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1. BACKGROUND, AIMS AND SCOPES

Now days 1 billion people is starving, or sufferimgmalnutrition on the World (the
population reached 7 billion people in 2011)RADO ET AL., 2010).

This situation will get worse in the future accowglito the forecasts, since the
changing climate not just contribute to the dedrepfeedstuffs (like drought in Hungary in
2011-2012), but several data prove the connecitweden epidemics infecting plants and the
weather changes that gangers the feed safety, antl mause problems in the developing
countries (RTERSON-LIMA, 2010, 2011). One of the hot spots of this chamgm the
alteration in the spread of mycotoxins and theuesq contamination of row materials (IPCC,
2007). Average temperature of the Earth is incregpsiith 4°C in the next 100 years, which
contributes to the shift of climate zones, disappeee of seasons, and incalculable rainfall
distribution. Due to the increased number of ex&ephenomenon in the weather, the
agricultural production cannot be planned and \a@®t is getting more and more sensitive
for infections as a result for the continuous strdeat they are grown in. Mycotoxins are
extracellular secreted metabolites of mould thataminate feed and food stuffs. Mycotoxins
are produced due to stress factor, which can b&ethperature, water, pH, or the appearance
of other fungi.

Mycotoxins have adverse effects to other organiShey are cytotoxic, genotoxic,
mutagen or endocrine disruptors. Due to the clincitange, the extreme weather make
unrecoverable so far stable production system, tbewsmaterials produced by the agriculture
may be contaminated by mould and by its metabolligsthe mycotoxins. In Hungary the
most frequent mycotoxin contaminations were caud®d zearalenone, fumonisin,
deoxivinalenol, ochratoxin-A and T-2 toxin. Howeyeaunusual mycotoxins were also
appeared as a result of changing climateg®LyI ET AL., 2011, \ARGA ET AL., 2007).

For the elimination of mycotoxins several physicdemical and biological methods
are available. Out of these methods biodegradattame into prominence. During
biodegradation, microorganisms or enzymes are u$md degradation. However,
biodegradation of mycotoxins not in all cases gothwithe break of the biological effect
(biodetoxification). For that reason, regulationsr ffood and feed safety prescribe
toxicological tests for evaluating the success @toxifying agents, especially the creating
metabolites. Successful detoxifying agents weresldged; moreover feed additive against

zearalenone and ochratoxin is available on the etark



Aims of the work

During my research the main goal was to eliminate reduce mycotoxin
contaminations by the use of microbes able to akgexromatic hydrocarbons. Most of the
mycotoxins have aromatic structure, there for tlesting of the available aromatic
hydrocarbon degrading microbes was obvious.

My research goals were:

1) isolation and identification of mycotoxin degradimgcrobes

2) verify the mycotoxin detoxification

3) exploration of enzyme/enzyme systems responsilbldegradation of mycotoxins

4) practical investigation of the isolated microorgans

The results showed in my PhD dissertation are titeome of own laboratory and
collaborative research work, and there are datadk measurement results of subcontractor

works. All the results were compared by collected eated scientific literature.



2. M ATERIALS AND METHODS

2.1 Microbial strains and culture conditions used in bodegradation tests

Microbes deposited in the strain collection of Agmer Holding Ltd. and the
Department of Environmental Protection and Saf&@yent Istvan University, reference
strains deposited in international strain colletsioand strains owned by individual persons
were involved during the examination. Part of ttraies were isolated from oil polluted sites
and matrixes (soil, groundwater, wastewater, comasfilm).

The mycotoxin degradation ability of the microbessvanalyzed as follows. The cells
stored at -80°C were streaked on LB agar platesiacubated at 28°C for 72 h. Single
colonies were inoculated into 50 ml liquid LB meaiiwand incubated at 170 rpm at 28°C for
72 h. The optical density of the cultures was adpiso 0.6 (Olgy=0.6)

2.2 Analysis of AFB1, ZEA, OTA, T-2, FB1 and DON biodegadation
processes

Biodegradation experiments were conducted in Ereyranflasks in 50 ml media in
three parallels, the concentration of the mycotexirere 2 mg/l each, which were incubated
in a shaking thermostat (170 rpm, 28 °C). Sampla® fthe flasks were removed in every 24
h, centrifuged at 15000 rpm at 4°C for 20 min anthlsupernatant and pellet were stored at -
20°C until further use.

Remaining mycotoxin concentrations in samples gbesmatant and pellet were
analyzed by High Performance Liquid ChromatographffPLC (Wessling Hungary Ltd.,
Hungary), enzyme-linked immunosorbent assay — ELI&dft Flow Ltd., Hungary);
moreover samples of supernatant were analyzed éadlapted biomonitoring systems for
screening the residual geno/cytotoxic or endoatiseupting effect.

- SOSChromo test for analyzing genotoxicity

- Aliivibrio fischeri test for analyzing cytotoxicity

- BLYES/BLYR test system for analyzing endocrine digimg and cytotoxic effect

2.3 Animal feeding and animal treatment experiment

2.3.1 Broiler chicken feeding experiment
120 Cobb-500 cock chicken were used in the feediqgeriment. The feeding groups
were repeated twice (in latin square technique)l3d$hicken each.
» Control without microbe (n=2x15): fodder without any AFB1
» Control + AK37 (n=2x15): mycotoxin free fodder, treated by the nole



* AFB1 (n=2x15): AFB1 mycotoxin containing fodder, calaidd AFB1 mycotoxin
concentration 1mg/kg.
 AFB1 + AK37 (n=2x15): AFB1 mycotoxin containing (calculated BF mycotoxin
concentration 1mg/kg) biodetoxificated fodder
The experiment was 42 day long. The bodyweightlifegintake, mortality was measured

during the experiment.

2.3.2 Fish feeding experiment
The fish model experiment were carried out at thebBlcsi Halaszati Ltd., from one

year old carp of the company. The fish were feddetbur different corn based fodder in the
3% of the bodyweight, four times a day, using awttienfeeder. The following groups were
made during the experiment:

» Control without microbe fodder without any AFB1

e Control + AK37 mycotoxin free fodder, treated by the microbe

 AFB1 AFB1 mycotoxin containing fodder, calculated AFBYautoxin concentration
2mg/kg
« AFB1 + AK37 AFB1 mycotoxin containing (calculated AFB1 mycatox
concentration 2mg/kg) biodetoxificated fodder
The fish were kept in 2 frecirculation ponds. The experiments were repeiee times
by 25-25 fish. The feeding was prepared by a 5lolag acclimatization, than it continued for
14 days. During the experiment the water quallig, mortality, and the feed intake was daily
observed. In the beginning the bodyweight and beuyth was recorded. In the end of the
experiment histology study was made from the liarthe different treatment groups.

2.3.3 Rat treatment experiment (Uterotrofic bioassay)

In the rat treatment experience the effectivenésiseobiodegradation of the ZEA, and
the physiological effects was measured. During ttkatments the matrix was introduced
trough gavage into the animals.

For the experiment a medium with 500 pg/ml ZEA @nration was inoculated by
the mycotoxin degrading microbe incubated at 170 gb 28°C for 5 days. At thé"5ay of
the experiment the entire medium was centrifugét®&@0 rpm, for 20 min, at 4°C) and the
supernatant was Edwards Micromodulyo lyophilisatond was analyzed in animal
experiments. The ZEA concentration was measuretiByC. The dry-frozen supernatant
was diluted in olive oil, this matrix was the baséodder used in the treatment.

The following groups were made during the experimen



e Control: LB without ZEA
* ZEA: 500 pg/ml ZEA-t containing LB
» ZEA + K408: ZEA containing (500 pg/ml) biodetoxificated medium

The experiment were based on the uterotrofic bapasarried out by Heneweer and co-
workers (2007). The animals were prepubertal feridigtar rats, from the KOKI. The rats
were kept in threes on 21+1°C, in 65% moisture eéotl2 hour long light period (07:00—
19:00). The animals were treatadilibitum by phytoestrogen-free fodder and tapwater during
3 days. The treatment dose were calculated dadyimdividually, 5 mg/kg ZEA intake per
bodyweight.

After the experiment the weight of uterus and tkpression of marker gene’s from
uterus were measured, compared to the control:inag@lPLN), aquaporin 5 (AQP5),
complement component 2 (C2), calbindin-3 (CALB3)eTresults were calculated in relative
genexpression (RQ - relative quantity), which shbew many times is the expression of a

gene in a sample.

2.3.4 Mice treatment experiment (Nephrotoxic bioassay)

In the performed experiments the physiological @ffeof the metabolites produced
during OTA biodegradation by the microbe was ingeded. During the treatments the
matrix was introduced trough gavage into the arsmal

During the experiment LB medium containing 10% loé trecipe and 20 mg/l OTA

was inoculated by the mycotoxin biodegrading mieratcubated at 170 rpm at 28°C for 5
days. At the B day of the experiment the entire medium was deigated (1500 rpm, for 20
min, at 4°C) and the supernatant was Edwards Miodulyo lyophilisator and was analyzed
in animal experiments.
The following groups were made during the experimen

* Control: LB without OTA

* OTA: 20 pg/ml OTA containing LB

« OTA + Or16: OTA containing (20 pg/ml) biodetoxificated medium

The animals were mature 7-9 week old mice (CD1} iice were kept on 21+1°C, in
65% moisture content, 12 hour long light period:Q0#19:00). The animals were treated
ad libitum.



The acute treatment were 72 hours long (n=7-10HELET AL., 2003), the chronicle
treatment were 21 day long (n=7-10E(ZEzIC ET AL, 2006). In the acute treatment the OTA
doses were 1 mg/bodyweight and 10 mg/ bodyweighdiri@e a day. In the chronicle toxicity
experiment the dose were 0,5 mg/ bodyweight kghdu21 day, treated once a day (n=7-10).
Metil-metanesulfonate (MMS) was the positive cohtrdiluted by sterile tapwater.
Liofilizated medium containing the OTA biodegradeyglthe microbe was diluted in 10 mM
Tris (pH 8) together with sterile tapwater. Contwés the same phenofase liofilizated
microbe culture medium, without OTA.

Treatment groups during tifi@ hour long acute toxicity experiment
» Control (DMSO adequate for the big dose intact Qillation)
*  MMS (positive control, 100 mg/kg)
* OTA (1 mg/bodyweight kg)
* OTA (10 mg/ bodyweight kq)
» Degraded OTA (1 mg/ bodyweight kg)
* Degraded OTA (10 mg/ bodyweight kg)
» LB-Bacterium (DMSO adequate for the big dose in@TA dilution)

Treatment groups during tf2d day long chronic toxicity experiment:
» Control (DMSO adequate for the intact OTA dilution)
* MMS (positive control, 40 mg/ bodyweight kg)
 OTA (0,5 mg/ bodyweight kg)
* OTA degraded (0,5 mg/ bodyweight kg)
* Medium (LB)- bacterium (DMSO adequate for the int@d A dilution)

During the experiment our goal was to measuredkieity of OTA in the kidney. The
effect of the metabolites were measured by observaif gene expression influenced by
OTA exposition in the kidney cortex, based on tkerdture (LUHE ET AL, 2003) the results
were calculated in relative gene expression (RQ).

The measurements were planned for the followingtaxicity marker gene’s: alfa
Gadd45, Gadd153, annexin 2 (Anxa2), ceruloplazn@p)( sulfotransferaze K2 (StK2),
clusterin (Clu). The observed marker gene’s wetkecied to measure the demolition effect

of the OTA on kidney (DNA demolition, apoptoticfleaimmatory).

2.3.5 Genome project
DNA isolation from clean culture



After incubation theRhodococcus pyridinivorans AK37 and Cupriavidus basilensis OR16
during three days, on 28°C, 170 rpm 3 ml by threee$ was centrifugated (4000 rpm) and
pellet was collected. DNA isolation was made acemydoBio UltraClean Microbial DNA
Isolation Kit. The purity and concentration of DNAvas measured on Implen
nanophotometer. Results showed DNA purity of 1,26&A280) in both microbe, and the
concentration was 210 ng/pl in the cas®agbyridinivorans AK37, and 350 ng/ul in the case
of C. basilensis OR16. The quality of the DNA samples were measuredead-electrophoresis
(1% agaroze gel, 5 ul sample, 1 hour, 110 v), abegrto this the genome DNA was
complete. 30-30 pg of the genome DNA was sentqoaesgcing (Baygen Institute, Szeged).
Genome sequencing was performed by combining thkedyigation sequencing on
SOLID 3Plus System (Life Technologies) with 454 Fp}trosequencing (Roche). Assembly
was performed using the Genomics Workbench 4.8. ted Omixon Gapped SOLID
Alignment 1.3.2 plug-in(1) provided by CLC Bio and Omixon. Automatic annaiatiof the
genome was performed by the NCBI Prokaryotic Gersomgtomatic Annotation Pipeline
(PGAAP)  (http://lwww.ncbi.nlm.nih.gov/genomes/st&Ripeline.html), which  utilizes

GeneMark, Glimmer and tRNAscan-SE searches.
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3.RESULTS AND DISCUSSION

3.1 Selection of microbes able to biodegrade mycotoxins

3.1.1 Rhodococcus strains

The biodegradation ability of 33 strains of eighbdococcus species was investigated
for sic mycotoxins (AFB1, ZEA, T2, OTA, DON, FB1n the first step the degradation was
measured by ELISA, when 50% biodegradation leveluoed the result was verified by
HPLC. In the case of AFB1 and ZEA the biodegracdatmotential was measured by
biological tests, like SOS-Chromo teAtivibrio fischeri test and BLYES/BLYR test.

3.1.1.1 AFB1 degradation results ofRhodococcus strains

Isolates from the Rerythropolis species were the biggest group in my experimdint, a
of them could biodegrade AFB1 content more than 50¥%e R. aetherivorans and R.
gordoniae species representer (1-1) showed AFB1 biodeg@udgttential more than 50%,
but less than 95%. From the Fhodococcus strain only four strain showed AFB1
degradation potential under 50 %, three of themRareiber (N361, AK41, 4S-8), one iR.
globerulus (N58). According to the analytical results theresgnter of th&. pyridinivorans
andR. rhodochrous species showed outstanding almost 100% biodegoadadtential.

The detoxification of the AFB1 was investigated $S-Chromo test. From the 33
Rhodococcus strains 12 showed genotoxic metabolites, in tise cd strains with outstanding
biodegradation potential too according the HPLC d&fidSA result R. erythropalis:
DSM1069, IFO12538, L88 arid aetherivorans AK44). From the 1R. erythropolis strain in
seven case genotoxic effect occurred (DSM 743, 186D, IFO 12538, L88, AK40, OM7-2,
ZFM 23-1). In the case dR. aetherivorans strain beside high degradation potential genotoxic
effect was observed. The strains showing genoteitect during the SOS-Chromo test were
closed from further experiments.

According to the results and the scientific literat AFB1 biodegradation was
revealed without any harmful metabolites in thrgeecses R. globerulus (AK36), R.
pyridinivorans (K402, K404, K408, AK37) andR. rhodochrous (NI2, ATTC 12674), and
among theR. erythropolis 12 strains (NI1, DSM 4306, NCAIMB 9784, AK 35, AR4GD1,
GD 2A, GD 2B, BRB 1AB, BRB 1BBOR 9,0R 13) were detected

3.1.1.2 ZEA degradation results ofRhodococcus strains

From the investigated 33hodococcus species ZEA degradation was observed among
only seven strainsR( erythropolis NI1; R. pyridinivorans AK 37, K402, K404, K408R.
ruber N361;R. globerulus N58). In the case dR. erythropolis from 19 strain only 6 isolates,
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in the case oR. ruber from 3 only 1, in the case &. rhodochrous from 2 only 1 isolates
showed biodegradation.

The biodetoxification was measured by BLYES testhi@ case of strains with good
biodegradation potential. According to the restriben the seven strain only 5 (AK37, K402,
K404 and K408R. pyridinivorans and NI1R. erythropolis) was able to biodetoxificate ZEA
without or just a few estrogen disturbing metaleslit

According the scientific literature the ZEA degraida is a new phenomenon in the
case of theRhodococcus genus. During my research ZEA biodetoxification heiit any
estrogen effect metabolites was detected amongl&teés of twoRhodococcus species (R.

pyridinivorans and R. erythropolis).

3.1.1.3 T-2 degradation results ofRhodococcus strains

The majority (25) of the 3FRhodococcus strains showed T-2 toxin degradation
potential over 50 %. Strains belonging to Regordoniae, R. coprophilus, R. rhodochrous,
R. globerulus species showed degradation potential over 90%. mdimbers of theR.
erythropolis speciesshowed degradation potential over 90%. In the ca$e ruber only one
strain N361 showed degradation potential of 60%,ttho otherR. ruber strains could not
degrade the toxin. THe aetherivorans strain showed degradation potential of 35%.

According the scientific literature the T-2 toxiegtadation is a new phenomenon in
the case of th&hodococcus genus. Based on my research the following isolatesable to
degrade T-2 toxinR. erythropolis (16 isolates)R. globerulus (2 isolates)R. rhodochrous (2
isolates) R. coprophilus (1 isolates)R. gordoniae (1 isolates).

3.1.1.4 OTA degradation results ofRhodococcus strains

From the thirty-two strains four were able to delgrf®TA R. erythropolis GD 2A and BRB
1AB and R.pyridinivorans K402 and K408) with low efficiency the other straiproved to be

ineffective.

3.1.1.5 DON degradation results ofRhodococcus strains

None of the investigated F3hodococcus strains degraded DON mycotoxin.

3.1.1.6 FB1 degradation results ofRhodococcus strains

None of the investigated F3odococcus strains degraded FB1 mycotoxin.
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3.1.1.7 Multimycotoxin degradation ability of Rhodococcus strains
In the case of multimycotoxin degradation, straimere collected according to
biological effect measurements (SOS-Chromo and B Yést).
Altogether among 19 strains showed biodetoxificatidility for 2 or 3 mycotoxins.
From these strains three different specRsefythropoils NI1, R. pyridinivorans K408, R.
rhodochrous N12) was investigated in further multimycotoxin Qetoxification experiment.
The preparation of the experiment was the samearilgevious. Only difference was
that the medium contained three different mycotexmthe same time, each mycotoxin in 2-2
mg/l concentration:
* Inthe case oOR. erythropoils NI1, AFB1-ZEA-T-2 mycotoxin mix
* Inthe case oR. pyridinivorans K408, AFB1-ZEA mycotoxin mix
* Inthe case oR. rhodochrous NI2, AFB1-T-2 mycotoxin mix.
The results are in the 3.1 figure. TReerythropolis NI1 had a degradation potential
over 90% in case of AFB1, ZEA and T-2 (AFB1: 99,88¥9%, ZEA: 92,11%+11,25%, T-2:
98,48+13,45%), theR. pyridinivorans K408 had a degradation potential over 95% in cdise
AFB1 and ZEA (AFB1: 99,31+2,24%, ZEA: 96,83+1,90%idR. rhodochrous NI2 showed
a degradation potential over 95% in case of AFBd &2 toxin (AFB1: 99,88+0,09%, T-2:
97,94+2,25%).
The strains beside the great multimycotoxin bioddgtion potential eliminated the
genotoxic and estrogen effect either. Interestiriigy ZEA degradation ability showed in the
monotoxin system (NI1 60% and K408 77%) increasgaifscantly.

HH

=] -
2500 Aflatoxin-B1

M Zearalenone

M T-2 toxin

Mycotoxin concentration (mg/1)

Control without NI1 K408 NI2
microbe

3.1. figure: Toxin concentrations in the supernatahof multimycotoxin bidegradation experiment after 3
days, measured by ELISA

According to scientific literature multimycotoxinidaegradation so far among
prokaryote wasn't detected. Indeed, biodegradtiomare mycotoxins (ZEA and OTA) was

observed just among eukaryote, the y&asthosporon nmycotoxinivorans.
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3.1.2 Mycotoxin degradation results ofnon-Rhodococcus strains

Microbes with mycotoxin degradation ability intraskd in this chapter are not
belonging to the genus Rhodococcus. All of the aties are isolated oil polluted sites, or oll
polluted composts. The mycotoxin degradation ahdft22 strains of 12 different genus for 6
mycotoxins were investigated. The degradation tgbilias measured by ELISA, only the
outstanding degradation ability results were dedifoy HPLC, due to the tight correlation
between HPLC and ELISA measures.

3.1.2.1 AFB1 degradation results ofnon-Rhodococcus strains

All of the 22 strain showed biodegradation potdntialow 50% according to the
ELISA results. But in the case of the majority t8®S- Chromo test showed genotoxic
metabolites. Onlyseudomonas putida DN1 strain was able to eliminate genotoxic effefct
AFBL1. According to the scientific literature the BE degrading ability of th@seudomonas

genus is novel scientific results.

3.1.2.2 ZEA degradation results ofnon-Rhodococcus strains

From the 22 investigated strain only 4 strain codiEbgrade ZEA below 50%The
Pseudomonas pseudoalcaligenes FEH28, the Pseudoxanthomonas kalamensis H4, the
Pseudoxanthomonas suwonensis NZS6 andGordonia paraffinivorans NZS14 strain. In the
case of these strains the results were verifieBIDYES test to measure the metabolites with
estrogen effects. According to the BLYES test nsstle FEH28 could degrade ZEA without
any harmful metabolite. According to the scientliterature the ZEA degrading ability of the
Pseudomonas genus is known, but the ability of the spedtssudomonas pseudoal caligenes

is novel scientific results.

3.1.2.3 T-2 degradation results ofnon-Rhodococcus strains

In the case of T-2 toxin only 3 strains showed Wel®% (about 90%) biodegradation
potential from 22 strains. The two membenMitrobacterium genus EL1 and NSZ9 strains,
and the member oPseudoxanthomonas genus NZS6 strain. According to the scientific
literature the T-2 degrading ability of thdicrobacterium, Pseudoxanthomonas are novel

scientific results.

3.1.2.4 OTA degradation results ofnon-Rhodococcus strains

In the case of OTA three strains showed high degia capability, according to the
HPLC and ELISA results. Two strain is member @fipriavidus genus: BRB 6A C.
basilensis) andOR16 (C. basilensis), one strain isSphingopyxis chiliensis K610. According

14



to the scientific literature the OTA degrading #hilof the Cupriavidus and Sphingopyxis

genus are novel scientific results.

3.1.2.5 DON degradation results ofnon-Rhodococcus strains

None of the investigated 22 strains degraded DORotoxin.

3.1.2.6 FB1 degradation results ofnon-Rhodococcus strains

None of the investigated 22 strains degraded FBdotoxin.

3.1.2.7 Multimycotoxin degradation results of non-Rhodococcus strains

In the case of noRhodococcus strains the multimycotoxin degrading ability oaeat
11 times, but according to the biological testyghgere not any strains able to biodegrade
different mycotoxins parallel and eliminate therhaurl biological effects of the metabolites.

NOVEL SCIENTIFIC RESULT: (Thesis 1) Mycotoxin degradation ability of 32 strains
of 8 species belonging to thRhodococcus genus is explored. Within the genus in the case
of three species R. globerulus, R. pyridinivorans, R. rhodochrous) aflatoxin-B1, in the
case of two speciesR{ pyridinivorans, R. erythropolis) zearalenone biodetoxification
ability was observed. In the case of 5 specigR. erythropolis, R. globerulus, R.
rhodochrous, R. coprophilus, R. gordoniae) the T-2 toxin biodegradation ability was

observed first.

NOVEL SCIENTIFIC RESULT: (Thesis 2) In the case of Cupriavidus and Sphingopyxis
genus ochratoxin-A, in the case ofMicrobacterium and Pseudoxanthomonas genusT-2

toxin, in the case of Pseudomonas genus aflatoxin-B1 biodegradation was observed.

NOVEL SCIENTIFIC RESULT: (Thesis 3) In the case of the prokaryote
multimycotoxin biodegradation and biodetoxification was observedR. erythropolis NI1
strain is able to detoxificate aflatoxin-B1 and zealenone, and degrade T-2 toxinR.
pyridinivorans K408 is able to biodetoxificate simultaneously aftaxin-B1 and
zearalenone.R. rhodochrous NI2 strain is able to detoxificate aflatoxin-B1 anddegrade

T-2 toxin simultaneously.
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3.2 Animal feeding and animal treatment experiments

In order to verify the biodegradation and biodefication potential of the microbes,
approved by molecular biotests are effective inhéigorganisms, animalfeeding and
treatment experiences were carried out.

For the survey of the effectiveness of AFB1 deioaifon fish and broiler chicken
feeding experiments were chosen. The fodder wapaped by the department, for the
detoxificationR. pyridinivorans AK 37 bacterium strain was used, cause the alréadyn
biodetoxification potential and the on goidgnovo genome project.

To evaluate the ZEA biodetoxification effectiveness rat model experiment was
chosen. For the experiment the fodder (liofilizateeldium) was prepared by the department,
using theR. pyridinivorans K 408 bacterium strain, which showed the highestidgradation
potential in the case of ZEA without any harmfultatmlites (EDC).

For the examination of OTA biodetoxification effieiness a mice model experiment
was chosen. For the experiment the fodder (ligikd medium) was prepared by the
department, using th€upriavidus basilensis OR16 bacterium strain, which degraded OTA
by 98% efficiency.

The animal feeding and treatment experiments stgghiato three branch:
1. Aflatoxin-B1 contaminated corn feeding experiment in broileickdn and fish
system.
2. Zearalenonebiodegradation residuals containing liofilizatedatnx used in rat
treatment experiment.
3. Ochratoxin-A biodegradation residuals containing liofilizatedatnix used in mice

treatment experiment.

Producing AFB1 containing fodder

For the animal feeding experiments, an AFB1 elimidamddecontamination method
was developed using microbes according on theteestimy research.

We produced AFB1 containing corn, infected by th&0ZAspergillus strain isolated
by the department, and this corn was detoxificdigdRhodococcus pyridinivorans AK37
strain during a dry-fermentation process. The gaedrfodder (corn) was used in fish- and
chicken feeding experiments.

During the experiment the AFB1 content of the faddlas measured by ELISA and
HPLC method. The control corn mycotoxin content wasler detection limit. The planned
AFB1 content was 1 mg/kg in the AFB1 fodder, bu# theasurements showed 860 ug/kg

16



AFB1. After the bacterial detoxification AFB1 contewere only 105 pg/kg, which was
higher than the value limit (50 pg/kg maximum, 20@®/EC). This means that the bacteria
decreased by 87% the AFB1 concentration in theldped method. The biological effect of

the detoxificated fodder was investigated on fistl kroiler chicken.

3.2.1 Fish feeding experiment, examination of aflatoxin-B decontamination

3.2.1.1 Processing parameters (mortality, feed intake)
Changes occurred during the experiment in bodyweagd bodylength of the fishes
are shown in 3.1 table. There were not any stedilyi significant changes between the

simultaneous and different treated groups amongigeesured parameters (P<0,05).
3.1. table: The bodylength and bodyweight of the &ated fish in the start and the end

Feeding groups Bodylength (cm) Bodyweight (kg)

Start End Start End
AFB1 12,246 12,2+ 4 0,71 +0,08 0,69 + 0,09
AFB1+ AK37 12,1+4 12,5£5 0,74+ 0,06 0,74+ 0,08
Control + AK37 12,35 12,4+ 4 0,72 + 0,06 0,70,86
Control without microbe 12,2+4 12,4+ 6 0,71+®,0 0,73+0,08

The mortality was statistically significant betwe#re different groups (3.2 table)
(P<0,05). Large mortality could be observed frone tt0 th day in the case @&FB1
containing corn feeded group. The histology stuayved, that the cause of the mortality was

the mycotoxin content of the fodder.
3.2. table: Rate of the mortality by the differentgroups during the experiment

Feeding groups Mortality (%)
AFB1 20 + 8*
AFB1 + AK37 2+2
Control + AK37 0
Control without microbe 0

*P<0,05 = compared to AFB1+AK37 group
The daily feed intake was observed during the empart (3.3. table). According to

the results it can be seen that AFB1 group take feed day after day progressing the
experiment, due to AFB1 toxicosys. Similar decreasald not be noticed among the other

groups, every animal feed to the appropriate to tHye.

3.3. table: Average fodder intake by the differengroups during the fish experiment

Feeding groups Average feed intake g/fish/14 day
AFB1 18,0+ 3, 9*
AFB1 + AK37 25071
Control +AK37 29,7+5,6
Control without microbe 312+44

*P<0,05 = compared to AFB1+AK37 group
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3.2.1.2 Histology studies
In the end of the experiment liver samples wekerarom 10-10 fishes for histology
study.

Control without microbe group the liver tissue was intact, the cell limesre clearly
visible. The number of hepatocitas were appropriaenuclei were centrally located.

Control +AK37 groupthe liver tissue was intact, the cell lines wereadly visible. The
number of hepatocitas were appropriate, the nwabee centrally located.

AFB1 + AK37 group showed slight diffuse pathological fat iméition (unhealthy
infiltration, material accumulation in the cell arigsues), but the nuclei were centrally
located.

AFB1 group showed altered nuclei due to fat infiltratiadhe lipid content of the cell
increased, the structure of the liver tissue lgcdibrupted, disorganized, the structure got
porous. Beside the lipid infiltration, inflammatocglls, lymphocytes and granulocytes could
be seen. Around the nucleus and between the eeltish discoloration could be observed.

3.2.2 Broiler chicken feeding experiment, examination oaflatoxin-B1
decontamination
The goal of the experiment was to investigate tffece on the broiler chicken
processing parameters of the killed and annealdgilAfetoxificating microbe culture.

3.2.2.1 Processing parameters (bodyweight, weight gain, fédentake, feed
conversion)

Analysing thebodyweight data’s there weren’t any significant differenctserefore the

different treatments were analysed together. Bodyhtelata’s are shown in 3.4. table.

3.4. table: Development of livingweight gain (g) dung the broiler chicken experiment

1.week 2.week 3.week 4.week 5.week 6.week.wd&ek

Control without microbe ~ average | 46,4 132,72 303,7 597,1°° 1011,4° 1547,1° 19829
dispersion 1,4 16,5 44,7 93,7 157,0 253,8 241,6

Control + AK37 average | 47,0 1425 336,1° 647,9* 1050, 1583,2 1864,4°
dispersion 0,0 20,7 50,0 101,4 92,0 129,3 196,8

AFB1 average | 47,4 132,00 268,8 4544 766,7% 11544 1400,6"
dispersion| 1,4 16,0 38,3 79,3 126,6 200,5 230,4

AFB1 + AK37 average | 47,2 136,4* 312,8 582,9° 9794° 1504,1° 1793,
dispersion| 0,2 14,5 34,1 62,1 110,7 158,0 224,9

The bodyweight was significantly lower in the ca$aflatoxin treatment compared to
the three other treatments, after the second waleB1 + AK37 group (which contains the
annealed detoxificating microbe culture) had theesaevelopment in average bodyweight as
the control groups.
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The average weeklweight gain data’s are shown in 3.5 table. According to the
data’s, the member of the AFB1 group had signifigatower daily gain compared to the
other treatments. At the same time the memberamiggAFB1 + AK37 slightly differs from

the control group, but it is not significant.
3.5. Table: Average weight gain (g) during the brdér chicken experiment

Time Week 1.week 2.week 3.week 4.week 5.week .week
Control without microbe average 86,3 171, 301,72 4143 566,7 380,4
dispersion 16,8 47,6 34,4 79,9 73,7 78,3
Control + AK37 average 955 1938 311,8 421,7 5332 318,7¢
dispersion 20,7 55,3 58,9 54,5 81,8 60,6
AFB1 average 84,7 136, 182, 312,83 387, 7 2475
dispersion 15,4 38,5 35,3 54,2 99,6 116,6
AFB1 + AK37 average | 89,2* 1764 2702 398G 5252 3094
dispersion 14,5 34,8 35,3 62,6 69,9 97,6

In the case ofeed intake due to the effect of AFB1 the appetite of theckbn
decreased. At the same time this phenomenon cailtheen observed by the detoxificated
AFB1+AK37 group.

In the case ofeed conversion(used fodder for 1 kg of weight gain) could not
evaluated statistically. The feed intake slightgcabased due to the effect of AFB1, but the

ratio is not significant. Interestingly this phenemon was observed in the case of the control
+AK37 group.

3.2.3 Uterotrofic bioassay on rat

3.2.3.1 Investigation of uterus weight

During the ZEA biodegradation experiment, the wemeight was significantly
increased by 2,6 times in the case of the ZEA grammppared to the control.

Between the control group and the ZEA+K408 grougréhweren’t any significant
difference, the biological effect of the ZEA comiaig medium incubated with the microbe
was 2,5 times smaller than the ZEA containing medivithout microbe.

According to the results thiehodococcus pyridinivorans K408 strain eliminated the
uterotrofic effect of ZEA. The microbe biodegraadhtee mycotoxin, without any uterotrofic

metabolites.

3.2.3.2 Gene expression analyses by Real-time PCR
During the rat model experiment estrogen dependgmie’s were chosen for

investigation by Real-time PCR. For the effect &AZthe complement-componens-2 (C2)
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and calbindin-3 (CALB3) level increase, while th& WA level decrease was observed by the
apelin (APLN) and aquaporin-5 (AQP5). The exprassibthe above mentioned gene’s were
measured in ZEA anBhodococcus pyridinivorans K408 strain treated groups (3.6 table).

3.6. table: Gene expression during the rat treatmesn

Experiment groups, investigated Control ZEA ZEA + K408
gene’s

apelin (APLN) 1,0 0,28 0,90
aquaporin 5 (AQP5) 1,0 0,40 0,85
complement component 2 (C2) 1,0 1,85 0,95
calbindin-3 (CALB3) 1,0 4,10 0,80

The APLN and AQP5 expression decreased, the CZahdB3 expression increased-
cause the ZEA containing medium — compared to ¢tiéral animals.

If the ZEA containing medium was inoculated by fRieodococcus pyridinivorans
K408 strain before the in vivo treatment, the efatisappeared, the expression of the gene’s
were similar like the control. The data’s showedikirity to the results of Heneweer and co-
workers (2007) ZEA dose effects.

According to the results the effect of the ZEA twe expression of the four genes
disappeared cause the inoculation of the bactéream this we can conclude that the microbe
successfully biodegraded the diluted mycotoxinhwatt active-harmful metabolites.

During the uterus investigation no significant drfnce was detected by the
expression of the marker gene’s, compared to contrEA+ R. pyridinivorans (K408)
group. According to the rat model test, also theYBE estrogen test showed that the
endocrine disturbing effect in the ZEA containing@dium treated by the K408 strain was

eliminated.

3.2.4 Nephrotoxic bioassay on mice

3.2.4.1 Effect of acute 72 hours OTA treatment on the markegene’s
expression

During the acute (72 hours) toxicity investigatidmgh dose OTA and the MMS
treatment significantly increased thgadd 45 andgadd 153 mRNA levels. In case ajadd
153 the lower OTA dose significantly increased theipmssion level in the renal cortex
samples. The metabolized OTA residualsCupriavidus basilensis Or16 not influenced the
MRNA levels of marker genes. LB with the bactesi@hin alone not changed the genotoxic
marker gene’s expressions. Elevated expressiot dévatusterin observed in the high dose
OTA treated group. The metabolites of the OTA baaktecleavage not influenced the
clusterin mRNA levels. Ours result are similar to Lihe awdworkers (2003), where they
experienced increased level of Gadd45 and Anneaxqizession(2 times), the Gadd153 and
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clusterin expression (1,5 times) and ceruloplazrexpression (2,5 times) (3.7. table),

treatment was 10 mg/bodyweight/kg OTA dose duriaddp@urs.

3.7. table: Gene expression during the 72 hours dfice treatments

Expen_ment groups, Control MMS OTA OTA OTA OTA 10 LB—.
investigated gene’s 1 10 1 degr. degr. bacterium
Gadd 45, 1 1,50 0,80 4,35 1,2 1,0 0,80
Gadd 153 1 1,40 1,30 1,75 0,9( 1,05 0,90
Clusterin 1 0,80 1,00 3,0 1,20 1,40 0,90
3.2.4.2 Effect of 21 days chronic OTA treatment on the markr gene’s

expression

The 21 day long chronicle OTA exposure significamiduced thegadd 45 andgadd
153 mRNA levels in the kidney. The Gadd 153 and GasldndRNS expression in the kidney
did not changed due OTA metabolites produced dubiloglegradation. The only LB and
supernatant containing medium did not activateweemarker sin the kidney cortex.

The OTA treatment increased significantly the agpldzmin expression in the
kidney. Theceruloplazmin mRNA expression did not changed in the kidney @ieA
metabolites produced during biodegradation. Incdme of the marker gene’s the degradation
was in the same time biodetoxification, while idhaxtinguished the proinflammatory and
oxidative stress causing effect. The LB and sugamacontaining medium did not activate
the ceruloplazmin in the kidney cortex The OTA treatment decreasggificantly the
sulfotransferaze expression in the kidney, while the MMS treatmeiak not influenced the
expressions of the marker gene’s. The mRNA exprasef thesulfotransferaze did not
change due OTA metabolites produced during biodiegian. The OTA treatment increased
significantly theannexin 2 expression in the kidney, while the MMS treatmedid not
influenced the expressions of the marker gene’sthkn case of the marker gene’s the
degradation was in the same time biodetoxificatiovhile it had extinguished the
carcinogenic effect during the treatment. The diByand supernatant containing medium did
not show any effect on the level of anxa2 mRNAhi@ kidney cortex. activate the two marker

sin the kidney cortex (3.8. table).

3.8. table: Gene expression during the 21 day of o@ treatments

I;xpen_ment groups, Control MMS OTA OTA LB—.
investigated gene’s degr. bacterium
Gadd 45, 1 0,95 2,30 0,85 0,90
Gadd 153 1 0,80 1,60 1,05 1,20
Ceruloplazmin 1 0,50 3,20 0,80 0,90
Sulfotransferaze 1 0,95 0,60 1,20 0,90
Annexin 2 1 0,90 2,35 0,90 1,00
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NOVEL SCIENTIFIC RESULT: (Thesis 4) The efficiency of the applied Rhodococcus
pyridinivorans AK37 for biodetoxificating aflatoxin-B1 was proved by in vitro

laboratory experiments, beside by carp and broilerchicken feeding experiment. The
Rhodococcus pyridinivorans AK37 successfully extinguished the harmful biologial effect
of the aflatoxin-B1 contaminated fodder, and the mdetoxificated fodder did not induce

toxicosys in the animals.

NOVEL SCIENTIFIC RESULT: (Thesis 5) The efficiency of the applied Rhodococcus
pyridinivorans K408 for biodetoxificating zearalenone was provetby in vitro laboratory
experiments, beside by rat treatment experiment. Té&Rhodococcus pyridinivorans K408
successfully extinguished the harmful biological &ct of the zearalenone contaminated

fodder, and the biodetoxificated fodder did not indice toxicosys in the animals.

NOVEL SCIENTIFIC RESULT: (Thesis 6) The efficiency of the applied Cupriavidus
basilensis OR16 for biodetoxificating ochratoxin-A was proved ly in vitro laboratory
experiments, beside by mice treatment experiment. ie Cupriavidus basilensis OR16
successfully extinguished the harmful biological &ct of the ochratoxin-A contaminated

fodder, and the biodetoxificated fodder did not indice toxicosys in the animals.

3.3 Results of the genome projects
According to the mycotoxin biodegrading ability aather capability of the AK37
Rhodococcus pyridinivorans (AFB1 and ZEA biodegradation), and OR16 Cupriavidus

basilensis (OTA biodegradation) were chosen for de novo gemeaguencing.

3.3.1 The genome oRhodococcus pyridinivorans AK37 strain

The uncompleted draft genomeRfpyridinivorans strain AK37 consists of 5,244,611
bp, with a GC content of 67.8%. There are 4,822tpe coding sequences, 52 tRNAs, and 3
rRNA loci. The size of the genome is small accogdim the existing genome project between
the Rhodococcus genus, the&R. jostii (RHA1L) strain has 9,7 Mb, thR. opacus (B4) strain has
8,8 Mb. The result of the sequencing showed 11Zepief “Metabolism of aromatic
compounds element”. The genome sequence reveaédtthin AK37 encodes at least six
different pathways for monocyclic aromatic hydrdiar degradation, including catechol 1,2-
and 2,3-dioxygenases, protocatechuate 3,4-dioxggenabenzoate 1,2-dioxygenase,

homogentisate, 1,2-dioxygenase, ortho-halobenzag&ejioxygenase.
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Presents of the ring cleavage gene accounts forbibdegradation ability of
mycotoxins with aromatic structure. The examinedlates of Rhodococcus genus have
effective AFB1 degradation ability. Key enzymesatifane and biphenyl degradation were
also identified. Metabolism and transformation tdrsid compounds can also be predicted
based on the presence of 3-ketostereichfdroxylase (ksh) gene. This reveals for the
degradation ability of estrogen disturbing compaufikde ZEA. During the genome project
67 piece of “Virulence factor” were identified, vehi are under investigation.

3.3.2 The genome ofCupriavidus basilensis OR 16 strain

The genome of strain OR16 consists of 8,546,21with,a GC content of 41.2% and
7,534 putative coding sequences. The sizes ofdherge is the largest in the genus 5,54 Mbp
(according to the Genbank database). The presdndasmids are certain, because the

presents of peptides responsible for the replinadind maintenance.

334 piece of “Metabolism of aromatic compounds @ethwere found including catechol
and protocatechuatartho ring cleavage pathways, a catechwta ring cleavage pathway,
gentisate and homogentisate pathways, a hydroxghpethway, a hydroquinone pathway,
and a benzoyl-coenzyme A pathway. Moreover, baseth® presence of a 3-ketosterowd-9
hydroxylase gene degradation ability of steroigltompounds is also predictable. During
the genome project df. basilensis strain 206 piece of “Virulence factor” were iddie,

which are under investigation.

NOVEL SCIENTIFIC RESULT: (Thesis 7) De novo genome project of the aflatoxin-B1
and zearalenone biodetoxificater Rhodococcus pyridinivorans AK37 microbe is

completed.

NOVEL SCIENTIFIC RESULT: (Thesis 8) De novo genome project of the ochratoxin-A

biodetoxificater Cupriavidus basilensis OR16 microbe is completed.
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4 .CONCLUSIONS AND SUGGESTIONS

The major goal of my research was to isolate atetseffective mycotoxin degrading
microbes that could be applicable for practicalposes.

Microbes applied in my experiments were grown guid medium (LB), together
with 6 economically important mycotoxins (AFB1, ZEATA, T-2, DON, FB1). In the first
step three hundred microbes were screened for tiggotoxin degrading potential by the
application of ELISA and HPLC methods. During mgearch mycotoxin degrading potential
of fifty-four strains belong to twenty-one specieshirteen genus was proved. From the fifty-
four strains the best degraders for AFB1, ZEA, QaAl T-2 were selected, which strains for
the most part were the members of /medococcus genus

Altogether thirty-two strains could degrade twonmore mycotoxins (multi-mycotoxin
degradation). Out of these multi-mycotoxin degradére Rhodococcus erythropolis N11
strain that is applicable against three mycotox&isB1, ZEA and T2 AFB1, ZEA and T-2)
is unique among so far published mycotoxin degsader

Strains with outstanding degradation ability wereeistigated for biodetoxification in
the case of AFB1 and ZEA by pro- and eukaryote ¢eganisms. On the base of results,
forty-five strains were collected, which can degraochycotoxins without genotoxic or
endocrine disrupting effect.

For developing the genetic base of mycotoxin bioaégtion,de novo genome project
of AFB1-ZEA and OTA degrader strain&hodococcus pyridinivorans and Cupriavidus
basilensis) were accomplished. These results contribute todietification of the metabolic
pathways and enzyme systems playing role in theotoxon degradation.

For the biodetoxification of AFB1 contaminant coendry-fermentation method was
successfully developed using AK3Rhodococcus pyridinivorans strain. The corn was
infected by the Zt8MAspergillus flavus strain that was isolated and proved for high AFB1
production by our Department. Hereby, feed was gmexp for animal tests to verify the
effectiveness and usefulness of the selected myicotiegraders. This strategy for producing
AFB1 contaminated row material support the consimacand implementation of further
animal feeding experiments.

The practical utility of mycotoxin (AFB1, ZEA andT@) biodetoxification was
demonstrated in animal tests by applying fish, @l mammal models, in the case of
degrader microbes.

According to the result of the fish feeding expeanty 1 pg/ml AFB1 contamination
resulted significant mortality and liver degenesatiwhile in groups with animals treated by

biodetoxificated feed, the mortality were one-teatial the liver degeneration was moderate.
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During the animal feeding experiment applying leoilchickens, the AFB1
contaminated feed produced lack of appetite, dserkdaily weight gain, significant decrease
of body weight, loss of fithess and health condsioBiodetoxificated feed did not cause
significant difference in the body weight compatedhe Control group without mycotoxin,
and also the health condition of the chickens wasnal. Moreover, at the end of the 42 day
long experiment an increase with 0,4 kg bodywewas detected for the benefit of chickens
feed by the detoxificated fodder. On the base e$ehresult®hodococcus strains selected for
the biodetofication may have probiotic effect, asvas presumable in other experiments
(American Society of Animal Science, 2013r1H3). However, further studies are needed to
enhance this observation.

During a rodent basdd vivo toxicological experiment the effectiveness anceityadf
ZEA degradation byR. pyrinidivorans K408 strain was investigated. In this experimém t
endocrine disrupting effect of adventitious metébeslof ZEA was studied and confirmed by
a complex method (BLYES, ELISA, HPLC).

According to the results thBhodococcus pyridinivorans K408 strain successfully
degraded the ZEA in liquid LB medium, without angrimful metabolites; since no changes
were observed regarding rats treated by this biodfetated and lyophilized medium
compared to the control group, which confirms thsuits of the BLYES test, which also
indicated that th&. pyridinivorans K408 strain is able to biodetoxificate the ZEA.

A similar experiment was carried out by tBapriavidus basilensis OR16 strain. The
OTA biodegradation ability of the stra(dR16 was investigated im vivo toxicological tests.
The expression of genotoxic, apoptotic, detoxifaatand inflammation related genes were
monitored. This study has demonstrated Babasilensis Orl6 efficiently degrade OTA
without producing toxic adventitious metabolites

According to the presented results, mycotoxin ddiggamicrobes that were revealed
in my work are providing an ideal opportunity fbetbiodetoxification methods.

In the future we have to take account of frequeptatoxin contaminations. Against
the mycotoxin contaminated row materials potentethediation processes could be those

methods that are described in this dissertation.
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