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ISOLATION AND SELECTION OF BIOSURFACTANT- PRODUCING
ENDOPHYTIC BACTERIA FROM PLANTS GROWN IN CONTAMINATED SOIL
(THE SOUTH OF ALGERIA)
Hafida Baoune, Bochra Bakini, Safia Satara, Aminata Ould El Hadj-Khelil
baounehafida@hotmail.fr
Laboratoire de protection des écosystèmes en zones arides et semi-arides, FNSV, Université Kasdi Merbah
Ouragla, 30000, Algérie.
ABSTRACT
A potential biosurfactant producing endophytic bacterial strains were recovered from roots of plants
grown in crude oil polluted soil. Three methods were used to detect biosurfactant production; blood agar lysis,
Methylene blue cetyl-trimethyl ammonium bromide (MB-CTAB) agar and Emulsification activity (E24).
Among Seven isolates, over than 55% bacterial strains had the hemolysis diameter less than 4 mm or between 4
and 11 mm on blood agar. Moreover 85 % bacterial strains showed an emulsification activity with kerosene
under culture in Bushnell Haas (BH) medium using petroleum as sole carbon and energy source within 7 days of
incubation. The highest emulsification layer (E24 = 66.66 %) was shown by the strain SM8.
For MB-CTAB Agar, Five isolates displayed the production of a dark blue halo indicating the production of
anionic surfactant. There was a weak positive correlation between hemolysis activity and emulsification activity
(r=0.37). Thus, the hemolysis may not always be reliable method for biosurfactant production. As a conclusion,
the selected strains are suitable candidates for field application for effective in situ bioremediation of
hydrocarbon contaminated sites.
KEYWORDS: endophytic bacteria, contaminated soil, biosurfactant, bioremediation.
1. INTRODUCTION
A large amount of organic contaminants ( petroleum, diesel, gasoline) in the environment have a great
potential to damage the natural ecosystems (Montagnolli et al., 2015). Even though, many remediation strategies
were applied, the bioavailability of petroleum hydrocarbons remains an important factor due to their insolubility
(Ali Khan et al., 2017). One of the promising methods for the bioremediation is the application of biosurfactants
producing bacteria (Joy et al., 2017). Biosurfactants are surface active chemical molecules derived from
microorganisms (Youssef et al. 2004). As well as they are considered more stable, effective, selective and not
destructive to the environment than synthetic surfactants (Ellaiah et al., 2002). Recently, a considerable attention
has been given for the isolation of biosurfactant producing endophytic (Kukla et al., 2014; Shalini et al., 2017),
which live inside plants tissues without causing any disease to the plant (Kukla et al., 2014).
In this context, this present study has focused on the isolation of endophytic bacteria from a spontaneous
plant Helianthimum lippi grown in contaminated soil of the south of Algeria and screen of potent biosurfactants
producing testing the hemolysis activity, measuring the emulsification activity as well as the detection of anionic
surfactant on MB-CTAB agar.
2. MATERIALS AND METHODS
2.1 Isolation of endophytic bacteria
Healthy root samples were collected from Helianthimum lippi grown in petroleum polluted soil, Ouargla
city, Algeria. The roots were washed in tap water to remove adhering soil particles. Then the root surfaces were
sterilized by sequential immersion in 70% (v/v) ethanol for 5 min, 0.9% (v/v) of Sodium hypochlorite (NaClO)
for 20 min, the root samples were divided aseptically into thin discs (0.2-0.5 cm) (Verma et al. 2009). Finally the
roots were placed onto nutrient agar medium (NA) amended with nystatin (100 µg.mL-1) to suppress the growth
of fungi. The inoculated plates were incubated at 28°C for one week. To confirm the surface sterilization process
was successful, 100 µl of water from the final rinse was spread out on petri-plates of nutrient agar (NA) and
were incubated at 28°C for one week. No contamination was found.
2.2 Screening of biosurfactant production
The strains were cultivated into liquid Luria Bertani (LB) medium in a rotary shaker at 180 rpm for
24 hours at 28°C. Biomass was harvested by centrifugation (10,000 for 10 min at 4°C), washed twice with sterile
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distilled water, culture suspensions were homogenized. Inoculum concentration was determined at 0.5 using
optical density. The inoculum was used for biosurfactants screening essays.
According to the protocol of Carrillo et al. (1996), 10 µl of homogenized culture of each strain was placed
on blood agar medium and then was incubated at 30°C for 48 h. Hemolytic activity was detected as the presence
of clear zone around a colony. The diameter of the clear zones was calculated.
Emulsification index of cultures samples was determined according to the protocol of Khopade et al.
(2012). 100 µl of homogenized was inoculated in 20 mL of BH broth supplemented with 1% of sterile crude
petroleum as sole carbon and energy source. Cultures were incubated at 180 rpm for 7 days at 30 °C. The
emulsification index (E24) was calculated by using the following equation E24 = (Height of emulsion formed/
Total height of solution) x 100.
Each strain was streaked onto MM agar containing 0.2 g.L-1 of CTAB and 0.005 g.L-1 methylene blue,
plates were incubated at 30°C for 48 h. A formation of a dark blue halo indicates the production of anionic
biosurfactant (Siegmund et Wagner, 1991).
2.3 Statistical analysis
All experiments were performed in triplicate. Data analysis was conducted using R (3.2.2) program for
windows. Data were represented as the mean ± standard deviation (SD) of the triplicates samples. A test of
correlation was used to verify the association between blood agar hemolysis and emulsification activity. The
correlation coefficient “r” ranged between -1 (strong negative correlation) to 1 (strong positive correlation).
3. RESULTS AND DISCUSSION
Several reports have shown the isolation of endophytic bacteria from plants grown in contaminated soil
by different hydrocarbons (Khan et al., 2013; Kukla et al., 2014). In the present study, a total of seven
endophytic strains were isolated from the internal tissues of surface-sterilized roots of the selected plant grown in
polluted soil by crude petroleum. Furthermore, after 15 days of incubation, no growth was observed on NA
medium spread with the last washing water of root samples. This revealed that the surface sterilization protocol
was adequate to remove the epiphytic microorganisms as well as the isolated were considered to be true
endophytic bacteria.
All the endophytic strains are non-spore forming, gram-positive. More than 70% of endophytic strains
were capable of motility. Only two isolates SM2 and SM7 did not show any motility.
Hemolysis activity is a primary and simple method to test biosurfactants production (Carrillo et al., 1996).
The blood lysis was observed by four strains (57.14%) named SM2, SM3, SM4 and SM6. The diameter of the
hemolysis was less than 4 mm or between 4 and 11 mm. It was considered to be a positive result when the
colonies surrounded by a clear halo. Furthermore, the strains SM2, SM3, SM4, SM5, SM7 and SM8 had the
ability to produce an emulsifier from crude petroleum as sole source of carbon and energy (Figure 1). Fiebig et
al. (1997) reported that several microorganisms could produce extracellular biosurfactants when growing on
hydrocarbons. The values of EI24 were ranged from 58% to 66%, the highest emulsification layer (E24= 66.66%)
was observed by the strain SM8 (Figure 2). Kukla et al. (2014) found five endophytic bacteria belong to
Pseudomonas, Microbacterium and Kocuria had a positive emulsification activity ranged from 22.9 % to 65%.
In our study, there was a week correlation between the diameter zone of hemolysis and the emulsification
activity (r=0.37). However, not all biosurfactants producing microorganisms able to lysis blood and compounds
other than biosurfactants mat cause hemolysis. Moreover, this method may exclude good biosurfactants
producers (Youssef et al., 2004).Thus, the hemolytic activity may not be an effective method for the screening of
biosurfactant production.
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The CTAB-MB agar plate is semi-quantitative assay for the detection of extracellular glycolipids or other
anionic surfactants. The production of a dark blue halo on a light blue mineral salts were shown by the strains
SM2 ,SM3, SM4,SM5, SM7 and SM8( Figure 3). The blue dark color indicated that the anionic surfactant
secreted by the strain form an insoluble ion-pairing complex with cationic MB and CTAB (Siegmund et
Wagner, 1991).

Figure 3. Cells were grown at 30°C for 24h on MM agar supplemented with CTAB and methylene blue. A dark
blue halo was formed around the colony.
4. CONCLUSION
The main conclusion of this study is that the selected endophytic bacterial strains may enhance the
bioremediation due to their high emulsification activity with Kerosene. These results offer basic information for
further studies on the use of biosurfactants producing endophytic bacteria for the remediation of polluted soil.
Further studies are required in order to identify the selected endophytic bacteria and to assess their ability to
improve the scope field application in bioremediation.

BOOK OF PROCEEDINGS | BioBio 2017

[6]

REFERENCES
Ali Khan A, Hassan T, Sundus M, Shagufta AA, Sultan A, Iqbal M, Yousaf S (2017) Role of Nutrients in
Bacterial Biosurfactant Production and Effect of Biosurfactant Production on Petroleum Hydrocarbon
Biodegradation. Ecological Engineering 104: 158-164.
Carrillo PG, Mardaraz, C, Pitta-Alvarez SI, Giulietti AM (1996) Isolation and selection of biosurfactantproducing bacteria. World Journal of Microbiology and Biotechnology 12: 82–84.
Ellaiah P, Prabhakar T, Sreekanth M, Thaer-Taieb A, Bhima-Raju P, Saisha V (2002) Production of
glycolipids containing biosurfactant by Pseudomonas species. Indian Journal of Experimental Biology 40: 10831086.
Fiebig R, Schulze D, Chung JC, Lee ST (1997) Biodegradation of polychlorinated biphenyls (PCBs) in
the presence of a bioemulsifier produced on sunflower oil. Biodegradation 8: 67–75.
Joy S, Rahman PKSM, Sharma S (2017) Biosurfactant Production and Concomitant Hydrocarbon
Degradation Potentials of Bacteria Isolated from Extreme and Hydrocarbon Contaminated Environments.
Chemical Engineering Journal 317: 232-241.
Khan S, Afzal M, Iqbal S, Khan QM (2013) Plant–bacteria Partnerships for the Remediation of
Hydrocarbon Contaminated Soils. Chemosphere 90: 1317-1332.
Khopade A, Biao R, Liu X, Mahadik K, Zhang L, Kokare C (2012) Production and Stability Studies of
the Biosurfactant Isolated from Marine Nocardiopsis Sp. B4. Desalination 285:198-204.
Kukla M, Płociniczak T, Piotrowska-Seget Z (2014) Diversity of Endophytic Bacteria in Lolium perenne
and Their Potential to Degrade Petroleum Hydrocarbons and Promote Plant Growth. Chemosphere 117: 40-46.
Montagnolli RN, Lopes PRM, Bidoia ED (2015) Screening the Toxicity and Biodegradability of
Petroleum Hydrocarbons by a Rapid Colorimetric Method. Archives of Environmental Contamination and
Toxicology 68: 342-353.
Shalini D, Benson A, Gomathi R, Henry AJ, Jerrita S, Joe MM (2017) Title:Isolation, Characterization of
Glycolipid Type Biosurfactant from Endophytic Acinetobacter Sp. ACMS25 and Evaluation of Its Biocontrol
Efficiency against Xanthomonas Oryzae. Biocatalysis and Agricultural Biotechnology, 11: 252-258.
Siegmund I, Wagner F (1991) New method for detecting rhamnolipids excreted byPseudomonas species
during growth on mineral agar. Biotechnology Techniques 5: 265–268.
Verma VC, Surendra K, Gond AK, Ashish M, Ravindra NK, Alan CG (2009) Endophytic Actinomycetes
from Azadirachta indica A. Juss.: Isolation, Diversity, and Anti-Microbial Activity. Microbial Ecology 57: 749756.
Youssef NH, Duncan KE, Nagle DP, Savage KN, Knapp RM, McInerney MJ (2004) Comparison of
Methods to Detect Biosurfactant Production by Diverse Microorganisms. Journal of Microbiological Methods
56: 339347.

BOOK OF PROCEEDINGS | BioBio 2017

[7]

SORPTION OF COPPER AND CHROMIUM FROM LANDFILLS THROUGH
COFFEE PULP
Elizabeth Carvajal-Flórez, Santiago Cardona Gallo, Orlando Ruiz Villadiego
ecarvajalf@unal.edu.co, sacardona@unal.edu.co, osruiz@unal.edu.co
National University of Colombia, Medellín campus, Colombia
ABSTRACT
The results of the investigation of sorption of chromium and copper with coffee pulp waste are presented
below. Synthetic solutions were prepared, simulating the concentrations of metals in landfill leachates. The
coffee pulp was obtained from an organic crop of Santa Bárbara-Antioquia. It is dried at 70°C, milled in a ball
mill and sieved on a Ro-tap® with a particle size of less than 0.5 mm. The pulp was characterized by SEM
analysis to see the structure and pores. Lignin, cellulose, and hemicellulose were determined through the acid
and neutral detergent fiber method. The functional groups were analyzed by the FTIR method and the pore size
and surface area by sortometry by the BET method. Sorption tests were performed with isotherms and kinetics in
single component and bicomponent system. The sorption capacities were 0.39 and 1.83 mg/g for chromium as
the single component and bicomponent system, respectively. The sorption capacities for copper were 1.52 and
2,25 mg/g as the single component and bicomponent system, respectively.
KEY WORDS: heavy metals, sorption, coffee pulp, leachate.
1. INTRODUCTION
The heavy metals are compounds highly toxic to the natural resources in which they are discharged or
disposed, the water resource being the most affected when leachate discharges with concentrations of heavy
metals are present above the allowable limits. Over time, different technologies have been implemented for the
treatment of heavy metals, such us precipitation, coagulation, and ion exchange being the most used. Over the
years, however, new methods have been sought to reduce concentrations of heavy metals in safe and costeffective values. One of these methods is sorption, in which low-cost and highly effective adsorbent materials
are used, such as agricultural and industrial waste. Among the agricultural waste of the highest generation in the
processing of coffee in Colombia, pulp is the main by-product, being produced in Colombia around
2.25 ton/Has-year (Gladis Blandón-Castaño, María Teresa Dávila-Arias, Nelson Rodríguez-Valencia, 1999). The
coffee pulp corresponds to the external part that covers the grain, that is to say the skin or shell.
Currently the coffee pulp is transformed into organic fertilizer through composting and vermiculture.
However, due to the large quantities generated in coffee crops, a large portion is inadequately disposed in the
soil, water sources, or is carried to landfills. It is for this reason that the research that is presented below, seeks to
give an alternative use to the coffee pulp, studying the benefits of vegetable waste as adsorbent materials,
eliminating contaminants, such as heavy metals.
The purpose of this study is to evaluate sorption rates of chromium and copper using processed coffee
pulp (dried, ground and sieved) as adsorbent material. The coffee pulp was physically and chemically
characterized and was brought into contact with the synthetic solutions of the described heavy metals,
developing sorption isotherms and reaction kinetics. In order to know how pH and contact time variables
interfere in the sorption rates, a 2K factorial design was performed with two replicates, in order to obtain the
optimal values of the aforementioned variables.
2. MATERIALS AND METHODS
2.1 Preparation of samples of heavy metals
Synthetic aqueous solutions for chromium and copper were prepared with potassium dichromate and
copper oxide, respectively. The concentrations of both solutions were 100 mg/L. Synthetic aqueous solutions
will simulate metal concentrations in landfill leachate.
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2.2 Preparation of the coffee pulp
The coffee pulp was obtained from an organic crop of a coffee farm in the municipality of Santa Bárbara,
Antioquia, Colombia. The coffee pulp was dried in a conventional oven at 80°C for 72 hours. It was then ground
in a ball mill and sieved into a Ro-tap® with a particle size smaller than 0.5 mm.
2.3 Chemical modification of the coffee pulp
In order to increase the sorption rate of the heavy metals, the coffee pulp was modified under the
following method (Zhu, Fan, & Zhang, 2008). The first step consisted of adding 0.1N sodium hydroxide to
increase the surface area. 200 g of coffee pulp was added per 4 liters of NaOH at 20°C and 150 rpm. The pulp
was then dried in an oven overnight at 50°C. To increase the functional groups, especially the carboxylic acids,
0,6N citric acid was added. The ratio was 1:10, that is to say, 1 gram of coffee pulp per 10 mL of citric acid. The
sample was shaken for 30 minutes at 150 rpm and 20°C. The sample was then dried for 24 hours at 90°C and
once cooled, it was washed with deionized water to remove excess citric acid.
2.4 Characterization of the coffee pulp
SEM analysis was performed on an electronic scanning microscope from EVO MA10 of Carl Zeiss. The
structure of the coffee pulp was observed at different scales, as well as the pores and hollow structure. Functional
groups were also analyzed through FTIR with a Perkin Elmer 93831 spectrophotometer.
The content of lignin, cellulose, and hemicellulose was determined through the acid and neutral detergent
fiber method. The surface area and pore size were performed by sortometry using the BET method.
The point of zero charge (PZC) was determined, to find the pH at which the adsorbent material surface
charges are neutral. In other words, the PZC indicates the most appropriate range of the pH value to achieve the
removal of heavy metals.
2.5 Statistical design
To find the optimal values of some variables that affect the heavy metals removal, a 2 K experimental
design was made with two replicates, taking as factors the pH and contact time. In this way a total of 8
treatments were obtained, which were randomized to guarantee homogeneity in the test. The levels of the factors
were pH of 7.3 and 9.5 for chromium and 7.3 and 8.3 for copper. Contact time was 6 and 12 hours for both
metals.
2.6 Sorption Isotherms
The study of the equilibrium of the individual heavy metals was carried out under the following
specifications. Stock solutions of 100 mg/L were prepared for both metals. From this, diluted solutions of 20, 40,
60 and 80 mg/L were prepared. To each solution was added 1g of coffee pulp, shaking at 150 rpm at the contact
times and pH defined in the experimental statistical design.
All analyses were performed in batch in duplicate at environmental temperature. After the contact time
had elapsed, the respective dilutions were made and the remaining or equilibrium (Ce), concentrations were
analyzed through a Perkin Elmer AA-300 atomic sorption spectrophotometer. With the values of Ce, we
proceeded to calculate the sorption capacity (qe) of each of the heavy metals, from the following equation:

Subsequently we proceeded to graph qe vs Ce determining the experimental isotherms. The isotherms
were also plotted with the Langmuir and Freundlich models, to evaluate which of these is best fitted to the
experimental data. These models were adjusted using the least squares method.
Competitive sorption isotherms were performed in a manner similar to the isotherms of the individual
heavy metals. The Cr and Cu mixture was prepared in a 1:1 ratio, with concentrations of 100 mg/L each. The
mixture was subjected to the conditions described previously, at the same contact time and pH. The models of
competitive extended Langmuir, modified extended Langmuir and Freundlich multicomponent were used to
evaluate which of these presents a better fit to the experimental data.
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2.7 Kinetics
The kinetics of the heavy metals sorption was carried out under the following specifications. The
solutions were prepared from the best statistical design conditions, that is to say pH of 7.3 and 6 hours of contact
time for chromium and pH of 7.3 and 12 hours of contact time for copper. The initial concentration of the
solution of each metal was 10 0mg/L, and 10 samples were taken at different intervals time, until the contact
time previously described for each metal was reached. Each of the assays was performed in duplicate and at
environmental temperature.
With equilibrium concentrations, the zero, first and second order kinetics were evaluated, determining
which of them presents a better fit to the experimental data.
Regarding the kinetics of the solution with both metals, the same specifications and the same procedure
used for the metals were taken individually. The concentrations at equilibrium C e of each of the metals in the
mixture were analyzed individually, and then, the respective comparisons were made when single metal was
present in the solution.
3. RESULTS AND DISCUSSION
3.1 Chemical modification and characterization of the coffee pulp
The main peaks found in the spectrum of chemically modified and unmodified coffee pulp are observed
around 3200, 1700 and 1000 cm-1, which correspond to the hydroxyl functional groups, carboxylic acids, and
alcohols, respectively, all of which are typical of vegetal waste.

a) Chemically Unmodified

b) Chemically Modified

Figure 1. Chemically Modified and Unmodified Coffee Pulp Spectroscopy
For the chemically modified coffee pulp, the stretching of the bands of the range 3200 and 1700 cm -1 is
observed, due to the increase of the hydroxyl functional group and especially the carboxylic acids, by the
addition of the citric acid. For the alcohol functional group, the opposite occurs, a reduction being observed. The
presence of functional groups such as carboxylic acids, could mean higher sorption rates, since heavy metals
having a positive charge are captured by said functional groups that have a negative charge. To corroborate the
previously described, the following figures present the SEM analysis for the modified and unmodified pulp.

Figure 2. Morphological Structure for unmodified coffee pulp
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Figure 3. Morphological Structure for modified coffee pulp

The above images show that it is not possible to observe with the naked eye the pores and hollow
structure of the coffee pulp, typical of vegetable wastes, a situation that can be attributed to the presence of
metals and lignin, which cover the pores and avoid the easy observation and higher sorption of heavy metals.
Table 1. Chemically unmodified and chemically modified coffee pulp

Element
C
O
Mg
Al
Si
P
Cl
K
Ca
Fe
Total

Chemically
unmodified
(Before)

Chemically
modified
(After)

Weight%
69.39
13.37
0.41
0.25
0.26
0.21
2.13
12.80
1.17
----100

Weight%
76.83
17.64
1.26
0.17
0.22
0.10
0.24
2.48
0.80
0.26
100

The table above shows the main components of the chemically modified and unmodified coffee pulp. It is
evident that the largest component is carbon with 69.39% and 76.83%, respectively. The weight percentage of
the most relevant metals are in their order potassium, calcium, magnesium, silicon, and aluminum in both cases.
However, a smaller amount is observed in the chemically modified pulp due to the applied method (washing
with deionized water, sodium hydroxide, and citric acid).
The bromatological analysis is presented in Table 2. It can be seen that the percentage of lignin for the
modified and unmodified pulp is 23.9% and 17%, respectively. Cellulose is 35.1% and 31.7%, respectively and
hemicellulose is 3.5% and 9.3%, respectively. In relation to the surface area, values of 1.14m2/g and 1.33m2/g
were found for the modified and unmodified pulp, respectively. The pore size was 48.43 Å and 62.14 Å
respectively, then classified as mesopore.
Table 2. Chemically unmodified and chemically modified coffee pulp
Item
Lignin
Cellulose
Hemicellulose
Surface Area Bet Method
Pore size
Pore volume
Category

Chemically unmodified
23.9%
35.1%
3.5%
1.14m2/g
48.43 Å
0.000546 cm3/g
Mesoporous
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17%
31.7%
9.3%
1.33m2/g
62.14 Å
0.002068 cm3/g
Mesoporous

[ 11 ]

Although physicochemical analyses were performed for the modified and unmodified coffee pulp, as
shown in the tables and figures previously presented, the decision was made to perform the sorption isotherms
and the kinetics, with the pulp without modification. The reasons that led to this decision are due to the fact that
although an increase of the functional groups was evidenced, the surface area did not have a significant effect by
the applied method, the latter being the main condition for the sorption rates to be higher than 95%, as
recommended by the literature. The results presented here, only represent the analyses with the unmodified
coffee pulp.
Figure 4 shows the point of zero charge (PZC) for the unmodified coffee pulp. The pH value obtained
was 7.3. This means that when sorption tests are performed with values equal to or higher than the point of zero
charge, sorption rates should be higher, since chromium and copper are positively charged by hydroxyl ions
(Negative charge) that predominate at this pH.

Figure 4. Point of zero charge for the unmodified coffee pulp
3.2 Sorption Isotherms
Figure 5 shows the sorption isotherm of chromium as a single component. It is clear that this figure is the
treatment that presented the highest sorption capacity of the 8 treatments performed in the factorial design. In
this, it has a contact time of 6 hours and a pH of 7.3. The sorption rate was 15%, which corresponds to a sorption
capacity (qe) of 0.39 mg/g. The Langmuir model presented the best fit to the experimental data. The maximum
sorption capacity (qmax) was 10.80 mg/g and the binding constant (KL) was 0.001 L/mg.

Figure 5. Sorption Isotherms for chromium as a single-component
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Figure shows the sorption isotherm of chromium when in solution with copper. This figure also
corresponds to the best treatment of the factorial design. This has a contact time of 12 hours and a pH of 7.3. The
sorption rate was 78%, which corresponds to a sorption capacity (q e) of 1.83 mg/g. The modified extended
Langmuir model presented the best fit to the experimental data. The maximum sorption capacity (q max) was
2.87 mg/g and the binding constant (KL) was 0.89 L/mg. It is important to note that chromium presents a higher
sorption rate when it is in solution with copper than when it is alone. This is possibly due to the competition of
both metals to be trapped in the active sites of the surface of the coffee pulp.

Figure 6. Sorption Isotherms for chromium as a bicomponent system
Figure shows the sorption isotherm of copper as a single component. This figure is the treatment that
presented the highest sorption capacity of the 8 treatments performed in the factorial design. This has a contact
time of 12 hours and a pH of 7.3. The sorption rate was 56%, which corresponds to a sorption capacity (qe) of
1.52 mg/g. The Langmuir model presented the best fit to the experimental data. The maximum sorption capacity
(qmax) was 17.87 mg/g and the binding constant (KL) was 0.004 L/mg.

Figure 7. Sorption Isotherms for cupper as a single-component
Figure 6 shows the sorption isotherm of copper when it is in solution with chromium. This figure also
corresponds to the best treatment of the factorial design. This has a contact time of 12 hours and a pH of 7.3. The
sorption rate was 94%, which corresponds to a sorption capacity (q e) of 2.25 mg/g. The modified Langmuir
extended model presented the best fit to the experimental data. The maximum sorption capacity (q max) was 6.44
mg/g and the binding constant (KL) was 0.00011 L/mg. It is important to note that copper has a higher sorption
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rate when it is in solution with chromium than when it is alone. This is probably due to copper being more
electronegative than chromium, forming covalent bonds with the oxygen atoms on the surface of the coffee pulp.

Figure 6. Sorption Isotherms for cupper as a bicomponent system
3.3 Kinetics
As mentioned above, the kinetics were performed from the variables that presented the best results in the
design of experiments. The pH of the solution for chromium and copper as a single or a bicomponent system was
7.3. The contact times for chromium were 12 hours in solution as a single component and 6 hours as a
bicomponent system. In the case of copper, it was 12 hours in solution as a single component and a bicomponent
system.
Figure 7 presents the reaction kinetics for chromium as a single component and a bicomponent system
with copper. It can be seen that the kinetics for chromium as a single component, present a first-order behavior in
the first 6 hours of the reaction and second-order behavior in the next 6 hours, for a total of 12 hours of contact
time. The correlation coefficient was 0.981 and the rate constant was 0.916.
The reaction kinetics for chromium in a bicomponent solution is second order in the first three hours of
the contact time and zero order in the remaining 3 hours for a total of 6 hours at which the equilibrium is
reached. The correlation coefficient is 0.985 and the rate constant is 1.38.
Chromium Kinetics as a single-component and bicomponent system
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Figure 7. Chromium Kinetics as a single-component and bicomponent system
Figure 8 shows the reaction kinetics for copper as a single component and a bicomponent system with the
chromium. It can be seen that the kinetics for copper as a single component, present a second-order behavior in
the 12 hours of contact time. The correlation coefficient was 0.962 and the rate constant was 1.6.
The reaction kinetics for copper in a bicomponent solution is second order in the first six hours of contact
time and zero order in the remaining 6 hours for a total of 12 hours at which equilibrium is reached. The
correlation coefficient is 0.933 and the rate constant is 0.276.
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Cupper Kinects as a single-component and bicomponent system
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Figure 8. Cupper Kinects as a single-component and a bicomponent system
4. CONCLUSIONS
The surface area was very low. This could be due to the presence of lignin and metals (Na, Fe, K, etc.),
which covered the adsorbent material surface.
The chemical modification with citric acid increased the carboxylic acid groups. However, the sodium
hydroxide did not increase the surface area.
As a result of the low surface area, it was decided to work with the unmodified coffee pulp.
The removal rates were low compared to other coffee waste, which are above 99% by a single component
and a bicomponent system.
The sorption assays were performed with a 7.3 and 9.5 pH for Cr and 7.3 and 8.3 pH for Cu, however, the
better pH was 7.3.
The contact time, in which the equilibrium was achieved, corresponded to 6 hours for Cr as a single
component, and 12 hours as a bicomponent system. In the case of Cu, it was 12 hours in both cases.
The sorption isotherm for the Cr and Cu fit the Langmuir model for the single component and the
modified extended Langmuir model for the bicomponent system.
The removal percentage for the Cr was 15% and 78% for a single-component and bicomponent system,
respectively. The removal percentage for the Cu was 56% and 94% for a single-component and a bicomponent
system, respectively.
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ABSTRACT
The aim of this study was to understand peculiarities of laccase and manganese peroxidase production
under specific growth conditions of white rot basidiomycetes (WRB) and to evaluate their bioremediation
potential. Unlike Cerrena unicolor and Trametes versicolor, Coriolopsis gallica and Ganoderma lucidum
expressed low laccase activity in the glycerol-based synthetic medium. Mandarin peels promoted laccase
secretion by C. unicolor whereas walnut pericarp favoured laccase accumulation by G. lucidum and
T. versicolor. Substitution of ethanol production residue by walnut pericarp 6-fold increased MnP activity of
C. unicolor but 15-fold decreased this enzyme production by T. versicolor. Aromatic compounds and synthetic
dyes specifically regulated the C. unicolor, C. gallica and P. lecometei laccase and MnP activities. Moreover, the
study showed a differential response of WRB to their co-cultivation. Combination of compatible fungi is a
promising strategy to increase individual enzyme production. Incubation of pre-grown mycelia of several fungi
with crude oil-polluted soil during 4 weeks resulted in elimination of 51-65% of initial oil content. C. unicolor
was capable to completely decolorize 0.5% Amaranth, Remazol Brilliant Blue R and Indigo carmine after 5 days
fermentation while the crude laccase preparation obtained from this culture decolorized these dyes (0.04%)
during 2-24 h incubation.
KEY WORDS: basidiomycetes, lignin modifying enzymes, production optimization, application
1. INTRODUCTION
The use of white rot basidiomycetes (WRB) and their lignin-modifying enzymes (LME) for the removal
of a broad range of toxic environmental and industrial pollutants (polycyclic aromatic hydrocarbons, dioxins,
explosives, synthetic dyes and many other) has attracted increasing attention because of their high efficiency,
selectivity, and environmentally benign reactions (Rao et al., 2014; Upadhyay et al., 2016). However,
exploitation of LME bioremediation potential is so far limited due to their high cost and low yield in most fungi
even when their genes are expressed in heterologous hosts. Various approaches and strategies, such as search
for new enzyme producers, optimization of fermentation media and cultivation conditions, usage of effective
inducers, surfactants (Elisashvili, Kachlishvili, 2009; Piscitelli et al., 2011; Janusz et al., 2013) have been
exploited to develop better bioprocess technologies. Nevertheless, current knowledge on the physiology of WRB
is still limited; especially, very little is known about mechanisms up- and down-regulating LME synthesis. This
study was undertaken to understand peculiarities of laccase and manganese peroxidase synthesis regulation
under specific growth conditions of WRB and to evaluate their bioremediation potential.
2. MATERIALS AND METHODS
2.1 Fungi and cultivation conditions
The fungal inocula were prepared by growing the mycelium from agar slants on a rotary shaker in 250 ml
flasks containing 100 ml of the medium (per l): 15 g glucose, 3 g peptone, 1 g KH2PO4, 0.5 g MgSO4·7H2O, 3 g
yeast extract. Cultures were incubated at 27 ºC and 150 rpm for 7 days. The grown fungal biomass was
homogenized in a Waring laboratory blender and 3 ml were used to inoculate the 250-ml flasks containing 50 ml
of the above-mentioned medium supplemented with 0.25 g CuSO4 · 5H2O. The fungi cultivation was conducted
in Innova 44 shaker (New Brunswick Scientific, USA) at 27°C and 150 rpm. Glycerol in concentration of 15 g/l
and milled mandarin peels, ethanol production residue (EPR), wheat bran, banana peels, walnut pericarp and
olive mill waste (OMW) in an amount of 40 g/L were used as growth substrates. The fungi cultivations were
carried out during 14 days, 1-ml samples were taken after 5, 8, 11, 14 days and the solids were separated by
centrifugation at 10,000 g for 5 min at 4°C. All experiments were performed twice using three replicates at each
time point. All results were expressed as the mean ± SD with only p ≤ 0.05 considered as statistically significant.
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2.2 Analytical methods
Laccase (EC 1.10.3.2) activity was determined spectrophotometrically at 420 nm as the rate of 0.25 mM
ABTS (2,2′-azino-bis-[3-ethyltiazoline-6-sulfonate]) oxidation in 50 mM Na-acetate buffer (pH 3.8) at room
temperature (Bourbonnais and Paice, 1990). MnP (EC 1.11.1.13) activity was measured at 270 nm by following
the formation of a Mn3+-malonate-complex in the presence of 0.1 mM H2O2 (Wariishi et al., 1992). Lignin
peroxidase (1.11.1.14) activity was determined spectrophotometrically at 310 nm by the rate of oxidation of 2
mM veratryl alcohol in 0.1 M sodium tartrate buffer (pH 3.0) with 0.2 mM hydrogen peroxide (Tien and Kirk,
1984). One unit of enzyme activity was defined as the amount of enzyme that oxidized 1 μmol of substrate per
minute.
3. RESULTS AND DISCUSSION
One of the appropriate approaches in fermentation technology development is to utilize lignocellulosic
materials, some of which contain significant concentrations of soluble carbohydrates and inducers ensuring
efficient production of LME (Elisashvili and Kachlishvili, 2009). The regulatory effect of lignocellulosic
substrates on enzyme production and unique features of individual WRB are shown in the Table 1. Firstly, C.
gallica and especially G. lucidum expressed very low laccase activity in the glycerol-based synthetic medium.
Substitution of glycerol with lignocellulosic substrate is a prerequisite for laccase production by these fungi.
Secondly, the study highlights a necessity of selection of plant residue adequate for target enzymes synthesis by
individual fungi. Thus, mandarin peels were an excellent growth substrate for laccase secretion by C. unicolor
whereas walnut pericarp favoured laccase accumulation by G. lucidum and T. versicolor. Moreover, substitution
of EPR by walnut pericarp 6-fold increased MnP activity of C. unicolor but 15-fold decreased this enzyme
production by T. versicolor.
Table 1: Effect of lignocellulosic growth substrates on the basidiomycetes laccase and MnP activity
Carbon
Cerrena unicolor Coriolopsis
Ganoderma
Trametes
sources
303
gallica 142
lucidum 447
versicolor 159
Laccase (U/ml)
Glycerol
49.5 ± 6.4
1.1 ± 0.1
0.1 ± 0.02
52.5 ± 4.7
EPR
85.3 ± 12.1
6.1 ± 0.7
13.5 ± 1.5
6.6 ± 1.0
Mandarin peels
132.9 ± 17.8
6.5 ± 1.0
66.3 ± 9.0
37.8 ± 4.6
Wheat bran
48.6 ± 6.7
5.0 ± 0.4
71.4 ± 8.1
6.1 ± 0.8
Walnut pericarp
27.3 ± 3.9
4.7 ± 0.7
112.2 ± 17.3
69.7 ± 10.3
OMW
46.3 ± 7.1
3.6 ± 0.6
63.2 ± 11.3
1.3 ± 0.2
Banana peels
15.2 ± 2.5
7.1 ± 0.7
41.8 ± 3.8
7.6 ± 1.0
MnP (U/ml)
Glycerol
0.89 ± 0.11
0.14 ± 0.02
0
0
EPR
0.22 ± 0.03
0.35 ± 0.03
0.34 ± 0.05
2.12 ± 0.30
Mandarin peels
1.21 ± 0.19
0.14 ± 0.02
0.09 ± 0.02
0.29 ± 0.04
Wheat bran
1.27 ± 0.12
0.07 ± 0.01
0
1.55 ± 0.17
Walnut pericarp
1.34 ± 0.25
0.08 ± 0.01
0.04 ± 0.01
0.14 ± 0.02
OMW
0.42 ± 0.07
0
0
0.60 ± 0.10
Banana peels
0.63 ± 0.06
0.05 ± 0.01
0
0.19 ± 0.02
Genes encoding LME of the WRB have been found to be differentially regulated in response to a wide
variety of environmental signals (Janusz et al. 2013). Among them, aromatic compounds are considered as the
most potent inducers of enzyme synthesis (Piscitelli et al., 2011; Janusz et al., 2013). In this study, only
trinitrotoluene favoured 3-fold increase of C. unicolor 303 MnP activity; trinitrotoluene followed by veratryl
alcohol caused a significant increase in C. unicolor 303 laccase activity while supplementation of the medium
with ferulic acids, hydroquinone or pyrogallol did not affect enzyme secretion (Table 2). By contrast, pyrogallol
followed by veratryl alcohol two-fold increased laccase activity of C. gallica 142, none of the tested compounds
affected MnP expression by this fungus and only presence of pyrogallol showed 30% increase in LiP activity.
This means that the fungus-specific inducer should be found in order to maximally express the target enzyme
activity.
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Table 2: Effect of aromatic compounds on fungi enzyme activity in submerged fermentation of mandarin peels
Compound
C. unicolor 303
C. gallica 142
Laccase (U/ml)
MnP (U/ml) Laccase (U/ml) MnP (U/ml)
LiP (U/ml)
Control
134.8 ± 16.5
0.2 ± 0.03
6.5 ± 0.9
0.3 ± 0.03
0.33 ± 0.04
+2,6-Dimethoxyphenol
157.0 ± 19.8
0.3 ± 0.04
6.2 ± 0.7
0.2 ± 0.02
0.37 ± 0.06
+Ferulic acid
130.6 ± 16.1
0.2 ± 0.04
9.7 ± 1.7
0.2 ± 0.02
0.30 ± 0.04
+Hydroquinone
132.6 ± 19.0
0.3 ± 0.05
4.9 ± 1.1
0.2 ± 0.03
0.14 ± 0.03
+Pyrogallol
124.4 ± 11.7
0.2 ± 0.02
12.6 ± 1.7
0.3 ± 0.03
0.43 ± 0.06
+Trinitrotoluene
259.3 ± 35.0
0.6 ± 0.10
5.3 ± 1.0
0.2 ± 0.03
0.29 ± 0.06
+Veratryl alcohol
182.8 ± 20.5
0.3 ± 0.03
11.8 ± 1.4
0.3 ± 0.02
0.33 ± 0.04
+Xylidine
215.3 ± 27.4
0.2 ± 0.03
7.1 ± 1.3
0.3 ± 0.04
0.27 ± 0.06
The experimental results in Table 3 describing modulation of LME activity during co-cultivation of
C. unicolor 305 with four WRB revealed several distinctive features of mixed cultures. Firstly, fungal response
to the co-culture was species-dependent and enzymatic activity of the dual cultures depended on the combination
of fungi. Specifically, co-cultivation of the best laccase producer C. unicolor with Pycnoporus coccineus or
T. hirsuta dramatically reduced enzyme activity of dual culture, while a significant increase in laccase activity
was observed in the mixed cultivation of C. unicolor with compatible Panus lecometei and T. versicolor.
Secondly, the WRB co-culturing effect is enzyme-specific since the co-cultivation of C. unicolor with other
WRB did not trigger an increase in MnP secretion but manifold decreased enzyme activity as compared with the
C. unicolor monoculture. Thus, interspecies interaction of ligninolytic WRB is a promising strategy to regulate
enzyme production.
Table 3: LME activity in mandarin peels submerged fermentation by mono and dual cultures of WRB
Fungi
Laccase (U/ml)
MnP (U/ml)
C. unicolor 305
140.3 ± 18.2
1.28 ± 0.16
P. lecometei 903
6.4 ± 5.7
0
P. coccineus 310
4.3 ± 6.7
0
T. hirsuta 82
27.2 ± 3.0
0.15 ± 0.02
T. versicolor 159
65.8 ± 9.1
0.78 ± 0.10
C. unicolor 305 + P. lecometei 903
224.4 ± 37.2
0.25 ± 0.04
C. unicolor 305 + P. coccineus 310
21.3 ± 3.5
0.44 ± 0.07
C. unicolor 305 + T. hirsuta 82
16.6 ± 3.0
0.10 ± 0.02
C. unicolor 305 + T. versicolor 159
408.0 ± 62.3
0.81 ± 0.14
It was important to prove the WRB capability to secrete LME in the presence of toxic pollutants. Three
tested synthetic dyes at concentration of 0.5% didn’t suppress the growth of C. unicolor 302 and P. lecometei
903 and significantly promoted laccase production by both fungi (Table 4). Only Indigo carmine rather
decreased P. lecometei 903 enzyme activity. Moreover, this dye 3-fold decreased the MnP activity of C. unicolor
302 while Amaranth and Remazol Brilliant Blue R stimulated the enzyme production. C. unicolor 302
completely decolorizing all dyes after 5 days fermentation; it is a promising bioremediation agent for dyes
polluted areas.
Table 4: Basidiomycetes enzyme activity and dyes decolorization in submerged fermentation of mandarin peels
Fungi
Dyes
Laccase (U/ml) MnP (U/ml) Decolourization (%)
C. unicolor 302
Control
30.2 ± 4.2
1.36 ± 0.2
Amaranth
105.7 ± 18.0
1.73 ± 0.2
1005
RBBR
77.3 ± 14.5
3.02 ± 0.4
1005
Indigo
53.7 ± 7.2
0.48 ± 0.1
1005
P. lecometei 903
Control
1.7 ± 0.2
0
Amaranth
2.9 ± 0.4
0
5612
RBBR
7.5 ± 1.1
0
858
Indigo
1.4 ± 0.2
0
1005
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Figure 1. Elimination of crude oil in soil after incubation with white-rot basidiomycetes

Figure 2. Synthetic dyes decolorization by laccase from C. unicolor 302. A – Dyes concentration 0.04%, B –
dyes concentration 0.02%
As shown in Fig. 1 incubation of WRB mycelium obtained after solid-state fermentation of wheat straw
and mandarin peels mixture with crude oil-polluted soil resulted in elimination of 35-48% and 51-65% of initial
oil content after 2 and 4 weeks, respectively.
Finally, the crude laccase preparation obtained by precipitation with ammonium sulphate from the culture
liquid of C. unicolor 302 successfully decolorized three dyes (Fig. 2A). The higher was enzyme concentration
the better was the degree of dyes decolorization. Addition of MnP activity to laccase preparation did not improve
process proving a critical role of laccase in the dyes decolorization (Fig. 2B).
Thus, the LME expression in WRB is highly regulated by nutrients and high yields of ligninolytic
enzymes can be achieved through proper optimization of process and creation of conditions providing
predominant synthesis of target enzymes. Reduced enzyme prices will dramatically increase the number of LME
applications and even enable large-scale bioremediation processes of polluted environments.
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ABSTRACT
For decades, antibiotics were used not only in medicine but even as therapeutics and growth stimulators
in farm animal production. Huge ATBs application caused their accumulation in environment followed by
evolution of antibiotics resistant bacteria. ATB, resistant bacteria and resistance genes can enter the environment
through the organic fertilizers, such as manure and sewage sludge. We compared the occurrence of antibiotic
resistant genes (sul1, sul2, tetA, tetW) in soils which were fertilized regularly from 1996 with sewage sludge
(330 kg N/ha or 990 kg N/ha) or farmyard manure (330 kg N/ha). These organic fertilizers were applied always
once in 3 years. The untreated soil was used as a control.
The number of resistance genes was monitored in two different sets of soils: i) 35 months after the last
fertilizers applications and ii) 5 months after fertilizers applications. The absolute and relative quantification
normalized to 16S rRNA genes were determined in soil samples and organic fertilizers. Generally, the most
abundant genes were sul1 and tetW followed by tetA. The sul2 gene was determined only in organic fertilizers.
The ATB resistance genes in control soil were under the limit of quantification whereas their significant increase
was detected in soils fertilized by manure or sewage sludge. This clearly indicates that used organic fertilizers
served as sources of dissemination of ATB resistance genes.
KEYWORDS: antibiotic resistance genes, tetracyclines, sulphonamides, sewage sludge, farmyard manure,
qPCR
1. INTRODUCTION
Antibiotics are widely used in world not just in human or veterinary medicine but in past were also used
as growth stimulators for animals. Unfortunately, the most of antibiotics are not metabolised completely and are
excluded out without the loss of activity and accumulated in animal waste and wastewaters (Kümmerer, 2014).
Hence these matrices become sources of antibiotic resistance bacteria (ARB) that are sharing their antibiotic
resistance genes (ARG) between themselves through horizontal gene transfer (Czekalski et al., 2014; Kümmerer,
2014; Davies and Davies, 2010). This leads to a massive evolution of resistant bacteria.
Organic fertilizers, such as sewage sludge or manure, are applied on arable soil for several reasons:
economic benefits, volume reduction of mineral fertilizers, reuse of agricultural waste and sewage sludge or
enhancement of physical and chemical soil properties (Candela et al., 2007; Stiborova et al,. 2015). On the other
hand, they can contain persistent organic pollutants (Stiborova et al., 2017) and organic micropollutants, such as
pharmaceuticals and personal care products (Wode et al., 2015). After the fertilizers application, the presence of
antibiotics together with ARB and ARG could cause their spreading into the soil microflora (Czekalski et al.,
2014). The activity of horizontal gene transfers may be further enhanced by the presence of subinhibitory
antibiotic concentration (Jutkina et al., 2016).
More and more studies show that sewage sludge and farmyard manure application increases the diversity
and abundance of ARG. Chen et al. (2016) also proved this in the study about long-term application of organic
fertilizers. They found that the copies number of ARG was 4-times higher in fertilized soil compared to control
soil. Especially, application of farmyard manure increased tetracycline genes whilst application of low doses of
sewage sludge increased aminoglycoside genes.
Generally, antibiotics degradation is very variable depending on the type of their structure. It is also
influenced by soil characteristics, e.g. clay soils absorb fragments of DNA (together with ARG) on their particles
so the genes are protected before nucleases degradation (Aardema et al., 1983). β-lactam antibiotics are easily
hydrolysed, their biodegradation takes a few hours. Compared to that, macrolides are degraded more slowly.
Their detection is possible even 2 months after fertilizer application. The stability of sulfonamides varies from 10
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to 330 days. But the most persistent antibiotics are macrolides and tetracyclines, they are detectable even after
several years (Jechalke et al., 2014).
The aim of this study was to detect ARG for sulfonamides and tetracyclines in soils amended with
organic fertilizers, such as sewage sludge and farmyard manure. For experiment, we selected two tetracycline
resistance genes tet(A) and tet(W) and two sulphonamide resistance genes sul1 and sul2 and quantified them with
real-time PCR (qPCR).
2. MATERIALS AND METHODS
2.1 Sample collection and DNA isolation
Experiment was established in 1996 by Czech University of Life Sciences in Prague and since then the
soils were fertilized each 3rd year by sewage sludge (330 or 990 kg N/ha) or farmyard manure (330 kg N/ha).
The experimental field was located in Suchdol, Czech Republic (chernozem soil). Three sets of samples were
collected from this soil: i) 35 months after fertilization (in October 2012); ii) 5 months after fertilization (in
October 2015) and iii) non-fertilized control soil. The sampling was done always in the same locations in two
replicates.
From the soil samples, DNA was isolated with FastDNATM SPIN Kit for Soil (MP Biomedicals, USA)
and purified with Genomic DNA Clean and ConcentratorTM -10 (ZYMO Research, USA).
2.2 16S rDNA and ARG quantification
From the metagenomic isolates, 16S rDNA and different ARG were amplified with real-time PCR. 16S
rDNA was used for relative quantification of resistance genes. DNA, for preparing of its standard, was isolated
form Pseudomonas stutzeri JM300 that has 919 568 gene copies per 1 ng DNA.
Standards of others ARG were prepared by amplification of genes, followed by isolation, purification and
their insertion into pDRIVE vectors. The success of cloning has been verified by sequencing of vectors with
inserted genes.
The list of analysed ARG together with 16S rDNA and information about appropriate primers are
summarised in table 1.
Table 1: List of analysed genes and primers that were used for their quantification

TTGCCGATCGCGTGAAGT
CGGGAATGCCATCTGCCTTCAG
GGCAGGCAGAGCAAGTAGAG
GGGCGTATCCACAATGTTAAC

Length of
amplicon
67 bp
189 bp
174 bp
168 bp

Annealing
temperature
67 °C
67 °C
67 °C
61 °C

CCGTCAATTCCTTTRAGTTT

140 bp

55 °C

ARG

F primer

R primer

sul1
sul2
tetA
tetW
16S
rDNA

CCGTTGGCCTTCCTGTAAAG
TCCGGTGGAGGCCGGTATCTGG
CAGGCAGGTGGATGAGGAA
GAGAGCCTGCTATATGCCAGC
GATTAGATACCCTGGTAG

The reaction mixture for qPCR, in the final volume of 20 μl, contained 10 μl of KAPA SYBR® FAST
qPCR Master Mix (0.02 U/µL, Kapa 321 Biosystems, Boston, MA, USA), 0,33 µl of each primer (100 mM) and
template of DNA (3 ng·µl-1). Temperature program for ARG quantification was set to: 98 °C / 3 min, 95 °C / 3 s,
annealing temperature of each pairs of primers / 20 s, 72 °C / 15 s, 72 °C / 5 min (35 cycles); the melting curve:
65-95 °C (Δt = 0,5 °C / 5 s), and for 16S rDNA quantification: 95 °C / 7 min, 95 °C / 20 s, 55 °C / 30 s, 72 °C /
30 s, 72 °C / 2 min; 65-95 °C (Δt = 0,5 °C / 5 s).
All quantified ARG were normalized to 16S rDNA in 1 ng of DNA and the PCR reactions were
performed in 3 replicates.
3. RESULTS AND DISCUSSION
The results obtained from the ARG quantification are summarized in Table 2. By comparison of control
soils, organic fertilizers and fertilized soils, it was proved that fertilization with sewage sludge or farmyard
manure increased the copy number of ARG in arable soil, which is similar to results of Chen et al. (2016), Munir
et al. (2011), Xie et al. (2016). The most frequently detected gene was sul1 that was quantified in almost all
fertilized soils. In control ones (Table 3), the number of gene copies was below the limit of quantification (LOQ)
or was not detected at all. This does confirm, that the main sources of resistance genes, are organic fertilizers.
The second most frequented gene was tetW that was quantified always in soils fertilized 5 months before
sampling date. In soils that were fertilized 35 months ahead (samples taken before fertilization in 2015), tetW
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was quantified only after manure application. In other samples, the number of gene copies was below LOQ or
even under limit of detection (LOD). TetA was quantified only in organic fertilizers, but the copy number in soil
samples was below LOD. Sul2 genes were quantified only in sewage sludge.
It is evident that content of ARG in soil was influenced not only by fertilization in 2015 but also by longterm application of sewage sludge or manures – fertilized soils that generally contained higher numbers of copy
genes.
Table 2: The abundance of ARGs in soils and organic fertilizers.
Sample

Soil control

Interval from
last
fertilization
(months)
B
no
C
B
no
C

Soil fertilized
by sewage
sludge A

35

Soil fertilized
by sewage
sludge B

35

Soil fertilized
manure

35

5

5

5

B
C
B
C
B
C
B
C
B
C
B
C

Mannure Used in 2015
Sewage
sludge

Used in 2015

16S rDNA

sul1

sul2

tetA

tetW

Relative ARG quantification
(Copy number of ARG normalized to 16S rRNA in 1 ng of DNA)

Copy number/ ng DNA
2.90E+06  2.69E+05
2.64E+06  8.16E+04
3.24E+06  7.36E+05
2.71E+06  6.15E+05
3.38E+06 ± 2.09E+05
3.47E+06 ± 2.14E+05
2.90E+06 ± 2.33 E+05
2.98E+06 ± 2.12E+05
2.39E+06 ± 1.69E+05
1.40E+06 ± 3.47E+04
2.60E+06 ± 8.06E+04
2.50E+06 ± 2.32E+04
5.15E+06 ± 1.01E+06
6.26E+06 ± 2.77E+06
3.00E+06 ± 2.50E+05
3.47E+06 ± 7.52E+04

D†
D
ND
ND

ND*
ND
ND
ND

ND
ND
ND
ND

D
D
ND
ND

ND
1.94E-04 ± 1.12E-05
1.40E-03 ± 1.04E-04
1.44E-03 ± 1.80E-04
5.98E-03 ± 1.77E-04
7.67E-04 ± 1.05E-05
1.30E-03 ± 4.66E-04
2.03E-02 ± 2.15E-03
2.68E-04 ± 4.13E-05
1.94E-04 ± 1.91E-05
8.05E-03 ± 5.29E-04
2.95E-03 ± 3.74E-04

ND
ND
ND
D
ND
ND
ND
ND
D
D
D
D

ND
D
1.61E-05 ± 2.43E-06
1.94E-05 ± 4.37E-06
D
D
1.44E-05 ± 1.00E-06
1.33E-05 ± 2.67E-06
1.18E-05 ± 4.33E-06
D
4.16E-05 ± 2.76E-06
1.50E-04 ± 2.44E-05

1.25E+07 ± 1.55E+05

1.12E-01 ± 3.69E-04

D

7.67E+06 ± 2.61E+05

2.87E-02 ± 1.89E-04

2.60E-03 ±
1.16E-04

ND
ND
ND
ND
ND
ND
D
ND
ND
ND
ND
ND
2.67E-04 ± 1.89E06
4.66E-0 ± 3.29E06

5.17E-04 ± 7.69E-05
3.80E-03 ± 1.53E-04

The significant increment of ARGs copies 5 months after fertilisation in comparison to 35 months are
highlighted in grey. Sewage sludge samples were applied in rates corresponding to 330 kg N/ha (A) and 990 kg
N/ha (B). (D† - Gene copy number was below LOQ, ND* - No copies of gene were detected)

Table 3: Efficiency of qPCR and LOQ of individual ARGs.
Gene

Efficiency (%)

LOQ (Gene copy/1 ng DNA)

sul1

93

4.65E+02

sul2

99

1.85E+02

tetA

103

2.31E+02

tetW

108

2.49E+01

4. CONCLUSION
The obtained data proved the hypothesis that amount and diversity of ARGs in fertilized soils is higher
than in the non-fertilized soils. In these control soils studied ARGs were not quantified, some neither detected.
Additionally, the amount of ARGs and their diversity were higher in soils sampled 5 months after fertilization.
Therefore, the addition of organic fertilizers increases the occurrence of ARGs in agriculture soils.
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ABSTRACT
Organic and mineral fertilizers are used to enhance nutrient content desired for crop productivity. Organic
fertilizers, such as sewage sludge or farmyard manure, are mainly used due to their high content of organic
matter, water and other nutrients. Additionally, they improve physical properties of arable soil. In addition,
mineral fertilizers are popular for their exact composition of nutrients that could be changed according to the
needs. Nevertheless, little is known about the impact of organic or mineral fertilizers on soil microbial diversity.
The aim of this study was the analysis of changes in the diversity depending on different soil fertilization. Two
experimental sites were established in 1996 and divided into 3 parts. Each part was vegetated in a three-year
rotation by: potatoes, winter wheat and spring barley. At the same time, the fields are divided into 5 individual
plots and treated as follows: i) NPK inorganic fertilization (doses of N-P-K were 330-90-330 kg/ha); ii) sewage
sludge (330 kg N/ha); iii) sewage sludge (990 kg N/ha); iv) farmyard manure (330 kg N/ha) and v) untreated
control. DNA was isolated from different fertilized soils, followed by 16S rRNA gene amplification (V4 and V5
region) and sequencing with Illumina MiSeq. Traditional diversity indices were used for bacterial diversity
description and multivariate statistical analyses were used to link the community structure with different
environmental variables.
KEY WORDS: microbial diversity, fertilized soil, sewage sludge, farmyard manure, Illumina MiSeq, long-term
fertilization, crop-rotation
1. INTRODUCTION
Organic fertilizers (OF), such as sewage sludge and farmyard manure, are used in agriculture to enhance
crop production through the increment of macro- and micronutrients. Their usage also changes the variety of soil
properties such as: water holding capacity, soil structure, soil fertility, physical and chemical properties and soil
pH (Piraveena and Seran, 2013; Shah et al., 2016; Zhong et al., 2010). Farmers may also influence the soil
quality by the application of inorganic fertilizers (IF). They are popular due to their well-defined composition
which allows for enhancing exact nutrients in soil, leading to increment of crop yield (Belay et al., 2002). IF and
OF applications are widespread but there is limited information about their long-term impact on soil microbial
community structure.
Majority of studies published previously proved the influence of fertilizer amendments on microbiome of
arable soils (Belay et al., 2002; Demoling et al., 2008; Ge et al., 2008; Hartmann et al., 2015). It is not surprising
as microbial communities can differ depending on physical-chemical properties of arable soils (Girvan et al.,
2003), the type of manure (Gomez et al., 2006) or the composition of sewage sludge that is affected by its
stabilization process (Stiborova et al., 2015). It was shown that microbial diversity and richness was significantly
different after OF or IF amendments, especially after organic treatment (Chu et al., 2007; Ge et al., 2008;
Hartmann et al., 2015). But the long-term effect of fertilization was rarely evaluated together with the fact that
farmers treat their fields with crop rotations to increase the quality of organic matter in soil (Belay et al., 2002;
Soman et al., 2017).
The aim of this study was to evaluate the effect of long-term applications of IF and OF on soil microbial
diversity. The experimental sites were fertilized for more than 20 years and were located at 2 places in the Czech
Republic. The characterization of community structures was performed by amplification of 16S rRNA genes
followed by Illumina MiSeq sequencing. The structural diversity of microbial community was evaluated with
Shannon’s and Simpson’s indices. Multivariate statistical analyses and ordination analyses were used to assess
the influence of different fertilization regimes and crop rotations.
2. MATERIALS AND METHODS
The bacterial community structure was studied in experimental sites that were established by Czech
University of Life Sciences in Prague in 1996 at two locations in the Czech Republic: Prague-Suchdol and
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Lukavec. Each of them was divided into 3 blocks where three-year crop rotation (barley, wheat and potatoes,
respectively) breeding has been implemented. Planting was initiated with different crop in each block. Soil
samples from all locations were collected in March 2016. On the sampling day, block 1 was prepared for potato
planting, block 2 has already been planted with wheat and block 3 was prepared for barley planting.
Additionally, each block was divided into 5 individual plots and treated as follows: i) NPK mineral
fertilization (doses of N-P-K were 330-90-330 kg/ha); ii) sewage sludge (330 kg N/ha); iii) sewage sludge
(990 kg N/ha); iv) farmyard manure (330 kg N/ha); and v) untreated control. OF were applied on the fields
always prior to potato planting.
Four samples were analysed from each plot. OF (manure and sewage sludge) from years 2013, 2014 and
2015 were also analysed. Thus, we could assess the effects of organic fertilizers on soil microbial community
structure 6, 18 and 30 months from the amendment.
Metagenomic DNA was extracted using the FastDNA Spin Kit for Soil (MP Bio, USA) and further
purified using Genomic DNA Clean and ConcentratorTM (ZYMO Research, USA). Primers targeting
hypervariable regions V4–V5 of the 16S rRNA genes were used for PCR amplification. The forward and reverse
primers used for the second PCR were modified with sequencing adapters using the TaggiMatrix spreadsheet
courtesy of Travis C. Glenn at the University of Georgia (http://www.baddna.org). Obtained PCR products were
purified using AMPure XP Beads (Agencourt, Beckman Coulter, USA). Temperature program for PCR and the
composition of reaction mixtures were taken from Fraraccio et al. (2017).
Illumina MiSeq sequencing was performed at the Core Facility for Nucleic Acid Analysis at the
University of Alaska Fairbanks. To ensure correctness of the amplification and sequencing steps, a mock
community (the laboratory-prepared collection of genomes) was also used along with the sample sequences.
The process of data processing after sequencing was adapted from Fraraccio et al. (2017). Modifications
were made in quality parameter of reads (truncLen = c (260, 200)). Statistical analyses were performed in R
studio (phyloseq package). Shannon’s and Simpson’s diversity indices were calculated based on 1465 (Lukavec)
and 1150 (Suchdol) valid reads and influence of crop rotation and fertilization was evaluated with multivariate
statistical analysis.
3. RESULTS AND DISCUSSION
Diversity indices were high and inconsistent in all samples of soils and OF (data not shown) from both
localities. There were no differences between these sample sets. Similar results were reported by Soman et al.
(2017), where significant differences between fertilizer treatments were also not proved. In contrast, Ge et al.
(2008) found soils amended with PK fertilizers to have the highest diversity followed by IF or OF amendments,
with control soils having the lowest ones. In general, studies published on the topic have reported that
application of fertilizers had significant influence on the microbial community structure in soil, with some
exceptions such as the study of Sarathchandra et al. (2001).
Ge et al. (2008) showed that cluster analysis of communities in manure-treated soils were the most
separated from long-term IF treatments, but control soil was closely overlapping with inorganic fertilizers. In our
research, we found that sewage sludge, manure or NPK amendments had significant influence on soil microbial
structures in both Lukavec and Prague-Suchdol (P value < 0.001). In ordination plots describing Lukavec soil
(Fig. 1), treated soils were separated except control, sewage sludge (lower doses of N) and partly manure. From
their overlap, it can be suggested that these soils had similar community structures. In contrast, control soil was
the most separated and there were no overlaps between any fertilized soils in Prague-Suchdol (Fig. 2).
The influence of crop rotation was also evaluated within this work. Whilst Navarro-Noya et al. (2013)
published in their study that crop rotation had no effect on bacterial community structure in soil, our results show
that crop rotation had significant impact on communities in both localities (P value < 0.001). In ordination plots,
the blocks were separated and never overlapped (Fig. 3 and 4). Similar results were published by Soman et al.
(2017). They also found that the rotations affected the function of bacterial communities.
4. CONCLUSION
Using Shannon’s and Simpson’s indices, phylogenetic diversity was found to be high throughout all the
soil samples but there were no significant differences between fertilized soils or between soils with crop rotation.
On the contrary, significant influence of these parameters on microbial community structures was observed using
canonical correspondence analysis. Changes in selected taxa will be further evaluated as well as the influence of
each fertilizer separately. We would also like to compare the impact of soil physical and chemical properties on
the structure of soil microbial communities.
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ABSTRACT
Bacterial consortia isolated from samples of contaminated soil from Neratovice in Czech Republic are
capable of growing on selected organochlorinated pesticides (DDT – 1,1,1-trichloro-2,2-bis(p-chlorophenyl)
ethan, HCB – hexachlorobenzene, HCH – γ-hexachlorocyklohexane) as the sole source of carbon. Individual
bacterial isolates from the consortia were identified by MS MALDI-TOF and MALDI Biotyper and by 16S
rRNA gene sequencing. The ability of the consortia to degrade the pesticides was evaluated by gas
chromatography with a mass-selective detector. Our study investigates also the toxicity of the pesticides and
their metabolic products using luminescent bacteria Vibrio fischeri as a prokaryotic model and the seeds of
Lactuca sativa, var. capitata as a eukaryotic one. Ecotoxicological tests confirmed significant toxicity of all
controlled substances.
KEY WORDS: organochlorinated pesticides; degradation; ecotoxicity
1. INTRODUCTION
Microorganisms live in all ecosystems. Biodiversity refers to the variety and abundance of
microorganisms. Thus the measurement of diversity entails an inventory process indicating how many organisms
of each species or other taxonomic category exist in an ecosystem or habitat. Bacteria are a very important part
of soil biota because of their abundance, their species richness and species evenness, i.e. species diversity, and
the variety of metabolic activities, i.e. metabolic diversity (Zhang and Xu, 2008). Bacterial diversity assessment
is essential for understanding community structure, its dynamics and function (Lozupone and Knight, 2007).
Over the last two decades, the knowledge of bacterial biodiversity has expanded due to sequence analyses of 16S
rRNA genes amplified and cloned from DNA isolated directly from the environment (Rappe and Giovannoni,
2003). These approaches have demonstrated that bacterial diversity is far more extensive than one ever imagined
from culture-based studies. The use of molecular methods (based on studies of DNA isolated directly from the
environment) for bacterial analyses was introduced in 1980s. Since then and especially since the early 1990s
when PCR-based analyses became widespread, much more accurate estimations of bacterial diversity compared
to those obtained by culture-based techniques have been introduced (Uhlik et al., 2010). Several human
activities, such as agriculture and chemical applications, including the use of pesticides, often result in pollution
of soil or other types of environments, which can adversely affect microbial (particularly bacterial) diversity.
Due to its importance for all ecosystems, such as involvement in nutrient cycling, increasing soil fertility, or
enhancing plant health, possibly aboveground and belowground ecosystems functioning is affected (Kirk et al.,
2004). Species that are more sensitive to pesticides are suppressed or eliminated and those that are more tolerant
become dominant. Importantly, these changes in community structure are a function of the pesticide
concentration applied to the ecosystem (Brock et al., 2000). Pesticides have become and will continue to be an
integral part of modern crop protection in an intensive agriculture satisfying consumption needs and food supply
for the increasing world’s human population (Streibig and Kudsk, 1993). Compared to other xenobiotics,
pesticides are unique chemical stressors since they are designed to have biological activity and are intentionally
placed into the environment in large amounts. There is ecological evidence that pesticides can have long-lasting
effects on ecosystems (Wallace and Grubaugh, 1996). For example, a study demonstrated that two years after the
application of the insecticide an invertebrate pond community was significantly different in species diversity and
abundance compared to control sites (Woin, 1998). This work investigates the influence of organochlorine
pesticides such DDT, HCH and HCB on bacterial diversity. Microorganisms were isolated from two different
types of soils; contaminated soil from a landfill in Neratovice and uncontaminated soil. The contaminated soil
from Neratovice is contaminated with high concentrations of pesticides and heavy metals. Organochlorine
pesticides are persistent, highly chemically stable substances with a tendency to persist in the environment for
several decades. Because their chemical resistance and solubility in lipids leads to their accumulation in adipose
tissue and subsequent biomagnification in organisms to higher trophic levels. The basic representatives include
DDT, lindane, technical HCH, dieldrin, aldrin, heptachlor, chlordane, HCB and more. These substances are
mainly used as insecticides, that are now banned in most states for their proven negative impact on human health
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and the environment. In the Czech Republic are the biggest problem inadequately secured landfill sites, former
warehouses, chemical pesticides, which were manufactured and also the place where in the past leaks and
accidents happened. The chemical analysis is no sufficient to determine the toxicological risks. For this purpose
is appropriate toxicity testing of environmental chemicals using bioassays. Toxicity of contaminants depends on
their physical and chemical properties (water solubility, volatility, polarity) that affect their distribution in
components of environment, and also on the characteristics of the test subject and the conditions under which the
toxicity is determined.
2. MATERIALS AND METHODS
2.1 Chemicals
4,4’ DDT, 4,4’ DDA, 4,4’ DDE, HCB and γ-HCH (99% pure) were purchased form Sigma–Aldrich
(USA). Chemicals for preparing of media (glucose, peptone, Luria-Bertani medium) and degradation
experiments used in this study were of analytical grade and were purchased from standard chemical companies
(Difco – USA, Oxoid – UK, Finnzymes - FI).
2.2 Soil
Composite surface soil samples from the upper 15 cm were collected from dumping place in Neratovice
in the Czech Republic. Extraction and quantitative determination of pesticides concentration in soils was
performed commercially by VZ GLS a.s company using GC-MS.
2.3 Preparation of liquid enrichment cultures
100 µl of yeast extract (50 g/L) and 100 µL of stock solution of each pesticide (10 mg/L) along with 7 g
of contaminated soil from dump Neratovice was added to 100 mL of mineral salt solution (Na 2HPO4×12H2O –
1.2 g, NH4NO3 – 0.1 g, KH2PO4 – 1.2 g, MgSO4×7H2O – 0.005 g, CaCl2 – 0.005 g, pepton 0.1 g) supplemented
with 30 μg/mL of DDT, γ-HCH or HCB. The suspension was cultivated on a rotary shaker (130 rpm) at 28°C.
5 mL from each flask was used for the inoculation of a new flask of the same composition every 14 days for the
period of 5 months (20 samples totally).
2.4 Isolation and identification of pesticide-degrading bacteria
Pesticide-degrading bacteria were isolated also from 20th passages of liquid enrichment cultures by
selective plating described above (Koubek et al., 2012; Uhlik et al., 2011). The isolated colonies were purified
by several transfers on the same mineral salt agar medium supplemented with 100 μg/mL of DDT, HCB or γHCH. Bacterial colonies were identified by MALDI-TOF MS according to (Koubek et al., 2012; Uhlik et al.,
2011) using Autoflex Speed MALDI-TOF/TOF mass spectrometer and MALDI Biotyper 3.1 software (Bruker
Daltonik, Germany). Next procedure for bacterial identification was 16S rRNA gene sequencing. DNAs from the
bacteria were isolated with the QIAamp DNA minikit (Qiagen, Germany), and portions of the 16S rRNA genes
were amplified with primers F27: 5‘ AGA GTT TGA TCM TGG CTC AG 3‘, R1492: 5‘ TAC GG(C/T) TAC
CTT ACG ACT T 3‘ (Lane, 1991) were used. The bacterial sequences were identified by Ribosomal Database
Project (Cole et al., 1991). Using RCPII Classifier performed classification and an 80% confidence threshold
was used.
2.5 Analytical assays
The cells grown on mineral salt medium with pesticides were harvested by centrifugation, washed, and
suspended in 0.05M phosphate buffer (pH 7.2) to obtain an absorbance of 1.0 at
560 nm. The transformation of DDT, HCB and γ-HCH was determined after incubation of cell suspensions,
supplemented with DDT, HCB and γ-HCH respectively (50 μg/mL), on a rotary shaker (150 rpm) at room
temperature. One part of the samples was put in the freezer as a control and the second part was cultivated for
10 days under laboratory conditions. The culture was extracted with n-hexane after 10 days of growth. The
obtained crude sample was analysed by gas chromatography with detector Automas Solo Finnigan 1221 with the
following conditions: column HP- DB5 30 m, 0.25 mm, 0.05 μm, helium was used as the carrier gas at
2 mL/min, 2 μL CT Splitless, temperature program: 45°C 2 min, 70°C/min to 150°C, 4°C/min to 310°C,
isothermic 5 min, evaluation SW Finnigan Xcalibur, v. 1.2.
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2.6 Toxicity assays using luminescent bacteria
A working suspension of luminescent bacteria was prepared from vial of lyophilized cells of Vibrio
fischeri using 0.5 mL of 2% NaCl aqueous solution at 2-5°C. The bacterial suspension was added to 0.5 mL
dilution series of toxicants in 2% NaCl. Luminescence was measured after 15-minute incubation with
Biocountes LUMAC 1500 (Perstorp, The Netherlands). EC50 represents the concentration of active substance
that cause 50% reduction of the bioluminescence.
2.7 Toxicity assay using germination of seeds
This method is based on measuring the root length of Lactuca sativa var. capitata in a presence of
toxicants at 22°C without light for 4 days. Reference medium consists of 18.5 g/L CaCl2.H2O, 2.3 g/L KCl,
49.3 g/L MgSO4. 7H2O, 25.9 g/L NaHCO3 (used 2.5 mL for 1000 mL H2O of each). Results are expressed as a
coefficient of inhibition I (%), that I = (Lc-Ls/Lc)*100 (Lc - the length of root in control medium, Ls - the length
of roots in sample of toxicant). The sample is interpreted to be toxic when the differences between two groups of
data are statistically different when evaluated by the t- test.
3. RESULTS AND DISCUSSION
3.1 Characterization of soil samples
Gas chromatographic analysis of the soil samples showing the concentrations of the pesticides DDT,
HCH, HCB and heavy metals is shown in Table 1. The contaminated soil was from commercially-used area
Neratovice in Northern Bohemia. As a source of microorganisms monitored served contaminated soil from the
area Neratovice, which were characterized by a high content of tested pesticides and heavy metals, there was
therefore a prerequisite for the occurrence of adapted species with the ability to effectively degradation of these
toxicants.
Table 1: Quantitative determination of pesticides from soil by gas chromatography
analyte

mg/kg dry matter*

DDT

9.5

HCB

38.1

γ- HCH

261.5

Zn

3550

Cu

255

Pb

38820

As
21
*uncertainty 30 %
DDT -1,1,1-trichloro-2,2-bis(p-chlorophenyl) ethane; HCB – hexachlorobenzene;
γ -HCH - γ – hexachlorocyklohexane
3.2 Isolation of bacterial strain
The identification of bacterial isolates from 20th passage of the enrichment cultures was performed by
MS MALDI-TOF. Isolates whose identification was not successful were classified based on 16S rRNA gene
sequence analysis (Table 2).
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Table 2: The microorganisms of 20th passage identified by MALDI-TOF MS and 16S rRNA gene sequence
analysis
Identification
Identification
Sample
Score Value1
of MALDI TOF MS
16S rRNA2
Rhizobium sp.
1.85
x
nd.
HD20
Sphingomonas sp.
nd.
Mesorhizobium sp.
Achromobacter sp.
1.86
x
Sphingopyxis terae
2.05
x
Rhizobium sp.
1.81
x
HH20
Ralstonia sp.
1.86
x
nd.
Sphingomonas sp.
Arthrobacter histidinolovorans
2.41
x
Brevibacillus parabrevis
2.06
x
HB20
nd
Sphingomonas sp.
nd.
Mesorhizobium sp.
HD20 – final bacterial consortium, selection pressure of DDT, HH20 – final bacterial consortium, selection
pressure of HCH, HB20 – final bacterial consortium, selection pressure of HCB
1
Score Value
0.00 – 1.699 not reliable identification
1.7 – 1.999 probable genus identification
2.0 – 2.299 secure genus identification, probable species identification
2.3 – 3.0 highly probably species identification
nd. – not identified
2
Classification was performed by using RDPII Classifier and an 80% confidence treshold.
x – not determined
Our data show that microbial diversity differs after the addition of different pesticides. Similar changes
were previously described (Kantachote et al., 2001; Österreicher-Cunha et al., 2003; Bhatt et al., 2007). In the
last passage, Sphingomonas became the predominant bacterial genus to be isolated on PCA. Its members were
isolated from all consortia. After the addition of DDT and HCB, Mesorhizobium spp. was also largely detected.
These result are in accordance with the previous findings that Sphingomonas spp. are capable of degrading HCH
and other pesticides (Johri et al., 2000) and Mesorhizobium spp. are highly tolerant to pesticides (Drouin et al.,
2010). Other genera detected, such as Bacillus, Achromobacter, Arthrobacter and Rhodococcus, are commonly
associated with the degradation of anthropogenic compounds (Lengeler et al., 1999).
3.2. Degradation of DDT, HCB and γ-HCH
To verify the degradation capabilities of isolated consortia, a degradation experiment was conducted.
Transformation of pesticides was analyzed by gas chromatography. The initial pesticide concentration was
50 ng/mL.
Table 3: Results of degradation of pesticides of isolated consortium
consortium
Degradation
Degradation
Degradation
γ - HCH (%)*
DDT (%)*
HCB (%)*
HD20
100
HH20

25±1.2

-

-

HB20

-

-

31±1.8

DDT -1,1,1-trichloro-2,2-bis(p-chlorophenyl) ethane; HCB – hexachlorobenzene;
γ -HCH - γ – hexachlorocyklohexane
HD20 – final bacterial consortium, selection pressure of DDT, HH20 – final bacterial consortium, selection
pressure of HCH, HB20 – final bacterial consortium, selection pressure of HCB
* Values in % represent percentage degradation of pesticides (mean ±S.E.).
Degradation experiment verified the ability of consortium from contaminated soil (Table 3) to degrade
pesticides after they were grown on these substrates as sole carbon sources. The ability of the selected consortia
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to degrade pesticides was verified by the degradation experiment where percentage decrease of the toxicant
during a 14 day cultivation was measured by GC. Degradation was happening in all cases, DDT was completely
conversed probably into its primary metabolites DDD and DDE. HCH was degraded to a similar extent as HCB.
Microbial degradation of DDT is an effective method to reduce toxicity of the parent compound thereby
maintains environmental health and more than 300 bacterial strains have been identified to degrade DDT. Gao et
al. (2011) has isolated an Alcaligenes sp. which was effectively degrading DDT. Fang et al. (2010) has isolated
DDT degrading soil isolate and identified as Sphingobacterium sp. Mwangi et al. (2010) has isolated Bacillus,
Staphylococcus and Stenotrophomonas sp. from soil which degrades DDT. Wang et al. (2010) have isolated
Pseudoxanthomonas sp. from long term DDT contaminated soil sample. Species of the genus Bacillus (Kuhad et
al., 1996) and Staphylococcus (Singh, 2008) have been reported to degrade DDT. Other bacterial genera that
have been implicated in DDT degradation are Aerobacter, Alcaligenes, Agrobacterium, Clostridium,
Hydrogenomonas, Klebsiella, Streptomyces, Xanthomonas and Stenotrophomonas (Singh and Ward, 2004).
There are some reports regarding aerobic degradation of γ-HCH by Gram-negative bacteria like Sphingomonas
(Singh et al., 2000) and by the white-rot fungi Trametes hirsutus, Phanerochaete chrysosporium, Cyathus bulleri
and Phanerochaete sordid (Moigin et al., 1999; Singh and Kuhad, 1999; Singh and Kuhad, 2000). However,
little information is available on the ability of biotransformation of organochlorine pesticides by Gram positive
bacteria and particularly by actinomycete species (Singh and Kuhad, 1999. Bacterium Pseudomonas spp. has
been reported to degrade the four isomers of HCH (Sahu et al., 1992). The species Bacillus brevis and B.
circulans, isolated in study (Gupta et al., 2000) are capable of degrading the four isomers of HCH.
3.2. Toxicity of tested pesticides
The toxicity was also determined for restricted organochlorine pesticides (fungicide HCB, insecticide γHCH, 4,4'-DDT and its metabolites 4,4'-DDA a 4,4'-DDE). DDD and DDE are metabolized product of DDT that
are produced by microbial degradation. Sea luminescent bacteria Vibrio fischeri was chosen as the prokaryotic
model systems for investigation of the acute toxicity. The eukaryotic model systems were represented by the
seeds of Lactuca sativa, var. capitata. Data in table 4 demonstrate results of the toxicity assays performed with
Vibrio fischeri.
Table 4: Values of EC50 (15,15) (±SD mg/l) of testing substances by test with bacteria Vibrio fisheri
EC50 ± SD
(mg/L)
4,4’ DDT
2±1
4,4’ DDA
3±1
4,4’ DDE
1±1
HCB
20 ± 5
γ - HCH
6±2
4,4 DDT - 1,1,1-trichloro-2,2-bis(p-chlorophenyl) ethane; HCB – hexachlorobenzene;
γ -HCH - γ – hexachlorocyklohexane; 4,4, DDA - 2,2-bis(4-chlorophenyl)acetic acid; 4,4’ DDE - 1,1-dichloro2,2-bis(4-chlorophenyl)ethane
EC50(15,15) mg/l....efficient concentration of sample which leads to 50% of inhibition of bioluminescence of
bacteria V. fischeri after 15 min exposition of bacteria in testing sample and bacteria in 2% NaCl w/v (control)
Inhibitory effects of the compounds to the luminescent bacterium Vibrio fisheri listed in table 4 show, that
DDE is the most toxic compound (EC50 – 1 mg/L). Values measured EC50 for γ – HCH (EC50 = 6 mg/L and
DDT (EC50 = 2 g/L) is significantly lower compared to the values found in the literature (Ghosh et al., 1997).
This may be due to the different sensitivity of the test organism, depending on the origin and composition of the
culture media used in the preparation of lyophilized cultures. From the results it can be concluded that the most
toxic pesticide (i.e. the lowest ED50) is DDE. The metabolic products of bacterial degradation of DDT are more
toxic that initial substance. Based on the EU classification these chemicals can be classified as toxic for aquatic
organisms.
Results of the test with seeds of Lactuca sativa (as eukaryotic modes) are shown in table 5. It appears that
with
lower
concentrations
of
the
compounds
(0.1
mg/L
and
sometimes
up
to
10 mg/L) the values of inhibition coefficient vary with no clear trend and the toxic effect is not statistically
significant. In some of the cases, actually, the seed germination was stimulated. The metabolites of analyzed
pesticides are generally less toxic than the parent compound. The exception is the DDA (metabolite of the
insecticide DDT), whose toxicity is comparable to DDT, unlike the second candidate metabolite DDE, whose
inhibitory action is significantly lower than the effect of DDT.
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Table 5: The values of coefficient of inhibition I (%) of testing substances measured by test with seeds of
Lactuca sativa
1 mg/L

10 mg/L

50 mg/L

100 mg/L

4,4’ DDT

17

22

50 *

73 *

4,4’ DDA

±10

±10

63*

83*

4,4’ DDE

±10

11

20

46*

HCB

±10

29 *

78 *

90 *

γ - HCH

44 *

65 *

95 *

100 *

DDT -1,1,1-trichloro-2,2-bis(p-chlorophenyl) ethane; HCB – hexachlorobenzene;
γ - HCH - γ – hexachlorocyklohexane; 4,4, DDA - 2,2-bis(4-chlorophenyl)acetic acid;
4,4’ DDE - 1,1-dichloro-2,2-bis(4-chlorophenyl) ethene
I (%)....coefficient of inhibition I = (Lc-Ls/Lc)*100 (Lc-the length of root in control medium, Ls-the length of
roots in sample of toxicant)
*.......... The differences are significant, where P < 0.05 between average of root length in referential and testing
sample
4. CONCLUSIONS
The soil used in these experiments contained high amounts of pesticides; therefore, microbial populations
were presumed to reside that are well adapted to tolerate and, preferably, effectively degrade these toxicants. The
effect of pesticides on the microbial diversity was monitored during the enrichment cultivation. DDT and other
organochloric pesticides thanks to formed excess production into all matrices. They are very persistent and their
degradation can occur more persistent compounds. All ingredients are subject to numerous environmental
environment degradation and transformation processes that may affect them. Leakages of pesticides are
particularly dangerous for lipophylic and persistent substances such as DDT, which is concentrated in top
predators, then limiting their reproduction. But it turns out that substitution of persistent substance by readily
degradable pesticides is often not the solution, because it may increase the acute toxicity the of substance
applied. Significant may be the influence on the biota in the surrounding ecosystems. It may not be a direct effect
of biocides, but the influence of metabolites and products of their chemical transformations. Effects are chronic
and acute significance may have synergistic effects of many foreign substances (xenobiotics) simultaneously.
Industrial agriculture, together with the transport industry is one of the sectors of human activity that constantly
intoxicate our planet and its living and non-living systems. At the current trend it is only a matter of time before
detoxifying capacity of ecosystems will be exceeded.
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Foundation.
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ABSTRACT
In recent years, genetically modified crops are being more implemented into the global system of
agriculture especially where the traditional breeding is not easily feasible. However, during the process of
genetic transformation of a gene of interest, selectable marker gene is also inserted into the plant genome
enabling identification of transgenic cells or plants. Usually, the most frequently used marker genes provide
antibiotic or herbicide tolerance (resistance to ampicillin, kanamycin etc.). From the customer viewpoints, the
presence of selectable markers can cause resistance to antibiotic or herbicide in wild plants or pathogenic
microorganisms. In the presented work, we use a strategy to eliminate the marker genes from the plant genome
and develop marker-free transgenic plants. We utilize the Cre-lox system from bacteriophage P1 in cooperation
with the seed-specific napin promoter. This promoter induces recombinase Cre which excises a selectable
marker gene from the plant genome, concurrently this deletion does not interfere with the expression of the gene
of interest. The aim of this study is to prepare T1 generation of transgenic tobacco and flax plants, which
produce recombinant proteins, and are no more resistant to antibiotics or herbicides.
KEY WORDS: transgenic plants, cre-lox, recombinant protein, marker-free, crops
1. INTRODUCTION
Since the end of the 20th century, genetically modified (GM) plants have become an integral part of
worldwide agriculture. In 2014 GM plants were planted over an area of more than 180 million hectares in 28
countries (Clive, 2014). Nevertheless, the question of the benefits and risks of cultivation GM crops is still at the
forefront of interest. Food safety, effects on ecosystems, moral and religious points of view and gene flow are the
most debated topics (Dale et al., 2002; Macek et al., 2008). Especially the horizontal flow of genes of antibiotics
resistance and tolerance to herbicides into natural microbial cultures and weeds is an important subject of
political and scientific debates.
The essential part of plant transformation is the incorporation of a “marker”, which helps to identify
transformed cells. Reporter genes can be used, but in case of GM plants selectable markers are more effective.
Positive selection means that we add plant-toxic compounds (antibiotics, herbicide etc. (Tuteja et al., 2012)) into
the cultivation medium and transformed cells become be resistant to the toxic reagent due to a selectable marker
gives them needed resistance against the toxic reagent. Generally, genes determining resistance to antibiotics
(ampicillin, kanamycin etc.) or herbicide (glyphosate, glufosinate etc.) are most frequently employed.
Following the process of selection, the selectable marker is useless and its presence in the plant genome is
undesirable due to the environmental risks of GM. Several methods for deleting selectable markers after
transgenosis have already been developed and experimentally verified and thanks to these procedures we can
achieve the transgenic lines marked as “marker-free”. One of the most frequently employed methods is a
technique using Cre-lox, the recombinant system of bacteriophage P1. The system contains recombinase Cre, 38
kDa protein, which catalyses the site-specific recombination of DNA. The recombination site is determined by
two lox sequences – repetition of two 35 bp DNA span. The part of DNA situated between them is excised by
the action of the Cre recombinase (Figure 1, Abremski and Hoess, 1984).
The main aim of this project is to prepare transgenic “marker-free” tobacco and flax plants
overexpressing plant osmotin protein. Osmotin is a PR (pathogenesis-related) protein and its structure is similar
to thaumatin. Osmotin was desribed in 1987 (Singh et al., 1987) and since this time, many of biological activities
have been found, amongst others protection against osmotic stress, cold and drought (reviewed in Viktorova et
al., 2012)). According to the literature research, marker-free crops with recombinant production of osmotin have
not yet been published.
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Figure 1. Cre-lox system: a) part of transforming vector, that contains the gene of interest and a selectable
marker bordered by lox sequences
b) after the successful incorporation of the gene of interest into the plant genome, the recombinase Cre cuts
out the bordered section, in this case it is the selectable marker gene.

2. MATERIALS AND METHODS
2.1 Cloning of Osmotin gene and Cre-lox system
The backbone of the vector (pGreen-OSM-lox-cre-BlpR-lox) was the binary shuttle plasmid pGreen0029,
that contains bacterial gene for kanamycin resistance (coding neomycin phosphotransferase). Expression
cassettes were amplified from vectors (pGreen-HisOSM, pLH-lox-pnap-cre, pLH-blpr-lox) using primers, which
incorporate 15 nucleotide overlaps. These overlaps allow fusion of corresponding components.
The osmotin gene was amplified from tobacco genomic DNA, the amplicon was digested with restriction
enzymes and ligated with CaMV 35S promoter (VIKTOROVA ET AL., 2017).
The fusion of all expression cassettes with the pGreen0029 backbone was completed using the
commercial In-Fusion HD Cloning Kit (Clonetech, Japan). It can pair fragments of DNA having homologous 15
nucleotide overlaps. In the next step, cells of E. coli DH11s were transformed by emerging construct and then
selected through the kanamycin resistance. The isolated pGreen-OSM-lox-cre-BlpR-lox vector was after a check
by restriction analysis co-electroporated with the pSoup vector into the competent cells of Agrobacterium
tumefaciens C58C1.
2.2 Plant permanent transformation
Tobacco (Nicotiana tabacum L. Wisconsin) leaf discs were transformed as described (Novakova et al.,
2009) and planted on MS medium using phosphinothricin (glufosinate ammonium, 5 mg/l) for the selection of
regenerants and cefotaxime (500 mg/l) for the elimination of Agrobacterium. Internodal segments of flax (Linum
usitatissimum L. AGT 952) were transformed as described (Vrbová, 2010) and selectable markers were used as
mentioned above.
3. RESULTS AND DISCUSSION
3.1. Plant transformation vector
The vector for plant transformation contained expressing cassette (gene OSM in fusion with
oligonucleotide coding hexahistidine tag), gene cre for production of Cre recombinase under the control of
germline promoter (Pnap, seed specific promoter from Brassica napus L., (Kopertekh et al., 2010)), and the
selection marker for herbicide resistance (gene BlpR coding phosphinothricin acetyltransferase under control of
minimal constitutive promoter CaMV 35) were successfully prepared and their correctness was subsequently
verified by sequenation.
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Figure 2. Plant transformation vector used to prepare transgenic “marker-free” plants: pGreenbackbone
containing T-DNA, multicloning site, gene for kanamycin-based selection and binary replication origin for
improvement of plant transformation via A. tumefaciens; lox-target cassettes: Gene of osmotin under the
transriptional control of CaMV 35s promoter; Gene of napin promoter, which induces transcription of Cre
recombinase; Gene of recombinase cre, Gene BlpR – gene bar encoding phosphinothricin acetyltransferase
which inactivates the herbicide glufosinate.
3.2. Plant transformants
The plants of flax and tobacco were chosen for permanent transformation. Rooting regenerants were
obtained only in the case of transformation with vector pGreen-OSM-lox-cre-BlpR-lox (Figure 3). Future
experiments will further characterize the transgenic plants and verify the function of the prepared vector in both
plant systems.

Figure 3. Transformation of tobacco and flax: Production of calli and the regenerating plants of (a) Nicotiana
tabacum and (b) Linum usitatissimum after 3 weeks since transformation. The beginning of rooting of the
regenerating plants (c) tobacco and (d) flax on MS medium with phosphinothricin as selection marker.
Acknowledgement: Financial support from Czech Science Foundation (project No. 15-22276S) and specific
university research (MSMT No 20-SVV/2017) is acknowledged.
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ABSTRACT
Antibiotic resistant bacteria and genes (ARB&Gs) have presently emerged as serious environmental
pollutants with a high health risk. This study analyzed the occurrence of ARGs tet(W), bla(TEM) and intl1 in
microbiomes from 4 Czech wastewater treatment plants showing that bla(TEM) displayed slightly higher gene
abundance compared to tet(W). Next, simulated wastewater seeded with activated sludge bacteria was treated
with Pleurotus ostreatus-based bioreactor to evaluate the effect of the fungal filter on bacterial community
structure and bacterial resistome in wastewaters. The results showed that functional diversity of bacterial
communities was significantly changed by their contact with fungal biofilm as revealed by EcoPlate assays and
analyses of bacterial 16S rDNA by denaturing gradient gel electrophoresis. A significant decrease in tet(W)
abundance (48 times) was observed in fungal-treated wastewater compared to untreated one. The abundance of
bla(TEM) genes increased 4 times during the adaptation of bacteria to nutrient conditions and remained
unaffected by the fungal treatment. To our knowledge this work is first to study the fate of ARGs in wastewaters
during their advanced biological treatment. It documented that P. ostreatus has a potential to lower the
abundance of some ARGs in wastewaters.
KEY WORDS: Antibiotic resistant genes, wastewater treatment plant, Pleurotus ostreatus, fungal bioreactor
1. INTRODUCTION
The contamination of the environment with antibiotics and antibiotic resistant bacteria and genes
(ARB&Gs) is presently considered a serious public health problem. The emergence of bacterial resistance
towards currently available antibiotics and spreading of multi-drug-resistant bacterial strains make the
antimicrobial therapy harder and harder. Several recent works showed wastewaters as a point source of
ARB&Gs and wastewater treatment plants (WWTPs) as hotspots for ARB&Gs spread into the environment
(Devarajan et al., 2016; Rizzo at al., 2013). The incomplete removal of antibiotics and ARGs in WWTPs was
shown to severely affect downstream waters (Rodriguez-Mozaz et al., 2015).
There is limited research regarding alternative technologies of controlling the presence of antibiotics and
antibiotic resistance in WWTPs. A crucial issue is that current as well as emerging tertiary treatment
technologies such as ozonation and UV radiation, despite being promising with regard to bacteria and
contaminants removal, may select for ARB&G populations (Sousa et al., 2017). Recently a potential of a
membrane bioreactor followed by solar fenton oxidation to remove antibiotic-related micro contaminants from
urban WWTPs has been studied (Karaloia et al., 2017). Significant removal of antibiotics from different types of
wastewaters and reduction of environmental risks superior to conventional wastewater treatment processes was
observed with white rot fungi, known to be effective in biodegradation of various organic pollutants (Lucas et
al., 2016). There is however no information available on the subsequent effect of the antibiotic removal on the
abundance of ARB&Gs in wastewaters.
This project is aimed to the characterization of the resistome of activated sludge bacteria collected from
urban WWTPs in the Czech Republic. The project should also evaluate the potential of advanced biological
systems for wastewater treatment to affect dissemination of ARGs into the water environment.
2. MATERIALS AND METHODS
2.1 Activated sludge sampling
Samples of activated sludge (1 L) were collected from activation tanks of WWTPs located in Central
Bohemia (Czech Republic). Samples were stored at +4 °C and air aerated until use – not more than 1 week. For
BOOK OF PROCEEDINGS | BioBio 2017

[ 41 ]

DNA extraction, activated sludge bacteria were collected by filtration (pore size 0.2 µm) on the day of sample
collection and the filters were stored at -80 °C until use.
2.2 Reactor cultures
Cylindrical glass solid-bed bioreactors were set up with 12 days-old Pleurotus ostreatus cultures
immobilized on polyurethane foam. Fungal cultures were prepared as described previously (Svobodová et al.,
2016). The working volume of the reactors was 0.8 L. The reactors operated under a flow (0.8 mL/min) of
simulated wastewater seeded with activated sludge bacteria (2.8E+06 ± 4.5E+05 CFU/mL) for 24h at room
temperature. Two reactors were set for the experiment: fungal-inoculated reactor (IR) and non-inoculated reactor
(NIR). The composition of simulated wastewater was: 2.5 g/L NaCl, 0.2 g/L glucose, 1.3 g/L KH2PO4, 0.5 g/L
NH4Cl, pH=7.5.
2.3 Determination of ARGs abundance
In case of activated sludge samples, DNA was isolated from filters after sample filtration. Filters were
first incubated with suspension of 1M CaCO3 overnight and then subjected to DNA extraction according to
Stach et al. (2001). In case of reactor-treated wastewaters, bacteria were collected by centrifugation (5000 g, 15
min, 4 °C) and bacterial pellets were subjected to the same procedure of DNA extraction. The abundance of the
genes tet(W), bla(TEM) and intl1was analyzed using qPCR methods (Marti et al. 2013). Total bacterial DNA
was quantified using primers R1194 and F1048 targeting 16S rDNA (Marti et al. 2013). The abundance of ARGs
was than related to the amount of total bacterial DNA present in samples using formula: N 0(target)/N0(rDNA) =
x.
2.4 Bacterial community structure
Bacterial communities in reactor-treated wastewaters were analyzed after 24 h and 120 h of reactor
operation and compared to that of the original sample of activated sludge. Bacteria were harvested by
centrifugation (5000 g, 15 min, and 4 °C). For DGGE analysis of bacterial 16S rDNA, DNA was isolated from
collected bacteria as described above. PCR amplification of 16S rDNA and DGGE analyses were performed as
described previously (Svobodová et al., 2016). Phenotyping analyses of the bacterial communities were
performed using Biolog EcoPlates arrays. Before the analyses bacteria were washed 3 times with 0.9% NaCl and
the analyses was performed as described in Svobodová et al. (2016). The obtained profiles of bacterial
communities were subjected to PCA analyses performed in BioNumerics software v. 5.0 (Applied Maths).
3. RESULTS AND DISCUSSION
3.1 The occurrence of ARGs in Czech WWTPs
Four selected municipal WWTPs located in Central Bohemia were screened for the occurrence of the genes
bla(TEM) (resistance to beta-lactams) and tet(W) (resistance to tetracyclines) in their bacterial populations. Despite
minor differences in bacterial community profiles (Figure 1), bla(TEM) and tet(W) genes were detected in all 4
WWTPs (Table 1). Values of their relative gene abundance were comparable except for tet(W) abundance in
WWTP1 and WWTP4. The differences in bacterial communities and resistomes among the four WWTPs could be
caused by different pollution of incoming wastewaters. In Spain the occurrence of bla(TEM) and tet(W) genes in
municipal WWTPs was connected with hospital effluents (Rodriguez-Mozaz, et al. 2015). In microbial populations
of all 4 Czech WWTPs a high copy number of intl1 (encoding the integrase gene of class 1 integrons) was detected
compared to bla(TEM) and tet(W). The gene is used to quantify integrons (Skurnik et al., 2005; Ma, et al. 2011;
Marathe, et al. 2013) that may facilitate ARGs mobility.
Table 1: Relative abundance of ARGs in activated sludge bacteria collected from Czech WWTPs
x = N0(target)/N0(rDNA)
bla(TEM)

tet(W)

intl1

WWTP

x

SD

x

SD

x

SD

1

0.00128

0.00286

0.00024

0.00014

0.02068

0.00587

2

0.00273

0.00282

0.00165

0.00034

0.04900

0.00426

3

0.00140

0.00058

0.00185

0.00045

0.10226

0.02725

4

0.00181

0.00058

0.00033

0.00018

0.04332

0.01628
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Figure 1. DGGE profiles of bacterial communities from activation tanks of 4 Czech WWTPs. Bacterial 16S
rDNA was amplified using primers 984Fgc and 1378R and analysed on an 8% AA gel containing 40-65% of
denaturant. The DGGE analysis was performed at 60°C and 80 V for 20 h.
3.2 The persistence of ARGs in fungal-treated wastewaters
The removal of ARGs from wastewaters in WWTPs has been shown to be generally incomplete. Further,
reduction in copy numbers of ARGs in WWTPs, although significant, may not be uniform across the spectrum of
ARGs (Rodriguez-Mozaz, et al. 2015). Therefore different tertiary wastewater treatment methods are nowadays
tested for their efficiency in ARGs inactivation (Sousa, et al. 2017; Karaolia, et al. 2017; Ma, et al. 2011).
In this work, a synthetic wastewater (SWW) containing activated sludge bacteria was treated with
P. ostreatus cultures in a laboratory reactor and relative abundance of bla(TEM) and tet(W) genes in the treated
water was studied. The results showed that a contact with P. ostreatus cultures affected significantly the structure
of bacterial communities in SWW (Figure 2). The effect was more profound in the analyses of bacterial phenotype
profiles (Figure 2B). Samples originating from IR reactors had lower x-coordinates (explaining 74% of data
variance) than those from NIR reactors (control non-inoculated reactors). It indicates that the contact with fungal
cultures affected more the phenotype of bacterial consortia than its community structure. Similar effects of the
fungus on activated sludge bacteria were observed in our previous study (Svobodová et al., 2016).
Next, relative abundance of tet(W) genes in bacterial populations was also affected by the contact of
bacteria with the fungus. Although the volumetric amount of bacteria increased during 24 h of wastewater
treatment, the relative abundance of tet(W) decreased 48times (Table 2). On the contrary the relative abundance of
bla(TEM) genes increased during the SWW treatment and remained unaffected by the fungus. It suggests a
species-specific effect of the fungus on the bacterial population. In case of bla(TEM) genes application of fungal
cultures had similar results as ozonation and UV254nm radiation of wastewaters (Sousa, et al. 2017). The
prevalence of bla(TEM) genes in the wastewaters indicates further challenge of their removal.
Table 2: Relative abundance of ARGs in simulated wastewater treated by P. ostreatus reactor cultures
x=N0(target)/N0(rDNA)

SWW, 0h
IR effluent, 24h
NIR effluent, 24h

tet(W)
x
SD
9.13E-05
2.9E-06
1.87E-06
1.56E-07
4.37E-05
4.6E-05

bla(TEM)
x
SD
4.06E-04
1.16E-05
1.76E-03
7.64E-04
1.60E-03
8.14E-05
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Cultureable
bacteria
CFU/mL
2.24E+05
8.7E+07
2.07E+07

Figure 2. Bacterial community structure analysed by DGGE (A) and Biolog EcoPlates arrays (B) followed by PCA
analyses. Sample legend: green- bacterial community time 0h; red- treated wastewater, IR reactor, time 24h; bluetreated wastewater, NIR reactor, time 24h; yellow- treated wastewater, IR reactor, time 120h.
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ABSTRACT
In this study we obtained the rhizobia Rhizobium leguminosarum 1078, modified with a genetic construct
carrying pseudophytochelatin gene pph6 (the product of pph is capable of binding heavy metals). Previously we
obtained transgenic tomato plants with psl gene, characterized by high adhesion to the roots of
R. leguminosarum 1078. Transgenic tomato with psl gene and non-transgenic (control) plants, growing on soil
containing cadmium, were inoculated with either modified with pph6 or non- modified bacteria. The amount of
cadmium was 2.7 times bigger in non-transgenic plants, inoculated by modified strain, compared to control
plants, inoculated by the wild strain, and non-inoculated control plants. In transgenic plants with psl gene the
amount of cadmium was 3,4 times bigger after treatment with modified strain, than in all the plants that were
inoculated with wild strain, or were not inoculated at all. These results indicate that the complexes, that are
formed between cadmium and the product of pseudo-phytochelatin gene pph by rhizobia, are excreted into the
rhizosphere, which contributes to the accumulation of cadmium in plants. Undoubtedly, new symbiosis of
transgenic plants with cadmium-binding bacteria can be used in phytoremediation.
KEY WORDS: phytochelatin, Rhizobium, tomato, phytoremediation
1. INTRODUCTION
One of the basic concerns in phytoremediation of soils, polluted by heavy metals (HM), is the creation of
effective plant-microbe systems. In such systems symbiotic microorganisms promote the accumulation of HM in
plant hyperaccumulators and, as a result, the cleanup of the polluted area. Transformation of the beneficial
symbiotic soil bacteria with phytochelatin genes can improve the availability of HM for the plants. It should be
noted that there is usually a gamma peptide bond in phytochelatins. This bond complicates synthesis of
phytochelatins in bacterial cells. That is why synthetic pseudophytochelatin genes, that encode phytochelatins
without gamma peptide bond, are promising for transformation of symbiotic bacteria. It simplifies the synthesis
of these peptides, whereas their ability to bind HM remains (Postrigan et al., 2012).
Extra components are required for better colonization of root system by symbiotic bacteria. For example,
plant agglutinins, lectin PSL in particular, promote better adhesion (Vershinina et al., 2012). The psl gene,
encoding this lectin, can be used for the transformation of plant hyperaccumulators with a view to developing
new stable symbiotic phytoremediation systems.
The purpose of this study was to create a R. leguminosarum strain 1078 with pph6 pseudophytochelatin
gene and to investigate its impact on the concentration of cadmium in tomato plants, transformed with psl gene.
2. MATERIALS AND METHODS
2.1 Construction and cloning of pseudophytochelatin gene pph6, encoding peptide with a formula
Met(α-Glu-Cys)6Gly. Generation of a rhizobia strain with pph6 gene
Plant phytochelatins have general structure [γ-Glu-Cys]nGly. γ-bond indicates the non-matrix nature of
synthesis. So, they are not the primary gene products and are synthesized enzymatically. Moreover, it is known
that in phytochelatins the recurring motif Glu-Cys plays a key role in binding of heavy metals by complex
formation. Analysis of literature showed that there were no obstacle to creating phytochelatins with general
formula Met(α-Glu-Cys)nAaa (where n is a number of recurring motifs Glu-Cys, and Aaa is an amino acid,
indigenous to natural phytochelatins. These genes can function in the plants normally. Previously in our
laboratory we constructed pseudophytochelatins with general formula Met(α-Glu-Cys)4Gly and investigated the
characteristics of tobacco plants, transformed with the gene of this phytochelatin (Postrigan et al., 2012). In
present study we chose pseudophytochelatin with different amino acid sequence - Met(α-Glu-Cys)6Gly, and
reconstructed its nucleotide sequence, considering the occurrence of particular codons in plants. To construct
pseudophytochelatin gene titled pph6, we chemically synthesized complementary oligonucleotide microarrays
P6ph1 5'CCATGGAATGCGAATGTGAGTGCGAGTGCGAGTGCGAATGCGGCTAAG3' and P6ph2
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5'CTTAGCCGCATTCGCACTCGCACTCGCACTCACATTCGCATTCCATGG3'. Then double-stranded pph6
molecule was formed from these microarrays by annealing. To clone pseudophytochelatin gene, we used
pTurboGFP-B vector, containing the fluorescent protein gene TurboGFP. This gene was cut between restriction
sites BamHI and HindIII, and synthetic pseudophytochelatin gene pph6 was cloned in its place (fig. 1). We
transformed R. leguminosarum 1078 with obtained construction, using electroporation method.

Figure 1. Cloning of pseudophytochelatin gene pph6 into the pTurboGFP-B vector.
2.2 Effectiveness of using the symbiosis between recombinant rhizobia with pph6 gene and transformed
plants with psl gene for phytoremediation of soils, polluted with cadmium
We treated the roots of the control plants with rhizobia, transformed with pph6 gene, and with wild strains
of rhizobia. Plant seedlings, transformed with psl gene, were treated in the same way. All the bacterial strains
were grown on YM medium at 28 °С for 24 hours, then centrifuged for 10 minutes at 3500 rpm and resuspended
in liquid 1% Hoagland Arnon medium to the concentration of 103 CFU/ml. We incubated the plants in
agrobacterium suspension for 2 days, and then planted to the soil with addition of Cd2+ (as an acetate) at
concentration of 100 µmol. After the first month of cultivation, we determined the cadmium content in plants by
polarography, using voltamperometric analyser and carbon electrode. Samples for the analysis were prepared by
dry ashing of shoots and roots. Following the procedure, they were kept in a dry heat oven under 90°С until they
reached constant weight. We grinded 200 mg of the material in porcelain mortar and then burned it in a muffle
furnace at 500 °С for 4 hours. The ash was suspended in 1 ml of nitric acid (1M) and then in 0,01 M of nitric
acid up to a 100 ml volume. Further determination of metal was performed according to the device instruction.
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3. RESULTS AND DISCUSSION
3.1 New characteristics of rhizobia R. leguminosarum 1078 with pph6 gene
We transformed legume bacteria R. leguminosarum 1078 with pTurboGFP-B vector, containing
pseudophytochelatin gene pph6. Rhizobia with pseudophytochelatin gene showed better HM tolerance than
control bacteria, while growing on a medium with different concentrations of cadmium (0, 100, 200, 400 µM).
They were able to grow in a medium, containing 400 µM of cadmium, while control bacteria almost stopped
growing at concentration of 200 µM (fig. 2).
It is known that heavy metals can inhibit the growth, activity and symbiosis capacity of rhizobia (Wani et
al., 2008; Arora et al., 2010; Bianucci et al., 2011). Metallothionein-synthesizing bacteria, binding HM in
animals, were created earlier (Sriprang et al., 2002; Fang et al., 2011). In the study performed by Fang (2011)
bacteria Sinorhizobium fredii were transformed with plasmid, carrying monkey tetrameric metallothionein. The
concentration of these bacteria was 1,5 times higher on the medium, containing 50 µM of CdCl2, than the
concentration of nontransformed bacteria, and the amount of accumulated cadmium was twice larger.
Apparently, pseudophytochelatin gene pph6 prevents the toxic effect on bacteria by binding cadmium ions, and
therefore fosters the growth of rhizobia.

Figure 2. The growth of rhizobia R. leguminosarum 1078 on the medium with cadmium: a) strain,
transformed with pph6 gene; b) control strain
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3.2 The effect of rhizobia R. leguminosarum 1078 on the cadmium content in tomato plants
Earlier we created modified tomato plants with plant agglutinin gene psl that demonstrated good adhesion
to the roots of commercial strain R. leguminosarum 1078 (Vershinina et al., 2015). We experimented with
inoculation of tomato plants (control and modified with psl gene) with bacteria (control and modified with pph6
gene, as well). Then the plants were grown in the soil, polluted with cadmium. In the plants, inoculated with
modified strain, the cadmium content grew significantly. Control plants, inoculated with modified strain,
accumulated 2,7 times more cadmium than control plants, that were not inoculated, or were inoculated with wild
strain. In the plants carrying psl gene, cadmium content tripled after the treatment with modified strain, in
comparison with the plants that were inoculated with wild strain, or were not inoculated at all (fig. 3).

Figure 3. Cadmium content (mg Cd kg−1 in dry weight) in different groups of studied plants. A – control plants,
inoculated with modified strain with pph6 gene; B - control plants, inoculated with wild strain; C - untreated
control plants; D – plants with psl gene, inoculated with modified strain with pph6 gene; E - plants with psl
gene, inoculated with wild strain; F - untreated plants with psl gene.
Our experiments suggest that the complexes, formed between cadmium and the product of pseudophytochelatin gene, are excreted into the rhizosphere, which contributes to the accumulation of cadmium in
plants in the conditions of stable associative interaction. So, it was shown that associative symbiosis of
transgenic plants and cadmium-binding bacteria can be used in phytoremediation.
Acknowledgement: this work was supported by Russian Foundation for Basic Research N 14-04-97005;N 1604-00902 А; N 16-34-01076.
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ABSTRACT
Phenanthrene which consists of three fused benzene rings belongs to polycyclic aromatic hydrocarbons. It
is a part of crude oil and coal tar, it is known skin irritant, mild allergen, and mutagen in bacterial systems under
certain conditions.
From the contaminated soil were isolated bacterial strains able to grow with phenanthrene as the only
carbon source. Degradation capability of phenanthrene and mixture of PAH of isolated strains was determined.
Also was determined motility and were done dual tests with an oomycete fungus.
Aim of this study is to develop system consisting of fungi and bacteria able to degrade PAH, namely
phenanthrene, where fungi should be employed as transporting system for nutrients and contaminants to support
bacterial growth and increase the degradation potential. It is well known that in real conditions, when of
contaminants mobility with low solubility in water is increased, also their degradation increases.
KEY WORDS: phenanthrene, degradation, bacteria, fungi, cooperation
1. INTRODUCTION
Biodegradation of hydrophobic xenobiotics like polycyclic aromatic hydrocarbons is limited by the
accessibility of xenobiotic to the microorganisms with degradation ability (Furuno, 2010). Accessibility can be
increased by increase of xenobiotic or microorganism mobility in the environment. It is proposed that way how
can be reached both aims – increase mobility of bacterial cells and also increase mobility of xenobiotic, is the
use of fungi (Furuno, 2012; Furuno, 2010; Kohlmeier, 2005).
Oomycetes and filamentous fungi can form mycelial networks extending over hundreds of hectares, it
was estimated that fungal biomass represents about 75 % of subsurface microbial biomass (Furuno, 2012).
Thangs to this complex network, fungi can help bacteria to move through the soil environment. Fungi form
continuous water film along theirs hyphae which therefore might serve as continuous channels in which bacteria
can move (Kohlmeier, 2005). On the other side it is also known that fungal hyphae have interconnected vacuolar
organelles which can maintain active and diffusional transport over distance of centimeters. On that account it is
possible to speculate that this way can be transported also nonessential substances like xenobiotics (Furuno,
2012).
These are reasons why it can be beneficial cooperation of bacteria and fungi on degradation of polycyclic
aromatic hydrocarbons. For evaluation of function of each organism it is necessary to choose combination of
bacteria and fungus which will be able to cooperate together and determine degradation ability of each organism
alone, same as motility of bacterial cells.
2. MATERIALS AND METHODS
2.1 Isolation of strains
For testing previously isolated strains were used, strains were identified by MS MALDI-TOF as
Pseudomonas gessardii A103; Pseudomonas veronii A202; Comamonas testosteroni A203 and Pseudomonas
sp. B203 (Wald, 2015).
2.2 Degradation of polycyclic aromatic hydrocarbons
Isolated strains were cultivated in minimal media with phenanthrene (3 days; 120 RPM; 28 °C). Medium
was filtrated through cotton wool (removal of phenanthrene) and centrifuged (5000 g; 10 min) twice washed
with minimal media and used in degradation experiment. Degradation was done in 8 ml glass bottles with PTFE
lined septa screw cap. Final volume was 4 ml, microorganisms were in minimal media (OD 600 0.4) and initial
concentration of phenanthrene was 20 mg/l, mixture of polycyclic aromatic hydrocarbons (naphthalene,
acenaphthene, fluorene, phenanthrene, pyrene, anthracene and fluorene - initial concentration 20 mg/l of each).
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Polycyclic aromatic hydrocarbons were added as hexane solution, hexane was evaporated before addition
of microorganisms. After cultivation (120 RPM; 28 °C; 7 and 14 days) samples were extracted (2 times 2 ml of
hexane chloroform mixture with benzene as internal standard) and measured on HPLC with DAD detector.
2.3 Motility test
Determination of motility was done in Luria-Bertani medium with 3 g/l of agar and addition of 5 ml per
liter of 1 % triphenyltetrazolium chloride solution after autoclaving. Test was done in test tubes where bacteria
were inoculated by sterile needle in depth of 1 cm. Bacteria were grown until growth was evident at 28 °C.
2.4 Dual test with Pythium sp.
Dual tests were done in Potato dextrose agar, microbial strains were inoculated in the middle of plate and
on left and right was put agar with one week old Pythium sp. culture. Plates were cultivated 7 days at 25 °C.
3. RESULTS AND DISCUSSION
3.1 Degradation of phenanthrene
All tested strains were able to remove almost 100 % of phenanthrene during 7 days (fig. 1) of cultivation
when phenanthrene was the only carbon source.

Figure 1. Removal of phenanthrene (initial concentration 20 mg/l) after 7 days of cultivation by strains A103
Pseudomonas gessardii; A202 Pseudomonas veronii; A203 Comamonas testosteroni and B203Pseudomonas sp.
3.2 Degradation of mixture of polycyclic aromatic hydrocarbons
Strains were also evaluated for degradation of mixture of polycyclic aromatic hydrocarbons (fig. 2).
Selected were naphthalene, acenaphthene, fluorene, phenanthrene, pyrene, anthracene and fluoranthene. All
tested strains were able to remove highest amount of naphthalene and acenaphthene, first one mentioned was by
all strains removed from 90 % and second from more than 60 %. This is not surprising because naphthalene and
acenaphthene are polycyclic aromatic hydrocarbons with just two aromatic benzene rings and therefore are
easily biodegradable by microorganisms. Fluorene and phenanthrene which are PAH with more complex
structure than naphthalene and acenaphthene were removed from approximately 20 %. Anthracene, fluoranthene
and pyrene PAH with 3 and 4 aromatic benzene rings were removed from less than 10 %.
Degradation activity of tested strains was comparable. Strains A202 (Pseudomonas veronii) and A203
(Comamonas testosteroni) were able to degrade polycyclic aromatic hydrocarbons with higher efficiency than
other two tested strains.
3.4 Motility test
For evaluation of hypotheses that presence of fungi increase mobility of microorganisms is necessary to
know motility of tested strains. Based on motility test (fig. 3) it is possible to see that 3 strains are motile and one
is non motile. Non motile strain is strain A202 identified as Pseudomonas veronii.
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Figure 2. Removal of polycyclic aromatic hydrocarbons mixture (naphthalene, acenaphthene, fluorene,
phenanthrene, pyrene, anthracene and fluoranthene initial concentration of each 20 mg/l) after 7 and 14 days of
cultivation by strains A - A103 Pseudomonas gessardii; B - A202 Pseudomonas veronii; C - A203 Comamonas
testosteroni and D - B203 Pseudomonas sp.

Figure 3. Motility test. A Sarcinia sp. – non motile strain; B Pseudomonas aeruginosa – motile strain; C Proteus
mirabilis - motile strain (positive control for motility test); D - A202 Pseudomonas veronii; E - A103
Pseudomonas gessardii; F - B203 Pseudomonas sp. and G - A203 Comamonas testosteroni.
3.5 Dual test with Pythium oligandrum
Dual tests – impact of fungi Pythium sp. on growth of bacterial strains and vice versa, indicated that from
tested strains only strain A203 (Comamonas testosteroni) is not suitable for cooperation tests (fig. 4).
4. CONCLUSIONS
From tested strains for degradation test with Pythium sp. are suitable strain A202 (Pseudomonas veronii)
as non-motile strain able to grow in presence of fungi with high degradation ability and motile strains A103
(Pseudomonas gessardii) and B203 (Pseudomonas sp.). Before determination of impact of Pythium oligandrum
on polycyclic aromatic hydrocarbons bacterial degradation in contaminated water and soil it is necessary to
determine polycyclic aromatic hydrocarbons degradation ability of oomycete fungus Pythium sp.
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Figure 4. Dual test on Potato dextrose agar. Pythium sp. with A - A103 Pseudomonas gessardii; B - A202
Pseudomonas veronii; C - A203 Comamonas testosteroni and D - B203 Pseudomonas sp.
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ABSTRACT
Activated sludge (AS) process is today the most widespread technology used for wastewater treatment
worldwide. The activated sludge is a consortium of different wastewater organisms which are responsible for the
removal of organic pollution, nitrogenous compounds and phosphorus at biological wastewater treatment plants.
Because the activated sludge is separated from treated wastewater by sedimentation, the ability to flocculate, i.e.,
to create stable compact flocs with high settling velocity is the most crucial property of activated sludge mixed
culture. The ability of activated sludge to create compact well settling flocs can be deteriorated by an excessive
presence of filamentous microorganisms. 29 different filamentous bacteria, grouped in three clusters, were
determined and described (only on morphological basis) in AS samples. The paper will focus on the methods of
filamentous bulking and foaming control and on the techniques used for identification of filamentous
microorganisms.
KEY WORDS: activated sludge process, bulking, control strategy, filamentous microorganisms, foaming
1. INTRODUCTION
The problems of activated sludge filamentous bulking and foaming have been traditionally studied by the
Department of Water Technology and Environmental Engineering of the University of Chemistry and
Technology Prague for last about fifty years. The results of those studies were summarized by Wanner (1994),
Wanner and Jenkins (2014), Rosetti et al. (2017).
2. ACTIVATED SLUDGE SEPARATION PROBLEMS
The following 6 major microbial biomass quality problems can be distinguished:
Microfloc-dispersed growth. The activated (AS) sludge contains many microorganisms present as
individual cells or small aggregates (≤10 µm) dispersed in the bulk liquid. Their sedimentation rate is too low for
them to be removed by gravity sedimentation and zone settling does not occur in either an SVI (sludge volume
index) test or in the secondary clarifiers. Dispersed growth causes turbid effluents and dilutes RAS (return
activated sludge).
Microfloc-pinpoint floc. The AS contains many poorly settling 50-100 µm aggregates together with flocs
that zone settle rapidly. The secondary clarifier effluent TSS (total suspended solids) is high and the SVI is very
low (<75 ml/g). AS is more prone to pin point floc formation when there is an insufficient amount of the
exocellular materials that flocculate them and in the absence of filamentous organisms.
Viscous (or non-filamentous) bulking sludge contains excessive amounts of extracellular biopolymers
which impart a jelly-like consistency to the sludge. Because these polymers are hydrophilic the AS becomes
highly water retentive (even viscous) and has low settling and compaction velocities. Because the biopolymers
can be surface active, the AS may foam on aeration (Wanner, 2002).
Filamentous bulking is caused by an excessive growth of filamentous organisms that interfere with AS
settling and compaction. High SVIs and major operational problems result (Wanner, 1994). These include
reduced RAS SS and MLSS concentrations, secondary clarifier overloading, high effluent TSS levels and poor
was thickening and dewatering characteristics.
Biological foaming is really a flotation process. It is caused by the excessive growth of dispersed
filamentous microorganisms that have hydrophobic cell walls and may also produce biosurfactants. These
properties allow them to attach to air bubbles and rise with them to the water surface to form stable foam. These
“foams” always contain higher levels of the foam-causing filamentous microorganisms than the mixed liquor
from which it was generated.
Rising sludge is a form of flotation, usually in secondary clarifiers, caused by the formation of gaseous
nitrogen in the flocs through denitrification. This phenomenon can also be observed during the conduct of the
SVI test.
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3. MICROBIOLOGY OF ACTIVATED SLUDGE SEPARATION
The solid separation problems of activated sludge are of a biological nature, therefore microscopic
examination of activated sludge characteristics, filamentous organisms levels, and floc and filamentous
organisms type is very important tool to uncover the causes of the problems and to resolve them, especially when
regular analysis are made. (Jenkins et al., 2004; Rosetti et al., 2017). Most activated sludge solids separation
problems can be related to the nature of the activated sludge flocs. Flocs are made up of biological and
nonbiological components. The biological components consist of bacteria, fungi, protozoa and some metazoa.
The nonbioligical component is made up of inorganic and organic particles. Fibers from wastewater and
exocellular polymers (mostly proteins and carbohydrates) play a role in bioflocculation. The basis of activated
sludge floc formation is based on ability of microorganisms to stick to each other and to nonbiological material.
Probably the exocellular biopolymers form bridges between microorganisms according to pH and charge. Shape
and strength of the flocs depends on the morphology of bridged microorganisms (spherical and filamentous
form) (Jenkins et al., 2004). There are six basic separation problems: dispersed growth (only single bacteria), pin
floc (very small flocs in supernatant), viscous bulking, filamentous bulking, blanket rising and foam formation.
Dispersed growth and pin floc are connected with insufficient production of biopolymers. Both cause turbid
effluent. Filamentous bulking and foam formation are connected with high abundance of filamentous
microorganisms. Filamentous bulking cause high SVI and solid handling process become overloaded. Foam can
concentrate microorganisms and microorganisms are losing contact with wastewater. Viscous bulking is caused
by excessive amounts of water-retentive exocellular polymers. Blanket rising is associated with unfavorable
denitrification in secondary clarifier (Jenkins et al., 2004 ; Rosetti et al., 2017). For all above mentioned problems
are very often known technological parameters of AS process or composition of wastewater that can caused
them. Based on this knowledge and the result of microscopic analysis is possible to establish corrective
measures.
3.1 Microscopic examination of flocs and filamentous microorganisms
Method was develop by Eikelboom and van Buijsen (1981) and supplemented by Jenkins at al. (2004).
Microscope fitted with bright field and phase contrast optics is mandatory equipment for microscopic
observation. First step of microscopic examination is oriented on determination of floc characteristics (size,
shape, morphology), subjective estimation of filamentous bacteria abundance, effect of filamentous organisms
on floc structure (bridging, open floc structure), presence of dispersed bacteria and nonbiological inorganic
particles, abundance and phylum representation of protozoa and metazoa. Presence high taxa correspond with
technological aspects as high or low loading of system, low concentration of oxygen, high age of sludge etc.
System of so called types according to Eikelboom and van Buijsen (1981) for identification of
filamentous microorganisms is widespread today. Types (Latin name or numerical code) are used to describe
different microorganisms with similar morphology and same reaction on staining procedures (Gram, Neisser
etc.). Taxonomic position most of them is uncertain or unknown (Wanner, 1994; Rosetti et al., 2017). Originally
26 morphotypes of filaments were descried in the literature. Individual filamentous microorganisms differ in
substrate and electron acceptors preference, in caused problems and their intensity. Branching, motility, shape of
filament, location, attached growth of bacteria, presence of sheath and cross walls, diameter and length of
filament, shape and size of cells, presence of sulphur deposits and other granules, Gram and Neisser stains are
the most important characteristics for identification of filaments used.
3.2 Identification of filamentous microorganisms by the molecular methods
Morphology of filaments may change (e.g., in single cells), which makes the identification of AS filament
by simple microscopy ambigious. This problem is solved by molecular methods (Seviour and Nielsen, 2010).
The use of molecular biology methods revealed that identification into morphotypes on microscopic characters is
frequently inadequate. One morphotype can embrace several phylogenetically different organisms (for example
Noctocoida limicola cuased bulking and foaming). The molecular biology methods also helped to show that
some filaments are members of previously described bacterial genera. Combination of fluorescence in situ
hybridization with microautoradiography (MAR-FISH) provided information about ecophysiology of individual
filaments phylotype, which may provide clues as to how these might be controlled (Nielsen et al., 2009; Seviour
and Nielsen, 2010). FISH can distinguish between individual genera or species. However, more specific gene
probes are still needed to completely resolve a number of morphotypes (Nielsen et al., 2009). Microtrix
parvicella (very often cause of bulking and foaming) was quantified with success by the help real-time PCR
(qPCR) (Rosetti et al., 2017). qPCR also detected good correlation between SVI and levels of 16S rRNA genes
of filamenotus type 021N (Seviour and Nielsen, 2010).
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4. CONTROL OF PROBLEMS CAUSED BY FILAMENTOUS MICROORGANISMS
4.1 Bulking control methods
4.1.1 Bioengineering bulking control methods
i) external factors
Readily biodegradable substrate (rbCOD). Low molecular weight organic compounds
(e.g. monosaccharides, alcohols, volatile fatty acids and amino acids) can be directly utilized by bacteria. rbCOD
makes up approx. 10-20 % of the COD in municipal wastewater and favors the growth of filamentous
microorganisms such as type 021N, Sphaerotilus natans, N. limicola and possibly H. hydrossis. Reduced sulphur
compounds can support the growth of S-metabolizing filaments such as type 021N/Thiothrix or Beggiatoa spp.
Bioengineering controls for bulking caused by rbCOD are:
 Maintain high concentration gradient of rbCOD in AS tank (plug flow, compartmentalization, contact
zone kinetic selection)
 Provide high DOat the head-end of the AS tank
 If it is not possible to provide enough oxygen in the head-end, it is better to operate it under anoxic or
anaerobic conditions (metabolic selection, see below).
Particulate, slowly biodegradable substrates. A considerable fraction of municipal wastewater organic
matter is high molecular weight organic material present as colloids and SS. These materials must be hydrolyzed
by extracellular enzymes to compounds that are chemically similar to the rbCOD in wastewater before becoming
available to microorganisms. Bioengineering controls for bulking related to high particulate concentrations are:
 Maintain a low particulate substrate content in the AS flocs by operating at high a SRT (high
MLSS).
 Compartmentalize the aerobic zone to prevent release of hydrolysis products throughout this
zone.
Some particulate substrates can support the growth of specific filamentous microorganisms. Fats and
grease selectively concentrate in foams and may support the growth of some Mycolata. Long-chain fatty acids
are specific substrates for Candidatus Microthrix parvicella. (Andreasen and Nielsen, 1997).
Temperature, pH, toxicity. When AS is preceded by preliminary and primary treatment it is necessary to
assess these parameters on the wastewater entering the AS rather than on the raw wastewater. The values of
these parameters can be affected by processes such as (i) stripping in step screens and aerated grit chambers; (ii)
pH changes because of fermentation in primary clarifiers; (iii) neutralization and precipitation reactions; (iv)
coagulation of larger molecules in primary clarifiers.
ii) intrinsic factors
SRT. Solids retention time SRT impacts the individual microbial species distribution in AS. Low SRT
may wash-out species whose net growth rate is lower than the dilution rate D (= 1/SRT) while high SRT values
favors slow-growers. Because the limiting SRT value for many filamentous microorganisms is close to that of
nitrifying bacteria a filament “wash-out” strategy can also wash-out the nitrifiers.
Reactor substrate concentration. AS cultured in reactors with substrate concentration gradients can
acquire the following "selector" effect features (i) high substrate consumption rate; (ii) high oxygen (electron
acceptor) uptake rate; (iii) enhanced floc-former growth. Substrate concentration gradients can be achieved by
compartmentalizing the entire reactor volume or just its head-end. The compartmentalized part is called a
selector. The substrate concentration gradient in a selector may induce both kinetic selection and metabolic
selection together with the storage selection. Kinetic selection in AS systems with a substrate concentration
gradient can be explained by the different growth strategies of filamentous and floc-forming microorganisms.
While many filaments are KS-strategists, most floc-formers are µ-max strategists. Metabolic selection requires
aerated and non-aerated compartments and storage selection requires a concentration gradient to induce
unbalanced growth (Figure 1) and time for stored substrate metabolism (storage capacity regeneration). It is
economical to provide the regeneration in a regeneration zone on the RAS stream (Figure 2).
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The arrangement depicted on Figure 2 with anoxic contact zone is today very often used in activated
sludge systems used in the Czech Republic. The following other parameters are also important for effective
filamentous bulking control: dissolved oxygen concentration, pH, limitation by nutrients and temperature.
4. 2 Foaming control methods
4.2.1 Manipulation of SRT. Most foam-forming filamentous microorganisms have lower net growth rates than
floc-forming bacteria so that by lowering the SRT the slower growing filaments can be washed out of the AS
microbial community.
4.2.2 Use of chemicals and antifoam agents. Chlorination of RAS is not effective for foaming control because
the foam-forming microorganisms are selectively retained in floating biomass at concentrations higher than those
in the mixed liquor or RAS. More promising results have achieved by spraying a fine mist of concentrated
chlorine solution, or sprinkling powdered calcium hypochlorite directly onto the foam surface. The application
of commercial antifoam agents can be costly and is unreliable. One of the most successful recent methods of
Candidatus Microthrix parvicella caused biological foam control is to add polyaluminum chloride (PAX)
directly into mixed liquor or RAS. PAX doses in the range of 2-3 g Al/kg MLSS, d in the RAS (Seviour and
Nielsen, 2010) have been effective.
4.2.3 Foam skimming. The properties of the foam forming bacteria offer the possibility of skimming the foam
from the water surface. The selective removal of floating biomass that contains a higher concentration of foamforming filaments than the mixed liquor effectively reduces the SRT of the filaments which helps to eliminate
the foam-formers. Mechanical skimming is usually performed in the secondary clarifiers with effluent weirs
protected by baffles against escaping floating biomass. The skimmers should act over the entire water surface
and if possible, the skimmed foam should be handled separately from the WAS, especially when it is
anaerobically digested (to avoid digester foaming). Experience from Czech wastewater treatment plants has
shown that the floating biomass can be stabilized by lime and then mechanically dewatered before final disposal.
4.2.4 Selective floatation. This method uses the same principles as foam skimming but the floatation occurs in an
aeration chamber placed between the main aeration basin and the secondary settling tank.
4.2.5 Water spray. Biological foams can be destabilized by substantial dilution. Dilution opens the dams that
filamentous microorganisms form in the liquid films surrounding the gas bubbles, so that the bubbles can
collapse more quickly. The amount of water sprayed over the foam surface in aeration basins or in secondary
settling tanks needs to be much higher than in conventional water sprays used for detergent foam control and the
amount of water needs to be adjusted empirically for each particular plant. Because the collapsed foam re-enters
the mixed liquor or the RAS, this method does not eliminate them from the AS system. Thus water sprays should
only be applied in emergency cases.
5. CONSLUSION
Microscopic examination with determination of sludge volume index is gold standard for evaluation of
flocculation and separation capabilities, which are primary in terms of efficiency of activated sludge process.
Expanding the microscopic evaluation to molecular biology approaches enables to confirm true identity of
filamentous microorganisms on phylogenetical level and to uncover their ecophysiology, which can help to
control their unwanted high abundance.
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