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DNA and RNA in microbial communities
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Bioremediation: process in which biological systems are used to
remove environmental pollutants.
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Bioaugmentation: Addition of microorganisms that can
biodegrade contaminants

o Contaminated aquifer 9 Bioaugmentation e Enhanced biodegradation
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Let’s fix all the contaminated aquifers!

Measure Measure
Contamination contaminant Bioaugmentation contaminant SUCCESS
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a) Middle of monitoring period

Monitoring Monitoring
Injection well injection zone downgradient

Sand aquifer N
TCE (-22 %)
m
cis-DCE (-22 %)

b) End of monitoring period

TCE (-17 %)
2M (is-DCE (-22 %)
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Complement chemical monitoring with microbial
activity

é/ RNA provides information about active biological response.



Experimental design: Kaegard Klitplantage

Location: Western coast of Denmark,

near the North Sea.
Main point history:

» 280,000 metric tons of
pharmaceutical and industrial waste

disposed between 1956-1973.

e Contaminants include
pharmaceutical waste, chlorinated

solvents (PCE, TCE), ...
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Experimental design: Situation
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Experimental design: Target compounds and
bacteria

Compounds to remove: Target organism:
PCE TCE Dehalococcoides mccartyi:
Tetrachloroethene Trichloroethene
(Perchloroethylene) (Trichloroethylene) . )
- Keyorganismin KB-1°
C2C|4 C2HC|3 culture
| Cl H | - Specialized in organohalide "
¢ N 7 Y P ¢ e . g .
cC=—C C—C respiration in anaerobic
Cl 4 \Cl CI/ \CI conditions
ClL,C = CCl, CHCI =cCCl,
PCE — TCE — DCE —p VC —> Ethene| Harbor reductive
dehalogenase genes: vcrA
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Experimental design: Samples
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Experimental design: Techniques
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ST
(0 RT-qPCR : (9 Sequencing

AUGCUGA ...

CCGAUUC ...
GUAACCG ...
UUCGGAA ...

v/a

i

AN

|

~

J
~
‘ e Taxonomy & functionality
\
=
9 Gene expression Taxonomy Functionality
(] 1 B 5 Metabolism
2 10 @® Bacteria Stress response
& 0 @® Archaea Transport 2
s 10 Signal transduction
b @® Fungi s
8 101 o,
2 Viruses
g o-0-0-
S 1072 @ Eukaryota 7N
= bvcA VCrA ® O
Expression of dechlorination genes 2 7
P 9 P Focus on functionality )




log1o bvcA transcript copies / pL
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Dehalogenase genes progression: bvcA

Non-polluted reference Polluted aquifer

Prior to 6 months 12 months Prior to 6 months 12 months
bioaugmentation bioaugmentation

. Untreated . Treated with KB-1

- Stable expression of the
gene in the reference

- Increasing bvcA expression
indicates active reductive
dechlorination.
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log4o VCrA transcript copies / pL

Dehalogenase genes progression: vcrA

Non-polluted reference Polluted aquifer
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bioaugmentation bioaugmentation

. Untreated . Treated with KB-1

- Stable expression of the
gene in the reference

- Increasing vcrA expression
indicates active reductive
dechlorination.
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Dehalogenase genes progression:
Important message

&ehalococcoides Is performing more dechlorination after KB-1°, it increases
and it can be detected.

logg bvcA transcript copies / pL
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Community response — Untreated vs Treated

Differential expression after bioaugmentation

Genes that are more -

expressed in samples
BEFORE bioaugmentation

Genes that are more
expressed in samples AFTER
bioaugmentation

-20

0

20

Log2 Fold Change (Untreated vs Treated)

e Higher in untreated
e Higherin KB-1 treated

POLLUTED AREA

Untreated
(Native conditions)

Treated

T1

6 months
—_—




20

=
(&)

-log10(adjusted p-value)
o

Community response — Untreated vs Treated

Differential expression after bioaugmentation
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- Many up-regulated
genes in KB-1°
treated
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Community response — Untreated vs Treated

KB-1-like transcriptional response after bioaugmentation
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Expression relative to untreated
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Community response - Untreated vs Treated

KB-1-like gene expression

1%

2.4x

- KB-1°-like genes are 2.4 times more
expressed in samples after KB-1
addition
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Combining biology-based results
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KB-1-like transcriptional response after bioaugmentation
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Conclusion

Through RT-qPCR:
 Detected specific gene expression successfully.
TotalRNA pipeline analysis:

* Response of the whole community
* Assess the effect of specific bioaugmentation treatments

Providing a more complete bioaugmentation monitoring




Take-home message

RNA monitoring complements chemistry and is less affected by flow and
hydrogeochemical variability.

Contaminant concentrations can change for many physical reasons; RNA
provides direct biological evidence that the dechlorination machinery is active.

These results demonstrate the potential of RNA-based monitoring for assessing
KB-1® bioaugmentation at field scale, although further validation is required.
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