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Chlorbenzoové kyseliny
 Herbicid

* Meziprodukt odbouravani nékterych ek,
herbicidu a barviv

» KoneCny produkt horni bakterialni drahy
odbouravani PCB

COOH

: {V chlorben zoova kyselina

|
CH, COOH

5C-chlorovana
karboxylova kyselina



Degradace chlorbenzoovych Kkyselin

Mikrobialni - anaerobni - reduktivni dehalogenace

\

- acrobni - ortho
meta degradaCni
draha
- para

Fytoremediace



Mikrobialni anaerobni degradace

COOH
COOH
Cl Cl
Cl
59 COOH
360,
S COOH  26-CBA n; cl cl
@b‘% 2-CBA o -
; Cl
COOH coom_ s
7 Cl 2,4,6-CBA
90-210 dni 2,5-CBA COOH
84 dni
- Cl
benzoova kyselina
-CBA
S COOH - a -
\90 30,
\/ O])
% 3,5-CBA Cl
%, COOH
d
cl o .
Cl
3,4-CBA 2,3,5-CBA
Cl %, COOH
4-CBA %, ol
CBA - chlorbenzoova kyselina
2,4-CBA

Cl



Mikrobialni aerobni degradace

ortho degradac¢ni draha

COOH OH
Ho, COOH
Cl G OH
—~OH
NAD
NADH+H CO, +HCI
(6]
2. CBA katechol

meta degrada¢ni draha

COOH
COOH "o, COOH OH
e OH COOH \
~=OH | COOH
; . NAD ; o; _ o |
Cl NA8H+H Cl CO, Cl 2 Cl HClI //
3-CBA 2 3-chlorkatechol 2-chlormukonat o

cis- dienlakton

para degradacni draha

OOH COSCoA COSCoA COOH COOH
HSCoA
; ANP + PPj H,0 ; OH ' 0, l
ATP HCI HSCoA H,O OH
Cl cl OH OH OH
4-CBA 4-chlorbenzoat-CoA 4-hydroxybenzoat-CoA 4-hydroxybenzoova  3,4-dihydroxybenzoova

kyselina kyselina



Fytoremediace

Produkt nebo konjugat vazany ve vakuole
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0. V. Singh, R.K.Jain: Phytoremediation of toxic aromatic pollutants from soil: Appl. Microbiol. Biotechnol. 63 (2003) 128-135



Pouzité tkanove kultury

Tabak virzinsky - amorfni kalus
(Nicotiana tabacum) WSC 38

Lilek Cerny - ,,hairy root*
(Solanum nigrum) SNC 90

Kfen selsky - embryogenni klon s vyhonky
(Armoracia rusticana) K 54




Sledovani premény chlorbenzoovych
Kyselin

Zustatek v médiu po 14 dnech kultivace [%0]
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K 54 - kien selsky (Armoracia rusticana) SNC 90 - lilek ¢erny (Solanum nigrum)
WSC 38 - tabak virzinsky (Nicotiana tabacum) CBA — chlorbenzoova kyselina




Ky transformace
Kien selsky (Armoracia rusticana)
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Lilek ¢erny (Solanum nigrum)
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Identifikace degradacnich produktu

.V mediu po kultivaci Solanum nigrum a
Armoracia rusticana

byly i1dentifikovany methylestery 2,3-di a
2,4-dichlorbenzooveé kyseliny

.V blomase po kultivaci Solanum nigrum s
2,5-dichlorbenzoovou kyselinou

byl identifikovan hydroxyderivat dichlorbenzoové

kyseliny



Reakce s rostlinnymi mikrosomy

. Izolace z biomasy lilku ¢ern¢ho a kiene selského

. Stanoveni koncentrace cytochromu P450 metodou diferencnich
spekter

- Stanoveni celkové koncentrace bilkovin
- Mc¢feni aktivity CYP 1A1/2

- Reakce mikrosomu s chlorbenzoovymi kyselinami

) Koncentrace mikrosomalniho proteinu [pg/ml]
Ubytek 2,5-diCBA
%] 30 100 300

2,5h 21 h 2,5h 21h 2,5h 21 h
10 29 27 2 1 1 3

Koncentrace | 3q 2 1 1 26 9 17

2,5-diCBA

[mg/l] 50 2 3 1 1 2 2
100 1 2 1 1 0 0




Izolace CBA degraderu

» Ze¢ zeminy kontaminované PCB 300 mg/kg
Delor 103 (Zamberk)

* [zolovany kmeny A7, A8, Al8 a A19
* Identifikovany pomoci NEFERM testu

A7, A8
Al8
Al9

Pseud
PseuC

PseuC

omonas fluorescens
omonas pseudoalcaligenes
omonas stutzeri

L. Pavlu, J. Vosahlova, H. Klierova, M. Prouza, K. Demnerova and V. Brenner: Cheracterization of clorobenzoate degraders isolated from
polychlorinated biphenyl-contaminated soil and sediment in the Czech Republic: Journal of Applied Microbiology 87 (1999) 381-386



Mikrobialni degradace CBA

Pocatecni koncentrace CBA 200 mg/1

Zustatek CBA po 5 denni kultivaci [%]

A7 A8 Al8 Al9

2-CBA 0 O 0 O 0 O 0 0
3-CBA 78 7 0 0 8 7 74 4
4-CBA 9 1 104 4 9 1 % 1

2,3-diCBA 0 0 1 1 0 O 0 O
2,4-diCBA 70 10 93 3 97 4 92 5

2,5-diCBA 0 O 0 O 0 O 0 0
2,6-diCBA 101 2 759 98 1 100 2
3,4-diCBA 73 3 9 4 9 1 101 1
3,5-diCBA 9 0 88 6 101 8 102 2
2,3,5-triICBA 87 4 87 2 /2 6 % 4
2,4,6-triCBA 102 3 105 8 102 3 99 17

CBA — Chlorbenzoova kyselina A7,A8, A18, A19 — Pseudomonas sp.




Porovnani rostlin a mikroorganismu

Mikroorganismy
Pocate¢ni koncentrace 200 mg/I
A7, Al9 - 2-CBA; 2,3-dICBA; 2,5-diCBA
A8, Al8 - 2-CBA; 3-CBA; 2,3-diCBA; 2,5-diCBA

Rostliny
Pocate¢ni koncentrace 200 mg/|
Lilek - 2-CBA; 2,3-dICBA,; 2,4-dICBA; 2,5-diCBA
Kien - 2-CBA; 2,4-diICBA; 2,6-diCBA
Tabék - Zadna metabolisace

Pocate¢ni koncentrace 50 mg/I

Lilek + 3-CBA:; 4-CBA: 2,3,5-triCBA
Kien + 4-CBA: 2,3-diICBA: 2,5-dICBA; 2,3,5-triCBA; 2.4,6-triCBA



Spoluprace rostlin a mikroorganismu

Zustatek CBA [%]
0 den 2 den 4 den 11 den 14 den

SNC + 2,5-diCBA 100 6 122 15 100 10 113 17 76 9
SNC + 2,5-diCBA + A7 100 16 8 9 0 O 0 O 0 O
SNC + 2,5-diCBA + A8 100 24 8 7 0 O 0 0 0 O
2,5-diCBA + A7 100 7 39 5 21 3 17 4 11 2
2,5-diCBA + A8 100 15 32 9 8 11 8 7 6 5
SNC + 3-CBA 100 10 94 6 83 5 74 8 77 7

SNC + 3-CBA + A7 100 16 89 7 49 6

SNC + 3-CBA + A8 100 7 17 5 1 0
3-CBA + A7 100 16 88 11 73 20 0 O 0 O
3-CBA + A8 100 6 11 9 2 2 0 O 0 O
SNC + 2,3,5-triCBA 100 22 100 3 100 3 98 3 97 3
SNC + 2,3,5-triCBA + A7 100 26 103 2 102 2 100 O 9% 4
SNC + 2,3,5-triCBA + A8 100 16 100 2 99 3 91 2 86 2
2,3,5-triCBA + A7 100 6 101 2 100 2 100 2 9 2
2,3,5-triCBA + A8 100 10 9% 3 94 3 84 2 63 2

CBA - chlorobenzoova kyselina

SNC — Lilek ¢erny (Solanum nigrum)

A7, A8 — Pseudomonas sp.




Celkové pocéty mikroorganismii

Vypocitané
[cfllj/l*?o5] Kritérium
pro ANOVA
SNC + 2,5-diCBA + A7 82 31
51,83
2,5-diCBA + A7 8 49
SNC + 2,5-diCBA + A8 37 19
25,59
2,5-diCBA + A8 4 2
SNC + 3-CBA + A7 40 9
20,13
3-CBA+ A7 2 1
SNC + 3-CBA + A8 36 9
1,98
3-CBA + A8 27 7
SNC + 2,3,5-triCBA + A7 30 9
3,30
2,3,5-triCBA + A7 9 5
SNC + 2,3,5-triCBA + A8 60 13
0
2,3,5-triCBA + A8 32 17

S 95 % pravdépodobnosti
lilek podporuje preziti a
mnoZzeni mikroorganosmu
v oznacCenych pripadech

CBA - chlorbenzoova kyselina
SNC - Lilek ¢erny (Solanum nigrum)
A7, A8 - Pseudomonas sp.

Analyza rozptylu (ANOVA) a = 0,05
F(1,16) =45



Koncentrace CBA v biomase

[1E/E suche biomasy]
SNC 0 0
SNC + 2,5-diCBA 1972 579
SNC + 2,5-diCBA + A7 /1 33
SNC + 2,5-diCBA + A8 35 19
SNC + 3-CBA 1513 451
SNC + 3-CBA + A7 556 241
SNC + 3-CBA + A8 107 75
SNC + 2,3,5-triCBA 1869 87
SNC + 2,3,5-triCBA + A7 1816 629
SNC + 2,3,5-triCBA + A8 1619 188

CBA - chlorbenzoova
kyselina

SNC — Lilek ¢erny
(Solanum nigrum)

A7, A8 — Pseudomonas sp.



Zaver

. Rostlinné bunky jsou schopn¢ metabolizovat CBA s riznou
ucinnosti v zavislosti na rostlinném druhu, koncentraci CBA poctu
a poloze chlort

. Ze zkoumanych druhu nejvyssi aktivitu prokazaly bunky lilku
¢erného s mono a diCBA

. ldentifikovany - v médiu - methylester 2,3-diCBA a 2,4-diCBA
- V biomase - hydroxyderivat diCBA

. Kienové mikrosomy byly schopné katalyzovat preménu 2,5-diCBA
. Izolované bakt. kmeny degradovaly 2-; 3-; 2,3-di a 2,5-dICBA

- Kmeny A7 a A8 ve spolupraci s lilkem ¢ernym degradovaly 3- a
2,5-dICBA
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