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SOUHRN

Prace dokumentuje isolaci, charakterizaci a identifikaci kment degradujicich
chlorbenzoaty, které jsou konecnymi intermediaty degradace polychlorovanych bifenyla
v ptirod€. Vzhledem k pomérné€ nizké substratové specifité diive isolovanych kmenit A7, A8,
A18 a A19 (isolované v roce 1996 — Zamberk), byly ze znecisténé oblasti polychlorovanymi
bifenyly uvniti vyrobniho zavodu Colorlak a.s. v Uherském Hradisti isolovany Ctyii
gramnegativni bakterialni isolaty UH133, UH222, UH1411 a UH1613 a jeden grampozitivni
bakteridlni kmen UHS82.

Nov¢ isolované bakteridlni kmeny byly spolu s kmeny A7, A8, A18 a A19, které byly
diive zafazeny podle svych biochemickych vlastnosti do rodu Pseudomonas, identifikovany
ptesnéjsi a specifictéjsi genotypovou analysou. Na zéklad¢ vysledkl sekvenacni analysy 16S
rDNA byly kmeny A7, A8, A18 a A19 pieklasifikovany do rodu Alcaligenes, nové isolované
kmeny UH133, UH222, UH1411 a UHI1613 byly zafazeny do rodu Pandoraea a
grampozitivni isolat UH82 do rodu Arthrobacter.

U vybraného isolatu (Alcaligenes sp. A7) byly sledovany rozdily ve sloZzeni membrany
pii zméné¢ zivného media za minimalni medium s 2,5-dichlorbenzoovou kyselinou a bylo
potvrzeno obecné platné pravidlo, Ze fluidita membrany je z vét$i miry zavisld na pomérném
zastoupeni mastnych kyselin, nez na svych polarnich slozkach (fosfolipidech).

U novych isolati byla popsana jejich substratova specifita degradace a studiem
meziprodukti odbouravani chlorbenzoovych kyselin bylo zjisténo, ze kmeny rodu Pandoraea
maji schopnost degradovat 2-CB, 3-CB, 2,3-DCB a 2,5-DCB klasickou modifikovanou ortho
metabolickou drahou, kdy enzym ortho-halobenzoatdioxygenasa specificky atakuje
chlorbenzoové kyseliny v pozici 1a2. Kmen Arthrobacter sp. UH82 degraduje pouze
4-chlorbenzoat a to pocatecni dehalogenaci za vzniku 4-hydroxybenzoatu, ktery je oxidovan
na protokatechat a ten je St€pen v meta pozici.

K bliz$i charakterizaci degrada¢nich vlastnosti byla u kment rodu Alcaligenes (2-CB a
2,5-DCB) a kment rodu Pandoraea (2-CB, 3-CB, 2,3-DCB a 2,5-DCB) studovana lokalizace
genti zodpovédnych za degradaci chlorbenzoovych kyselin. Bylo zjisténo, ze u kmenii rodu
Alcaligenes jsou tyto geny umistény na plasmidové DNA o velikosti 80 kpb. Pti kultivaci
v zivném mediu dochazi ke ztraté¢ plasmidu, a tim 1 schopnosti asimilace CB. U kmeni rodu
Pandoraea se nepodafilo ziskat mutantni kmen neschopny degradace CB a rovnéz se
nepodafilo detekovat plasmidovou DNA. Degradace je tedy u téchto kment velmi stabilni a je
pravdépodobné, Ze geny zodpovédné za degradaci jsou lokalizovany na chromosomu.

U novych isolata rodu Pandoraea byly charakterizovany prvni tfi enzymy degradacni
drahy chlorbenzoatt (ortho-halobenzoatdioxygenasa (OHBD), chlorkatechol-1,2-dioxygenasa
a mukonatcykloisomerasa) s cilem jejich fylogenetického srovnani s enzymy popsanymi u
jinych bakteridlnich kmenid. Southern hybridizace se dvéma sondami (reduktasa, a-
podjednotka) multienzymového komplexu OHBD kmene Pseudomonas aeruginosa JB2



degradujiciho CB potvrdila vysoky stupent homologie mezi obéma enzymovymi komplexy, a
tim i s OHBD kment rodu Alcaligenes, jejichz homologie s kmenem JB2 byla potvrzena jiz
diive. Naopak geny kodujici chlorokatechol-1,2-dioxygenasu a chlormukonatcykloisomerasu
jsou u kment rodu Pandoraea na zaklad¢ sekvencni analysy fylogeneticky blize k témto
genim kment Pseudomonas chlororaphis RW71 a Pseudomonas sp. P51 degradujicich
chlorbenzeny a kmene Ralstonia eutropha NH9 degradujici 3-CB, zatimco skmenem
Pseudomonas aeruginosa JB2 sdili pouze 72% sekvenéni homologie.
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SUMMARY

This PhD. thesis describes the isolation, characterization and identification of bacterial
isolates that are capable of chlorobenzoate (CB) degradation. These compounds are
intermediates of polychlorinated biphenyls (PCB) biodegradation metabolic pathway in
nature. Due to the low range of substrate specificity of formerly isolated strains (A7, A8, A18
and A19), new bacterial strains were obtained from PCB polluted area within the plant
Colorlak, Ltd. (Uherské Hradisté, Czech Republic). Four of them (UH133, UH222, UH1411
and UH1613) were found to be Gram-negative and the only one was characterized as a Gram-
positive strain (UHS82).

Newly isolated strains together with the strains A7, A8, A18 and A19 that have been
previously classified according their biochemical properties as the strains of the genus
Pseudomonas, were precisely genotypically characterized. In spite of 16S rDNA analysis the
strains A7, A8, A18 and A19 were reclassified into the genus Alcaligenes. Gram-negative
strains UH133, UH222, UH1411 and UH1613 were placed into the genus Pandoraea, Gram-
positive isolate UH82 was classified as being the strain of the genus Arthrobacter.

For the precise characterization of biodegradation capabilities of Alcaligenes and
Pandoraea strains, localisation of the genes responsible for chlorobenzoate degradation was
performed. These genes are in the case of the strains belonging into the genus Alcaligenes
localised on plasmid. The size of the plasmids was determined by agarose gel electrophoresis
to be around 80 kbp. During the cultivation of these strains on nutrient rich medium, the
plasmids were cured. This was accompanied with the loss of their biodegradation ability. On
the other hand, at the strains belonging into the genus Pandoraea no plasmid was detected
and also no mutant strains without the ability to degrade chlorobenzoates were found. The
stability of this capability at Pandoraea strains leads into the conclusion that the genes are
localized on the chromosome.



Consequently, newly isolated strains of the genus Pandoraea were characterized in
terms of their three enzymes of degradation pathway for chlorobenzoates — ortho-
chlorobenzoate dioxygenase, chlorocatechol 1,2-dioxygenase and chloromuconate
cycloisomerase. Phylogenetic comparison performed by Southern hybridization with two
DNA probes (reductase, 0-subunit) of the multienzyme complex of OHBD of Pseudomonas
aeruginosa JB2 and DNA isolated from newly isolated strains showed high level of
homology. Multienzyme complex OHBD of Pandoraea strains is thus similar to the reference
strain P.aeruginosa JB2. Its similarity to Alcaligenes strains A7, A8, A18 and A19 has
already been described. Contrary, the genes for chlorocatechol 1,2-dioxygenase and
chloromuconate cycloisomerase show closer similarity to the genes of chlorobenzene
degraders Pseudomonas chlororaphis RW71 and Pseudomonas sp. P51 and 3-chlorobenzoate
degrader Ralstonia eutropha NH9, since their similarity to Pseudomonas aeruginosa JB2
genes was only 72%.
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