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Microbes in Our Lives

€ Microbes (microorganisms) — Living things that
Individually are too small to be seen with the unaided
eye.

# They include:

¥ Bacteria

@ Archaea

@ Fungi (yeasts & molds)

@ Protozoa

@ Algae

@ Viruses
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Extreme Environments and Extremophiles

Y/

Recodes for Extremophiles

@ Hottest: 121 C!

@ Deepest: 2 miles
underground in caves

€ Most salty: 5.2 M NaCl
(saturation)

€ Most acidic: pH 0.8

€ Most radiation: 1.5 million
rads

Solar salterns Hot springs




~999%0 of the Microbes on Earth are Uncultured

Habitat Culturability (%)

Seawater 0.001-0.1
Freshwater 0.25
Mesotrophic lake 0.1-1
Unpolluted estuarine waters 0.1-3
Activated sludge 1-15
Sediments 0.25

Soil 0.3

Amann, Ludwig and Schleifer, Microbiol. Rev. 59, 1995



Persistence of Herbicides and

| Insecticides In Soil
—

Substance Time for 75-100% disappearance
Chlorinated insecticide

DDT 4 years

Chlordane 5 years

Organophosphate insecticide

Malathion 12 weeks

Parathion 1 week

Herbicides

2,4-D 4 weeks

2,4,5-T 20 weeks

Atrazine 40 weeks




Diversity for the Degradation of Toluene
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Initial reactions in the five bacterial pathways for aerobic degradation of toluene in strains P. putida
F1, P. putida PaW15 , B. cepacia G4, R. pickettii PKO1, and P. mendocina KR1.
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Evolution of Catabolic Pathways for
Degradation of 2,4-Dinitrotoluene
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Organization and evolution of the 2,4-DNT gene cluster in Burkholderia
cepacia R34. (Johnson GR and Spain JC, Appl Microbiol Biotechnol 2003, 62:110-123)



Completely methyl parathion degradation
by patchwork assembly of HGT

OH

Y aryldialioyl- Pan PnpD PnpE COC%HOH
o phosphatase O, - e TCA
itrophetio

p-Nitrophenol Hydroqumone B- Ketoadlpate

Liu H et al 2005, Biochem Biophys Res Commun, 334:1107
Zhang et al, 2008, submitted



Artificial evolution of catabolic pathways

4 Conversion of Sphingobium chlorophenolicum ATCC
j 39723 to a Hexachlorobenzene Degrader by

A
gﬁa

Genes encoding mutant
cytochrome P-450 enzyme and
the physiological electron
transfer co-factor proteins were
introduced into PCP-degrader
ATCC39723 to investigate the
possibility of degradation of

Metabolic Engineering

cam AB mutantC

S.Chlorophenolicum ATCC39723 HCB via PCP.
Cl Cl
S. chlorophenolicum
Cl Cl mutant cytochrome P450 cam Cl OH ATCC39723 succinyl-CoA
> —— - i
Putidaredoxin acetyl-CoA

Cl Cl' putidaredoxin reductase ~ C! Cl

Cl Cl
hexachlorobenzene pentachlorophenol

Yan et al., 2006. Appl. Environ. Microbiol, 72 : 2283



reactions of ONP catabolism in Alcaligenes sp. strain

NyZ215
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Xiao et al 2007. J. Bacteriol.189: 6587-6593.



Diversity for the Xenobiotic Degradation

Pathways and Enzymes.
—

: Address |@ http: furmbbd. msi, urnn, edufindes:. Btml

UNIVERSITY OF MINNESOTA
BIOCATALYSIS/ BIODEGRADATION [DATABASE

Home Pathway Prediction System | PredictBT Workshops | Biochemical Periodic Tables
Search Microbial biocatatytic reactions and hiodegradation pathways.
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What's New

171 pathways; 1185 reactions; 1106
compounds; 758 enzymes; 440 microorganism
entries; 233 biotransformation rules; 50
organic functional groups; 76 reactions of

FAQs

Join E-mail List

naphthalene 1,2-dioxygenase; 109 reactions of
toluene dioxygenase;

Ellis et al, 2006, Nucleic Acids Research 34: D517-D521



Possible application

—

v'Bioremediation is defined as the process
whereby organic wastes are biologically
degraded under controlled conditions to
an innocuous state, or to levels below
concentration limits established by
regulatory authorities.




R Plant—microbe association for
wf Rhizoremediation of Chloronitroaromatic
Pollutants

+,
a‘o

l"-'
O mg/L 50 mg/L 100 mg/L 200 mg/L

o Liuetal (2007) Environ
Microbiol 9: 465.




Possible application

Biocatalysis and Biotransformation

 Enzymes found in the metabolic pathways
with good region- and stereo-selectivity
can be devolved for production of fine
chemical intermediates.
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