Biodegradation

= Why study?

e One of few fate processes where
material is gone from the environment

e Change concentrations that are present
to have effect

e \We can play with microbial communities
to get them to do some things we want




Biodegradation

= Three big categories- no one told
bugs
e Rapid breakdown- days to weeks
e Slow breakdown- months to years
e AlImost no breakdown- many years

= Chemical structure important

= Biodegradation requires the presence
of the appropriate organism, the
chemical in an available form, and the
right environmental conditions for
organisms to function




Molecular Recalcitrance and
Microbial Fallibility

100 yrs of everything breaking down-

In 50’s and 60’s synthetic organics
appear that do not break down

No prior exposure of microbes to
chemicals

Could not find bugs to grow on them

Therefore, there are recalcitrant
compounds

Began a variety of studies on breakdown
in the environment

Can find degraders for many of these
compounds now- evolution?




Chemical Structure

Structure has to relate to
degradability since it dictates what
kind of enzyme is needed

There have been few systematic
studies

Most with TOC in screening tests

Many of the chemicals you need are
not available.

Generally the larger the molecule,
the more substituents it has and
less water soluble- the slower it
degrades
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Kinetics = How fast does it go

= If something degrades the next
question is how fast

= TO predict how long it will persist
need some idea of kinetics

= INn most environments first order
works for most chemicals

= More later on concentration
effects
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Rapid Biodegradation

= Compounds that are identical or
very similar to naturally
occurring materials

s Use same or similar metabolic
pathways as natural materials

= Usually support growth of some
group of organisms

= Many examples- petroleum,
pesticides, industrial chemicals
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PROPOSED Most Common

MICROORGANISM METABOLISM OF 2,4-D

OCH,,COOH ocH 2coon OCH_,COOH herbicide

1 | HO 1
————— -———-——3-- .
| Persists 2 mo

Isolate bact that

OH 2
C HO 1 o
@ grow on it
1

*
9=

} 3. s_pieniorocatecnot | PAthway well
3 co, + cHy- n-z-coon understoood
HO 1 ' Ho_ﬁ_.cnuc-cm:c—g-ou
&1 &

3-Chlorocatechol a,y-Dichloromucoenic
. Acid

},

Ho-—b—cu=<:'ﬁ-cu-z-g—ou

g—OH -OH
a-Chloromuconic Acid 2? COOH HC/ =0
e o7}
o=C__ __-C-c1 <fC-CI
ooH 2@( < .
-6 a-Chloromaleyl-— v—Carboxymethylene—
Ho acetic Acid a—chloro-A%»8_butenolide
H-C1
OOH \
: HOOC—CHZ—@H—COOH ——— HOOC—CH2~CH2-COOH
2-Chloro—-4-keto-— . 1
adipic Acid Chlorosuccinic s Succiniec Acid

. Acid




Slowly Degraded

Tends to be compounds with more
than one substituent, or halogens

Usually not present in high
concentrations

Generally do not support growth of
degraders

Partial degradation products common
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Why partial metabolism?

Very common way for xenobiotic to
degrade

Either from unusual structure or very low
concentration

The enzymes early in a pathway are not
very specific- so attack more than one
thing

As pathways proceed the enzymes

become more specific- so it stops at some
point

Function of non-specific enzymes
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TABLE 2. SUBSTRATES AND PRODUCTS OF METHANE MONOOXYGENASE

substrate ploduct(s) substrate - product(s)
methane methanol, formaldehyde ethene epoxyethane
ethane ethanol, acctaldehyde propene epoxypropanc
chloromethane  formaldchyde benzene phenol, hydroquinone
methanol formaldchyde. toluene benzyl alcohol, p-cresol
dimethyl ether ~ methanol, formaldehyde pyridine . pyridine-N-oxide

carbon monoxide  carbon dioxide ammonia hydroxylamine, nitrite



AEROBIC {'ETABOLISM OF TRICHLCROETHYLEWE (TCE)

MMO
qu_i ot ng oY
AMO
R <l PMO
/c.: Q—\ H_\ ,O\ /C.l
el c\ ~e—c —_— Bto&ecl rodabole
Tce o ey Producks
13| t G
oo, o 4 NGl
T i, F S
CisDeg _ CH Cy Pro duchs
SN P H_ 795 el
/c. = C‘L\ S C — C.\ —— Bto&ec\fodq\oh
Q\ eams DEE ci 5 Peodunts
i~ cH o
e =C 3 N oM
c\/ s N— 3 /C‘. — Q\U, —_— 'B\o&eq\-adc&:\e
Uwu ) i Yroduds

Chlovrde.




Almost Non-Degradable

s Mostly polymers — monomers often
degradable

s Even natural polymers slowly
degradable

s Large molecules cannot enter cells-
need extracellular enzymes

s Surfaces often not wetable so water
and enzyme does not see molecule

= Many examples




Simple Molecules linked

Terphthalic
acid
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Environmental Factors

= Presence of electron acceptors
= Concentration of the chemical
= Availability of nutrients

= Bioavailability of the chemical to
the organisms

= Almost anything else you can
think of can sometimes have an
effect




Characteristic of Anaerobic

Processes
Slower than aerobic processes- 19X
less energy
Less oxidized processes
Methane a common mineralization

product

Consortia of organisms almost always
involved

Use a variety of electron acceptors -
not O,

Do many reactions not possible by
aerobes




Anaerobic Consortia

Polysaccharides Fermenters

Aromatics

Pollutants

\ 4

Lactate, Propionate,
Butyrate

Acetogens

Energy yielding

Energy requiring

> | Acetate, H,, CO,

Meth}anogens

CH,, CO,




ANAEROZIC DEAALOGENATICNS
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~ ANAEROBIC DEGRADATION OF CHLORINATED SOLVENTS
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Concentration

Microbes have sophisticated ways to
control enzyme production

Thresholds do occur- some
concentrations are too low to turn on
enzyme synthesis

Most Cpds do not have thresholds

Toxicity often seen at high
concentrations

What may be too high or too low in
one environment may be degraded in

another




Bioavailability of chemicals

Early observation that high organic
contaminated sediments did not show
toxicity to aquatic critters

Toxicity related to pore water
concentration

Material sorbed to sediment was not
biologically available to have a toxic
effect

At same time saw that microbes did
not degrade material sorbed to soil or
sediment




Effect of nutrient availability

Most of the time there are adequate
supplies of inorganic nutrients in
most environments

Where there are large amounts of
organic materials need to add N and P

Most often seen in oil spills where lots
of carbon has been added

Important consideration in
remediation efforts
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What can we use this for?

= Bioremediation= lets use
microbes to clean up our mess
= In US right now
e 100,000 petroleum leaks
e 15,000 VOC spills
e 8,000 wood treating sites
e Many others

= Most can be bio-cleaned
cheaper than other methods




Bedtime Reading

m Books

e Microbial Transformations and Degradation of Toxic
Organic Chemicals- Young and Cerniglia- Wiley

. \I?\Hlogy of Anaerobic Microorgansism- Zehnder-
ey

e Biodegradation and Bioremediation- Alexander-

Wiley
= Journals

e Applied and Environmental Microbiology

e Environmental Science and Technology

e Biodegradation

e Environmental Toxicology and Chemistry

s Websites
e ASMUSA.org- lots of good stuff
e EPA.gov- search under biodegradation




