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SOUHRN

Byla studovdna schopnost pfemény a metabolismus polychlorovanych
bifenyli (PCB) v rostlinnych buiikach péstovanych in vitro. Pfeména PCB byla
sledovana métenim Ubytku kongenertt PCB s riznym stupném chlorace obsazenych
v komeréni smeési oznaené Delor 103 a individualnich kongeneri mono- a
dichlorbifenyli. Ubytek PCB po biodegradaci byl analysovan na plynovém
chromatografu s EC detektorem. Schopnost pteménovat PCB byla testovana u 21 in
vitro kultur riiznych rostlinnych druht a u vybranych druhG byl sledovan vliv
morfologické diferenciace. VysSi schopnost metabolisovat PCB byla naméfena u
diferencovanych a/nebo u kultur transformovanych plasmidem padni bakterie
Agrobacterium. Tyto kultury téz 1épe reagovaly na toxické ptisobeni PCB, coz se
projevilo vy$$im nariistem bun€k. Jako modelové systémy pro sledovani piemény
monochlorbifenylt in vitro byly vybrany ¢tyfi rostlinné druhy Solanum nigrum SNC
90 (lilek, kofenova kultura typu hairy root), Medicago sativa Alf (vojtéska, amorfni
kalus), Nicotiana tabacum WSC 38 (tabak, amorfni kalus) a Armoracia rusticana
K54 (kfen, embryogenni klon s vyhonky). Nejvyssi konverze monochlorbifenylt (2-,
3- a 4-chlorbifenyl) byla prokézéana u kultury tabaku. Pfeména dichlorbifenyli (PCB
4,5,6,7,8,9,10, 11, 12, 13, 14 a 15) byla sledovéana u kotfenové kultury typu hairy
root Solanum nigrum. Kongener PCB 4 (2,2'-dichlorbifenyl) byl za danych
podminek metabolisovan na zustatek 84%, PCB 10 (2,6-dichlorbifenyl) a kongener
PCB 6 (2,3’-dichlorbifenyl), byly metabolisovany na ziistatkové mnozstvi 87%,
respektive 89%. Kongenery PCB 13, PCB 14 a PCB 15 nebyly metabolisovany
vibec. Dalsi pokusy byly zaméfeny na sledovani schopnosti vybranych rostlin
odstraniovat PCB zredlné kontaminované pudy (experimenty ve kbelicich i na
pokusném policku), souc¢asné byl sledovan vliv kultivace rostlin na pfitomnost a rist
mikroorganismu Zijicich v rhizosféte a na povrchu kotfend. V piid€ osdzené lilkem a
tabdkem byl po péti mésicich stanoven pomérné vyznamny pokles PCB v pude¢, obé
rostliny se osvédcily 1 v pokusech s kontaminovanou ptidou v kultivacnich nadobach
(lilek 78%, tabdk - zlstatek 76%). Z vysledkl je zfejmy pozitivni vliv pfitomnosti
rostlin na rist indigenni, rhizosférni mikrofloru véetné¢ mikroorganismi schopnych
vyuzivat bifenyl, induktor bakteridlni degradac¢ni drahy PCB, jako jediny zdroj C a
energie. V nevegetované¢ pudé se vyskytovalo jen minimdlni mnoZzstvi téchto
bakterii, u nichz je ptredpoklad, Ze mohou byt také schopny odbouravat PCB.
Celkové pocty bakterii, isolované zrhizosférni oblasti testovanych rostlin byly
srovnatelné, pouze u tabdku byl isolovan pocet vyssi, stejné jako v piipadé bakterii
rodu Pseudomonas a mikroorganismtii rostoucich na bifenylu. Pro sledovani
metabolismu monochlorbifenyli (PCB 1, 2 3) byly vybrany ctyfi kultury riiznych
rostlinnych druhti péstované in vitro (Armoracia rusticana, Medicago sativa,
Solanum nigrum a Nicotiana tabacum). Analysa hlavnich produktd byla zam¢tfena na
hydroxychlorbifenyly. Cést znich se po srovnani hmotnostnich spekter standardi
podatilo identifikovat. 5-hydroxy-2-chlorbifenyl vznikajici po kultivaci Armoracia



rusticana a Solanum nigrum s PCB 1, 4-hydroxy-3-chlorbifenyl a 6-hydroxy-3-
chlorbifenyl po kultivaci obou rostlinnych druhtt sPCB 2 a 4’-hydroxy-4-
chlorbifenyl po kultivaci vSech testovanych rostlinnych kultur s PCB 3. U kultury
Medicago sativa se nepodaftilo identifikovat zadné hydroxychlorbifenyly s vyjimkou
4’-hydroxy-4-chlorbifenylu. Analysa a srovnani toxicity monochlorbifenyli a
hydroxychlorbifenyld jako prvych vznikajicich produkti metabolismu PCB u rostlin
ukazaly, Ze wvznikajici intermediaty - hydroxychlorderivaty jsou toxictéjsi,
pravdépodobné diky vyssi rozpustnosti, nez ptivodni slouceniny. Z tohoto divodu
nasleduje v rostlinnych bunikach dalsi krok pfemény hydroxychlorderivatii napt. na
konjugéty s cukry nebo zabudovani do bunécné stény. Z vysledkl je ziejmé, ze
pusobenim rostlin dochdzi ke snizeni obsahu PCB v kontaminované pid¢, ¢astecné
vlivem degradujicich mikroorganismi jejichz rast rostlina podporuje a castecné
piijmem PCB do rostliny s naslednymi metabolickymi pfeménami.
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SUMMARY

The metabolism of polychlorinated biphenyls (PCB) and the ability to transform
these compounds by plant cells cultivated in vitro was studied. Level of
transformation has been followed by estimations of the decrease of content of PCB
congeners, with different degree of chlorination, contained in commercial mixture
Delor 103 and by estimation of the decrease of particular congeners of mono- and
dichlorobiphenyls. The decrease of PCB congeners after biotransformation was
detected by gas chromatography with EC detector. Twenty-one cultures of different
plant species and different morphological differentiation were examined for the
ability to transform polychlorinated biphenyls. Differentiated plant cultures and/or
plant cultures transformed by wild-type plasmid from Agrobacterium have shown
higher capability to metabolise PCB congeners. These cultures also better tolerated
toxic effect of PCB, which resulted in higher cell growth. Plant cultures Solanum
nigrum SNC 90 (black nightshade, hairy root type), Medicago sativa Alf (alfalfa,
amorphous calus), Nicotiana tabacum WSC 38 (tobacco, amorphous calus) and
Armoracia rusticana K54 (a shoot-forming horse-radish culture) have been chosen
as model systems to monitor biotransformation of monochlorobiphenyl congeners.
Tobacco has shown the highest degree of monochlorobiphenyls (2-, 3- and 4-
chlorobiphenyl) conversion. In the case of hairy root clone SNC 90 of Solanum
nigrum the biotransformation of dichlorobiphenyl congeners (PCB 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14 and 15) have been followed. 84 % of PCB congener 4 (2,2'-
dichlorobiphenyl) has been found after biotransformation, congeners PCB 10 (2,6-



dichlorobiphenyl) and PCB 6 (2,3’-dichlorobiphenyl) have been metabolised to the
residual amount of 87 % and 89 %, respectively. No kind of metabolic attack has
been found in the case of the congeners PCB 13, PCB 14 and PCB 15. Next
experiments have been focused on monitoring of the abilities of selected plants to
remove PCB from contaminated soil (experiments carried out in pots and at a field,
respectively). The influence of the cultivation of plants on the presence of soil
microorganisms, which reside in rhizosphere and at the rhizoplane surface of plant
roots, has been observed. Statistically significant decrease of PCB in the soil has
been determined in the case of soil, which has been vegetated with nightshade and
tobacco. Both plant species have shown good results also in experiments with
contaminated soil in cultivation pots (nightshade residual PCB content 78 %, tobacco
76 %). Based on these results it is possible to predict positive influence of plants on
the growth of indigenous, rhizospheric microflora and microorganisms capable to use
biphenyl as a sole source of carbon and energy. Only minimal amount of said
bacterial species, which have assumed ability to degrade PCB, was present in the
bulk soil. Total amounts of microorganisms in the rhizosphere and rhizoplane were
comparable for particular kind of plants; only for tobacco the observed total amount
was higher. The same trend was detected in the case of bacterial genus Pseudomonas
and microorganisms using biphenyl as a sole source of carbon and energy. Four
cultures of different plant species (Armoracia rusticana, Medicago sativa, Solanum
nigrum and Nicotiana tabacum) cultivated in vitro have been chosen for monitoring
of monochlorobiphenyls metabolism (PCB 1, 2, 3). Hydroxychlorobiphenyls have
been generated as essential products of the metabolism of said monochlorobiphenyls.
Several of their products were identified by comparison with mass spectra of the
standards. Above all it was 5-hydroxy-2-chlorobiphenyl, which is formed after the
cultivation of Armoracia rusticana and Solanum nigrum with PCB 1, 4-hydroxy-3-
chlorobiphenyl and 6-hydroxy-3-chlorobiphenyl, both identified after the cultivation
of Armoracia rusticana and Solanum nigrum with PCB 2, and 4’-hydroxy-4-
chlorobiphenyl, formed after the cultivation of all plant cultures with PCB 3. In the
case of plant culture Medicago sativa no other hydroxychlorobiphenyls have been
identified, except 4 -hydroxy-4-chlorobiphenyl. Analysis and comparison of toxicity
of monochlorobiphenyls and hydroxychlorobiphenyls as initial products of PCB
metabolism in plants have shown, that intermediates - hydroxychloroderivatives are
more toxic, probably due to higher solubility than original chlorinated compounds.
Because of this reason, the next step in hydroxychloroderivatives transformation is
e.g. formation of conjugates with saccharides in plant cells. Presented work proved
significant influence of plants on the processes, which can result in removal of
xenobiotics from the environment. The results demonstrate significant importance of
plants not only in the transformation of xenobiotics, but also in support of the other
organisms, which can participate on degradation processes.
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