dierckx. The obtained
results should serve as a theoretical basis for practical
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application of tested fungi in mycoremediation of envi-
ronment. Research results of this study are presented
in Figures 3-5.

The effect of surfactant on fungal growth on solid
medium

Chemical composition of Czapek Dox’s nutrient
medium has optimal properties for growth and high
biomass production of numerous fungi [19-22,26]. In
addition, the presence of various pollutants (e.g. dye,
heavy metals, pesticides, surfactants) in the culture
medium may have an inhibitory or stimulatory effect
on the fungal growth depending on type and applied
concentration of pollutant, and the fungal species. For

Colony diameter {¢m)

testing of fungal growth, the fungi were grown pre-
viously on solid media with (AOC) and without pol-
lutant (C) over a period of 8 days. The colonies dia-
meters were measured daily and growth curves were
constructed. For both fungi, the exponential growth
phase occurred in the period of cultivation from day 4
to day 8 (Figure 3). As Figure 3 shows, CD of A. tenuis
had gradually increased on C medium, from day 4 to
day 8, whereas P. verrucosum had a lower growth rate
compared to A. tenuis. Different growth rates between
the tested fungi in C medium can be explained by their
morphophysiological differences that affect different
response for the adoption and nutrient transport.

—k— A, tenuis C

- & =4 tenuis AOC I %
—— P verrucosum C
- ® = P verrucosum AOC I %%

.
[

6 7 g

Culture age (days)

Figure 3. The colonies diameter of A. tenuis and P. verrucosum during exponential growth on solid media (C-control, AOC-medium

with 1% ethoxylated oleyl-cetyl alcohol).

Dry weight biomass H Proteolytic activity
& P (ng/ml)
. Medium C AOC C AQC C AQC
Fungi ———
Days
S 4 0 0 7.14£0.01  7.03x0.06 0 0.19£0.07
g § 5 nd nd T 16£0.02 704012 0.28+0.04 0
f nd nd 718£0.02 7.05+0.05 0643010 0.02+£001
% ® 7 tud tud 7.16+0.04 7.06+0.05 0314008 0.32+0.14
g 019009 0554012 7.154001  7.05x0.01 0.19x005 040003
4 0 0 712£005 7.25£0.02 0.15+0.09 0
§ % 5 nd tud T.05+0.04 7.08+£0.05 0.20+0.10 0
E % f nd nd 6.85£002 684009 035+0.12 0
& § 7 nd tud 6.73£0.07  6.82+0.06 D0.18+0.05 0
8 0.14+0.05 0.17+0.06 6.75+0.01 6@.66+0.01 0.15+0.05 0.05+0.01

Each value is expressed as mean + standard deviation (2= 32), nd-not determined

Figure 4. Total dry weight of biomass, pH value and proteolitic activity of fungi in liquid media (C — control, AOC — medium with 1%

ethoxylated oleyl-cetyl alcohol).
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Proteins Free oxg.acids Totalorg acids Ghuco se Fruciose
(mg/m]) (%9 (%) (% (%)
Medium C AQC [ A0C [ AOC C A0C C A0
Fungi
Doays
4 0614103 076021 067004 0174105 7O07£1.02 1.67H1.35 0084116 0034101 0494012 0.034.01
g % 5 0 A3H.09 062026 nud nd tud fid tud tud fd fid
E E & 0724010 0A3£042 nud nd fud fd tud fud nd fid
% - 7 0A8H1.12 062032 nd nd tud nd fd fud nd nd
S 0704005 076025 033£006 2334055 567£1.26 ToT£l 48 0324024 0734015 0324109 0.4440.10
4 0104102 008+004 0284002 0ZEH10% 0564010 2224165 0.104006 007H105 00540.02 0.074.02
E E 5 0204007 0.10£00% nd nd tud nd fd nd nd nd
_% E & 0242004 011005 nud nd fuid fd tud fd nd fd
5 g 7 0974119 021007 nud nd fud nd nd nd nd nd
2 1204062 005001 194£009 3334005 2.80+]1 32 7.78+1 28 0724109 0214004 0714000 0.374).16

Each valueiz expressed as mean + stan dard deviation (2 =3), nd-not determined

Figure 5. Quantity of proteins, free and total organic acids and monosaccharides (glucose and fructose) in liquid media (C — control,

AOC — medium with 1% ethoxylated oleyl-cetyl alcohol).

When fungi were grown on solid medium with addition
of AOC, they had lower CD compared to the control.
The growth of A. tenuis on AOC medium was signific-
antly (p < 0.01) or slightly inhibited on day 4 and from
day 7 to day 8, respectively. These results can be exp-
lained by a period of fungal adaptation to the presence
of AOC in medium, during the initial stage of growth, as
well as the creation of some degradation products that
slow down fungal growth. Ethoxylated alcohol showed
an inhibitory effect on CD of P. verrucosum over a
period of three days (from day 5 to day 8), but had no
influence on fungal growth on day 4. Obviously, the
fungus P. verrucosum is more tolerant to a high con-
centration of the AOC in medium than A. tenuis,
considering its CD was two times higher that CD of A.
tenuis on day 4. However, the AOC degradation pro-
ducts had a higher intoxicating effect on the growth of
P. verrucosum than parent molecule. Consequently, CD
of P. verrucosum was significantly lower (14.29%) on
day 8, whereas CD of A. tenuis was lower only by 3%
compared to the control.

The effect of surfactant on fungal growth in liquid
medium

The DW biomass of tested fungi grown in the liquid
Czapek Dox’s media was measured on day 8 (at the end
of exponential growth) and results are presented in
Figure 4. The fungus A. tenuis had higher DW biomass
(0.55 g/l) than fungus P. verrucosum (0.17 g/l) in C
medium. On the other hand, AOC added in liquid
medium showed strong inhibitory effect (67%) on DW
biomass of A. tenuis and mildly stimulating effect
(13.5%) on DW biomass of P. verrucosum, compared to
control. The finding that fungi could survive and grow

in solid and liquid Czapek Dox’s media with AOC at a
high concentration (1%) provided evidence for the fun-
gal resistance to this pollutant. The different response
of fungi to growth on solid and liquid media with AOC
was also confirmed in this study. Therefore, A. tenuis
had better response to presence of AOC in solid
medium, whereas P. verrucosum had better response
to presence of AOC in liquid medium. These character-
istics of fungi make them utilizable in bioremediation of
solid and liquid environments. The obtained results are
consistent with the results of our previous studies,
which revealed the influence of AOC on the DW bio-
mass of fungi T. roseum, F. oxysporum and A. niger.
Therefore, this pollutant has a mild stimulating effect
on the biomass of T. roseum and F. oxysporum but has
a very strong inhibitory effect on the biomass of A.
niger, under the same experimental conditions [21,22].

The influence of surfactant on pH media

Transport of nutrients through the cell membranes
and growth of microorganisms are closely related with
ambient pHs. Although, most fungal species live in a
wide range of external pH, they proliferate more
rapidly at acidic pH. When grown in an unbuffered
medium, filamentous fungi often rapidly acidify their
environment to very low and even sometimes detri-
mental pH values [27]. The major mechanism behind
this acidification is controversially discussed, although
it is most often attributed to either organic acid excre-
tion [27,28] or proton release by the plasma membrane
H-ATPase [29]. The addition of some organic molecules
(e.g., AOC, sodium tripolyphosphate or commercial
detergent) in nutrient medium influences the change of
pH values towards an alkaline environment that can be
considered as a stress condition. According to litera-
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ture, fungal response to alkaline pH is based on two
possible mechanisms. First is the proteolytic activation
of PacC transcription factors (A. nidulans, C. albicans, S.
cerevisiae, Y. lipolytica) [30] and second mechanism is
existence of the calcium-mediated pathway [31].

This study has evaluated the changes of pH value of
fermentation broth during fungal growth from day 4 to
day 8, as Table 3 shows. The pH values of liquid control
media (C) were closely related and in neutral range (P.
verrucosum 7.12 units, A. tenuis 7.14 units) on day 4.
During the growth of fungi, the pH values of C media
were changed to different intensity, depending on the
fungal species. Therefore, during those four days, the
pH value of C medium of P. verrucosum was gradually
decreasing and the largest decrease in pH value (0.17
units) was measured from day 5 to day 6. On the
contrary, the changes of pH value of C medium of A.
tenuis were slightly increasing from day 4 to day 6.
From that point on, the pH value was then decreasing
with the almost same intensity until day 8. The pre-
sence of AOC at a concentration of 1% in a liquid media
resulted in pH changes of media. The pH value of AOC
medium of A. tenuis was insignificantly lower on day 4,
whereas the pH value of P. verrucosum was signific-
antly higher as compared to control. During the growth
of P. verrucosum, pH value of AOC medium was dec-
reasing, and the largest decrease in pH value (0.24
units) was observed from day 5 to day 6. On the con-
trary, the pH values of AOC medium of A. tenuis
changed in the opposite manner, but the changes were
very small. Decreasing of media pH is widespread phe-
nomenon observed during extensive mycelium deve-
lopment of many fungal species such as A. niger, F.
oxysporum, P. chrysogenum, etc. The results obtained
in this study evidently suggest that fungi probably have
different mechanism regulation of external pH, which
depends on numerous factors (e.g., pH value, chemical
composition of medium, fungal morphology, etc.).

Activity of alkaline protease (EC 3.4.21-24) in liquid
media

Proteases are degradative enzymes, which catalyze
the cleavage of peptide bonds in proteins. They have
wide-ranging applications in industrial products and
processes such as detergent, food, pharmaceuticals,
tannery, waste treatments, etc. In literature, several
microbial strains including fungi (Aspergillus flavus,
Fusarium graminarum, Penicillium griseofulvin, etc.)
and bacteria (Bacillus licheniformis, B. firmus, B. sub-
tilis, etc.), are reported to produce protease. Due to
these facts, the alkaline protease activity of A. tenuis
and P. verrucosum was evaluated in this paper.

Data presented in Figure 4 has shown that tested
fungi produced extracellular protease when grown in C
medium more effectively than in AOC medium. The
proteolytic activity of fungi was increased parallel with
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the fungal growth (A. tenuis and P. verrucosum) in C
medium, from day 4 to day 6. The maximum proteo-
lytic activity was measured in the fermentation broth of
A. tenuis (0.63 mg/ml) on day 6. Fungus P. verrucosum
had two times lower proteolytic activity in same
medium, with its maximum (0.35 mg/ml) achieved on
day 6. Addition of ethoxylated oleyl-cetyl alcohol, in
liquid nutrient medium at a concentration of 1%, con-
tributed to a partial (A. tenuis) or complete inhibition
(P. verrucosum) of proteolytic activity, during fungal
growth. Proteolytic activity of A. tenuis in AOC medium
was expressed on day 4 and from day 6 to day 8, with
its maximum (0.400 mg/ml) achieved on day 8. In the
presence of AOC, fungal proteolytic activity was inhi-
bited about 37% (or remained about 63% activity) in
relation to control. Obviously, various morpho-physio-
logical characteristics of the fungi and some degrad-
ation products of AOC in medium have caused differ-
ences in effects of this pollutant on proteolytic activity.
These results are also supported by the findings of Sto-
janovi¢ et al. [22] who reported that AOC at concen-
tration of 1% has a strong inhibitory effect on the acti-
vity of proteolytic enzymes the fungus T. roseum. How-
ever, the same authors also reported that the AOC at
concentration of 1% has a strong stimulating effect on
the proteolytic activity of A. niger, under the same
experimental conditions [19]. According to Evans and
Abdullahi [32], surfactants may have improved the
permeability of the cell membrane through disruption
of lipid bilayer thereby increasing the uptake of nut-
rient into the organism and the secretion of enzyme
into the culture medium. Non-ionic surfactants type of
ethylene oxides, bind to active site of enzymes through
hydrogen bonds in order to enhance conformation flex-
ibility [33]. Zeng et al. [34] revealed that incorporation
of Tween-80 into fermentation medium have shown to
enhance production and secretion of protease. Li et al.
[35] demonstrated that Tween-80 and acetonitril inc-
reased the yield of protease activity of Serratia sp. SYBC
H by 5.0 and 4.3 folds, respectively. Maruthiah et al.
[36] has reported enhanced protease activity of Bacillus
flexus by non-ionic surfactant Tween-20, Tween-40,
Tween-60 and Triton X-100. According to Barberis et al.
[37], proteolytic activity of araujiain increased or rem-
ained constant while non-ionic surfactant concentra-
tion was being increased (0.1, 0.4 and 1%). Enzyme
stability in the presence of detergent ingredients, such
as surfactants, builders and activated bleach, etc.; opti-
mum activity at alkaline pH; effectiveness at low wash
temperatures of 20-40 °C; are very important pro-
perties for its use in detergent formulations [38]. Based
on presented results and facts mentioned above, per-
formances of A. tenuis alkaline protease are suitable for
its potential application as an additive in laundry deter-
gent formulations ethoxylated oleyl-cetyl alcohol type.
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Production of protein in liquid media

Numerous studies of protein secretion has been
made with filamentous fungi, but the molecular basis
for the protein secretion in fungi is still lacking. Bearing
that in mind, the fungi were referred as “a highly
productive black box” by Peberdy [39]. Therefore, the
examination of protein secretion of each fungal species
in various media is very important. The tested fungi had
produced a different amount of protein in C medium
on day 4, and it was ranged from 0.10 (A. tenuis) to
0.67 mg/ml (P. verrucosum), Figure 5. The amount of
proteins secreted in this medium was increased parallel
with the fungal growth. Fungus A. tenuis has secreted
the highest amount of protein (0.72 mg/ml) on day 6,
and P. verrucosum (1.80 mg/ml) on day 8. Ethoxylated
oleyl-cetyl alcohol added in the culture medium seems
to have slightly stimulated the proteins secretion of A.
tenuis (0.76 mg/ml), whereas it strongly inhibited the
proteins secretion of P. verrucosum (0.21 mg/ml). The
least deviation in the secretion of proteins between the
media was found by A. tenuis. Data that was found in
the literature confirmed inhibitory/stimulatory effect of
AOC at a concentration of 1% on protein production of
T. roseum [22], and A. niger and F. oxysporum [19,21].
The results of this study as well as results of mentioned
authors are evidently indicating that fungal morphology
is also directly correlated with protein production.

The influence of surfactant on organic acids excretion

The tested fungi excreted different amount of FOAs
and TOAs depending on the type of medium and cul-
ture age (Figure 5). The amount of FOAs measured in C
medium was significantly higher (P. verrucosum) or low
(A. tenuis) on day 8, compared to day 4. During the
same cultivation period, AOC at a concentration of 1%
showed strong stimulatory effect on FOAs excretion of
both fungi, in relation to control. To summarize, the
fungus P. verrucosum excreted about 1.5-fold larger
amount of FOAs and A. tenuis excreted about 7-fold
larger amount of FOAs in AOC medium in relation to
control. The amount of TOAs measured in fermentation
broth of C medium of A. tenuis was significantly lower
or, as in the case of P. verrucosum, significantly higher
on day 8 than on day 4. The AOC added in medium with
a concentration of 1% has influenced TOAs amount in
both fungi by increasing it significantly on day 8 com-
pared to day 4. Generally, A. tenuis excreted higher
amount of TOAs in both culture media than P. verru-
cosum. These results provide evidence that significant
differences exist between the tested fungi in organic
acids excretion in both media. Decreasing of pH media
of P. verrucosum is in positive correlation with inc-
reasing of organic acids excretion. In contrast, increas-
ing of pH control medium of A. tenuis is in negative
correlation with amount of organic acids excreted,

which could be explained with a reuptake of organic
acids. Therefore, organic acids excreted in media are
serving another purpose (charge balance, energy spil-
ling or chelation of trace elements) besides acidification
of external medium.

The influence of surfactant on amount of
monosaccharides

Monosaccharides, glucose and fructose, are the
reducing sugars produced by the action of invertase on
sucrose. Generally, when sucrose is used as an only
carbon source, the fungus utilizes rather glucose than
fructose for its metabolism [40]. Sucrose is necessary in
medium with AOC for fungal biodegradation of pol-
lutant. Taking this into consideration, the effect of AOC
on amount of monosaccharides was investigated in this
study. The concentration of glucose and fructose in the
fermentation broth of fungi was determined at the
beginning (day 4) and at the end of exponential growth
phase (day 8), as Figure 5 shows. On day 4, very small
amount of glucose and fructose was measured in C
medium of P. verrucosum but significant amount of
monosaccharides was measured in C medium of A.
tenuis. Regardless of these differences, both fungi
produced lower amount of fructose than glucose,
which means that fungi metabolized fructose rather
than glucose in medium with sucrose as only carbon
source. These results are opposite from results of
above-mentioned authors. Obviously, parameters such
as fungal morphology and experimental conditions (pH
medium, chemical composition of medium, aeration,
etc.), have influenced monosaccharides uptake rates.
At the same time, very low amount of glucose and
fructose was also measured in both AOC media. In this
medium, fungi metabolized equal amount of monosac-
charides. On day 8, the amount of glucose and fructose
measured in C medium of P. verrucosum was signific-
antly higher than on day 4. Nevertheless, the amount
of glucose and fructose in same medium of A. tenuis
was lower, especially glucose. In both AOC media,
amount of monosaccharides was higher on day 8 com-
pared to day 4. Accordingly, A. tenuis produced about
0.71% glucose and 0.44% fructose, whereas P. verru-
cosum produced about 0.18% glucose and 0.35% fruct-
ose. These results indicate that tested fungi have dif-
ferent flux for monosaccharides in presence of AOC.
Therefore, A. tenuis utilizes fructose rather than glu-
cose, whereas P. verrucosum rather utilizes glucose in
medium with AOC. Results obtained in this study are in
accordance with report by Stojanovié et al. [22] who
found that ethoxylated alcohol stimulates the pro-
duction of glucose of F. oxysporum and fructose of T.
roseum and F. oxysporum. However, the same authors
confirmed the inhibitory effect of this pollutant on
production of monosaccharides in experiment with A.
niger [21]. The differences in the fungal utilization of
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glucose and fructose observed in this study could be
caused either by differences in the transport systems or
by the subsequent intracellular metabolism of the
sugars. Also, AOC could influence synthesis of inducible
enzymes involved in regulation of carbohydrates meta-
bolism or some of its degradation products have a role
of competitive inhibitor of these enzymes.

CONCLUSIONS

Based on obtained results, ethoxylated oleyl-cetyl
alcohol at a concentration of 1% had different effect on
the growth, development and metabolic activity of the
tested fungi, depending on the species of fungi. Both
fungi species could survive and grow in solid and liquid
Capek Dox’s medium with addition of AOC at a high
concentration (1%). The A. tenuis has better response
to AOC on solid medium whereas P. verrucosum has
better response to AOC in liquid medium. Ethoxylated
oleyl-cetyl alcohol has influenced metabolic activity of
fungi in direction of production of significant amount of
organic acids, proteins, fructose (P. verrucosum) and
glucose (A. tenuis). The alkaline protease activity of
fungus A. tenuis had retained about 63.50% activity in
the presence of AOC, so it could have a potential appli-
cation in detergent formulation. The results presented
in this study undoubtedly indicate the possible appli-
cation of the tested fungi in both mycoremediation of
contaminated solid and liquid environments and in
different areas of industries.
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UTICAJ ETOKSILOVANOG OLEIL-CETIL ALKOHOLA NA METABOLIZAM NEKIH GUIVA | NJIHOVA POTENCIJALNA
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Violeta D. Jakovljevi¢', Miroslav M. Vrvi¢®

!Institut za biologiju i ekologiju, Prirodno—matematicki fakultet, Univerzitet u Kragujevcu, Radoja Domanovica 12,

34000 Kragujevac, Srbija

’Departman za Biohemiju, Hemijski fakultet, Univerzitet u Beogradu, Studentski trg 12-16, 11000 Beograd, Srbija

(Naucni rad)

Uticaj etoksilovanog oleil-cetil alkohola 1% koncentracije na metabolizam
gljiiva A. tenuis Nees and P. verrucosum Dierckx, koje su izolovane iz otpadnih
kanalizacionih voda, bio je predmet istraZivanja ove studije. Dejstvo 1% etoksi-
lovanog oleil-cetil alkohola na rast gljiva ispitivano je pra¢enjem precnika kolonija
na évrstoj i merenjem suve biomase micelija u te¢noj Capekovoj podlozi. Gljiva A.
tenuis imala je bolji odgovor na prisustvo polutanta u c¢vrstoj podlozi dok je P.
verrucosum ispoljila bolji odgovor na polutant u te¢noj podlozi. Tokom ekspo-
nencijalnog rasta gljiva u tecnoj podlozi sa i bez navedenog polutanta (kontrola),
pracene su promene sledecih fizicko-hemijskih i biohemijskih parametara: pH,
koli¢ina: slobodnih i ukupnih organskih kiselina, proteina i ugljenih hidrata, pro-
teoliticka aktivnost. Etoksilovani oleil-cetil alkohol uticao je na smanjenje pH
vrednosti podloge i povecdanje kolicine slobodnih organskih kiselina obe gljive.
Pomenuti polutant uticao je na produkciju manje koli¢éine ukupnih organskih
kiseline, proteina, glukoze i fruktoze, u fermentacionoj tecnosti gljive P. verru-
cosum u odnosu na A. tenuis. Proteoliticka aktivnost gljiva bila je delimi¢no (A.
tenuis) ili potpuno inhibirana (P. verrucosum) prisustvom polutanta u te¢noj hran-
ljivoj podlozi. U prisustvu 1% etoksilovanog oleilcetil alkohola alkalna proteaza A.
tenuis zadrzala je oko 67% aktivnosti tako da bi se mogla koristiti kao aditiv u for-
mulaciji deterdZenta. Na osnovu dobijenih rezultata moze se zakljuciti da se
testirane gljive mogu smatrati potencijalnim kandidatima za mikoremedijaciju
Zivotne sredine (zemljista, voda) kontaminirane alkoholnim etoksilatima.
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