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Vyuziti poznatku molekularni biotechnologie
Bioremediace a vyuziti biomasy



Vyuziti molekularni biotechnologie — v mnoha oblastech

Molekularni diagnostika

Bioremediace a vyuziti biomasy

Vyuziti Skrobu a sacharidu, utilizace celulézy
Mikrobialni insekticidy

Baktérie stimulujici rast rostlin

Vakciny a terapeutické proteiny.

Priprava a vyuziti transgennich rostlin. Nové potraviny.
Priprava a vyuziti transgennich zvirat.

Genova terapie lidskych somatickych bunek.



Bioremediace a vyuziti biomasy

Bioremediace: Proces vyuzivajici biologickych Ciniteld k
odstraneni toxickych latek z vnejsiho prostredi.

Biomasa: Odpadni materialy produkované
potravinarskym prumyslem a zemédélstvim.

Biomasa je povazovana za vyznamnou surovinu.



Bioremediace - 2 hlavni problemy

Jak nakladat s velkym mnozstvim odpadd nové
vznikajicich

Jak odstranit toxické komponenty naakumulované ve
vodeé, v pudé a na skladkach v minulych desetiletich
Prip. jak snizit a opétné vyuzit odpady s vyuzitim
biotechnologickych postupu.

Mnohé vlady vyhlasily program 3R — reduce, reuse,
recycle (snizit, znovu vyuzit, recyklovat)



Mikrobialni degradace xenobiotik

« Xenobiotika: neprirodni, syntetické latky, cizi pro zivotni
prostrfedi (herbicidy, pesticidy, rozpoustédla, chladici
media apod.)

» Jsou degradovana pudnimi mikroorganismy rodu
Pseudomonas.



Baktérie rodu Pseudomonas

Vyuzivaji organické slouceniny jako zdroje C

Mohou degradovat vice jak 100 ruznych organickych
sloucenin

Biodegradace vyzaduje fadu ruznych enzymu

Geny kodujici tyto enzymy jsou lokalizovany na
chromozomu i na plasmidech



Pseudomonadové plasmidy a jejich degradativni drahy
(Glick a spol. 2003)

Table 10.1 Typical Pseudomonas plasmids, their degradative pathways,
and sizes.

Name of plasmid” Compound degraded Plasmid size (kb)
SAL Salicylate 60
SAL Salicylate 73
SAL Salicylate 83
TOL Xvlene/toluene 113
pJP1 2,4-D 87
pJP2 2,4-D 54
pJP3 2.4-D 78
CAM Camphor 225
XYL Xylene 15
pAC31 3,5-Dichlorobenzoate 108
pAC25 3-Chlorobenzoate 102
pPWWO Xvlene/toluene 176

NAH Naphthalene 69
XYL-K Xylene/toluene 135

aplasmids with the same name encode a similar degradative pathway despite the lact thar they havt
different sizes and were described in dillerem laboratories

Adapred from Cork and Krueger, 1991, Adv. Appl. Micrebiol 36:1-66



Geneticke inZzenyrstvi biodegradativnich drah

Se provadi s cilem zvySit degradativni kapacitu kmenu

Byl zkonstruovan bakterialni kmen, ktery degraduje
ruzné ropné produkty: kafr, oktan, xylen, naftalen

Tzv. superzvife (superbug)

Konstrukce a vyuziti tohoto plasmidu bylo patentovano
(prvni patent tykajici se rekombinantni DNA)



Superbug (Glick a spol. 2003)

Figure 10.5 Schematic representation of the development of a bacterial strain
that can degrade camphor, octane, xylene, and naphthalene. Strain A, which
contains a CAM (camphor-degrading) plasmid, is mated with strain B, which
carries an OCT (octane-degrading) plasmid. Following plasmid transfer and
homologous recombination between the two plasmids, strain E carries a CAM
and OCT biodegradative fusion plasmid. Strain C, which contains a XYL (xylene-
degrading) plasmid, is mated with strain D, which contains a NAH (naphthalene-
degrading) plasmid, to form strain F, which carries both of these plasmids.
Finally, strain E and strain F are mated 1o yield strain G, which carries the CAM/
OCT fusion plasmid, the XYL plasmid, and the NAH plasmid.
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Genetickeé inzenyrstvi biodegradativnich drah se provadi s
cilem

 Qvlivnit transkripci genu
« Zmeénit regulaci exprese genu biodegradativnich drah
« U plasmidu pWWO



Plasmid pWWQO (Glick a spol. 2003

Figure 10.6 The meta-cleavage pathway and the xy! operon of the toluene/
xylene-degrading plasmid pWWO. Transcription of the xyl operon is controlled by
the P, promoter, which is regulated by the XylIS gene product that must be
activated by one of the initial pathway substrates. The genes from xylX to xylH are
under the control of the P, promoter. The xyIS gene, which is not part of this
operon, is constitutively expressed. Some of the primary substrates are benzoate
where R and R’ = H; 3-methylbenzoate where R = Hand R’ = CHj; 3-
ethylbenzoate where R = Hand R’ = CH,CH3; and 4-methylbenzoate where R

— CH, and R' = H. The genes xv/XYZ encode toluene dioxygenase; xylL encodes
dihvdroxycyclohexadiene carboxyvlate dehydrogenase; xylE encodes catechol 2,3-
dioxvgenase; xylF encodes hydroxymuconic semialdehyde hydrolase; xylG encodes
hydroxymuconic semialdehvde dehvdrogenase; xylH encodes 4-oxalocrotonate
tautomerase; xylI encodes 4-oxalocrotonate decarboxylase; xylJ encodes 2-
oxopent-4-enoatehydratase: and xy/K encodes 2-ox0-4-hydroxypentonate aldolase.
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Konstrukce bunék

* S xylS proteinem aktivovanym 4-
ethylbenzoatem



Figure 10.7 Protocol used 1o create a XylS protein that can be activated by
4-ethylbenzoate. The P, promoter is cloned onto plasmid pBR322 and replaces the
tetracycline-resistance gene promoter to form plasmid pJLR200; the xplS gene and
its promoter are spliced onto a broad-host-range plasmid containing a kanamycin-
resistance gene. E. coli is transformed with both of these plasmids. Transformants are
selected by their resistance to both ampicillin and kanamycin and then chemically
mutagenized with ethylmethane sulfonate. The cells with a mutation (§*) in the
xyiS gene that allows the XylS protein to be activated by 4-ethylbenzoate (EB) are

the onl

y ones that can grow on medium that contains both 4-cthylbenzoate and

tetracycline, because only these cells are resisiant 10 tetracycline.
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Genove manipulace

* S toluen dioxigenazovym operonem



Figure 10.8 A cloned toluene dioxygenase operon under the control of the rac
promoter in E. coli. A. Toluene dioxygenase activity is due to the products of four
genes (todA, 10dB, todCl, and 10dC2). todA encodes a flavoprotein that accepts
electrons from NADH and transfers them to a ferredoxin encoded by todB, which
reduces the terminal dioxygenase that is encoded by 104C! and todC2. These genes
are equivalent to the genes xy/XYZ shown in Fig. 10.7. B. Toluene is converted to
as-toluene dihydrodiol by the concerted enzymatic activities of the Tod proteins.
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Psychrotrofni bakterie

* Mohou nalezt uplatneni pri degradaci
skodlivin ve vodach (ne mesofilni)

* Do nich se prenaseji vhodne geny



Psychrotrofni degradujici kmeny P. putida

Table 10.2 Generation time of wild-type (nontransformed) and
transformed psychrotrophic strains of Psewdomonas putida
on salicylate or toluate as the sole carbon source at various

temperatures.
Generation time (hours)
Temp (°C) Wild-type + Transformant + Transformant +
salicylate salicylate toluate®

37 No growth No growth No growth
30 . 2.5 2.0
25 ¥ 2 | 3.2 1.3
20 2.6 3.8 1.9
15 3.2 4.2 29
10 .3 5.6 3.3

b 13.9 12.9 12.2

0 18.6 18.1 24 .4

I

“Note that the wild-type strain is unable 1o use wluate {or growth at any temperature because it Jacks
the enzymes to metabolize this compound

Ad.apu-d from Kolenc et al. 1988 Appl. Environ. Microbiol. 54:638-641



Blosenzory

* Se konstruji s cilem detekovat pritomnost
nezadoucich latek v prostredi

* Napr. biosensor s vyuzitim genove
modifikované baktérie P. fluorescens



Biosensor
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Figure 9.16 Assaying for the presence of pollutants with genetically engineered
bioluminescent P. fliorescens.
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